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Introduction

One of the most important developments of the twentieth century has been the move-
ment of humanity into space with machines and people. The underpinnings of that move-
ment—why it took the shape it did; which individuals and organizations were involved,;
what factors drove a particular choice of scientific objectives and technologies to be used;
and the political, economic, managerial, and international contexts in which the events of
the space age unfolded—are all important ingredients of this epoch transition from an
Earthbound to a spacefaring people. This desire to understand the development of space-
flight in the United States sparked this documentary history series.

The extension of human activity into outer space has been accompanied by a high degree
of self-awareness of its historical significance. Few large-scale activities have been as exten-
sively chronicled so closely to the time they actually occurred. Many of those who were
directly involved were quite conscious that they were making history, and they kept full
records of their activities. Because most of the activity in outer space was carried out under
government sponsorship, it was accompanied by the documentary record required of
public institutions, and there has been a spate of official and privately written histories of
most major aspects of space achievement to date. When top leaders considered what
course of action to pursue in space, their deliberations and decisions often were carefully
put on the record. There is, accordingly, no lack of material for those who aspire to under-
stand the origins and evolution of U.S. space policies and programs.

This reality forms the rationale for this series. Precisely because there is so much histori-
cal material available on space matters, the National Aeronautics and Space
Administration (NASA) decided in 1988 that it would be extremely useful to have a selec-
tive collection of many of the seminal documents related to the evolution of the U.S. civil-
ian space program that was easily available to scholars and the interested public. While
recognizing that much space activity has taken place under the sponsorship of the
Department of Defense and other national security organizations, within the U.S. private
sector, and in other countries around the world, NASA felt that there would be lasting
value in a collection of documentary material primarily focused on the evolution of the
U.S. government’s civil space program, most of which has been carried out since 1958
under the agency’s auspices. As a result, the NASA History Office contracted with the
Space Policy Institute of George Washington University’s Elliott School of International
Affairs to prepare such a collection. This is the fourth volume in the documentary histo-
ry series; two additional ones detailing programmatic developments with respect to space
science and human spaceflight will follow.

The documents collected during this research project were assembled from a diverse
number of both public and private sources. A major repository of primary source materi-
als relative to the history of the civil space program is the NASA Historical Reference
Collection of the NASA History Office located at NASA Headquarters in Washington, D.C.
Project assistants combed this collection for the “cream” of the wealth of material housed
there. Indeed, one purpose of this series from the start was to capture some of the high-
lights of the holdings at headquarters. Historical materials housed at the other NASA
installations, at institutions of higher learning, and at presidential libraries were other
sources of documents considered for inclusion, as were papers in the archives of individ-
uals and firms involved in opening up space for exploitation.
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Copies of more than 2,500 documents in their original form collected during this project
(not just the documents selected for inclusion), as well as a database that provides a guide
to their contents, will be deposited in the NASA Historical Reference Collection. Another
complete set of project materials is located at the Space Policy Institute at George
Washington University. These materials in their original form are available for use by
researchers seeking additional information about the evolution of the U.S. civil space pro-
gram or wishing to consult the documents reprinted herein in their original form.

The documents selected for inclusion in this volume are presented in four major chap-
ters, each covering a particular aspect of access to space and the manner in which it has
developed over time. These chapters focus on the evolution toward the giant Saturn V
rocket, the development of the Space Shuttle, space transportation commercialization,
and future space transportation possibilities. Volume | in this series covered the
antecedents to the U.S. space program, as well as the origins and evolution of U.S. space
policy and of NASA as an institution. Volume Il addressed the relations between the U.S.
civil space program and the space activities of other countries, between the U.S. civil pro-
gram and national security space and military efforts, and between NASA and industry
and academic institutions. Volume Il provided documents on satellite communications,
remote sensing, and the economic of space applications. As mentioned above, the remain-
ing two volumes of the series will cover space science and human spaceflight.

Each chapter in this volume is introduced by an overview essay, prepared by individuals
who are particularly well qualified to write on the topic. In the main, these essays are
intended to introduce and complement the documents in the chapter and to place them,
for the most part, in a chronological and substantive context. Each essay contains refer-
ences to the documents in the chapter it introduces, and many also contain references to
documents in other chapters of the collection. These introductory essays are the respon-
sibility of their individual authors, and the views and conclusions contained therein do not
necessarily represent the opinions of either George Washington University or NASA.

The project team, in concert with the essay writer, chose the documents included in each
chapter from those assembled by the research staff for the overall project. The contents
of this volume emphasize primary documents or long-out-of-print essays or articles and
material from the private recollections of important actors in shaping space affairs. Key
legislation and policy statements are also included. The contents of this volume thus do
not comprise in themselves a comprehensive historical account; they must be supple-
mented by other sources, those both already available and to become available in the
future. Indeed, a few of the documents included in this collection are not complete; some
portions of them were still subject to security classification as the volume went to print.

The documents included in each chapter are generally arranged chronologically; some-
times the flow of the essay’s content necessitated that some documents be placed a little
out of chronological order. Each document is assigned its own number in terms of the
chapter in which it is placed. As a result, the first document in Chapter Three of this vol-
ume is designated “Document I11-l.” Each document is accompanied by a headnote set-
ting out its context and providing a background narrative. These headnotes also provide
specific information about people and events discussed. We have avoided the inclusion of
explanatory notes in the documents themselves and have confined such material to the
headnotes.
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The editorial method we adopted for presenting these documents seeks to preserve
spelling, grammar, paragraphing, and use of language as in the original. We have some-
times changed punctuation where it enhances readability. We have used ellipses (“...”) to
note where sections of a document have not been included in this publication, and we
have avoided including words and phrases that had been deleted in the original docu-
ment unless they contribute to an understanding of what was going on in the mind of the
writer in making the record. Marginal notations on the original documents are inserted
into the text of the documents in brackets, each clearly marked as a marginal comment.
When deletions to the original document have been made in the process of declassifica-
tion, we have noted this with a parenthetical statement in brackets. Except insofar as illus-
trations and figures are necessary to understanding the text, those items have been
omitted from this printed version. Page numbers in the original document are noted in
brackets internal to the document text. Copies of all documents in their original form,
however, are available for research by any interested person at the NASA History Office or
the Space Policy Institute of George Washington University.

We recognize that there are certain to be quite significant documents left out of this com-
pilation. No two individuals would totally agree on all documents to be included from the
more than 2,500 that we collected, and surely we have not been totally successful in locat-
ing all relevant records. As a result, this documentary history can raise an immediate ques-
tion from its users: why were some documents included while others of seemingly equal
importance were omitted? There can never be a fully satisfactory answer to this question.
Our own criteria for choosing particular documents and omitting others rested on three
interrelated factors:

e Is the document the best available, most expressive, most representative reflection of
a particular event or development important to the evolution of the space program?

e Is the document not easily accessible except in one or a few locations, or is it included
(for example, in published compilations of presidential statements) in reference sources
that are widely available and thus not a candidate for inclusion in this collection?

* Isthe document protected by copyright, security classification, or some other form of
proprietary right and thus unavailable for publication?

As general editor of this volume, | was ultimately responsible for the decisions about which
documents to include and for the accuracy of the headnotes accompanying them. It has
been an occasionally frustrating but consistently exciting experience to be involved with
this undertaking. My associates and | hope that those who consult it in the future find our
efforts worthwhile.

John M. Logsdon

Director

Space Policy Institute

Elliott School of International Affairs
George Washington University
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Chapter One
Access to Space: Steps to the Saturn V

by Ray A. Williamson
Building the Technology Base for Launch Systems

Prior to the creation of the huge national space programs that have marked the lat-
ter half of the twentieth century, individuals and small, privately funded groups in the
United States and abroad confronted the challenges of spaceflight and developed the
theoretical and experimental rudiments of rocket technology. By the late 1930s, experi-
menters in Germany, Russia, and the United States had successfully flown liquid-fueled
rockets of various types and capacities. Many experimenters belonged to rocket societies,
which assisted the progress of rocket development by developing new technological
approaches and by creating broad interest in rocketry.

The rocket societies often had strong connections with science fiction writers, who
helped keep the dream of interplanetary travel in the forefront of people’s imaginations.?
In the United States, for example, the American Interplanetary Society was started in 1930
by several science fiction writers, including G. Edward Pendray and Hugo Gernsback, edi-
tor of Science Wonder Stories.* Members of the American Interplanetary Society, which in
1934 became the American Rocket Society, successfully experimented with liquid fuel
rockets throughout the 1930s. In December 1941, just as the United States was entering
World War I, four members of the American Rocket Society formed Reaction Motors,
Inc., the first U.S. firm to build liquid-fuel rockets. Using ideas on cooling originally
learned from reading one of Eugen Sanger’s* papers, the Reaction Motors team devel-
oped a regeneratively cooled rocket engine® that circulated liquid oxygen (LOX) in a
cooling jacket around the engine.® In 1947, the Army used this engine in the Bell X-1, the
first aircraft to penetrate the sound barrier.” In the Soviet Union, several groups emerged
to study rocketry, the most important of which was the Moscow Group for the Study of

1. See, for example, a book by a captain in the Austrian Army, Hermann Noordung (pseudonym of
Herman Potochik), The Problem of Space Travel: The Rocket Motor (Washington, DC: NASA Special Publication (SP)-
4026, 1995). This book examines many technical aspects of space travel, including space stations. It was origi-
nally published in Berlin in 1929. For a discussion of the origins of many of the ideas regarding space travel, see
John M. Logsdon, gen. ed., with Linda J. Lear, Jannelle Warren-Findley, Ray A. Williamson, and Dwayne A. Day,
Exploring the Unknown: Selected Documents in the History of the U.S. Civil Space Program, Volume I, Organizing for
Exploration (Washington, DC: NASA SP-4407, 1995), Chapter One.

2. See Frank H. Winter, Prelude to Space Age: The Rocket Societies, 1926-1940 (Washington, DC: Smithsonian
Institution, 1983), for a detailed examination of this period in the development of rocketry.

3. Ibid., p. 73.

4. Eugen Sanger was an Austrian scientist, whose ideas about reusable spacecraft were commemorated
in a German design in the 1980s for a two-stage launch system that carries his name. See E. Sénger,
Raketenflugtechnik, 1933, whose English version is Rocket Flight Engineering (Washington, DC: NASA TT F-223,
1965).

5. Wernher von Braun, Frederick | Ordway I11, and Dave Dooling, Space Travel: A History of Rocketry and
Space Travel, rev. 3rd ed. (New York: Harper and Row, 1975), p. 82.

6. The advantage of regenerative cooling is that the propellant, while cooling the combustion chamber,
is also preheated to make it more efficient in the burning cycle.

7. Known as the 6000C4, this engine was capable of generating 6,000 pounds of thrust. The Bell X-1 flew
on nineteen contractor demonstration flights and fifty-nine Air Force test flights.



2 ACCESS TO SPACE: STEPS TO THE SATURN V

Reactive Motion (MosGIRD), led by Sergei P. Korolev, who until his death in 1966 led the
Soviet rocket program.®

As early as 1921, Robert H. Goddard, the first American rocket engineer, had begun
to work on liquid-fuel engines after first experimenting with solid-fuel rockets.® On March
16, 1926, he successfully launched the world’s first liquid-fueled rocket® along a trajecto-
ry that took it to an altitude of forty-one feet and a distance of 184 feet.”* This was a
remarkable achievement. Yet the feat, which might have been publicly heralded, was lost
to history for another decade because of Goddard’s penchant for secrecy.** The test took
place at his aunt’s farm outside of Auburn, Massachusetts, but only three people besides
himself witnessed it.** Goddard preferred to work alone. For example, at one point
Goddard was asked by the American Interplanetary Society to assist its efforts, but he
refused.™ In doing so, he failed to reap the potential benefits that an association with such
a group might have yielded in terms of greater appreciation and funding for his experi-
ments.

By 1929, Goddard had completed four successful flights. The last one was the first lig-
uid-fueled launch to carry measuring instruments—a thermometer, a barometer, and
even a camera to record the dials in flight. After reaching a height of ninety feet, the rock-
et crashed and exploded. The powerful noise greatly disturbed his neighbors and, in
Goddard’s view, brought unwanted headlines in the local paper.** Soon after, Goddard
moved to Roswell, New Mexico, a sparsely populated desert town, where he could more
readily continue his experimentation beyond the watchful eyes of nervous neighbors.

Goddard’s New Mexico work, which was supported at the suggestion of his friend
Charles Lindbergh in part by the Guggenheim Fund for the Promotion of Aeronautics,
was extremely fruitful. There, he tested thirty-one rockets, one of which attained an alti-
tude of 7,500 feet; another reached a speed more than 700 miles per hour.** From 1941
until his death in 1945, Goddard worked for the Navy, helping it to develop liquid-fueled
rockets for jet-assisted takeoff to assist heavily laden aircraft lift off a runway or a deck of
an aircraft carrier.

In his Massachusetts work and in his later experimentation in New Mexico, Goddard
contributed an impressive list of firsts to the world of rocketry and several important tech-
nical advances. He gained 214 patents for his efforts.” He even tested (in March 1923,
years before the American Rocket Society did so) the principle of regenerative cooling.
However, because of his desire for secrecy and the relative lack of interest from those who
might have put his discoveries to work, his experiments contributed relatively little to the
development of modern launch vehicles. Working without knowledge of Goddard’s activ-
ities, government-supported experimenters in Germany eventually duplicated most of
Goddard’s discoveries and soon surpassed his rockets in size and lift capacity.

8. See James Harford, Korolev: How One Man Masterminded the Soviet Drive to Beat America to the Moon (New
York: John Wiley & Sons, 1997).

9. See Documents I-7 and 1-8 in Logsdon, Exploring the Unknown, 1: 86-133.

10. It was fueled by liquid oxygen and gasoline. Goddard chose liquid oxygen for the same reason later
rocket designers used it—the liquid form can be transported relatively easily and can be stored in a relatively
small volume.

11. Reported in Robert H. Goddard, Liquid-propellant Rocket Development, Smithsonian Miscellaneous
Collections, Vol. 95, No. 3 (Washington, DC: Smithsonian Institution Press, 1936). See Document I-9 in
Logsdon, gen. ed., Exploring the Unknown, 1: 134-40, for an extensive excerpt of this report.

12. Frank Winter, Rockets Into Space (Cambridge, MA: Harvard University Press, 1990), p. 31.

13. Robert H. Goddard, “Liquid-Propellant Rocket Development,” March 16, 1936, in The Papers of Robert
H. Goddard (New York: McGraw-Hill, 1970).

14. Apparently Goddard regarded them as amateurs, unworthy of his time. Winter, Prelude to Space Age,
pp. 74-78.

15. Winter, Rockets Into Space, p. 33.

16. Ibid., p. 34. Also, see Document I-9 in Logsdon, gen. ed., Exploring the Unknown, 1: 134-40.

17. Of these 214 patents, 131 were granted after his death in 1945. Winter, Rockets Into Space, p. 34.
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Developing the Vengeance Weapon 2 (V-2)

Modern rocketry is a legacy of World War Il and its aftermath, the Cold War. During
World War 11, France, Germany, Japan, the United Kingdom, and the United States
attempted to build rockets in support of the war effort. Of these, only Germany was suc-
cessful in building large rockets. Beginning in 1932, within about a decade, a team of sci-
entists and engineers led by Captain Walter R. Dornberger designed, built, and tested the
V-2 rocket. Starting in September 1944, the German army used the V-2 as an early ballis-
tic missile to terrorize Allied military troops and civilian populations.

Experiments by members of the German Rocket Society (Verein flir Raumschiffahrt,
or VfR), founded July 5, 1927, provided the technical basis for Germany’s early success with
the V-2. Society members also gained valuable experience designing, building, and testing
rockets and rocket components. Wernher von Braun started working for the German army
in 1932, specifically to conduct secret research on rockets; he was the first of several VfR
members recruited by Dornberger, head of the German army’s research program.

They quickly went to work designing and testing a workable liquid-fuel engine. By
December 1934, the team had succeeded in building a motor powered by liquid oxygen and
alcohol, which it used to send two small, gyroscopically controlled rockets about 6,500 feet
high.*® The team designated this design Aggregat-2, or A-2. The team’s success attracted the
interest of the German air force, which desired to use rocket engines to assist propeller-dri-
ven aircraft at takeoff and to power aircraft and missiles. Out of this interest came a joint
army-air force establishment centered at Peenemuiinde, an island in the Baltic Sea.

By 1936, the experimenters had arrived at the basic design of the A-4, the vehicle that
a few years later became the V-2 missile. Further design and testing produced an engine
capable of generating the remarkable (for the time) thrust of 59,500 pounds for sixty-
eight seconds.*” This engine, which was regeneratively cooled, operated at 750 pounds per
square inch pressure. Kerosene fuel and LOX were fed to the combustion chamber at
rates of fifty gallons or more per second by steam-driven centrifugal pumps.?® The A-4
stood nearly fifty feet high and was just under five and a half feet in diameter. Fully loaded
with fuel and a payload of 2,310 pounds, it weighed 28,229 pounds and was capable of fly-
ing up to 3,500 miles per hour. The A-4 had a range of 190 miles and could reach an
altitude of sixty miles. After the first two test flights ended in failure, the A-4 was success-
fully flown on October 3, 1942. Twenty-three months and some 65,000 technical alter-
ations later, the A-4 became the operational Vengeance Weapon-2 (known as V-2), the
name given to the missile by Hitler (Figure 1-1). By early 1945, when Allied troops first
entered the country, the German army had fired 3,225 warhead-carrying V-2 rockets, most
of them toward London and Antwerp.

On May 2, 1945, Wernher von Braun, Dornberger, and 116 other rocket specialists
surrendered to American officials in the Austrian Tyrol town of Reutte, just south of
Bavaria.* Several months later, they were taken to the United States, along with about 100
V-2 rockets, many rocket components, and truckloads of scientific documents. This “rock-
et team” formed one of the foundations of U.S. progress in missiles and rocket develop-
ment for several decades to come. [I-1, I-2]

18. These were named Max and Moritz after the Katzenjammer Kids of the popular comic strip of the day.

19. Compare the 6,000-pound thrust of the Reaction Motors engine used in the Bell X-1 a decade later.

20. In searching for a manufacturer of pumps with the right specifications, von Braun made the interesting dis-
covery that his needs could be satisfied by pumps very similar in pressure, rate, and size to those used by firefighters.

21. Von Braun and Dornberger feared being captured by the Russians and calculated that they would
have a better chance of pursuing their rocket research on acceptable terms in the United States than in the
Soviet Union. Hence, in February, after seeing the way the war was going, they led most of the upper echelon of
German rocket scientists south to Bavaria to meet the Americans and avoid being captured by the Russians. See
Frederick Ordway Il and Mitchell Sharpe, The Rocket Team (New York: Crowell, 1979), pp. 254-75.
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Early Missile and Upper
Atmosphere Research

By the mid-1930s, U.S. interest in rock-
et research had spread to several centers. In
1936, staff members of the Guggenheim
Aeronautical Laboratory of the California
Institute of Technology (GALCIT), which
was directed by the noted aeronautical the-
oretician Theodore von Karman, formed a
rocket research group to work on both lig-
uid and solid rocket motors. Among these
experimenters was Frank Malina, a physics
student at Caltech.? During World War 11,
the group’s expertise was in high demand
to develop small sounding rockets and jet-
assisted takeoff solid-fuel rockets to provide
additional takeoff boost for heavily loaded
aircraft.®

GALCIT, which operated under the
sponsorship of the U.S. Army, eventually
was renamed the Jet Propulsion Laboratory
(JPL). Among other rocket technologies,

JPL developed slow-burning rocket propel-
lant and storable liquid propellants that
proved extremely useful after World War 11.

Figure 1-1. The V-2 being launched from Peenemuinde toward
the end of World War II. The V-2 was the brainchild of
German rocket expert Wernher von Braun and the first opera-
tional ballistic missile. (NASA photo)

After the war, JPL developed a small sound-
ing rocket called the WAC Corporal. This
rocket was powered by an engine using storable hypergolic fuels—red fuming nitric acid
and aniline. The WAC Corporal made its first flight at White Sands Proving Grounds in
New Mexico on October 11, 1945, attaining an altitude of forty-five miles.?

Intensive U.S. launch vehicle research and development essentially began with the
testing of German V-2s on American soil following World War Il. Nowhere can the close
bonds between the development of weapon-carrying missiles and Earth-to-orbit launch
vehicles be seen more clearly than in the use of these missiles to jumpstart U.S. rocket
development. The United States employed them not only to catch up to the conquered
Germans in missile development, but also to push the boundaries of spaceflight for sci-
entific purposes. The V-2 technologies served as foundations for the development of U.S.
sounding rockets and provided a vehicle for the first U.S. space science efforts, under the
guidance of James van Allen, who directed the government’s Upper Atmosphere Rocket

22. Malina and his colleague A.M.O. Smith published the first scholarly article on rocket research: Frank
J. Malina and A.M.O. Smith, “Flight Analysis of the Sounding Rocket,” Journal of the Aeronautical Sciences 5 (1938):
199-302. This article appears as Document I-11 in Logsdon, gen. ed., Exploring the Unknown, 1: 145-53.

23. Ibid., plus Document 1-12 in Logsdon, gen. ed., Exploring the Unknown, 1: 153-76, which is Theodore
von Kéarman, “Memorandum on the Possibilities of Long-Range Rocket Projectiles,” and H.S. Tsien and
FJ. Malina, “A Review and Preliminary Analysis of Long-Range Rocket Projectiles,” Jet Propulsion Laboratory,
California Institute of Technology, November 20, 1943.

24. Frank J. Malina, “Is the Sky the Limit?,” Army Ordnance (July—August 1946), pp 43-53.
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Research Panel.” The investigation of V-2 technologies by the government and U.S. indus-
try strengthened bonds that had begun in World War I1. New firms were formed and old
ones strengthened and enhanced by the partnership.

The U.S. Army set up launch facilities at White Sands and hired the General Electric
Company (GE) to carry out a long series of tests with the V-2s. The Army and GE test-flew
sixty-seven V-2s between 1946 and 1951, most of them at White Sands. Under Project
Hermes, as the test program was called, GE and the Army also developed several different
missiles. These included a series of launchers called the Bumper, which used the WAC
Corporal as a second stage.” Although the weight and propellant advantages of using sev-
eral rocket stages, in which progressively smaller rockets took over after the previous stage
had expended its propellant and fallen back to Earth, were well known, this method had
not been tried in a large rocket. Earlier experimenters faced the technical difficulties of
igniting an upper stage in space and of separating the two while controlling the upper
stage, as well as the lack of a reliable upper stage rocket. The WAC Corporal had proved
sufficiently reliable as a sounding rocket. The testing of the Bumper was undertaken in
part to reach high altitudes and in part to test the various techniques needed to control
the ignition, separation, and control of a second stage. On February 24, 1949, one of these
two-stage rockets reached into outer space at an altitude of 244 miles, an altitude record
that stood for several years. Bumper 8, the last of the series, was the first rocket to be
launched from Cape Canaveral, Florida, on July 24, 1950. During these tests, the Army
and GE experimented with developing a tactical missile using radio-inertial guidance.”

By making copies of the V-2 engines beginning in 1949, North American Aviation,
Inc., was able to gain valuable experience in rocket motor design and construction that
the company soon used to good effect in developing larger and more powerful rocket
engines. By March 1950, North American was able to build and conduct successful tests
on a LOX-alcohol engine that generated 75,000 pounds of thrust (the Experimental
Liquid Rocket 43, or XLR43). By January 1956, Rocketdyne, North American’s newly
named rocket division,” had produced a version containing three firing chambers that
generated a then-astounding 415,000 pounds of thrust, burning LOX-kerosene (the
XLR83).% Rocketdyne’s engine was originally destined for incorporation into the experi-
mental Navaho cruise missile, a development program begun by the U.S. Army Air Forces
in 1946.* In July 1957, in a budget-cutting measure, the Army cancelled Project Navaho.
However, the effort that had gone into developing the XLR83 resulted in a powerful
engine that, in various modifications, served as the basis for many of America’s future mis-
siles and space launch vehicles.®* For example, the lessons learned in building the Navaho
engine were later put to good use for the very large F-1 engine, which powered the first
stage of the Saturn V. The Navaho program produced a number of other technical
advances, including the development of chemical milling for reducing structural weight

25. The panel had representatives from the Army Signal Corps, the Johns Hopkins University Applied
Physics Laboratory, the Army Air Forces, the Naval Research Laboratory, Princeton, Harvard, Caltech, and the
University of Michigan. See John P. Hagen, “Viking and Vanguard,” in Eugene Emme, ed., The History of Rocket
Technology: Essays on Research, Development, and Utility (Detroit: Wayne State University Press, 1964), p. 123.

26. Using a WAC Corporal as a second stage was suggested by engineer Frank Malina, who had a major
role in developing the WAC Corporal. See Malina, “Is the Sky the Limit?,” p. 45.

27. Radio-inertial guidance is a form of guidance in which the launch vehicle or missile is tracked by radar
and commands are issued by radio to change attitude as the flight progresses. It is a technique that was used on
the Titan launch vehicles until recently.

28. Rocketdyne was formed as a separate division of North American Aviation in 1955.

29. Compare the 350,000 pounds of thrust from the Space Shuttle main engines (at sea level).

30. The version of this engine actually destined for the Navaho generated 120,000 pounds of thrust.

31. Julius H. Braun, “Development of the JUPITER Propulsion System,” 1AA-91-673, 42nd Congress of the
International Astronautical Federation, Montreal, Canada, October 1991.
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while retaining strength and the use of a titanium skin. It also developed an inertial guid-
ance device that used the first transistorized launch vehicle computer.®

The Cold War tensions of the 1950s, the development of nuclear weapons, and the
Korean War spawned several additional missile-building programs.** Among them was the
Redstone rocket, which originated in the Hermes C project. In July 1950, the Army chief
of ordnance asked the Ordnance Guided Missile Center at Redstone Arsenal in
Huntsville, Alabama, to study the feasibility of building a missile with a range of 500 miles.
Wernher von Braun’s team of scientists and engineers, which the Army had just moved
from Texas to the Redstone Arsenal, was given the task. The team decided to use the
XLR43, the engine from the Navaho test missile, and an inertial guidance system using a
stabilized platform and accelerometers, because they were “simple, reliable, accurate—
and available.” The engine also employed many other features taken from the V-2. The
pressures of the Korean War soon resulted in a redirection of the Hermes program to the
development of a single-stage, surface-to-surface ballistic missile having only 200-mile
range, but with high mobility, allowing field deployment. Christened the Redstone, the
new missile first flew successfully on August 20, 1953, on a test flight of 8,000 yards.
Between 1953 and 1958, the Arsenal fired thirty-seven Redstone test vehicles.® It was the
first large ballistic missile developed in the United States and the first U.S. missile to use
an inertial guidance system.

While the Redstone was under development, the Army and the Navy began a joint
project to build an intermediate-range ballistic missile (IRBM) that could be launched at
sea as well as on land. The Jupiter missile, as it was called, was developed in two versions,
both using the Redstone as a basis. Jupiter A was an IRBM designed to carry a warhead.
North Atlantic Treaty Organization (NATO) forces deployed it in Europe until 1963, after
the Cuban Missile Crisis. Jupiter C, with the official name Jupiter Composite Re-entry Test
Vehicle, was a vehicle primarily designed to test reentry technology. Before the United
States could build and successfully operate a ballistic missile, it had to solve the difficult
problem of reentry into the atmosphere. Opinions differed on how best to protect the
nose cone of a nuclear warhead reentering the atmosphere from overheating and destroy-
ing the warhead before it reached its target. In 1953, H. Julian Allen, a scientist with the
National Advisory Committee for Aeronautics (NACA), had postulated that a blunt rather
than a sharp nose would more readily survive reentry. [1-3] The Jupiter C nose cone was
not only blunt, but was coated with a fiberglass material that ablated, or burned off, as the
surface of the nose cone heated up, thereby keeping the contents of the nose cone cool.*

JPL supplied the second and third upper stages for the Jupiter C. On August 8, 1957,
the launch team used a Jupiter C to fire a warhead 600 miles high and 1,200 miles down-
range, where it was recovered from the Atlantic by U.S. Navy teams. The reentry nose cone
on this flight was the first object crafted by humans to be recovered from space.®” The

32. Dale D. Myers, “The Navaho Cruise Missile: A Burst of Technology,” IAA-91-679, 42nd Congress of the
International Astronautical Federation, Montreal, Canada, October 1991.

33. Technologies from sounding rockets, for example, were incorporated into medium-range missiles.
Jacob Neufeld, Ballistic Missiles in the United States Air Force 1945-1960 (Washington, DC: U.S. Government
Printing Office, 1989).

34. Wernher von Braun, “The Redstone, Jupiter, and Juno,” in Emme, The History of Rocket Technology, p. 109.

35. Twenty-five of these were essentially Jupiter A missiles.

36. Wernher von Braun, “The Redstone, Jupiter, and Juno,” p. 113-14.

37. The von Braun team did not accept gracefully the 1955 decision to assign the satellite launch mission
to the Naval Research Laboratory team and the Vanguard rocket. Throughout 1956, it kept pushing for a recon-
sideration of this decision and permission to attempt a satellite launch sometime in 1957. After review within the
Pentagon, this suggestion was rejected, but still there was some sense that the Army team would try to launch a
satellite without top-level permission. Thus, for this launch, the upper stage was loaded with sand to prevent it
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success of this test, along with further refinements, later led to the incorporation of this
technology into the design of the Mercury, Gemini, and Apollo capsules, and it made pos-
sible the return of astronauts from space. As discussed below, this launch, or perhaps even
one earlier in the test series, might have been able to launch an initial U.S. satellite,
months before Sputnik 1. History might then have been rather different.

Vanguard, Juno, and the First American Satellite

The ultimate goal of many of the early rocket researchers was to reach orbit. In the
early 1950s, sounding rocket and balloon research on the upper atmosphere and growing
interest in geophysics and radio propagation led to serious interest among scientists in
launching a scientific research satellite. In 1954, meetings of the International Scientific
Radio Union and the International Union of Geodesy and Geophysics passed resolutions
calling for the launch of a scientific satellite during the International Geophysical Year
(IGY), which had been set for 1957-58, when scientists expected peak sunspot activity.
The United States and the Soviet Union in 1955 both announced their intentions to orbit
a satellite sometime during the IGY.

A committee within the Department of Defense (DOD) picked the launch vehicle for
this satellite from among three proposals: the Atlas intercontinental ballistic missile
(ICBM), which was still in the development stage; the Jupiter, using several upper stages;
and an unnamed vehicle that would use the Viking as a first stage, the Aerobee as a sec-
ond stage, and a new solid-fuel third stage. The Viking and the Aerobee were liquid-fueled
sounding rockets with proven launch records. The Viking-Aerobee combination, which
had been proposed by the Naval Research Laboratory (NRL), had an advantage, because
it used available sounding rockets and thus would not compete with the development of
the higher priority Atlas ICBM program. Furthermore, the Viking rocket used gimbaled
engines for control and had some growth potential. The resulting program, which was
managed by the NRL, was called Project Vanguard. The first and second stages used stor-
able nitric acid and dimethylhydrazine as fuel. On September 9, 1955, DOD authorized
the Navy to proceed with Project Vanguard. As John P. Hagen, the director of Project
Vanguard, has noted, “The letter from the Secretary of Defense stated clearly that what
was needed was a satellite (i.e., one) during the 1.G.Y. which was in no way to interfere with
the on-going military missile programs.”®[1-4, I-5, 1-6]

The role of the aerospace industry as contractor in the construction of launch vehicles
was an important though not entirely easy one. For example, the NRL contracted with the
Martin Company, the developer of Viking, to build the first stage of the Vanguard rocket
and to oversee the vehicle’s assembly. During the negotiations, the NRL and Martin had
protracted discussions about which organization should have responsibility for overall sys-
tems design and engineering. Despite strong arguments to the contrary from Martin, the
NRL maintained systems responsibility. As would become very evident ten years later in the
development of the Saturn V, such a division of labor sometimes led to friction between the
contractor and the government office overseeing launch vehicle development.

Project Vanguard selected Cape Canaveral, Florida, where there was already a missile
test range, for its launch site, and it established a worldwide tracking network using the
NRL’s Minitrack system to maintain control over the launcher after it left the Cape. The
Minitrack system also served to collect data from the orbiting satellite.

The debate over which of these satellite-launching proposals best served the nation’s
interests involved a good measure of interservice rivalry as well as rivalry among rocket

38. Hagen, “Viking and Vanguard,” p. 123.
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teams. As Wernher von Braun has written, with a detachment that understates the strong
feelings prevailing among the engineers at the Army Ballistic Missile Agency (ABMA):
“While Project Vanguard was the approved U.S. satellite program, we at Huntsville knew
that our rocket technology was fully capable of satellite application and could quickly be
implemented.” It is indeed likely that the von Braun team could have launched a simple
satellite in 1957 (barring a launch failure), but it was prohibited from doing so after a
1956 Washington and White House review of that option. [I-7, I-8] Von Braun’s team got
its chance only after the first attempt at launching a satellite with a Vanguard launch vehi-
cle resulted, on December 6, 1957, in an embarrassing launch pad explosion.

The embarrassment came about, in part, from President Dwight D. Eisenhower’s deci-
sion to announce the attempted liftoff well in advance. In October 1957, shortly after the
surprise launch of Sputnik, Eisenhower was briefed on the situation and told of a planned
Vanguard test launch in December. The test was to be the first launch of all three stages
and the first launch of the second stage. The Vanguard team and the nation got their first
taste of the political sensitivity of the space program when on October 9, 1957, President
Eisenhower announced in a news conference that “the satellite project was assigned to the
Naval Research Laboratory as Project Vanguard. . . . The first of these test vehicles is
planned to be launched in December of this year.” [1-9, 1-10] This put the launch team in
the unenviable, and untenable, position of attempting in public the launch of an untried
rocket—the three-stage Vanguard had never been tested as a unit. On December 6, the
Project Vanguard team and the United States watched in dismay as the engines of the first
stage ignited, then exploded in a fiery exhibition, while the world looked on. The press had
a field day with the incident: “Vanguard was Kaputnik, Stayputnik, or Flopnik, and
Americans swilled the Sputnik Cocktail: two parts vodka, one part sour grapes.”®

It was the first and last failure of the first stage in the Vanguard program, but it set a
tone that carried through the early days of the U.S. space program. Not only had the
Soviets been first into space, but the United States was not even a near second. The
Vanguard failure heightened the perception that U.S. engineers were space bunglers, and
it stiffened U.S. resolve to best the Soviets. As some U.S. policymakers (but never President
Eisenhower) saw it, winning the space race would demonstrate to the world, and to the
nation, the superiority of the U.S. political and economic system. But first, rocket engi-
neers had to launch a satellite.

A month before the Vanguard failure, after receiving White House permission to pro-
ceed with an alternative to Vanguard, DOD ordered the Army team at Redstone Arsenal
to prepare its Jupiter launch vehicle for a satellite launch. [1-11] The Army team quickly
made itself ready. Adding an additional upper stage to the Jupiter C gave the vehicle the
ability to reach orbit with a small satellite. When the order came to the ABMA to attempt
a satellite launch, the Jupiter C with the fourth upper stage became the Juno I, which on
January 31, 1958, lifted the first U.S. satellite, Explorer I, into space (Figure 1-2). [1-12]
Because Juno Is lift capacity was limited, Explorer | weighed only eighteen pounds, but it
carried instruments that made possible the discovery of one of Earth’s natural radiation
belts, now known as the Van Allen belts.

The Vanguard rocket, too, finally achieved success on March 17, 1958, when it
launched the Vanguard | satellite into orbit (Figure 1-3). Although Vanguard was quick-
ly superceded by other, more powerful rockets, its components, especially its Aerobee sec-
ond stage and its solid-fuel third stage, had important roles in the later success of the
Scout and Delta launchers.

39. Wernher von Braun, “The Redstone, Jupiter, and Juno,” in Emme, History of Rocket Technology, p. 114.
40. Walter A. McDougall, . . . the Heavens and the Earth: A Political History of the Space Age (New York: Basic
Books, 1985), p. 154.
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Figure 1-3. A test of the Viking rocket used to launch the
Vanguard satellite, TV 3 BU. This satellite was part of the
U.S. Earth satellite program to place in Earth orbit the first
American satellite on February 5, 1958. The satellite would
Figure 1-2. The launch of Explorer I, on January 31, 1958,  measure atmospheric density and conduct geodetic measure-
10:48 p.m. Eastern Standard Time, atop the Jupiter-C rocket ~ ments. After 57 seconds of flight, connection units of the first-
originally developed by Wernher von Braun as part of the bal-  stage control system failed. At 20,000 feet, the rocket veered off
listic missile program at the Redstone Arsenal in Huntsville, ~ course and broke apart. Not until March 1958 did Vanguard
Alabama. (U.S. Army photo) I successfully enter Earth orbit. (NASA photo VAN 9A)

In these early days of the U.S. space program, relatively small modifications to the
launch vehicles that were already available enabled designers to create launchers for ever
more demanding projects. For example, by the end of April 1961, Juno I, which derived
directly from the Jupiter IRBM and was essentially a larger version of the Redstone,
carried the deep space probes Pioneer 111 and Pioneer IV toward the Moon and Explorers
VII, VIII, and XI into Earth orbit to return data about the physical characteristics of near-
Earth space.

Missile Development

Until the early 1950s, missile designers had focused on the eventual development of
large ICBMs produced to carry the massive nuclear warheads that the United States had
developed immediately after World War Il. The U.S. strategic doctrine of the period
depended on large bombers to carry nuclear warheads over the Soviet Union should hos-
tilities between the two superpowers reach the flash point, and only a few dreamers expect-
ed ICBMs to gain ascendancy much before the middle of the 1960s. By 1953, however,
scientists discovered how to make a relatively lightweight thermonuclear weapon, and U.S.
officials discovered that the Soviet Union had made considerable progress in developing a
long-range missile. These events led to a reevaluation of the U.S. approach to ICBM devel-
opment. In 1954, the Air Force Strategic Missiles Evaluation Committee, chaired by mathe-
matician John von Neumann, urged the development of a relatively small ICBM, capable of
launching the newly developed weapons toward the Soviet Union. It also recommended the
creation of a special development group with sufficient funding and authority to proceed
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with dispatch. The Air Force created the Western Development Division, which later became
the Air Force Ballistic Missile Division. The Space Technology Laboratories of the Ramo-
Wooldridge Corporation, the precursor to the Aerospace Corporation, provided systems
engineering and technical direction for the Ballistic Missile Division. [1-13]*

During the mid-1950s, the Air Force started work on two major ICBM systems, both
of which still play a major role in U.S. space transportation efforts—Atlas and Titan. It also
started work on the Thor IRBM, which employed related technologies. These projects
came to fruition in the late 1950s, adding to U.S. strength in the missile race and, soon
after, to its ability to place satellites in orbit.

The Atlas ICBM—a project that had originally started in 1945 as a classified Air Force
effort (Project MX-774) and had died in 1947—was reborn in 1951 as a five-engine mis-
sile generating a takeoff thrust of 650,000 pounds. In 1954, it was redesigned and reduced
to using three engines based on those originally developed for the Navaho. The Atlas
incorporated several new design features, but one of the most important was the intro-
duction of a pressurized stainless steel fuel tank, designed to carry some of the structural
burden. This innovation, introduced by Convair engineer Karel J. Bossart, reduced the
need for stiffeners and made the Atlas much lighter for a given thrust than earlier designs.
Bossart’s team also introduced gimbaled thrust nozzles and a warhead that separated from
the missile after burnout. The first successful flight of the Atlas occurred in December
1957, after a series of both major and minor development problems. Its first use as a space
launcher occurred on December 18, 1958, when an Atlas booster launched into orbit a
communications payload weighing sixty-eight kilograms.

Out of technical conservatism and a desire to reduce the risk of depending on single
industrial sources for the Atlas, the Air Force contracted with other firms to develop alter-
native approaches for the major subsystems. After assuring themselves that the Atlas
design was on a sound track, in April 1955, Air Force officials approved the incorporation
of several of the alternative subsystems, which involved more sophisticated technology
development, into an alternate Titan missile, which was to be built by the Martin
Corporation. Unlike the Atlas, the Titan missile had a monocoque airframe, in which the
aluminum skin absorbed much of the stress of flight, and a more sophisticated guidance
system. It also had a different first-stage engine, built by Aerojet, which burned LOX-
kerosene fuel instead of LOX-alcohol.** The Titan was also a true two-stage missile
designed to be launched from a hardened, underground launch silo. The Titan | missile,
guided by a combination radio-inertial guidance mechanism, had its first full test in
February 1959 and was declared operational in 1962.

During the early 1950s, many Air Force officers had become convinced that the
United States needed an IRBM, and in January 1955, the Scientific Advisory Committee
of the Office of the Secretary of Defense recommended that the Air Force proceed.
However, the Army, which was developing the Jupiter, objected, as did the Navy, which also
wanted its own program. The Joint Chiefs of Staff compromised by recommending to
Secretary of Defense Charles Wilson in November 1955 that the Air Force develop the
Thor, while the Army and the Navy worked jointly on the Jupiter. The Western
Development Division got the Thor assignment a month later.*

Thor was undertaken as a high-risk program, having the express goal of achieving
flight within the shortest possible time. Using engines originally developed for the Atlas,
the Thor had its first complete launch pad test in January 1957 and a full range flight test
in September of that year. By December 16, 1958, the Strategic Air Command successful-

41. Note that the documents at the end of this chapter are not necessarily in chronological order.

42. In keeping with its desire to maintain more than one supplier for critical launch technology, the Air
Force chose Aerojet to build the engine for the Titan I. Aerojet used the same rocket motor technology used in
the Atlas missile and originally developed for the Navaho missile. The Martin Company built the structure.

43. Neufeld, Ballistic Missiles, pp. 146-47.
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ly launched a Thor from Vandenberg Air
Force Base in California. The test marked
the passage from development to initial mil-
itary readiness.” On February 28, 1959, a
Thor missile combined with an Agena sec-
ond stage launched the first Air Force satel-
lite, Discoverer I, into low-Earth orbit.®
Under NASA’s control, the Thor, using its
Delta upper stage and numerous detailed
modifications, later evolved into the highly
successful Delta launch vehicle, one of the
standard vehicles used to launch NASA’s sci-
entific payloads and commercial communi-
cations satellites. The Delta evolved from
the original model capable of placing a few
hundred pounds into low-Earth orbit to one
(Delta Il 7925) that by the mid-1990s was
capable of launching payloads weighing
3,965 pounds to geostationary transfer orbit
(Figure 1-4).

The V-2, Redstone, Jupiter, and Atlas
missiles were all propelled by LOX-alcohol
or LOX-kerosene. LOX—Iiquid oxygen—
has the serious drawback of requiring cool-
ing and special handling. It therefore cannot
be stored for long periods and must be
loaded |mmed|ate|y prior to launch. Hence, Figure 1-4. This photograph of a long-tank Delta no. 73 rock-
LOX is ultimately unsuitable for use in mill 1152 57 % ot 2 560 et S G
tary ”.".SS"es’ when speed in Iaun_chlng CO.UId E, which would have been called Pior?eer 10. When launched
be critical. In _the late 1950s, missile design- o, August 27, however, the launch vehicle malfunctioned
ers spent considerable effort to develop stor-  and was destroyed 8 minutes and 3 seconds into powered
able liquid propellants and solid fuels. flight by the range safety officer. (NASA photo 69-H-1442)

The desire to operate from a “hard-
ened” launch site, below ground and solidly encased in concrete, and to be ready to
launch with only a few minutes’ notice, also acted to speed up the development of hyper-
golic, storable fuels. The Air Force embarked on the development of the Titan Il missile,
which later became a modest-capacity launch vehicle.* It used a mixture of unsymmetri-
cal dimethylhydrazine and hydrazine, oxidized by nitrogen tetroxide. The two-stage Titan
Il represented a major leap in technology development over the Titan I. Not only did it
use storable propellants, it also had all-inertial guidance. NASA chose the Titan Il to
launch the Gemini spacecraft into orbit.*

44. Robert L. Perry, “The Atlas, Thor, Titan, and Minuteman,” in Emme, The History of Rocket Technology,
p. 151.

45. This was the first of many satellites in the Corona series of spy satellites. See Dwayne A. Day, John M.
Logsdon, and Brian Latell, Eye in the Sky: The Story of the Corona Spy Satellites (Washington, DC: Smithsonian
Institution Press, 1998).

46. The Titan Il was decommissioned as an ICBM between 1982 and 1987. Fourteen were refurbished as
launchers and, during the 1980s and 1990s, have been used to launch a variety of automated payloads, includ-
ing the National Oceanic and Atmospheric Administration (NOAA) series of polar-orbiting launch vehicles.

47. See, especially, Barton C. Hacker and James M. Grimwood, On the Shoulders of Titans: A History of Project
Gemini (Washington, DC: NASA SP-4302, 1970).
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The Atlas, Thor, and Titan were all developed according to the management tech-
nique called “concurrency,” in which all major systems and subsystems were developed in
parallel. This technique called for the planning and construction of industrial production
facilities and operational bases even before initial flight testing began. It put great pres-
sure on the development team to oversee each step of development very closely. It also
meant that (1) both the authority and responsibility for decisions had to be located with-
in the same agency, (2) program managers had to have a high degree of technical com-
petence, and (3) “funding and programming decisions outside of the authority of the
program director had to be both timely and firm.”*

All three of these programs achieved their objectives relatively quickly. As Perry has
noted, “The management of technology became the pacing element in the Air Force bal-
listic missile program. Moreover—as had not been true of any earlier missile program—
technology involved not merely the creation of a single high-performance engine and
related components in a single airframe, but the development of a family of compatible
engines, guidance subsystems, test and launch site facilities, airframes, and a multitude of
associated devices.”™

Missile development also led to one other major technology advance that is now a
common element of modern launch vehicles—the creation of rocket motors propelled by
solid fuels. Solid propellants are composed of an oxidizer such as ammonium perchlorate,
a fuel such as aluminum powder, and an organic binder to create a mixture capable of
being cast in a rocket motor casing. When ignited, the mixture continues to burn without
benefit of an external source of oxygen. The advantages of using solid rocket fuel for a
military missile are enormous. Rockets loaded with solid propellants can be built and
stored for long periods, and they can be moved around readily. As noted above, JPL*®
developed solid-fuel jet-assisted takeoff rockets during World War 11, and its small solid
rocket motors were later used as upper stages in the Jupiter C.** However, the difficulties
of mixing and casting solid propellant in motors large enough to carry a nuclear weapon,
and the absence of a satisfactory igniter, had prevented its use in missiles. Ammonium per-
chlorate, the oxidizer of choice, is hard to handle in large quantities and difficult to mix
evenly with an organic binder. In addition, Air Force scientists and engineers needed to
develop methods for controlling the fuel’s burn, its rate of thrust, and its direction, as well
as ways of constructing high-strength, lightweight engine cases.

By October 1957, the Air Force had made substantial progress toward building rock-
et motors large enough to propel a nuclear weapon, but it had no solid-fuel missile devel-
opment project in place. Although solid-fuel missiles had been considered for tactical
deployment, they had not reached a level of reliability and thrust sufficient to serve as
ICBMs. However, the perceived crisis of responding to Sputnik, coupled with the techni-
cal progress made in the 1950s, injected a new urgency into U.S. plans for developing a
solid-fuel ICBM.*? [1-14] Studies developed the concept for Weapon System Q, a three-
stage, solid-fueled ICBM, which would be deployed in large quantity in hardened missile
pads. In September 1957, this was named Minuteman. By the end of 1957, the Office of
the Secretary of Defense Ballistic Missile Command recommended that the Air Force

48. Perry, “The Atlas, Thor, Titan, and Minuteman,” p. 148.

49. Ibid., p. 150. See also O. J. Ritland, “Concurrency,” Air University Quarterly Review 12 (Winter-Spring
1960-61): 57-62.

50. JPL, which was established in 1944 as a U.S. Army facility, was transferred to NASA on December 3,
1958. The California Institute of Technology (Caltech) operates it under contract to NASA.

51. The Jupiter C used eleven solid-fuel Baby Sargent rockets for its second stage, six of them for stage
three. To place Explorer | in orbit in 1958, the ABMA employed a single Baby Sargent rocket as a fourth stage.

52. Neufeld, Ballistic Missiles, p. 227.
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begin a program to develop the Minuteman, and in June 1958, Secretary of Defense Neil
H. McElroy approved the request. Although the Air Force did not complete the selection
of the contractors for the rocket’s stages and other major systems until July 1958, the first
flight test took place only two and one half years later on February 1, 1961. It was highly
successful. The developers used the same concurrency process that had worked well for
the development of the Atlas, Thor, and Titan. Of these four missiles, only the Minuteman
has not yet been upgraded and made into a working Earth-orbit launch vehicle, although
there have been moves in this direction as Minutemen have become excess to security
requirements as a result of arms limitation agreements.

In March 1956, the Navy had also gained permission to start its own missile program,
which eventually led to the Polaris missile, launched from a submarine below the surface
of the ocean. Like the Minuteman, the Polaris depended on a solid rocket motor for
propulsion for much the same reasons that Air Force officials were drawn to it for the
Minuteman—solid rocket motors can be fired nearly immediately, and they can be stored
for long periods without degrading. They are also much easier to handle than liquid
motors, making them especially attractive for launching from submarines. The Lockheed
Aircraft Corporation was the prime contractor for the Polaris. It conducted the first suc-
cessful test of an inertially guided Polaris missile on January 7, 1960, from Cape Canaveral.
On July 20 of that same year, the nuclear submarine George Washington conducted the first
undersea firing of a Polaris.®

The experience gained in manufacturing solid rocket motors for the Minuteman and
the Navy’s Polaris® missile programs enabled NASA to develop the solid-fueled Scout
small launch vehicle. The Scout was first completed and launched in July 1960.

In the late 1950s, while developing rocket motors for missiles, rocket engineers also
began to work on ever larger solid rocket motors in hopes of creating a space booster
capable of placing moderate-sized payloads into orbit. Rockets based solely on solid pro-
pellants require motors capable of generating several million pounds of thrust for dura-
tions of 100 seconds or more. Rocket designers faced the major problem of achieving a
sustained, even burn, rather than igniting the entire mass of propellant at once. Among
other things, this involved developing the means to disperse an oxygen-rich compound,
commonly ammonium perchlorate, uniformly in an organic binder that would provide
the fuel. It also involved building high-strength, lightweight engine cases. After consider-
able testing, they finally mastered the technique of casting solid propellant in large sizes
and with internal shapes capable of sustaining an even burn rate. Nevertheless, it was clear
that the enormous sizes (diameter and length) needed to develop millions of pounds of
thrust would create difficult construction and transportation problems. However, if the
rocket motors could be built in segments and bolted together on the launch pad, they
would be much easier to construct and to transport to the launch site.

Starting in 1957 with funding from the U.S. Air Force, Aerojet General Corporation,
which had manufactured jet-assisted takeoff units during World War 11, demonstrated that
the concept was feasible by first cutting a twenty-inch-diameter Regulus 11 booster rocket
into three pieces, filling the pieces with propellant, reattaching them, and firing the seg-
mented rocket motor. Following a successful test in early 1959, Aerojet attempted the
same procedure with a sixty-five-inch-diameter Minuteman rocket motor, which also fired
successfully. On February 17, 1960, Aerojet successfully test-fired a three-segment,
100-inch-diameter rocket motor more than 400 inches long that produced an average of
534,000 pounds of thrust for nearly ninety seconds.® The test program concluded in

53. Von Braun, Ordway, and Dooling, Space Travel, pp. 130-32.

54. Wyndham D. Miles, “The Polaris,” in Emme, The History of Rocket Technology, p. 162-75.

55. K. Klager, “Segmented Rocket Demonstration: Historical Development Prior to their Use as Space
Boosters,” 1AA-91-687, 42nd Congress of the International Astronautical Federation, Montreal, Canada, October 1991.
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October 1962 after achieving partial success with tests of two longer 100-inch-diameter
motors.*® These developments demonstrated that reliable segmented solid-fuel rockets
could be built and fired in ground tests. Such experience enabled the Air Force and NASA
to develop the large segmented solid rocket boosters that were later used to power both
the Titan 11l and 1V launchers and the Space Shuttle.

During the early development of the Saturn liquid-fueled booster, proponents of solid
rocket motors suggested their use in that program. NASA had explored the potential of
solid rockets and decided that, while advantageous for some tasks, such as launching sci-
entific payloads, they had not yet reached the level of development that would make them
suitable for launching people into space. [I-15] In the immediate aftermath of President
John F. Kennedy’s May 1961 announcement that the United States would send people to
the Moon, a joint NASA-Department of Defense team examined the possible use of solid-
fueled rockets in accomplishing that mission; however, NASA decided to stand by its ear-
lier position. Hence, NASA carried out relatively little development work on solid rocket
motors until they were under consideration for the Space Shuttle.

Launching People: Mercury-Redstone,
Mercury-Atlas, and Gemini-Titan

Launching people into orbit introduced another set of considerations into booster
design and manufacture. Although the armed services and NASA were concerned about
launch vehicle reliability because of the costs involved in replacing an expensive payload,
they had little concern about safety beyond the obvious issues of possible launch pad and
range damage. Once the many tons of steel, aluminum, and propellants were on their way
to space, the loss of the vehicle primarily meant extra costs and the loss of the payload and
research results. However, the loss of human life was another matter, the costs of which
could not be reckoned in dollars alone. The creation of Project Mercury, a high-visibility,
U.S. human spaceflight program, led to the need to reduce the risks of spaceflight, not only
to protect the astronauts, but to protect the space program itself from cancellation.
Astronauts were not merely test pilots; they were highly visible manifestations of U.S. tech-
nological and political accomplishments, and they soon became American icons. NASA
began to institute different procedures for designing, building, and launching the rockets
destined to carry humans. Because the Redstone had previously demonstrated relatively
high reliability and flight stability, NASA requested eight Redstone launchers for the subor-
bital portion of Project Mercury. These boosters were modified to allow additional propel-
lant to increase their lift capacity and to add an abort-sensing system to increase their safety.

“Man-rating” the Redstone also meant additional verifications of the reliability of
launcher hardware and launch software and extensive testing for electronic and mechan-
ical compatibility with the Mercury spacecraft payload. After an initial launch test to assure
that all the systems and subsystems performed together, the first flight with a live passen-
ger occurred on January 31, 1961, when the second Mercury-Redstone mission (MR-2)
carried the chimpanzee Ham briefly into space and back on a parabolic trajectory.
However, the Redstone boosted the Mercury capsule to a greater height than planned,
and thus the capsule landed much further downrange than had been planned. The cause
of the booster malfunction was quickly identified and remedied, but von Braun and his
associates insisted on an additional test flight before committing an astronaut to a mission
atop the Redstone. That additional flight took place on March 23, 1961, and was totally
successful. If it had not been inserted into the Mercury schedule, the March flight could

56. The test failures were related to malfunctions of the motors’ nozzle assembly, not the segment joints.
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well have carried an astronaut, and it would have been an American, not the Soviet cos-
monaut Yuri Gagarin, who would have been first into space (though not into orbit). [1-16]

On May 5, 1961, Navy Lieutenant Commander Alan B. Shepard, Jr., did become the
first American human in space aboard Freedom 7 (Figure 1-5). His flight was followed by
the second and last crewed Mercury-Redstone flight on July 21, which carried Air Force
Captain Virgil 1. “Gus” Grissom into space and back aboard Liberty Bell 7. A more power-
ful rocket would be needed to place an astronaut into orbit.

For the orbital launch of the Mercury capsule, NASA officials decided at the start of the
program to use the Atlas launcher, which was capable of carrying about 3,000 pounds into
a 150- by 100-mile elliptical orbit. Using the Atlas to carry people required upgrading the
launcher to increase its safety margins; there was concern that there had been frequent fail-
ures during the use of the Atlas for unmanned space launches. [1-17] In all, NASA procured
nine Atlas D launchers from the Air Force for the task, of which four carried astronauts into
orbit. NASA successfully completed the first orbital Mercury flight ten months after Gagarin
first circled the globe. On February 20, 1962, astronaut John Glenn orbited Earth three
times in Friendship 7, landing in the Atlantic Ocean southeast of Bermuda (Figure 1-6).

The Titan Il became the second and last modified ICBM to be used for launching
humans to orbit; it was employed in launching all ten spacecraft in the two-astronaut
Gemini program. The extra payload capacity of the Titan Il compared to the Atlas made
it possible to launch a heavier capsule, large enough to accommodate two individuals.
Gemini was designed to develop the astronauts’ skills in orbital rendezvous and docking
as a precursor to the Apollo lunar program (Figure 1-7). It was also used to extend
NASA’s experience with spaceflight to a duration long enough to reach the Moon and
return and to test extravehicular activities. [1-18]

Figure 1-5. The launch of the first American into space, astro- ~ Figure 1-6. The launch of the first American to orbit the

naut Alan Shepard, on the Mercury-Redstone 3 space vehicle  Earth, astronaut John Glenn, on the Mercury-Atlas 6 space

from the Cape Canaveral launch sitt on May 5, 1961.  vehicle from the Cape Canaveral launch site on February 22,

(NASA photo 61-MR3-72A) 1962. The Atlas was the first ICBM developed by the Air Force
in the 1950s. (NASA photo 62-MA6-111)



16 ACCESS TO SPACE: STEPS TO THE SATURN V

During the early 1960s, as military and national security payloads quickly grew in
weight, it became clear that the Air Force would need a booster larger than the Titan Il
to lift its planned payloads to orbit. Hence, it modified the Titan Il by adding an addi-
tional stage and solid “strap-on” booster rockets and designated the new rocket Titan IlI.
The first Titan 1A, carrying a third “Transtage,” successfully flew on September 1, 1964.
Shortly thereafter, the Air Force used an Agena upper stage to create the Titan 111B, capa-
ble of carrying 3,300 kilograms into low-Earth orbit. Because still greater lift was needed
to launch the Air Force’s largest satellites, the Air Force added segmented solid-fuel rock-
ets to create the Titan IIIC. It employed two strap-on boosters made up of five ten-foot-
diameter segments that extended eighty-six feet in height. The boosters were developed
and manufactured by United Technology Center, using techniques it developed in the late
1950s.5” The first test flight took place in June 1965. The Titan I11C was capable of lifting
13,100 kilograms into low-Earth orbit. For even more massive loads, the Air Force con-
tracted with Martin Marietta to build the Titan I1ID and Titan IIIE, both of which used
the solid rocket boosters from the Titan 11IC but had more powerful upper stages. The
rocket combination with the greatest lift capacity was the I1IE, which employed a cryo-
genic upper stage called the Centaur, first designed for use on an Atlas rocket.® In the
1970s, NASA used the Titan I11E with a Centaur upper stage to launch the two Mars Viking
landers (Figure 1-8). The two successful flights are particularly notable for occurring with-

Figure 1-7. The launch of the first piloted mission of the
Gemini program, Gemini 3, atop the sturdy and reliable Titan
launch vehicle. The Titan was originally developed at part of
the Air Force’s ICBM program in the late 1950s. This launch
took place on March 23, 1965, with astronauts Gus Grissom
and John Young aboard. (NASA photo 65-H-448)

57. Winter, Rockets Into Space, p. 92.

Figure 1-8. The launch of the Viking space probe to Mars in
1974 atop the Titan Il launch system. Significantly modi-
fied, and thrust-enhanced over time, the Titan family of
launchers has enjoyed enormous success as a vehicle that can
place in orbit, and en route to other planets, a variety of space-
craft engaged in all manner of applications. (NASA photo)

58. The term “cryogenic” refers to the low temperatures required to create and store liquid oxygen and

liquid hydrogen.
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in only three weeks of one another. Viking 1 was launched on August 20, 1975, followed
on September 9 by Viking 2.* They were launched from the Air Force-maintained Titan
launch pads at Cape Canaveral, Florida.

Convair, with funding from the Advanced Research Projects Agency (ARPA) and the
Air Force, developed the Centaur upper stage, which was successfully test-flown on an
Atlas rocket on November 27, 1963. The Centaur, which is still in use, employs two Pratt
& Whitney RL-10 engines, and it was the first liquid oxygen-liquid hydrogen (LOX-
hydrogen) engine to demonstrate the capability to restart in space.®® The Atlas-Centaur
rocket has launched spacecraft to Mercury, Venus, Mars, Jupiter, and Saturn, as well as
many communications satellites to geosynchronous orbit. The development of the
Centaur provided the Air Force and NASA with significant experience with the problems
encountered in using liquid hydrogen for propulsion, which assisted in the later develop-
ment of the cryogenic engines used in the Saturn space booster program.

Nuclear Propulsion

One of the more interesting aspects of rocket development was the partnership
between NASA and the Atomic Energy Commission (AEC) in developing nuclear rocket
engines. Seen strictly from the standpoint of available power for rocket thrust, a nuclear
rocket generating heat from fission is much more efficient than chemical propulsion, allow-
ing much higher thrust. Nuclear rockets have been of particular interest for interplanetary
spaceflight, because they could markedly shorten trips to the planets. However, they also
present formidable engineering and safety challenges. The notion of using atomic energy
as a fuel source was briefly explored by Konstantin E. Tsiolkovskiy, Robert H. Goddard, and
others, but these early theoreticians and experimenters were daunted by the problem of
controlling the enormous potential for explosive, rather than controlled, releases of ener-
gy. It was not until after controlled nuclear fission had been achieved in 1942 and after
World War 11 that the technology began to receive serious attention in rocketry.

North American Aviation completed the first detailed (classified) study of the issue in
1947. [1-19] It concluded that a nuclear rocket would be feasible if some serious technical
hurdles could be overcome. Beginning in the late 1940s, the AEC also experimented with
the use of nuclear power in aircraft, which generally contributed to the government’s
technical expertise in nuclear propulsion. Robert W. Bussard, who worked on the nuclear
aircraft program at the Oak Ridge National Laboratory, became interested in the chal-
lenge of nuclear rocketry and published an important report in 1953 that influenced the
Air Force in its decision to start up a nuclear rocket program.® His work convinced
officials that nuclear rockets might be feasible alternatives to chemical propulsion for bal-
listic missiles.®

Both the Los Alamos and Lawrence Livermore National Laboratories established
small programs to investigate nuclear propulsion technologies in detail. In November

59. Edward C. Ezell and Linda N. Ezell, On Mars: Exploration of the Red Planet 1958-1978 (Washington, DC:
NASA SP-4212, 1984), pp. 325-26.

60. This test took place on October 26, 1966. The capability to start in the near vacuum of space was
extremely important to the success of the Apollo program. See John L. Sloop, “Technological Innovation for
Success: Liquid Hydrogen Propulsion,” in Frederick C. Durant, ed., Between Sputnik and Shuttle: New Perspectives
on American Astronautics (Washington, DC: American Astronautical Society, 1985), pp. 225-39.

61. R. W. Bussard, “Nuclear Energy for Rocket Propulsion,” Oak Ridge National Laboratory, ORNL
CF-53-6-6, July 2, 1953. This was published in Reactor Science and Technology, December 1953, pp. 79-170. This
secret publication was declassified on November 4, 1960.

62. A historical summary of the early research in nuclear rockets appears in Robert W. Bussard, “Nuclear
Rocketry—The First Bright Hope,” Astronautics (December 1962): 32-35.
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1955, the Air Force and the AEC formally started Project Rover, with the goal of harness-
ing the enormous power of nuclear fission for spaceflight. Some Air Force officials felt
that nuclear power would be of use in powering ICBMs. Livermore was directed to focus
on nuclear ramjets under Project Pluto, leaving Los Alamos to develop a nuclear reactor
for a rocket engine. In 1957, program officials had chosen the area at the Nevada Test Site
called Jackass Flats to conduct engine tests. Los Alamos developed the Kiwi experimental
nuclear reactor, testing several versions at Jackass Flats between 1959 and 1964.% These
tests demonstrated the use of carbide coatings to prevent hydrogen erosion of the
graphite and established numerous crucial details about reactor design and control. The
testing of the first version, KIWI-A, established the technical feasibility of creating a
nuclear rocket. Nevertheless, it soon became clear that solid rocket propulsion was of
much greater use for ballistic missiles than nuclear engines. Among other things, nuclear
bomb engineers had managed to create nuclear warheads of much reduced mass, there-
by relaxing the lift requirements for missiles.

Soon after the creation of NASA, the Eisenhower administration transferred the Air
Force’s responsibility for nuclear rocketry to NASA. NASA and the AEC created the NASA-
AEC Space Nuclear Propulsion Office in August 1960. During his May 25, 1961, speech
titled “Urgent National Needs,” President Kennedy urged a speed-up of the Rover nuclear
rocket program, proposing a threefold increase in funding.*

Soon after, the Space Nuclear Propulsion Office began the Nuclear Engine for Rocket
Vehicle Application (NERVA) program, with the eventual goal of flight-testing the NERVA
engine on a Saturn rocket. Aerojet-General and the Westinghouse Electric Corporation
were awarded a contract to develop the NERVA engine, which was to be derived from the
KIWI-B test engine then undergoing tests at Jackass Flats. In a program called Reactor-in-
Flight Tests (RIFT), NASA planned to use a flight-rated version of the NERVA engine to
power the third stage of a Saturn V.* A few NASA officials contemplated that it might serve
as a second or third stage on the even larger Nova vehicle for which some NASA engineers
had been arguing. In the spring of 1962, NASA selected Lockheed Missiles and Space
Company as the prime contractor for the nuclear stage. As planned, the RIFT test vehicle
was to consist of Saturn IC and Saturn Il stages, topped by the Saturn N nuclear stage. In
its lunar flight configuration, it would launch a crewed spacecraft and lunar lander. After
the first two stages carried the spacecraft beyond Earth’s atmosphere, the nuclear engine
would be started to carry the crew to the Moon.

By the end of 1963, the nuclear rocket effort was already in decline as NASA focused
on making the Apollo program a success using more conventional rocket engines. Budget
reductions forced NASA and the AEC to terminate the RIFT project. They converted the
NERVA project to a technology effort using ground tests of nuclear engines and compo-
nents. Between May 1964 and March 1969, the NERVA project tested thirteen reactors,
essentially completing the technology phase. The KIWI series was followed by a
5,000-megawatt reactor named Phoebus, designed to achieve higher temperatures and
longer operating times at lower specific weights. NASA planned to use a flight-rated ver-
sion of Phoebus for space travel. [1-20]

63. The name “kiwi” for the reactor derives from the name of the flightless bird native to New Zealand.
64. In this speech, Kennedy announced that “an additional $23 million, together with $7 million already
available, will accelerate development of the ROVER nuclear rocket. This gives promise of some day providing
a means for even more exciting and ambitious exploration of space, perhaps beyond the moon, perhaps to the
very ends of the solar system itself.” See Document 111-12 in Logsdon, gen. ed., Exploring the Unknown, 1: 453-54.
65. W. Scott Fellows, “RIFT,” Astronautics (December 1963): 38-47.
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In 1968, the project initiated work on a 75,000-pound thrust flight-rated engine having
a specific impulse of 850 seconds, but the program was nearing its end.®® As work on the
proposed Space Shuttle increased, program officials even proposed that the Shuttle would
transport a NERVA engine into orbit for testing. Yet that effort fell on deaf ears, in part
because the Nixon administration and Congress continued to decrease NASA’s budget,
reducing the need for propulsion to support interplanetary travel, but also because of
mounting opposition to nuclear power. In 1972, Project Rover was terminated. [1-21, 1-22]

The nuclear rocket program had been quite ambitious, and it showed the technical fea-
sibility of nuclear propulsion. As Dr. Glenn T. Seaborg, chairman of the AEC, stated in 1970:

Lest you get the impression that the development of such a nuclear rocket is as simple as its
principle sounds, let me point out what is involved in it. What we must do is build a flyable
reactor, little larger than an office desk, that will produce the 1500 megawatt power level of
Hoover Dam and achieve this power in a matter of minutes from a cold start. During every
minute of its operation, high-speed pumps must force nearly three tons of hydrogen, which has
been stored in liquid form at 420°F below zero, past the reactor’s white-hot fuel elements which
reach a temperature of 4,000°F. And this entire system must be capable of operating for hours
and of being turned off and restarted with great reliability.*’

Although the nuclear program had been relatively successful from a technical stand-
point, and it still had many proponents within NASA and the AEC, it could not survive the
funding competition with programs that carried less technical risk, especially given the
diminished prospects for interplanetary flight involving large payloads. Nuclear propul-
sion interested mission planners once again in the late 1980s and early 1990s after
President George Bush announced on July 20, 1989, a plan to send humans to Mars and
back by 2019. However, that effort, which became known as the Space Exploration
Initiative, was very short lived. Congressional proponents of NASA’s other programs
became worried that such a public effort, requiring many billions of dollars of investment,
would use up funds planned for other NASA programs, including the long-planned
International Space Station.

Saturn and the Race to the Moon

Meeting President Kennedy’s 1961 challenge to put people on the Moon before 1970
required much larger launch vehicles; in many ways, the race to the Moon was a rocket-
building competition. Because planning for such large vehicles had been initiated by the
von Braun team and others even before NASA was officially opened in 1958, the space
agency was able to respond quickly. [1-23] Among other things, NASA sped up work on
technologies that led to the Saturn | and to the huge Saturn V, which in its final form was
capable of lifting 260,000 pounds to low-Earth orbit. Although the roots of the design of
the Saturn V ultimately trace back to the V-2, the Saturn evolved along a different devel-
opmental path from the Redstone, Titan, Thor-Delta, and other launchers that were orig-
inally designed as missiles to carry nuclear warheads efficiently. The Saturn family was the
first designed as pure space boosters.

Well before Kennedy’s speech to Congress, von Braun’s team at the ABMA had begun
to consider building a large multi-stage rocket capable of launching large objects into
space. [1-24] Von Braun and many of his engineering team had the Moon and Mars as

66. Compare, for example, the Space Shuttle main engine’s superior specific impulse of 450 seconds.
67. Glenn T. Seaborg, “A Nuclear Space Odyssey.” Remarks to the Commonwealth Club of California, San
Francisco, CA, July, 24, 1970. U.S. Atomic Energy Commission release number S-27-70.
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their ultimate goals, but they also had in mind an orbiting space station.® U.S. officials had
been astonished by the lift capacity of the initial Soviet rocket. Although U.S. intelligence
had known that the Soviets were building rockets based on the V-2, the United States was
unprepared for the scope of this effort. The Eisenhower administration decided that the
United States might need a much larger U.S. vehicle than was available—one capable of
launching large military payloads and perhaps humans and the gear to support them.
Building and testing a successful high-power engine were the most difficult of the many
tasks planners faced in developing such a vehicle. Hence, engineers began to tackle the
difficult problem of providing the propulsion to propel a large payload into space. [I-25]

By late 1957, they had settled on a launch design that would employ a first stage pro-
pelled by a cluster of eight powerful engines based on the S-3D engine from the Jupiter
IRBM. In August 15, 1958, the newly created ARPA, which was organizing the U.S. mili-
tary space effort, issued orders to begin work on a new large launcher. [I-26] Increasing
the S-3D’s thrust by 14 percent made it possible to achieve 1.5 million pounds of thrust in
the cluster of eight engines. The engine was named the H-1; the launcher was tentatively
named Juno V. Team members adopted a clustered approach out of necessity because
building a brand new, high-thrust engine would have been too expensive.® ARPA officials
were forcing the von Braun team to live on low budgets and encouraging it to use off-the-
shelf hardware wherever possible. As a result, the Juno V’s designers became quite inven-
tive.” Although engine clusters raise many technological challenges, by meeting them at
this early stage, the team was able to provide a firm base for the development of later
engine clusters.” ARPA conceived of the Juno V as a static test vehicle, but von Braun’s
team had clearly intended that it serve as the basis for a new launcher, which von Braun
and his associates called “Saturn.””? Shortly after ARPA gave the ABMA the green light to
proceed with the Saturn, NASA came into being officially, and the issue of transferring the
ABMA to NASA began to be discussed in earnest. [I-27] On November 2, 1959, President
Eisenhower approved that transfer.

By late December 1959, NASA and DOD had already made many of the initial tech-
nology decisions that would lead first to the Saturn IB launch vehicle and then to the huge
Saturn V (Figure 1-9). [1-28] NASA, working with DOD, organized a Saturn Vehicle Team,
chaired by Abe Silverstein of NASA. The Silverstein Committee made three important tech-
nological choices that set the stage for later Saturn developments. They decided to (1) use
liquid hydrogen (LH,) as the fuel for the upper stages of the Saturn booster, (2) develop
a series of multi-stage rockets, and (3) follow an evolutionary path for growth in which
each succeeding vehicle used the proven stages of the preceding one. The Silverstein
Committee saw three primary functions for the Saturn family: (1) lunar and deep-space
missions with an escape payload of 9,900 pounds; (2) geostationary orbit payloads of
4,950 pounds; and (3) missions carrying humans into low-Earth orbit) in the Dyna-Soar
program, an Air Force human spaceflight effort. These choices, while they introduced

68. Wernher von Braun, “Crossing the Last Frontier,” Collier's, March 22, 1952, pp. 23-29, 72-73. This was
reprinted as part of Document 1-13 in Logsdon, gen. ed., Exploring the Unknown, 1: 179-88.

69. As it was, the ABMA team ran into difficulties uprating the S-3D engine from 165,000 pounds of thrust
to 188,000 pounds because the more powerful engine developed a combustion instability that threatened to
destroy the engine. This led to a costly redesign.

70. “The dire need made us more inventive, and we bundled the containers to be loaded with propel-
lants.” As quoted by William A. “Willy” Mrazek in Roger E. Bilstein, Stages to Saturn: A Technological History of the
Apollo/Saturn Launch Vehicles, rep. ed. (Washington, DC: NASA SP-4206, 1996), p. 30.

71. ABMA engineers also clustered the propellant tanks by using eight Redstone tanks, which alternately
held RP fuel (a form of kerosene) and LOX, surrounding a single large Jupiter tank in the center that carried
RP fuel. Ibid., p. 82.

72. In writing about it a few years later, von Braun noted that the “Juno V was, in fact, an infant Saturn.”
See von Braun, “The Redstone, Jupiter, and Juno,” p. 120.
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Figure 1-9. Expendable launch vehicles (1974).

some serious technical hurdles, were the backbone of the Saturn’s ultimate success as a
launch vehicle. [1-29]

The decision to use high-energy LH, as a fuel was the most controversial of the three.
It was also the crucial one in allowing the program to develop efficient boosters. Just after
the turn of the century, Tsiolkovskiy and Goddard had determined that using liquid
hydrogen as a fuel in a liquid oxygen environment would provide superior specific
impulse.” In 1923, Hermann Oberth even suggested that the LOX-hydrogen combination
would be especially appropriate for the upper stages of rockets.” Yet liquid hydrogen,
which requires cooling to —423 degrees Fahrenheit, is hard to handle and causes the
imbrittlement of many metals. Nevertheless, with von Braun in concurrence, Silverstein
was able to convince the other committee members to accept LH, as a fuel, despite its
handling problems. As Sloop has noted: “It was a very bold and crucial decision to stake
the success of the entire manned space program on a relatively new high-energy fuel, but
subsequent developments proved it to be a sound decision and a key one in the success of
the Saturn V and the Apollo missions.””

73. Konstantin Tsiolkovskiy, in A.A. Blagonravov, ed., Collective Works of K.E. Tsiolkovskiy, Volume 2, Reactive
Flying Machines (Washington, DC: NASA Technical Translation (TT) F-237, 1965), pp., 78-79; Robert H.
Goddard, in Esther Goddard and G. Edward Pendray, eds., The Papers of Robert H.. Goddard, three volumes (New
York: McGraw-Hill, 1970).

74. Hermann Oberth, Rockets in Planetary Space (Washington, DC NASA TT F-9227, 1965).

75. Sloop, “Technological Innovation for Success.”
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As explained above, the Centaur upper stage used two hydrogen-fueled Pratt &
Whitney RL-10 engines that developed 15,000 pounds of thrust apiece. By clustering these
engines in a group of six, NASA planned to build a powerful second stage for the Saturn
I, called the S-1V. It was to be the first major Saturn stage to be built under contract by
industry, rather than developed within the ABMA.

The decision to let the S-1V contract to the Douglas Aircraft Company illustrates the
importance of subjective factors in NASA’s choice of contractors. Two companies—
Convair and Douglas—placed well above the other nine that submitted proposals. In
choosing between them, NASA officials considered not only technical competence, but
also their judgment of the firms’ ability to manage a large, complex contract and the
firms’ business acumen. Convair, which was developing the Centaur upper stage, placed
slightly higher on technical competence, but lower in the latter two categories. NASA
Administrator T. Keith Glennan felt that Douglas’s proposal was more imaginative. He was
also concerned that giving the S-1V contract to Convair would inadvertently create a
monopoly in the development of cryogenic upper stages.” NASA officials were well aware
of the need to develop a broad, competitive contractor base from which to choose, espe-
cially in building systems that required the development of new, untried technologies. As
a result, NASA announced the choice of Douglas on May 26, 1960. The closeness of the
decision, and the subjective reasons for the selection of Douglas, caused some concern
within Congress, which directed the General Accounting Office (GAO) to investigate. The
GAO report, however, generally sustained NASA’s decision.”

Modern launch systems consist of hundreds of interacting systems, each of which is
itself composed of thousands of smaller subsystems and parts. Designing and successfully
launching moderate and small-sized launchers pose a major challenge. For systems the
size and complexity of the Saturn I, its descendent the Saturn 1B, and the Saturn V Moon
rocket, the task seemed daunting. [1-30] Building the Saturn vehicles forced NASA and
the aerospace industry to solve numerous practical problems, including the handling of
large structures, flawless welding, and the testing and tracking of millions of components.
It also required the development of new manufacturing methods. For example, Douglas
Aircraft and NASA had to overcome a panoply of obstacles to manufacture the S-1V to a
standard sufficient to carry people reliably and safely to space. To build a rocket stage of
requisite size and strength, the designers decided to carry the two propellants in only two
tanks, one above the other, and to give them a common bulkhead. The size of the S-IV
and the decision to use large propellant tanks brought their own production problems.
The tanks’ welded seams needed to be flawless. New machinery needed to be developed
to handle the large tanks. New fabrication methods had to be invented to create the com-
mon bulkhead. In addition, Douglas also had to build special facilities to handle compo-
nents the size of the tanks. Historian Roger E. Bilstein has commented that the
development of Saturn hardware “frequently came down to a question of cut-and-try.””
This approach, of course, made it extremely difficult to estimate the developmental cost
of any of the launchers.

The Saturn | was a research and development project designed to gather data and
experience with large launch vehicles. NASA made the first flight to test its first stage on

76. James Webb, who became the second NASA administrator, noted in 1963 hearings before the House
of Representatives that “one of the principal factors cited in the selection of the Douglas Aircraft Company was
that the addition of the company would broaden the industrial base in the hydrogen technology field." NASA
Authorization Hearings, U.S. House of Representatives, 87th Cong., 2d sess., Part 2, 1963, p. 825.

77. Controller General of the United States to Overton Brooks, Chairman, Committee on Science and
Astronautics, June 22, 1960.

78. Roger Bilstein, “The Saturn Launch Vehicle Family,” in Apollo: Ten Years Since Tranquility Base
(Washington, DC: Smithsonian Institution Press, 1979), p. 117.
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October 27, 1961, carrying only a dummy S-1V stage. The first flight of an operating S-1V
second stage was made on January 29, 1964. On July 30, 1965, the Saturn | made its last
flight, having prepared the way for the more powerful Saturn IB. During its ten flights, the
Saturn | had been used in a variety of engineering experiments in low-Earth orbit and had
given NASA’s engineers valuable insights into the complexities of building and launching
a large cryogenic rocket.

The launch requirements considered by the Silverstein Committee demanded an
even larger propulsion stage than the S-1V, and instead of uprating the RL-10, or somehow
adding more of them to the cluster, the Silverstein Committee began to look toward a
much larger, more powerful single engine that would generate 200,000 pounds of thrust.
On June 1, 1960, a source evaluation board chose the Rocketdyne Division of North
American Aviation to build a high-thrust cryogenic rocket engine called the J-2. Marshall
Space Flight Center developed the concept and monitored the contractor’s work, while
Rocketdyne attempted to bend metal around Marshall’s ideas.

From the beginning, the Saturn IB rocket was designed to carry humans. Hence, the
final engine contract, which was awarded to Rocketdyne in September 1960, contained
the important phrase “to insure maximum safety for manned flight.”” In other words,
although reliability had been an important ingredient of earlier designs, for the first time,
a contract specified that a rocket engine was to be designed with human safety as part of
the initial specifications.®*® Because the Saturn IB was intended to carry humans, each stage
of the design and manufacturing process was closely scrutinized for high reliability and
each part tested individually as well as in concert with other parts. Rocketdyne engineers
faced serious problems finding appropriate metals and other materials that would work
properly in a liquid hydrogen environment. They also had to trace down every leak in
great detail, for a small amount of gaseous hydrogen in the wrong place could lead to a
devastating explosion. After pursuing a number of intermediate short-duration tests for
approximately nine previous months, Rocketdyne successfully ran the first model of the
J-2 in a 250-second test on October 4, 1962.%

When this contract was let in 1960, NASA had not yet decided which vehicle would
use the powerful engine. Outside of NASA, there was relatively little interest in pursuing
a program that would require the lift capacity of an upper stage that used the J-2 rocket.
However, President Kennedy’s May 1961 decision to “shoot for the Moon” dramatically
changed the situation. By July 1962, NASA settled on proceeding with the uprated S-1V,
called the S-1VB, which it planned to use as the second stage of the Saturn IB; the stage
would be powered by a single J-2 engine. The Saturn 1B would loft an Apollo spacecraft to
low-Earth orbit as part of the sequence of tests that would lead to a landing on the Moon.
This powerful launcher, capable of placing 41,000 pounds into an orbit 110 miles above
Earth, had an important role in the execution of the Apollo program. Not only did it carry
the first Apollo spacecraft into orbit during the test phases of the Apollo program of the
mid-1960s; it also served to ferry astronauts to Skylab in the 1970s and was the launch
vehicle used in the Apollo-Soyuz mission of 1975.

The Saturn IB made its first flight two years after the first flight of the Saturn I, on
February 26, 1966, using the S-1VB second stage. On October 11, 1968, it carried the first
Apollo capsule containing astronauts into orbit for a ten-day, twenty-hour flight—

79. Bilstein, Stages to Saturn, p. 141.

80. One of the best ways to ensure safety to astronauts and their launch crew is to build a highly reliable
vehicle. However, even a vehicle of high reliability may not have adequate safety margins for human flight if it
fails catastrophically and does not provide some means to protect its passengers. Conversely, a vehicle meeting
a lower reliability rating could, in principle, be safer for humans if it incorporated sufficient means to ensure the
crew’s ability to survive a failure.

81. Bilstein, Stages to Saturn, p. 143.
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Apollo 7 (Figure 1-10). That was also the
last Apollo flight for the Saturn IB. It was
followed two months later by the first
Saturn V to carry astronauts, when the
Apollo 8 mission launched astronauts Frank
Borman, James A. Lovell, Jr., and William A.
Anders into space for the first human flight
around the Moon.

The Saturn V dwarfed even the powerful
Saturn | and Saturn IB launchers. Standing
363 feet high and weighing 500,000 pounds
unfueled, the Saturn V was capable of
launching more than 200,000 pounds to low-
Earth orbit. It was built to place three astro-
nauts on the Moon and allow them to take
sufficient fuel and equipment to return to
Earth. The Saturn V had three stages: the S-
IC first stage (powered by five F-1 LOX-
kerosene engines), the S-11 second stage
(propelled by five J-2 LOX-LH, engines, and
the S-1VB third stage (with one J-2 engine).

Rocketdyne, which, as noted above,
NASA later chose to build the J-2 engine,
had in January 1959 received the contract to
build the F-1.% The contract for the giant
power plant, which would employ RP
kerosene fuel and LOX, stipulated that it
should develop 1.5 million pounds of
thrust, nearly four times the thrust of the

Navaho missile engine from which it was
derived.®® Rocketdyne’s experience in the
Navaho program made it the logical candi-
date for the task. In awarding this contract,
NASA was betting that it could bypass the
more common evolutionary approach to

Figure 1-10. The launch stack of the Apollo 7 mission sits on
Launch Complex 34 at Kennedy Space Center, on September
16, 1968. The launch vehicle, the Saturn IB, would power the
crew of astronauts Wally Schirra, Donn Eisele, and Walter
Cunningham into Earth orbit on October 11, 1968, for a
checkout of the Apollo command and service modules in prepa-
ration for flights to the Moon. (NASA photo 68-H-920)

engine development and make a revolu-
tionary jump to this enormous engine.

At the time of this decision, the United States had no program to attempt a Moon
landing. NASA did not make a final decision about the configuration of the first stage of
the Saturn Moon rocket until January 10, 1962, after it had already chosen the Boeing
Aircraft Company to build it. That choice was based on the recognition that a booster with
five F-1 engines in its first stage might be able to accomplish the lunar landing mission in
a single launch, if NASA were to adopt the controversial lunar orbital rendezvous
approach to a lunar landing. With this decision, the large booster was named the
Saturn V.® [1-31, 1-32]

82. The F-1 design had its origins in earlier studies at the ABMA. See David E. Aldrich, “The F-1 Engine,”
Astronautics (February 1962): 40. Also see Document 1-24 at the end of this chapter.

83. The Navaho engine developed 415,000 pounds of thrust. The original Air Force goal had been an
engine of 1 million pounds of thrust, but the company was not able to reach that goal until March 1959, when
it fired up a “boilerplate” thrust chamber and injector that achieved the goal. By then, the program had been
transferred to NASA. Bilstein, Stages to Saturn, p. 106.

84. NASA chose Boeing in December 1961.
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As planning for the lunar landing mission had proceeded at an intense pace follow-
ing Kennedy’s May 1961 speech, there had been serious consideration of the need for a
booster even larger than that which became the Saturn V; that booster, named Nova,
would use eight F-1 engines in its first stage. [1-33] The difficulty of a rapid evolution to
such a gigantic rocket was one of the reasons that mission planners, in the second half of
1961, began to converge on some kind of rendezvous approach to accomplishing the
lunar mission; adopting such an approach would allow the use of one or several Saturn
rockets. A rocket the size of Nova—and all of the very large ground facilities required to
launch it—would not be needed. Although studies of the Nova continued until 1963, the
development of that vehicle was never initiated.

Although the difficulties of working with LOX-LH, on the J-2 engine created novel
complications for rocket engine designers, the sheer size and thrust of the LOX-RP F-1
engine also presented formidable challenges. David E. Aldrich, the manager of Marshall
Space Flight Center’s Engine Program Office, acknowledged that “the development of the
F-1 engine, while attempting to stay within the state of the art, did, by size alone, require
major facilities, test equipment, and other accomplishments which had not been attempt-
ed prior to F-1 development.”® The F-1 was a gimbaled engine, whose bell-shaped expan-
sion nozzle was regeneratively cooled by liquid oxygen. Although nearly every subsystem
brought its own technological hurdles and special challenges, the F-1 injector, which con-
trolled the flow and pattern of both fuel and oxygen into the thrust chamber, turned out
to be the stiffest challenge of all. The injector forced fuel through 3,700 orifices into the
combustion chamber to meet oxygen that entered from 2,600 additional openings. The
injector had to endure greater heat and pressure than in any previous engine.
Unfortunately, it proved impossible simply to scale-up previous designs to the required
size. Initial tests with early models of the F-1 injector led to unacceptable combustion
instability that could not be stopped short of cutting off the flow of fuel. [I-34] New
designs, based on tests with scale models and the use of high-speed photography in a spe-
cially designed test chamber, looked promising, but when scaled up to F-1 size and tested,
they also failed. On June 28, 1962, one of these tests resulted in the loss of an F-1 test
engine. By early 1963, NASA Associate Administrator Robert C. Seamans, Jr., was quite
concerned; he told the head of the Apollo program, Brainerd Holmes, that “as you and
Wernher [von Braun] know, | feel that F-1 instability may seriously delay the MLLP
[manned lunar landing program] and consequently is the technological pacing item.”®

Eventually, after empirical “cut-and-try” redesign and exhaustive testing, coupled with
an intensive theoretical attack on injector combustion instability, Rocketdyne and NASA
engineers developed an injector that would pass muster. [I-35, 1-36, 1-37] Rocketdyne,
working closely with NASA and university researchers, came up with a flight-rated model
by January 1965. Still, despite the satisfaction of having developed a working engine, the
Rocketdyne engineers noted that “the causes of such instability are still not completely
understood.”’

The decision to build a cryogenic second stage for the launch vehicle that became the
Saturn V was also rooted in the Silverstein Committee report of 1959. Committee mem-
bers knew that an extremely powerful second stage would be needed to launch humans
to the Moon. Soon after the committee issued its report, NASA designers had begun to
define the general outlines of the S-ll stage that would eventually become the second

85. Aldrich, “The F-1 Engine,” p. 40.

86. Memorandum from R.C. Seamans, Jr., to Brainerd Holmes, January 23, 1963

87. William Brennan, “Milestones in Cryogenic Liquid Propellant Rocket Engines,” AIAA Paper 67-978,
October 1967, p. 9. Quoted in Bilstein, Stages to Saturn, p. 116.
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stage of the Saturn V. Before he left NASA in January 1961, Administrator T. Keith
Glennan wrote: “The Saturn program is left in mid-stream if the S-11 stage is not developed
and phased in as the second stage of the C-2 launch vehicle.” (The C-2 was a proposed
Saturn version using two F-1 engines in its first stage.)

Soon after James Webb was sworn in as the new NASA Administrator, Marshall Space
Flight Center started contractor selection. The S-11, at that point to be propelled by four
J-2 engines, was to be the largest rocket project to be given to U.S. industry. Although thir-
ty interested contractors attended the first meeting, only seven submitted bids, of which
four survived source evaluation board scrutiny.®* Those remaining—Aerojet, Convair,
Douglas, and North American Aviation—faced the difficult task of attempting to bid on a
contract that was still largely undefined. NASA had not yet decided the size of the S-11
stage, nor had it settled on any of the myriad other specifications of the project. Yet NASA
was under considerable pressure to get the design process under way, and it needed to
choose a contractor as soon as possible. NASA was attempting to build a team, and it
needed to select a contractor that would manage the construction well. Wilbur Davis, of
Marshall’s Procurement and Contacts Office, stated, “l wish to emphasize at this point that
the important product that NASA will buy in this procurement is the efficient manage-
ment of a stage system.”*

NASA chose North American Aviation for the job on September 11, 1963—a decision
that raised some eyebrows outside of NASA. North American already had the contract for
building the Apollo capsule and was not considered to be a major player in the launch
vehicle area. However, North American had built the highly successful X-15 rocket plane,
and because NASA emphasized the importance of a strong management team, it selected
North American largely on that basis.

The relationships between NASA and North American on the S-Il contract provide
important insights into the development of NASA as an institution. Although NASA was
determined here, as in other contracts, to use the intellectual capacity and manufacturing
experience of American industry, because NASA retained its own cadre of engineers and
other specialists, it often found itself second-guessing North American. In an area in which
both NASA and the contractor were “pushing the envelope” of the state of the art, misun-
derstandings and disagreements over the best way to proceed inevitably arose, which led to
tensions between individuals and sometimes whole departments in the two organizations.
In addition, North American’s approach was one of an aircraft company, used to building
high-performance flying machines. By contrast, Marshall Space Flight Center, NASA’s lead
center for the Saturn V, had little experience in aircraft procedures, but much experience
in building hefty rockets that looked more like boilers than aircraft. Marshall, for example,
had designed and built the first stage of the Saturn I. Added to these tensions was the fact
that the U.S. Navy had oversight over the construction of new government facilities for
building the S-11. The coordination among the three entities was not always smooth.

88. T. Keith Glennan, “Memorandum for the Administrator,” January 19, 1961.

89. The seven proposals came from Aerojet General Corporation, Chrysler Corporation, Convair, Douglas
Aircraft Corporation, Lockheed Aircraft Corporation, Martin Company, and North American Aviation.

90. The Marshall project team felt considerable pressure to move as quickly as possible on the design of
this crucial stage. “You can see that we have a whole lot of doubt in what we say here, and there are a lot of con-
flicting problems. We are presently trying to resolve them. We could have asked you not to come here today and
could have taken, say, six weeks time to resolve these problems internally, in which case we would have lost six
weeks on the S-11 contract.” Marshall spokesperson, Marshall “Minutes of the Phase 11 Pre-Proposal Conference
for Stage S-11 Procurement on June 21, 1961,” Johnson Space Center files.

91. Quoted in ibid.
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In many respects, the final S-11 stage resembled an aircraft component more than a
rocket. It was much more efficient than the first stage, not only because it carried more
efficient rocket engines, but also because it was lighter for a given strength factor. During
the design and manufacturing process in the early 1960s, NASA continually asked North
American to shed pounds on the S-I1, as the Apollo payload relentlessly gained weight. To
add one additional kilogram of payload delivered to orbit, NASA had to cut fourteen kilo-
grams from the S-IC first stage, nearly five kilograms from the S-11 second stage, or only
one kilogram from the S-1VB. Thus, it would have been most effective to remove weight
from the third, the S-IVB stage. However, the S-IVB was already in production at
McDonnell Aircraft by the time NASA began to experience the most severe weight prob-
lems. Taking fourteen kilograms from the S-IC for each kilogram of overweight in the
Apollo stage was also not very feasible. The burden fell on the S-1l stage—and on the
NASA-North American Aviation team.

The need to find innovative ways in which to shave weight from the stage, and the
requirements for innovative manufacturing processes, took their toll on both Marshall
and North American Aviation. By September 29, 1965, when an S-11 test article failed cat-
astrophically during a test designed to simulate forces that the S-11 would experience at
the end of the first-stage burn, concern within NASA over North American’s management
reached major proportions. The Apollo program’s manager, General Samuel C. Phillips
of NASA Headquarters, was appointed head of a so-called “Tiger Team” to investigate the
problems. The Tiger Team effort served two purposes—it helped NASA investigate the
problems and recommend solutions, and it put North American on notice that NASA con-
sidered the perceived problems extremely serious. The resulting report, sent to J. Leland
“Lee” Atwood, president of North American Aviation, on December 19, 1965, was
extremely critical of North American’s management of the S-11 and also on its handling of
spacecraft development.®* It was a wake-up call to North American. By this time, problems
with the S-11 threatened to hold up the first launch of the Saturn V.

Stung by the criticism, the company responded to this crisis by reorganizing its man-
agement team and rethinking how it organized the work on the S-11. Among other things,
it brought in new top managers and improved the sharing of information on the progress
and problems experienced by the company’s engineering teams. Still, despite making sig-
nificant progress,” North American continued to experience problems. On May 28, 1966,
a second S-11 stage (S-11-T) failed during a pressure check of the LH, tank. The loss once
again indicated poor management control. The tank exploded as technicians filled it with
helium during a test for leaks. Unfortunately, they were unaware that other technicians
had previously disconnected the pressure sensors and relief switches that would have pre-
vented an explosion. The accident injured five individuals. To add to the problem, the
team investigating the S-11-T failure found tiny cracks and other problems in the test arti-
cle. Nevertheless, North American continued to make progress, and by January 9, 1967,
Phillips could report that the company had markedly improved its management and test
procedures.*

Unfortunately, on January 27, 1967, a deadly fire broke out in the Apollo command
module during a test with crew aboard, killing three astronauts. Because North American

92. This report appears in Document I11-17 in John M. Logsdon, gen. ed., with Dwayne A. Day and Roger
D. Launius, Exploring the Unknown: Selected Documents in the History of the U.S. Civil Space Program, Volume I1: External
Relationships (Washington, DC: NASA SP-4407, 1996), 2: 527-35.

93. George Mueller, NASA’s Associate Administrator for Manned Space Flight, even commented to Lee
Atwood, “Your recent efforts to improve the stage schedule position have been most gratifying and | am confi-
dent that there will be continuing improvement.” George E. Mueller to Lee Atwood, February 23, 1966.

94. Samuel Phillips to Associate Administrator, “S-11-T Failure Corrective Action,” January 9, 1967.
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also had responsibility for building the command module, NASA asked for and got a fur-
ther reorganization of the company’s top management. Harrison Storms, president of the
Space and Information Systems Division, and the highest official directly overseeing com-
mand module and S-11 construction, was replaced and moved to a slot as corporate vice
president.®® NASA continued to follow closely the development of the S-II. On
November 9, 1967, after numerous delays caused not only by problems with the S-11 stage,
but also by other aspects of the Saturn V development, the SA-501 launch vehicle suc-
cessfully carried the crewless Apollo 4 capsule into orbit for tests.

The Apollo 4 flight was the first “all up” test of the Saturn V launch vehicle. For NASA,
it was also a major risk, because not only had the stages never been launched together, nei-
ther the S-IC nor the S-11 had flown at all. The S-1VB stage, the command module, and the
instrument unit that provided inertial guidance and avionics to the vehicle had been test-
ed on Saturn IB flights. As one writer put it, “The all-up concept is, in essence, a calculat-
ed gamble, a leap-frogging philosophy that advocates compression of a number of lunar
landing preliminaries into one flight. It balances the uncertainties of a number of first-
time operations against a ‘confidence factor’ based on the degree of the equipment reli-
ability achieved through the most exhaustive ground-test program in aerospace history.”®

This all-up test was the result of an earlier decision by NASA’s Associate Administrator
for Manned Space Flight, George E. Mueller. In September 1963, when Mueller took his
post, NASA was beginning to feel the enormity of meeting Kennedy’s deadline for reaching
the Moon. It was also experiencing the first hint of a shrinking yearly budget. After he suc-
ceeded Kennedy, President Lyndon B. Johnson was under considerable pressure to keep
NASA’s 1964 budget under $5 billion, versus a $5.75 billion budget request to Kennedy ear-
lier in the year. Mueller notified the directors of the Manned Spacecraft Center in Houston,
the Launch Operations Center in Cocoa Beach, Florida, and Marshall Space Flight Center
in Huntsville, Alabama, that the first Saturn IB flight and the first Saturn V flight would be
made with all stages operating. Both should also carry complete spacecraft. [1-38]

Although Mueller’s directive caused considerable debate among the highly conserva-
tive staff at the centers, particularly at Marshall, eventually even the Marshall team came
around.” Nevertheless, everyone recognized the risks, and it was with considerable
trepidation that the launch team prepared the first Saturn V for launch. Yet at 7 a.m. EST,
November 9, 1967, the first Saturn V, AS-501, lifted off the pad, carrying the Apollo 4 com-
mand module and performing nearly flawlessly. The risk had paid off. With one excep-
tion, the remainder of the Saturn V launches were also highly successful. In all, there were
thirteen Saturn Vs launched between November 1967 and May 1973.

The one troublesome launch was AS-502, or Apollo 6. NASA had planned to fly both
it and AS-503 without a crew. However, on November 16, in light of the success of AS-501,
Phillips decided that tests were going so well that if the flight of Apollo 6 proved success-
ful, NASA would proceed directly to human flights with AS-503.** As it turned out,
Phillips’s optimism was short lived. AS-502 lifted off from Launch Complex 39 on April 4,
1958. All went well until about 125 seconds into the flight, near the end of first-stage burn,
when the launcher began to experience strong longitudinal oscillations that created a
“pogo” effect for nearly ten seconds. Despite the pogo, the separation and ignition of the
second stage occurred normally, but after four and a half minutes of operation, its

95. For a journalistic and rather biased (in favor of Storms) account of this relationship and its develop-
ment, see Mike Gray, Angle of Attack (New York: W.W. Norton & Company, 1992).

96. James J. Haggerty, “Apollo 4: Proof Positive,” Aerospace (Winter 1967): 3. Quoted in Bilstein, Stages to
Saturn, p. 348.

97. Bilstein, Stages to Saturn, pp. 348-51.

98. General Sam Phillips to NASA centers, teletype, November 15, 1967.
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number-two engine shut down, followed a second later by a shutdown of the number-three
engine. The instrument unit, which performed the vehicle’s guidance and control, com-
pensated by steering the rocket into a new trajectory and causing the three remaining J-2
engines to fire longer than planned. Following a normal third-stage firing and shutdown of
its single J-2 engine, Apollo 6 coasted into Earth orbit. After waiting two orbits, NASA flight
controllers signaled the J-2 third-stage engine to restart to complete as much of the flight
plans as possible. Despite many attempts, it failed to function. Flight controllers finally gave
up and managed to separate the command service module and command module from the
third stage. They then finally resorted to using the smaller engine on the command service
module to position the command module for a successful reentry.

The flight was successful in proving that even with two second-stage J-2 engines out, the
command module could still reach orbit and return safely. The pogo phenomenon had
been experienced on Gemini-Titan and other launches, but not with such intensity.
Although the vibrations were apparently not severe enough to harm the vehicle or the astro-
nauts directly, it would have caused extra stress to the astronauts, and NASA officials decid-
ed they should not risk the possibility of stronger vibrations with people aboard. An intensive
investigation by a specially constituted pogo task force composed of representatives of
NASA, industry, and the universities disclosed that the F-1’s thrust chamber and combustion
chamber vibrated at about five and a half hertz during burning. The vehicle as a whole
vibrated with a variable frequency. When the vehicle vibrations reached five and a half hertz,
the two effects combined to produce the pogo effect. The pogo team was able to devise a
repair that involved “de-tuning” the F-1 engine to change its frequency of vibration.

The J-2 problem was much more serious, in part because NASA had no idea what
might have gone wrong on the two engines. Fortunately, the second stage was extremely
well instrumented; one of the thermocouples showed a temperature drop about seventy
seconds into second-stage burn, indicating a leak of cold gas. Then, just before engine
shutdown, another thermocouple registered a suddenly higher temperature, suggesting
that there had been an eruption of hot gas, probably from the igniter fuel line. With these
data in hand, NASA and Rocketdyne engineers began to perform extensive tests on the
J-2 fuel lines. At sea-level temperatures and pressures, they could not reproduce the fail-
ure. However, by pumping liquid hydrogen through eight separate lines in a vacuum
chamber, thereby simulating operational conditions, they were able to cause every one of
them to fail about 100 seconds into the test. Once the engineers had reproduced the
failure in the laboratory, they were then able to devise a suitable repair, and the Apollo
program was back on track.* [1-39]

Launch Operations

The relatively mundane tasks of assembling all of the launch vehicle’s parts and
preparing the vehicle for liftoff are easily overlooked when examining the development
of large, powerful launch vehicles. However, a well-organized manufacturing and logistics
chain and smooth running launch operations are absolutely crucial to a successful launch.
The manufacturing, assembly, preparation, and launch of the completed Saturn V consti-
tuted an engineering and organizational marvel. It required huge machines for handling
the Saturn V’s three stages and the barges, specially modified aircraft, and trucks for trans-
porting them to the launch site at Cape Canaveral. It involved a logistics chain that
stretched across the United States, fed by major manufacturing sites along the east, west,
and gulf coasts.

99. Bilstein, Stages to Saturn, pp. 360-62.
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Marshall Space Flight Center had responsibility for launch vehicle construction; the
Manned Spacecraft Center in Houston was responsible for the spacecraft and for mission
control once liftoff had occurred; and the Launch Operations Center in Florida was in
charge of ensuring a safe, successful launch. Merritt Island near Cape Canaveral was cho-
sen for the Launch Operations Center in part because it offered ready access by barge
from manufacturing sites on the west and gulf coasts. Its location on the Atlantic Ocean
simplified the safety precautions during launch. In addition, the Air Force already main-
tained a launch facility immediately southeast of NASA’s launch range. After some rather
tense negotiations, an agreement was reached on sharing responsibilities for range com-
munications and other facilities between NASA and the Air Force. [1-40, 1-41]

Early in the Saturn program, officials realized they would need massive facilities in
which to erect the massive Saturn V and prepare it for launch. After some discussion
regarding whether to construct the vehicle and mate it with its payload on the launch pad,
NASA engineers decided that the most efficient operation would result from keeping
vehicle construction and payload integration separate from launch operations. [I-42]
Hence, they conceived of a large enclosed structure capable of holding the entire vehicle
and its payload. Building engineers designed a large Vehicle Assembly Building that cov-
ered eight acres. The high bay stands 441 feet high. NASA officials anticipated a high
launch rate and designed the building to accommodate four fully assembled Saturn V
launch vehicles, to minimize their time on the launch pad.**® Each Saturn V was erected
on a massive device called a mobile launcher, which supported the launcher from the ini-
tial assembly through the launch.

For safety purposes, the Vertical Assembly Building (VAB) had to be located far away
from the launch pad. Originally, NASA had explored the possibility of building a shallow
canal between the VAB and the launch pads and floating the assembled launcher to the
pad on a barge. However, tests at the Navy’s David Taylor Basin near Washington, D.C.,
soon showed that the mobile launcher’s huge gantry and the launcher would act like an
enormous sail, making steering such a mammoth contraption impossible. After consider-
ing a rail line and rejecting it because of the enormous forces the rails and their bedding
would have had to sustain, NASA settled on a large tractor built by the Marion Power
Shovel Company, which had built similar tractors for strip-mining coal.*** After the launch-
er was assembled in the VAB, a huge crawler-transporter lifted the assembled vehicle and
atop its mobile launcher, which together weighed nearly 12 million pounds, and it slowly
crawled the three and a half miles to the launch pad (Figure 1-11).%*?

This system was used thirteen times to bring a Saturn V and its payload to the launch
pad. There were two test launches carrying Apollo spacecraft without crews. The first
launch with a crew aboard was the Apollo 8 mission to lunar orbit in December 1968; this
was followed by the Apollo 9 Earth-orbital test of the lunar module in February 1969 and
the Apollo 10 “dress rehearsal” in May. Then there were seven launches of crews to the
Moon, beginning of course with the July 1969 Apollo 11 mission (Figure 1-12) and end-
ing, prematurely in terms of the original plans, with the Apollo 17 mission in December
1972. A final launch in May 1973 carried the Skylab space station, which was in fact a mod-
ified S-1VB Saturn V upper stage, to Earth orbit.

With the exception of its second flight, discussed above, the Saturn V performed
almost flawlessly in each of its missions. The Saturn launch system was truly a triumph of
U.S. organizational, management, and technological capabilities.

100. However, ultimately it was equipped to handle only three.

101. The Vertical Assembly Building, renamed the Vehicle Assembly Building, Launch Pads 39A and 39B,
the mobile launchers, and the crawler-transporters are still in use in the Space Shuttle program, although they have
been modified to accommodate the rather different shape, size, and load requirements of the Shuttle system.

102. Walter Flint, “Operational Support for Apollo,” in Apollo: Ten Years Since Tranquility Base, pp. 109-14.
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Figure 1-11 The massive size of the Saturn V and the Vertical Assembly Building (later renamed the Vehicle Assembly Building) are
shown in this 1969 aerial photograph with the launch complex more than three miles in the background. Delivering 7.5 million
pounds of thrust in its first stage and standing 363 feet tall, it was the most powerful rocket ever successfully built and flown with

astronauts ahoard. (NASA photo)

However, as the United States, after
achieving the goal of a successful lunar land-
ing, shifted priorities away from human
space exploration beyond Earth orbit, there
were no new missions requiring the booster’s
power. NASA’s original order was for fifteen
Saturn V rockets. As early as 1968, NASA
faced the issue of whether it would need
more Saturn Vs and decided to wait before
ordering the long-lead-time components
involved. [1-43] Later, it became clear in
1970 that there would be no early approval
of a large space station. As NASA in 1971 and
1972 struggled with getting approval to
develop a new space transportation system,
the Space Shuttle, NASA officials reluctantly
decided that they had no choice but to give
up hopes of preserving the two remaining
Saturn V boosters for future use and of main-
taining production capabilities for addition-
al vehicles. [1-44, 1-45, 1-46]

Thus the two remaining Saturn V rock-
ets became museum pieces, reminders of a
time when the United States pioneered the
space frontier beyond Earth orbit. They
may be seen today at NASA’s Kennedy
Space Center and Johnson Space Center.
Those who actually saw them in use, not as
they exist today, were indeed fortunate.

Figure 1-12. The mighty Saturn V launch vehicle was the boost-
er that allowed the United States to go to the Moon in the late
1960s and early 1970s. This photo shows the launch of Apollo
11, the first lunar landing mission, lifting off from Kennedy
Space Center’s Launch Complex 39 on July 16, 1969. (NASA
photo 69-H-1111)
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Document I-1

Document title: Hugh J. Knerr, Major General, USA, Deputy Commanding General, U.S.
Strategic Air Forces in Europe, Memorandum for Commanding General, U.S. Strategic
Air Forces in Europe, June 1, 1945,

Document 1-2

Document title: Memorandum to the Director of Research and Development, DC/S,
Material, Attn: General Craigie, “Utilization of German Scientists by U.S.S.R. and U.S.,”
March 22, 1948.

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

At the conclusion of World War 11, U.S. commanders gave considerable thought to the problem of how
best to use German technical staff to promote U.S. aerospace capabilities. Not only did U.S. officials
want to prevent capable German personnel from reviving Germany’s war potential, they also wanted
to benefit from their technical capabilities. On June 1, 1945, one of those most involved, General
Hugh J. Knerr, formally put forth the bold plan to bring qualified German scientists and engineers
and their families to the United States to work for the U.S. scientific and defense establishments. This
and other efforts by farsighted U.S. military personnel led to Project Paperclip (originally called
Operation Overcast). Of great concern to military planners was the relative disposition of German sci-
entists and engineers among the United States, the United Kingdom, France, Germany, and especially
Russia. The United States tended to focus on skimming the cream of German scientists, while Russia
centered on removing whole laboratories and factories, including their operating personnel, back to
Russian soil.

Document I-1

HEADQUARTERS
UNITED STATES STRATEGIC AIR FORCES IN EUROPE
Office of the Deputy Commanding General

1 June 1945
MEMORANDUM FOR: Commanding General, U.S. Strategic Air Forces in Europe

It is suggested that the program for exploiting German scientific and aeronautical
research include a plan for transporting to the U.S. the key German personnel associated
with each subject. Due to the political and economic factors involved in uprooting these
scientists, it is considered essential that their immediate dependent families accompany
them. Such a realistic arrangement will guarantee willing cooperation and maximum con-
tribution to the program of aeronautical development that we must expedite if we are to
come abreast of and attempt to surpass those of other countries.

It is considered feasible to assemble such a party, place it in charge of a project offi-
cer for transportation to Wright where it can be established as a unit in a block of houses
set aside for the purpose in the adjacent Osborn housing project. This location is consid-
ered essential in order that full use may be made of the laboratory equipment of Wright
Field. Also in view of the fact that this is a military enterprise, none of this personnel
should be dispersed to the uses of civil activities.
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If undertaken, these men should be paid a good salary and in nowise treated as pris-
oners or slave workers. The scientific mind simply does not produce under duress.
Control can be easily exercised by a clear understanding that violation of the privilege of
living in the U.S. for several years will result in prompt deportation to the area from which
the individual came.

Occupation of German scientific and industrial establishments has revealed the fact
that we have been alarmingly backward in many fields of research. If we do not take this
opportunity to seize the apparatus and the brains that developed it and put the combina-
tion back to work promptly, we will remain several years behind while we attempt to cover
a field already exploited. Pride and face-saving have no place in national insurance.

HUGH J. KNERR
Major General, USA
Deputy Commanding General

Document 1-2
[originally stamped “SECRET”]
[1] AFOIR-CO/Capt
Macken/nc/6282
22 Mar 48

MEMORANDUM FOR: Director of Research and Development, DC/S, Material
Attn: General Craigie
SUBIJECT: Utilization of German Scientists by U.S.S.R. and U.S.

1. Project Paperclip is a program for the employment of certain outstanding
German and Austrian scientists and technicians in connection with the research and
development programs of the Army, Navy and Air Force. It was authorized by the State-
War-Navy Coordinating Committee (SWNCC), now the State-Army-Navy-Air Coordinating
Committee (SANAC), as a procedure to provide the military services with the technical
advances which the Germans had made in those fields in which they were admittedly
ahead of us.

2. A procedure for the admission of these scientists under normal methods of entry
into the United States had been blocked. The Department of State gave the War and Navy
Departments to understand that under existing regulations visas could not be granted to
the scientists. A year having passed since the inauguration of the program, it was mean-
while becoming imperative that some steps be taken to get the scientists whom we need-
ed out of Germany, since they were constantly being contacted by Russian agents who
made them attractive offers.

3. Under these circumstances, SWNCC adopted the policy of bringing the scientists
to the United States in military custody, with the intention that the legalizing of their sta-
tus as immigrants would be accomplished after their arrival here. It was in implementa-
tion of this policy that the present Paperclip Program is operating.

4. After their arrival in the United States, the project was further affected by the
housing shortage, which made it impossible for a long time to bring the families of the sci-
entists to this country. During this period the scientists in the United States reported to
their families in Germany difficulties of this sort which were encountered, and were in
turn informed by their relations of the promises, at least, which were made to their friends
by the Russians.
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5. These difficulties, reported from one side to the other, worked to our disadvan-

tage, in that they served to prevent a number of important scientists from signing con-
tracts with the United States, and drove them into the arms of other powers.
[2] 6. Information which has reached us through intelligence channels indicates the
effect of the evacuations by the various powers upon the over-all exploitation of German
experience. German scientists (not counting engineers and production technicians) seem
to be apportioned as follows:

Russian Service 17%
British Service 11%
French Service 11%
U.S. Service 6%
German Service 10%

The rest can be assumed to be engaged outside of their profession or to be fully idle. The
main interest seems to be concentrated on every kind of war technique which the Russians
did not use in the recent war due to lack of experience and skill in those fields.

7. There is a considerable difference between the Russian and the American basis of
selection of the scientists. The Russians seem to have aimed at taking large numbers of “work-
ing” scientists, together with technicians and even laborers working upon specific projects.
They have been known to remove from Germany entire factories and laboratories, together
with their equipment and the personnel of these establishments down to and including the
lowest “skilled labor” classes. These plants and laboratories have been moved to Russia and
have been set up there with the same staffs which originally operated them in Germany.

8. Reliable information indicates that under “operation Ossawakim,” for example,
the number of people affected would run into the hundred of thousands. Unquestionably,
a considerable number of the skilled German labor involved in this operation volunteered
to move with their families to Russia. In all probability, a majority of the leading scientists
and executives evacuated under the project have also gone voluntarily.

9. While it can generally be said that the United States obtained a large number of
the cream of German scientists and have a few others of some number still available (they
are at present allocated to the British, under an arrangement made with them), the
Russians did obtain a much larger number of personnel, and have appreciably boosted
their scientific experience and skill-level by the wholesale evacuations to their territory
which they have carried out.

Document 1-3

Document title: H. Julian Allen and A.J. Eggers, Jr., NACA Research Memorandum, “A
Study of the Motion and Aerodynamic Heating of Missiles Entering the Earth’s
Atmosphere at High Supersonic Speeds,” RM A53D28, August 25, 1953, pp. 1-3, 26-29.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

One of the most difficult problems faced in early ballistic missile programs involved the high tempera-
tures generated during atmospheric reentry. In 1953, H. Julian Allen, who worked for the Ames
Aeronautical Laboratory of the National Advisory Committee for Aeronautics (NACA), produced a
report noting that blunt nose cones were much less likely to overheat than were sharp ones. The Air
Force did not include Allen’s principle in missile design until 1956. NASA later incorporated this
idea, for which Allen won NASA's Distinguished Service Medal, into the designs of the Mercury,
Gemini, and Apollo spacecraft.
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[typed: “August 25, 1953,” “Declassified April 8, 1957"]
RM A53D28
NACA Research Memorandum

A Study of the Motion and Aerodynamic Heating
of Missiles Entering the Earth’s Atmosphere at
High Supersonic Speeds

By H. Julian Allen and A.J. Eggers, Jr.
[1] SUMMARY

A simplified analysis is made of the velocity and deceleration history of missiles enter-
ing the earth’s atmosphere at high supersonic speeds. It is found that, in general, the grav-
ity force is negligible compared to the aerodynamic drag force and, hence, that the
trajectory is essentially a straight line. A constant drag coefficient and an exponential vari-
ation of density with altitude are assumed and generalized curves for the variation of mis-
sile speed and deceleration with altitude are obtained. A curious finding is that the
maximum deceleration is independent of physical characteristics of a missile (e.g., mass,
size, and drag coefficient) and is determined only by entry speed and flight-path angle,
provided this deceleration occurs before impact. This provision is satisfied by missiles
presently of more usual interest.

The results of the motion analysis are employed to determine means available to the
designer for minimizing aerodynamic heating. Emphasis is placed upon the convective-
heating problem including not only the total heat transfer but also the maximum average
and local rates of heat transfer per unit area. It is found that if a missile is so heavy as to
be retarded only slightly by aerodynamic drag, irrespective of the magnitude of the drag
force, then convective heating is minimized by minimizing the total shear force acting on
the body. This condition is achieved by employing shapes with a low pressure drag. On the
other hand, if a missile is so light as to be decelerated to relatively low speeds, even if acted
upon by low drag forces, then convective heating is minimized by employing shapes with
a high pressure drag, thereby maximizing the amount of heat delivered to the atmosphere
and minimizing the amount delivered to the body in the deceleration process. Blunt
shapes appear superior to slender shapes from the standpoint of having lower maximum
convective heat-transfer rates in the region of the nose. The maximum average heat-
transfer rate per unit area can be reduced by [2] employing either slender or blunt shapes
rather than shapes of intermediate slenderness. Generally, the blunt shape with high pres-
sure drag would appear to offer considerable promise of minimizing the heat transfer to
missiles of the sizes, weights, and speeds presently of interest.

INTRODUCTION

In the design of long-range rocket missiles of the ballistic type, one of the most diffi-
cult phases of flight the designer must cope with is the re-entry into the earth’s atmos-
phere, wherein the aerodynamic heating associated with the high flight speeds of such
missiles is intense. The air temperature the boundary layer may reach values in the tens
of thousands of degrees Fahrenheit which, combined with the high surface shear, pro-
motes very great convective heat transfer to the surface. Heat-absorbent material must
therefore be provided to prevent destruction of the essential elements of the missile. It is
a characteristic of long-range rockets that for every pound of material which is carried to
“burn-out,” many pounds of fuel are required in the booster to obtain the flight range. It
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is clear, therefore, that the amount of material added to protect the warhead from exces-
sive aerodynamic heating must be minimized in order to keep the take-off weight to a
practicable value. The importance of reducing the heat transferred to the missile to the
least amount is thus evident.

For missiles designed to absorb the heat within the solid surface of the missile shell, a
factor which may be important, in addition to the total amount of heat transferred, is the
rate at which it is transferred since there is a maximum rate at which the surface material
can safely conduct the heat within itself. An excessively high time rate of heat input may
promote such large temperature differences as to cause spalling of the surface, and thus
result in loss of valuable heat—absorbent material, or even structural failure as a result of
stresses induced by the temperature gradients.

For missiles designed to absorb the heat with liquid coolants (e.g., by “sweat cooling”
where the surface heat-transfer rate is high, or by circulating liquid coolants within the
shell where the surface heat-transfer rate is lower), the time rate of heat transfer is simi-
larly of interest since it determines the required liquid pumping rate.

These heating problems, of course, have been given considerable study in connection
with the design of particular missiles, but these studies are very detailed in scope. There
has been need for a generalized heating analysis intended to show in the broad sense the
means available for minimizing the heating problems. Wagner . . . [3] made a step toward
satisfying this need by developing a laudably simple motion analysis. This analysis was not
generalized, however, since it was his purpose to study the motion and heating of a par-
ticular missile.

It is the purpose of this report to simplify and generalize the analysis of the heating
problem in order that the salient features of this problem will be made clear so that suc-
cessful solutions of the problem will suggest themselves.

A motion analysis, having the basic character of Wagner’s approach, precedes the
heating analysis. The generalized results of this analysis are of considerable interest in
themselves and, accordingly, are treated in detail. . . .

[26] DESIGN CONSIDERATIONS AND CONCLUDING REMARKS

In the foregoing analysis and discussion, two aspects of the heating problem for mis-
siles entering the atmosphere were treated. The first concerned the total heat absorbed
by the missile and was related to the coolant required to prevent its disintegration. It was
found that if a missile were relatively light, the least required weight of coolant (and hence
of missile) is obtained with a shape having a high pressure drag coefficient, that is to say,
a blunt shape. On the other hand, it was found that if the missile were relatively heavy the
least required weight of coolant, and hence of missile, is obtained with a shape having a
low skin-friction drag coefficient, that is to say, a long slender shape.

The second aspect of the heating problem treated was concerned with the rate of heat
input, particularly with regard to thermal shell [27] stresses resulting therefrom. It was
seen that the maximum average heat-input rate and, hence, maximum average thermal
stress could be decreased by using either a blunt or a slender missile, while missiles of
intermediate slenderness were definitely to be avoided in this connection. The region of
highest local heat-transfer rate and, hence, probably greatest thermal stress was reasoned
to be located at the forward tip of the missile in most cases. This was assumed to be the
case and it was found that the magnitude of this stress was reduced by employing a shape
having the largest permissible tip radius and over-all drag coefficient; that is to say, the
blunt, high drag shape always appears to have the advantage in this respect.

These results provide us with rather crude, but useful, bases for determining shapes of
missiles entering the atmosphere which have minimized heat-transfer problems. If the
over-all design considerations of payload, booster, et al[.], dictate that the re-entry missile
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be relatively heavy in the sense of this report, then it may be most desirable to make this
missile long and slender, especially if the entry speed is very high (say 20,000 ft/sec or
greater). Perhaps the slender conical shape is appropriate for such a missile. It seems clear,
too, that the tip of this missile should be given the largest practicable nose radius in order
to minimize the maximum local heat-transfer rate and hence maximum local shell stress
problem. Even then it may be necessary to employ additional means to minimize the heat-
transfer rate and, hence, thermal stress encountered in this region (e.g., by sweat cooling).

Let us now consider the case where the over-all design conditions dictate that the re-
entry missile be relatively light in the sense of this report. This case is believed to be of
more immediate importance than the one just considered since the lower sizes, weights,
and entrance speeds to which it applies are more nearly in line with those presently of
interest. The relatively light re-entry missile will therefore be treated at greater length.

A shape which should warrant attention for such missile application is the sphere, for
it has the following advantages:

1. Itisa high drag shape and the frictional drag is only a few percent of the total drag.

2. It has the maximum volume for a given surface area.

3. The continuously curved surface is inherently stiff and strong.

4. The large stagnation-point radius significantly assists in reducing the maximum
thermal stress in the shell.
[28] 5. Aerodynamic forces are not sensitive to attitude and, hence, a sphere may need
no stabilizing surfaces.

6. Because of this insensitivity to attitude, a sphere may purposely be rotated slowly,
and perhaps even randomly* during flight, in order to subject all surface elements to
about the same amount of heating and thereby approach uniform shell heating.

On the other hand, the sphere, in common with other very high drag shapes[,] may
be unacceptable if:

1. The low terminal speed permits effective countermeasures.
2. The lower average speed of descent increases the wind drift error at the target.
3. The magnitude of the maximum deceleration is greater than can be allowed.

The first two of these disadvantages of the sphere might be minimized by protruding
a flow-separation-inducing spike from the front of the sphere to reduce the drag coeffi-
cient to roughly half. . . . Stabilization would now be required but only to the extent
required to counterbalance the moment produced by the spike. Special provision would
have to be made for cooling the spike.

These possible disadvantages of very high drag shapes may also be alleviated by
another means, namely, using variable geometry arrangements. For example, an arrange-
ment which suggests itself is a round-nosed shape with conical afterbody of low apex angle
employing an extensible skirt at the base. . . . With the skirt flared, the advantages of high
drag are obtained during the entry phase of flight. As the air density increases with
decreasing altitude, the skirt flare is decreased to vary the drag so as to produce the
desired deceleration and speed history. If the deceleration is specified in the equation of
motion (see motion analysis), the required variation of drag coefficient with altitude can
be calculated and, in turn, the heating characteristics can be obtained.

14. Note that if rotation is permitted, slow, random motion may be required in order to prevent Magnus
forces from causing deviation of the flight path from the target. It should also be noted that at subsonic and low
supersonic speeds gun-fired spheres, presumably not rotating, have shown rather large lateral motions in
flight. . . . It is not known whether such behavior occurs at high supersonic speeds.
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[29] The examples considered, of course, are included only to demonstrate some of the
means the designer has at hand to control and diminish the aerodynamic heating problem.
For simplicity, this problem has been treated, for the most part, in a relative rather than
absolute fashion. In any final design, there is, of course, no substitute for step-by-step or
other more accurate calculation of both the motion and aerodynamic heating of a missile.

Even from a qualitative point of view, a further word of caution must be given con-
cerning the analysis of this paper. In particular, throughout, we have neglected effects of
gaseous imperfections (such as dissociation) and shock-wave boundary-layer interaction
on convective heat transfer to a missile, and of radiative heat transfer to or from the mis-
sile. One would not anticipate that these phenomena would significantly alter the con-
clusions reached on the relative merits of slender and blunt shapes from the standpoint
of heat transfer at entrance speeds at least up to about 10,000 feet per second. It cannot
tacitly be assumed, however, that this will be the case at higher entrance speeds. . . .
Accurate conclusions regarding the dependence of heat transfer on shape for missiles
entering the atmosphere at extremely high supersonic speeds must await the availability
of more reliable data on the static and dynamic properties of air at the high temperatures
and pressures that will be encountered.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Apr. 28, 1953

Document |-4

Document title: Homer J. Stewart, Chairman, Ad Hoc Advisory Group on Special
Capabilities, Report to Donald A. Quarles, Assistant Secretary of Defense (Research and
Development), August 4, 1955, pp. iii, 1, 3-8.

Source: National Archives, Washington, D.C.

President Dwight D. Eisenhower announced on July 29, 1955, that the United States would launch
satellites as part of the U.S. contribution to the International Geophysical Year (IGY). Although the
United States could have modified an existing military rocket, such as the Jupiter or Atlas, which were
then under development, Eisenhower and his advisors were concerned about siphoning off energy from
attention to the development of ballistic missiles. Donald A. Quarles, Assistant Secretary of Defense
for Research and Development, asked the Ad Hoc Advisory Group on Special Capabilities, chaired by
Homer J. Stewart, to advise on the best course of action. The resulting report from the so-called Stewart
Committee provided the basis for President Eisenhower to choose the as-yet-undeveloped rocket based on
Viking technology, rather than run the risk of diverting resources from the development of the Atlas or
Jupiter missiles.

[iii]

The Honorable Donald A. Quarles

Assistant Secretary of Defense 4 August 1955
(Research and Development)

Dear Mr. Quarles:

I have the honor to transmit the attached report of the Ad Hoc Advisory Group on
Special Capabilities pursuant to your directive dated 13 July 1955.
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The Group has reviewed the earth satellite plans and programs of the military depart-
ments and presents its conclusions, recommendations and observations in the report,
together with summaries of the programs proposed.

The Group has interpreted the National Security Council directive and its own charter
as implying the highest and broadest national interest and urgency for prestige and political
as well as scientific reasons, limited only by the military necessities. The prestige and political
elements have been considered, however, only to the extent necessary in weighing the rela-
tive merits of certain phases of the technical problems of placing the satellite on orbit.

The opinion of the Group was unanimous on the conclusions, and on three of the
four recommendations. The differences of view on Recommendation 3 recorded in the
report are mainly due to differences in judgment on the practicability of making the pro-
posed modification required in either alternative in time to ensure the minimum objec-
tive within the IGY period.

Sincerely yours,
Homer J. Stewart
Chairman . ..

[1] CONCLUSIONS

1. There is a reasonable assurance that the United States can have the capability to
put up a small scientific satellite during 1958 on an orbit having a minimum (perigee) atti-
tude of 150 to 200 statute miles and carrying a payload on the order of 5 to 50 pounds;
however, none of the existing proposals will provide this capability without considerable
development work.

2. Any use of current military programs to accomplish the objective within the
International Geophysical Year (IGY) period will run some risk of interference with such
military programs, if only indirectly in the drain on skills and facilities; but, if such a pro-
gram is properly carried out, it can result in long-term benefits to the military programs.

3. In addition to any program intended to fulfill the immediate needs of the IGY,
there should also be a continuing program of geophysical observations that could be pro-
vided adequately by means of a number of small scientific satellites having a payload of
approximately 50 pounds, launched from time to time on different orbits. Such a contin-
uing program would be useful, even after a large satellite has been developed.

4. If attainment of the objective of the National Security Council directive is to be
ensured, clear and undivided administrative responsibility in the Department of Defense
must be promptly defined, assigned and ordered. Great caution is imperative to ensure
that existing techniques, existing contractors, group skills and facilities be used. Diversion
from this policy must be strictly controlled at the highest level; otherwise, additional and
unnecessary delays will be inevitable.

5. The immediate and direct cost of such a satellite program is likely in any event to
be of the order of twenty million dollars, but it will be much larger unless full advantage
is taken of existing programs, facilities and reasonable logistic support. . . .

[3] RECOMMENDATIONS

Recommendation 1.

The development of scientific satellite vehicles should be carried out in two phases as
follows:

Phase 1. An immediate program designed for maximum assurance of placing at least
a small payload (5 to 10 pounds), including a small radio transmitter, in an orbit having a
minimum (perigee) altitude of at least 150 miles during 1958.
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There should be a concurrent effort to improve the components used in this program
which should have as its goal a somewhat larger payload (on the order of 30 to 50 pounds)
with eventual full attitude control. Some part of this development might also be accom-
plished in time to be of value in the program of the International Geophysical Year.

The detailed planning for Phase | must provide enough flexibility to permit launch-
ing the most useful satellite practicable within the then current state of development.

Phase 1l. A program to launch a satellite vehicle capable of carrying a significantly
larger payload (up to 2,000 pounds) or of achieving a significantly higher orbit. In this
phase also, flexibility is desirable in the planning, so that advantage can be taken quickly
of any advances in technology.

Recommendation 2.

The use of the ICBM booster would unquestionably give the greatest performance
margin and therefore the highest probability of placing a useful payload in a long-
duration orbit. Whether or not this could be accomplished during the IGY period would
depend on (a) the degree of interference with the ICBM program that might be tolerat-
ed and (b) the degree of certainty that can be assigned to the ICBM schedule.

On the assumption that any effort which is needed from the ICBM program will be
made available, that this effort will not seriously interfere with the ICBM program, that
the ICBM program will be on schedule and that only a single satellite program can be
approved, the Group would unanimously favor a program using the ICBM booster. The
question raised in the assumptions of Recommendation 2 involve points of national poli-
cy outside the competence of the Group. For this reason, the Group considered two alter-
native methods for accomplishing Phase 1.

[4] Recommendation 3.

(a) The use of an improved VIKING as a booster with a liquid-propellant second
stage based on the AEROBEE-HI and a solid-propellant third stage. For the initial part of
the program, characteristics similar to those of the present AEROBEE-HI and the scale
SERGEANT motor were assumed; however, it is expected that both these stages would be
improved during the course of the development and that the last stage would eventually
be attitude-stabilized.

(b) The use of the REDSTONE missile, as currently being modified for use in re-entry
tests, as a booster, either with three additional solid-propellant stages or with one liquid-
propellant stage based on AEROBEE-HI and two additional solid propellant stages. For
the initial part of the program, it is assumed that a cluster of seven scale SERGEANT
motors would be used for the second stage and one scale SERGEANT motor for each of
the third and fourth stages. Concurrent development would include replacing the present
REDSTONE motor with a liquid-oxygen-gasoline motor, better proportioning of the
stages, the possible substitute of a liquid-propellant second stage and attitude stabilization
of the final stage.

Five members of the Group recommend alternative (a), and two members support
alternative (b).

Recommendation 4.

Regardless of the course of action taken on Phase I, Phase Il should make use of an
ICBM booster and should be made a responsibility of the Air Force. The work should be
carefully coordinated with the ICBM program and any military satellite program which
may be undertaken. If possible, an attempt should be made to use some of the same com-
ponents as are used in Phase I.
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[5] DISCUSSION

Factors Considered.

The Ad Hoc Advisory Group on Special Capabilities has considered three proposals:

(1) An Army proposal based on a modified REDSTONE missile with three additional
stages. . . .

(2) A Navy proposal based on a modified VIKING rocket with two additional stages. . . .

(3) An Air Force proposal based on the ICBM booster with one additional stage. . . .

The findings of the Group set forth in this report are based largely on the presenta-
tions by the Army, Navy and Air Force representatives on 6-9 July 1955 in Washington,
D.C. and Redstone Arsenal and on additional data and information obtained by the
Group from authoritative sources.

The Group has weighed the several proposals and alternatives against the primary
question:

What program will be most certain of placing the most useful satellite vehicle on an
orbit of at least 150 to 200 statute miles’ perigee (minimum altitude) within the
International Geophysical Year period and with minimum interference with priority mili-
tary programs?

The factors considered by the Group in developing the recommendations and con-
clusions include:

(1) The practicability of putting up any satellite within the time period;

(2) The minimum payload and altitude for something useful,

(3) The duration of the orbit;

(4) Tracking requirements;

(5) The growth potential of the equipments [sic] proposed;

(6) Maximum use of available facilities and skills;

(7) Minimum delay of priority projects;

(8) Maximum scientific utility;

(9) Broad national interest;

(10) Over-all economy for about a 5-year period.

[6] Basis for Opinions.

The majority of the Group (five members) supports as first preference using a pro-
gram along the lines of alternative (a) of Recommendation 3, using the VIKING rocket as
a booster, for the following reasons:

(1) Despite its smaller size, the proposed VIKING booster offers better performance
and more reserve margin than the REDSTONE with its permanent 75,000-pound-thrust
engine.

(2) As a result, the VIKING requires only two additional stages, whereas the RED-
STONE requires three or four, at least one of which is a multiple cluster in the current
proposals.

(3) The necessary modifications to the VIKING for a minimum program seem to be
well within demonstrated engineering capability, and it appears that the facilities
required, including those for the GE X-400 rocket engine, could be made available with-
out any interference from, or with, existing weapons projects.

(4) There is at least a finite probability that the objectives of the minimum program
will not only be met but exceeded to such an extent that essentially the full objectives of
Phase | above will be achieved during the IGY period. It seems less likely that this result
would be accomplished if the REDSTONE booster should be used, unless immediate steps
are taken to replace the present REDSTONE rocket motor with the ICBM motor.

(5) One single agency, the Naval Research Laboratory [NRL], has had an extensive
experience with the VIKING rocket, with the AEROBEE and with upper atmosphere
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research equipment. This agency has an excellent reputation for on-time accomplishment
of its objectives and is not primarily involved in any high-priority weapons project.

(6) Because of its smaller size, the proposed VIKING would require less logistic support
and would be more suitable and more economical for a continuing small satellite program.

(7) The associated AEROBEE-HI development would undoubtedly be used in more
advanced steps of the satellite program.

(8) The improved VIKING components might also be used eventually to make a larg-
er second stage for use with the ICBM booster to achieve still greater performance.

(9) The fact that the VIKING project has been declassified would simplify the hand-
ing of security problems in any international collaborative project and would increase the
amount of technical data that could be released.

[7] On the other hand, a minority of the Group (two members) maintains that a program
along the lines of alternative (b) should be adopted. The minority lists the following reasons:

(1) The REDSTONE is larger than the VIKING, has more flexibility in application to
a satellite program and therefore has more chance of achieving success during IGY than
VIKING.

(2) The VIKING proposal retires each stage to meet predicted values within narrow
margins to reach the goal of the program, and the development problems are so great
that they might make it impossible to meet the objective within the IGY period.

(3) The REDSTONE proposal, in comparison, has fewer development problems.

(4) The REDSTONE missile is an active weapon program now entering intensive
flight testing and thus will have the benefit of many tests prior to the first effort to launch
a satellite; this will also reduce the costs of additional satellite vehicles.

(5) Range facilities planned for the REDSTONE missile as a weapon can be used for
the satellite based on REDSTONE, resulting in less interference on facilities.

Need for Extensive Tests.

Although the configuration proposed by NRL is basically sound and, in the opinion
of the majority of the Group, with appropriate modifications has an adequate prospect for
success, it is believed that the program proposed by NRL should be expanded to include
more check-out runs of components and trial runs of complete assemblies.

For example, the NRL has proposed three flight tests of the M10; this seems insuffi-
cient. The combined second and third stages should have trial runs as a unit before the
satellite launchings. As soon as possible, tests should be run on ignition and other prob-
lems connected with the launching of a spinning solid rocket from the nose of an
AEROBEE-HI. Tests of this sort might be started with existing AEROBEE-HIs and solid
rockets. An existing AEROBEE-HI, with a 7-inch scale SERGEANT motor in vertical firings
carrying a 5-pound payload, would rise to nearly 800 miles and stay out of the atmosphere
15 minutes or more; so preliminary data might be obtained on the operation of beacons
at high altitudes and possibly on their degradation due to the effect of comic rays, direct
sunshine, ionization at high altitudes and so on. Similar considerations would apply to any
alternative second- and third-stage combinations that might be developed. Before the first
complete satellite launching, it might also be desirable to launch several complete vehi-
cles with full communication [8] equipment on a near-vertical trajectory in order to
obtain the most realistic system tests possible before launching an actual satellite.

Selection of Orbit.

The relative merits of various orbits with respect to equatorial, inclined or polar, were
considered by the Group in connection with tracking, and the following comments are
made:

The smaller the vehicle that is to be placed on orbit, the more important it becomes
to ensure radio tracking. Otherwise, the risk of losing contact with a small object as a
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result of the marginal capabilities of the optical methods described to the Group becomes
too great.

An orbit inclined about 30 degrees and symmetrical to the equator would seem to
offer the greatest immediate scientific utility. It would seem to give adequate initial obser-
vations for establishing the orbital elements; it would, in effect, yield data over an equa-
torial band 60 degrees in width, and it would provide increased data on geophysical
phenomena which are functions of latitude.

Other reasons for favoring the inclined orbit are that it will be simpler to place on
orbit, will reduce logistic costs and preparation make maximum use of United States
installations, offer wide opportunity for international collaboration, provide more oppor-
tunity to use skilled observers in numerous astronomical observatories (where special
instruments might be needed, this would afford the possibility of enlisting United States
mutual scientific aid at a low cost for operation) and afford extended possibilities of enlist-
ing radio amateurs and amateur astronomers as observers in many countries, thereby
increasing popular interest and support from other nations.

On the other hand, an equatorial orbit, although providing more opportunities for
observations from any one point in a given period of time, offers limited opportunities for
international collaboration, generates more serious logistic problems and greatly reduces
the potential number of observers. If the slight improvement in the performance margin
which would result from launching on an equatorial orbit as compared with an orbit
inclined about 30 degrees is necessary to achieve orbiting conditions, the proposed per-
formance is considered to be too speculative.

For the preceding reasons, the Group recommends the inclined orbit and recom-
mends that a radio transmitter be carried in the satellite vehicle, regardless of which pro-
gram is activated. . . .

Document I-5

Document title: Reuben B. Robertson, Jr., Deputy Secretary of Defense, Memorandum
for the Secretaries of the Army, Navy, and Air Force, “Technical Program for NSC 5520
(Capability to Launch a Small Scientific Satellite During IGY),” September 9, 1955.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

This memorandum implemented the decision by the Eisenhower administration to focus on the devel-
opment of a new rocket based on the existing Viking (booster), Aerobee (second stage), and Sargent
(third stage) rockets. This was later termed the Vanguard rocket.

[no pagination]
THE SECRETARY OF DEFENSE
WASHINGTON

September 9, 1955
MEMORANDUM FOR: THE SECRETARY OF THE ARMY
THE SECRETARY OF THE NAVY
THE SECRETARY OF THE AIR FORCE

SUBIJECT: Technical Program for NSC 5520 (Capability to Launch a Small Scientific
Satellite During 1GY)
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References: (a) NSC Action 1408, meeting of 26 May 1955, pertaining to NSC Report 5520
(b) Memo from DepSecDef to Multiple Addressees, 8 June 1955, subject:
NSC 5520

1. The National Security Council Report 5520 provides for a program to launch a sci-
entific satellite during the period of the International Geophysical Year (July
1957-December 1958). The implementing directive charges the Secretary of Defense with
the over-all responsibility of the scientific satellite program as delineated in NSC 5520, and
the Assistant Secretary of Defense [ASD] (R&D) has been assigned the responsibility for
coordinating the implementation of the scientific satellite program within the Defense
Department by reference b.

2. In carrying out the technical program preliminary to launching the satellite, the fol-
lowing course of action is approved:

a. A joint three-service program [will] be established to produce and launch a small
scientific satellite based on the Navy proposal involving the improved Viking (boost-
er), Aerobee-Hi (second stage), solid-propellant modified Sergeant (third stage).

b. The Navy Department will manage the technical program with policy guidance
from the Assistant Secretary of the Defense (R&D) and will provide the funds
required to implement the action in a above with the understanding that reim-
bursement will be made as soon as funds can be made available from other sources.

c. The Departments of the Army and Air Force will participate in the prosecution of
the technical program and will assign appropriate priorities to permit attainment
of the schedule to be established by the Navy for such work. Any major interfer-
ence resulting from such priorities will be brought to the attention of the
Assistant Secretary of Defense (R&D).

d. The Assistant Secretary of Defense (R&D) will continue the Technical Advisory
Group already established to advise the ASD (R&D) and the military departments
on the technical program.

3. Any departmental interest or requirement in connection with the scientific program
of observation after satellite launching will be programmed by the military departments
in accordance with existing policies and procedures.

4. 1t is requested that the addressees, as appropriate, provide for the immediate imple-
mentation of the action above. The Secretary of the Navy is also requested to advise the
ASD (R&D) as soon as practicable of the detailed plan for undertaking the technical pro-
gram and for coordination of that program with the other military departments.

5. In order to provide for the coordination of inter-agency matters and the exchange of
information on this program with other government agencies, separate action is being
taken to establish a coordinating group under the chairmanship of the Assistant Secretary
of Defense (R&D) with membership to be invited from State, Central Intelligence Agency,
National Science Foundation, and National Academy of Sciences.

6. The international scientific purposes, the classified military-related rocketry, and the
political and propaganda aspects of this program pose special problems with regard to
security classification and information release. The following principles apply:

a. The classification of equipment and techniques pertaining to the launching and
rocketry which are common to military weapons systems will be governed by the
security classification of the military weapons.

b. Information regarding the satellite itself, any inclosed [sic] instrumentation, the
orbit and other items relating to the scientific program will be unclassified, at
least by time of launching.

c. All information material intended for public release relating to this project will
be submitted to the Office of Security Review. In this regard the Department of
Defense is operating under the specific guidance of the Operations Coordination
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Board. Information on military participation [handwritten underlining] in the
program and possible relationship to military programs [handwritten underlin-
ing] will be kept to a minimum.

Reuben B. Robertson, Jr.
Deputy

Document 1-6

Document title: Joseph C. Myers, Deputy Secretary, Advisory Group on Special
Capabilities, Office of the Assistant Secretary of Defense, “Memorandum for Members,
Advisory Group on Special Capabilities,” December 1, 1955, with attached: Homer J.
Stewart, Chairman, Advisory Group on Special Capabilities, Memorandum to Assistant
Secretary of Defense (R&D), “Activities of the Advisory Group on Special Capabilities,”
December 1, 1955.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The attached memorandum, prepared just four months after the decision to proceed with the develop-
ment of the upgraded Viking rocket, refers back to the earlier Stewart Report. The memorandum notes
the importance of developing a backup plan as outlined in the Phase 1l recommendation of the Stewart
Report, in the event that development delays would make it impossible for the Naval Research
Laboratory (NRL) and the Martin Company to meet their schedule. The approved schedule is also
included in the memo.

OFFICE OF THE ASSISTANT SECRETARY OF DEFENSE
WASHINGTON 25, D.C.

1 December 1955
DEPARTMENT OF DEFENSE
RESEARCH AND DEVELOPMENT

MEMORANDUM FOR MEMBERS, ADVISORY GROUP ON SPECIAL CAPABILITIES
Attachment (A)

1. The attached memorandum, drafted by the Advisory Group Chairman and edited by
the Staff, delineates for the Assistant Secretary of Defense (R&D) the results of the
Group’s action of the 15 November 1955 meeting and its future plans.

2. For reasons of expedition this memorandum is to be an agenda item for the Policy
Council at its 15 December meeting.

3. If the Advisory Group members have any disagreements of a substantive nature they
are requested to inform the Staff by Friday, 9 December.

JOSEPH C. MYERS
Deputy Secretary
Advisory Group on Special Capabilities

*hkkkhkkikhkkik
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[attachment]

OFFICE OF THE ASSISTANT SECRETARY OF DEFENSE
WASHINGTON 25, D.C.

1 December 1955

DEPARTMENT OF DEFENSE
RESEARCH AND DEVELOPMENT

MEMORANDUM TO ASSISTANT SECRETARY OF DEFENSE (R&D)
SUBJECT: Activities of the Advisory Group on Special Capabilities

Attachment (A)

1.

The Advisory Group on Special Capabilities held its Fifth Meeting 18 October 1955 in
the Pentagon, Washington, D.C. Those in attendance are given on the attached list.
The morning session, at which all attendees were present, was devoted to a progress
report by:

(a) Mr. Samuel Clements of OASD [Office of the Assistant Secretary of Defense]
(R&D) on OSD [Office of the Secretary of Defense] developments

(b) Representatives of the NRL on Navy progress in contractual arrangements, tri-
service cooperation, and propulsion control and end item detail.

The afternoon session was executive, with Mr. Milton Rosen of NRL and Messrs.
Samuel Clements and Al Waggoner of OASD for brief periods of consultation.

After this consultation the following comments and recommendations on the
progress to date were formulated.

Comments and Recommendations

(a) Inthe Advisory Group’s earlier consideration of the best way to carry out the satel-
lite program, a paramount issue was the possible interference at Martin if that com-
pany became involved in the ICBM program. The probability of this action occurring
was considered to be so small that a majority of the group recommended approval of
the basic programs proposed by Martin. Now that Martin is heavily involved in the
ICBM program, it is inevitable that the participation of the senior [2] Martin techni-
cal personnel in the satellite program is, and will continue to be, severely reduced.
The very compressed schedules required by the satellite program now will require the
Navy to maintain unusually close supervision to ensure early recognition of potential
difficulties due to technical management dilution.

This situation gives the Advisory Group particular concern that there is as yet no for-
mally approved program aimed toward providing an emergency back-up in case
severe development delays should occur in the NRL-Martin program. The Advisory
Group understands that the OASD (R&D) action dated 9 September 1955 which for-
mally approved the NRL-Martin program is also based on a decision not to implement
at this time the Air Force program designed to carry out the Phase Il recommenda-
tion in our 6 August 1955 report (RD 263/9) which might, in its early stages, have pro-
vided such a back-up. In response to an OASD (R&D) request, NRL is preparing a
report summarizing their satellite launching system for presentation to the Policy
Council referred to in a 19 September 1955 memorandum from the Assistant
Secretary of Defense (R&D) to the Air Force and relating to the Air Force Phase 11
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back-up proposal. This same memorandum requested that the other services present
their considerations of alternate systems which could provide this emergency back-up.
The Advisory Group deems it extremely important that such plans be made. Even if
it is not practical to provide funds to implement such proposals fully, it should be pos-
sible to authorize preliminary engineering studies (unconnected with ICBM person-
nel) to provide completely defined plans and to determine the time at which
implementation would be necessary if they were in fact to provide a back-up.

(b) NRL and Martin have completed the review of proposals for the development of
a propulsion system for Stage Il, and a preliminary contract, dated 14 November
1955, has been placed with Aerojet-General Corporation. Two systems were proposed
by Aerojet, one based on gas-pressurization with highly stressed 410 steel tanks and
the other based on an adaptation of a turbine pumping system from one of their assist
take-off developments. In view of the very short time schedule (the delivery [3] date
for the first unit is 1 November 1955) [and] the development problems inherent in
either system, NRL is proposing to authorize Aerojet to proceed with both systems
until the time when one can be shown to be satisfactory or superior.

It is recommended that the NRL proposed course of action be followed.
(c) NRL and Martin have obtained and are evaluating proposals from five different
organizations for the development of the spinning, solid-propellant, Stage Il1. Again,
in view of the development problems and the short time scale, NRL plans that two of
these proposals be accepted and pursued until the time when one can be shown to be
satisfactory or superior.

It is recommended that this course of action be followed.
(d) NRL has prepared a preliminary test schedule and this is being discussed with the
Air Force Missile Test Center (Patrick Air Force Base). In view of the already active mis-
sile programs at Patrick and of the two ICBM and the two IRBM programs which should
be active with high priority near the time of the NRL program, we are requesting NRL
to present to us at our next meeting a review of the range scheduling problems.

(e) A particular range scheduling problem concerns the supply of liquid oxygen. We
have noted that the supply is becoming critical in several places at this time. In view
of the large quantity usage of this propellant by all the high priority ballistic missile
programs, it is important that an adequate supply at Patrick Air Force Base for the
NRL-Martin program be assured.

We are requesting NRL also to present a review of this problem at our next meeting.
() We note with concern that the system for controlling the trajectory and altitude of the

satellite launching vehicle is not yet determined. Various systems for both Stage | and Stage
Il are still under discussion. In view of the well known development problems associated
with such devices, we deem it imperative that this fluid situation not be unduly prolonged.

[4] We are requesting that Martin present to us at our next meeting a complete review of

the trajectory control and attitude stabilization problems and plans.
(9) Probably the most difficult development problems associated with the satellite

launching systems are those of propulsion. These items require the longest lead time
and thus affect most strongly the overall schedule. GE [General Electric] has made
considerable progress in re-activating the Malta test station and they expect to arrive
in the near future at the point when a motor combustion chamber can be tested.
Although the delivery of the first complete propulsion system for flight test is



48 ACCESS TO SPACE: STEPS TO THE SATURN V

scheduled for October, 1956, no detailed development test schedule is yet available.
Similarly, no detailed development schedules for Stage 11 or Stage 111 propulsion sys-
tems are yet available.

We are recommending Martin to present a review of the propulsion system development
schedules at our next meeting.
(h) In order to summarize progress on the project simply, a brief comparison of the
test schedule as presented on 22 August 1955 and the current schedule is useful.

Vanguard Schedule

Schedule Submitted by Schedule Presented by
NRL 18 November 1955 NRL 22 August 1955

1. Delivery by GE of first stage
propulsion system Oct. ‘56 Aug. ‘56

2. Firing Viking No. 13 to test
Vanguard instrumentation Oct. 1, 56

3. Firing Viking No. 14 to test
ignition and burning performance
of Vanguard 2d stage Dec. 1, ‘56

4. Fire first Vanguard test vehicle [VTV]
No. 1 to test first stage performance
and third stage start Feb. '57 Feb. ‘57

5. Fire 2nd VTV to test first stage
performance and third stage

stabilization April 1, ‘57
51
6. Fire 3rd VTV to test complete

performance of first two stages June 1, ‘57

7. Fire 4th VTV to test complete
performance of complete
3-stage vehicle Aug. 1, ‘57

8. Fire 1st complete Vanguard
in attempt to get a satellite
in orbit Oct. ‘57 May ‘57

During test firing programs three reserve vehicles are to be available, and any necessary
repeat firings would be made between scheduled firings.

(i) In general the time interval allowed for the propulsion system developments is
unchanged but delayed by the time which has been required for contractual negotia-
tions. Martin expects to be able to make up this loss by shortening the time interval
between delivery of the first Stage | propulsion system and the first Stage | flight. The
other changes are caused by introducing a fourth preliminary Stage | flight and by
lengthening the basic flight test interval to two months (with a spare vehicle which



EXPLORING THE UNKNOWN 49

can be flown in the intervening month in case of failure). In addition, the firing of
Viking rounds 13 and 14 have been canceled as such and these rounds will now be
incorporated in the tests preceding the first Stage | flight.

Since the various development projects are now just starting, it is too early to
make a new evaluation of the realism of the current schedule except to note that a
two-month firing interval should be much easier to attain than a one-month firing
interval and to note that the scheduled delivery of the first Stage 1l propulsion system
is now one month late for its scheduled incorporation in the Viking 14 test.

5. The Advisory Group will hold its next meeting 19 December 1955 at the Glenn L.
Martin plant in Baltimore for further surveillance of that contractor’s effort in the pro-
gram; the Group also plans a visit to Patrick Air Force Base sometime in January for a
check on the test facility program as it bears on the test program of Project Vanguard.

HOMER J. STEWART
Chairman
Advisory Group on Special Capabilities

Document I-7
Document title: Colonel A.J. Goodpaster, “Memorandum for Record,” June 7, 1956.
Document I-8

Document title: E.V. Murphree, Special Assistant for Guided Missiles, Memorandum for
Deputy Secretary of Defense, “Use of the JUPITER Re-entry Test Vehicle as a Satellite,”
July 5, 1956.

Source: Both in Dwight D. Eisenhower Library, Abilene, Kansas.

Although there had been a decision to assign the International Geophysical Year scientific satellite pro-
ject to the Naval Research Laboratory team and its Project Vanguard, Wernher von Braun and his
associates of the Army Ballistic Missile Agency (ABMA) at Redstone Arsenal in Huntsville, Alabama,
continued to argue that they could launch a satellite well before the first scheduled Vanguard launch.
This claim was brought to the attention of President Eisenhower’s assistant, Colonel Andrew J.
Goodpaster, who consulted the president on how to respond. Inquiries on the issue were made to the
Department of Defense. A quick review of the situation was conducted within the Department of
Defense. The result was a recommendation that the approved plan not be changed, and an order was
given to the Army Ballistic Missile Agency that it should not plan for, or attempt, a satellite launch.

Document I-7

[stamped “UNCLASSIFIED” over “SECRET”]
June 7, 1956

MEMORANDUM FOR RECORD

On May 28th Secretary Hoover called me over to mention a report he had received from
a former associate in the engineering and development field regarding the earth satellite
project. The best estimate is that the present project would not be ready until the end of
‘57 at the earliest, and probably well into ‘58. Redstone had a project well advanced when
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the new one was set up. At minimal expense ($2-5 million) they could have a satellite ready
for firing by the end of 1956 or January 1957. The Redstone project is one essentially of
German scientists, and it is American envy of them that has led to a duplicate project.

I spoke to the President about this to see what would be the best way to act on the matter.
He asked me to talk to Secretary Wilson. In the latter’s absence, | talked to Secretary
Robertson today and he said he would go into the matter fully and carefully to try to ascer-
tain the facts. In order to establish the substance of this report, | told him it had come
through Mr. Hoover (Mr. Hoover had said | might do so if | felt it necessary).

A.J. Goodpaster
Colonel, CE, US Army

Document 1-8

[stamped “UNCLASSIFIED” over “CONFIDENTIAL"]
[no pagination]
July 5, 1956

MEMORANDUM FOR DEPUTY SECRETARY OF DEFENSE
SUBJECT: Use of the JUPITER Re-entry Test Vehicle as a Satellite

I have looked further into the matter of the use of the JUPITER re-entry test vehicle
as a possible satellite vehicle in order to obtain an earlier satellite capability as we dis-
cussed recently. | find that there is no question but that one attempt with a relatively small
effort could be made in January 1957. [handwritten underlining] Also, an earlier attempt
in September of this year is theoretically possible, although a decision to do this would
clearly delay the JUPITER program. However, there are certain other aspects [handwrit-
ten underlining] of the matter which must be considered and which, in my judgment, are
overriding. [handwritten underlining]

The proposal for making an attempt at a satellite is not new and, in fact, has been
raised on several occasions during the history of the VANGUARD program. This may be
explained by the fact that the original REDSTONE satellite and re-entry test vehicle pro-
posals resulted from a common study, the results of which indicated that essentially the
same vehicle could accomplish either task. Moreover, the first two flights of JUPITER re-
entry test vehicles are scheduled primarily for propulsion system tests and could continue
to serve a major part of their purpose in the over-all JUPITER test program even if they
were used to carry the satellite vehicle. There is, however, room for serious doubt that two
isolated flight attempts would result in achieving a successful satellite [handwritten under-
lining], and the dates of such flights would be prior to the Geophysical Year for which a
satellite capability is specifically required, and prior to the time when tracking instru-
mentation will be available.

These facts were well known at the time that competing proposals were reviewed in
the Office of the Secretary of Defense for undertaking the satellite program and the deci-
sion to assign this program to the Navy VIKING group, i.e., the Glenn L. Martin Company,
under the code name VANGUARD, was made with the Army test vehicle possibilities taken
into full consideration. That decision was based largely on a conviction that the VAN-
GUARD proposal offered the greater promise of success. The history of increasing
demands for funds for this program confirms the conviction that this is not a simple
matter. 1 know of no new evidence available to warrant a change in that decision at this
time. [handwritten underlining]
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While it is true that the VANGUARD group does not expect to make its first satellite
attempt before August 1957, whereas a satellite attempt could be made by the Army
Ballistic Missile Agency as early as January 1957, little would be gained by making such an
early satellite attempt as an isolated action with no follow-up program. In the case of VAN-
GUARD, the first flight will be followed up by five additional satellite attempts in the ensu-
ing year. It would be impossible for the ABMA group to make any satellite attempt that
has a reasonable chance of success without diversion of the efforts of their top-flight sci-
entific personnel from the main course of the JUPITER program, and to some extent,
diversion of missiles from the early phase of the re-entry test program. There would also
be a problem of additional funding not now provided.

For these reasons, | believe that to attempt a satellite flight with the JUPITER re-entry
test vehicle without a preliminary program assuring a very strong probability of its success
would most surely flirt with failure. Such probability could only be achieved through the
application of a considerable scientific effort at ABMA. The obvious interference with the
progress of the JUPITER program would certainly present a strong argument against such
diversion of scientific effort.

On discussing the possible use of the JUPITER re-entry test vehicle to launch a satel-
lite with Dr. Furnas, he pointed out certain objections to such a procedure. He felt there
would be a serious morale effect on the VANGUARD group to whom the satellite test has
been assigned. Dr. Furnas also pointed out that a satellite effort using the JUPITER re-
entry test vehicle may have the effect of disrupting our relations with the non-military sci-
entific community and international elements of the IGY group.

I don’t know if | have a clear picture of the reasons for your interest in the possibility
of using the JUPITER re-entry test vehicle for launching the satellite. | think it may be
helpful if Dr. Furnas and | discuss this matter with you, and I’m trying to arrange for a date
to do this on Monday.

E.V. MURPHREE
Special Assistant for
Guided Missiles
Copy furnished:
ASD (R&D)

Document 1-9

Document title: Brigadier General A.J. Goodpaster, “Memorandum of Conference With
the President, October 8, 1957, 8:30 AM,” October 9, 1957.

Document I-10

Document title: Robert Cutler, Special Assistant to the President, Memorandum for the
Secretary of Defense, “U.S. Scientific Satellite Program (NSC 5520),” October 17, 1957.

Source: Both in Dwight D. Eisenhower Library, Abilene, Kansas.

Five days after the launch of Sputnik 1, President Eisenhower met with a number of his advisers to
assess the significance of the Soviet achievement and to consider how to respond. He was told that it
would have been possible for the United States to have launched a satellite well before the Soviet Union.
Eisenhower decided that it was best to proceed with the Vanguard program as it was planned; he
announced later that day that the first Vanguard test launch was scheduled for December. Eisenhower
also insisted that the program go forward on its current schedule, rather than be delayed to improve
the instrumentation on the initial satellites.
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Document 1-9
[stamped “SECRET,” declassified May 7, 1979]
[1] October 9, 1957

MEMORANDUM OF CONFERENCE WITH THE PRESIDENT
October 8, 1957, 8:30 AM
Others present: Secretary Quarles

Dr. Waterman
Mr. Hagen
Mr. Holaday
Governor Adams
General Persons
Mr. Hagerty
Governor Pyle
Mr. Harlow
General Cutler
General Goodpaster

Secretary Quarles began by reviewing a memorandum prepared in Defense for the
President on the subject of the earth satellite (dated October 7, 1957). He left a copy with
the President. He reported that the Soviet launching on October 4th had apparently been
highly successful.

The President asked Secretary Quarles about the report that had come to his attention
to the effect that Redstone could have been used and could have placed a satellite in orbit
many months ago. Secretary Quarles said there was no doubt that the Redstone, had it been
used, could have orbited a satellite a year or more ago. The Science Advisory Committee had
felt, however, that it was better to have the earth satellite proceed separately from military
development. One reason was to stress the peaceful character of the effort, and a second was
to avoid the inclusion of materiel, to which foreign scientists might be given access, which is
used in our own military rockets. He said that the Army feels it could erect a satellite four
months from now if given the order—this would still be one month prior to the estimated
date for the Vanguard. The President said that when this information reaches the Congress,
they are bound to ask why this action was not taken. He recalled, [2] however, that timing
was never given too much importance in our own program, which was tied to the IGY and
confirmed that, in order for all scientists to be able to look at the instrument, it had to be
kept away from military secrets. Secretary Quarles pointed out that the Army plan would
require some modification of the instrumentation in the missile.

He went on to add that the Russians have in fact done us a good turn, unintentional-
ly, in establishing the concept of freedom of international space—this seems to be gener-
ally accepted as orbital space, in which the missile is making an inoffensive passage.

The President asked what kind of information could be conveyed by the signals reach-
ing us from the Russian satellite. Secretary Quarles said the Soviets say that it is simply a
pulse to permit location of the missile through radar direction finders. Following the meet-
ing, Dr. Waterman indicated that there is some kind of modulation on the signals, which
may mean that some coding is being done, although it might conceivably be accidental.

The President asked the group to look ahead five years, and asked about a recon-
naissance vehicle. Secretary Quarles said the Air Force has a research program in this area
and gave a general description of the project.

Governor Adams recalled that Dr. Pusey had said that we had never thought of this as
a crash program, as the Russians apparently did. We were working simply to develop and
transmit scientific knowledge. The President thought that to make a sudden shift in our
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approach now would be to belie the attitude we have had all along. Secretary Quarles said
that such a shift would create service tensions in the Pentagon. Mr. Holaday said he
planned to study with the Army the back up of the Navy program with the Redstone,
adapting it to the instrumentation.

There was some discussion concerning the Soviet request as to whether we would like
to put instruments of ours aboard one of their satellites. He said our instruments would
be ready for this. Several present pointed out that our instruments contain parts which, if
made available to the Russians, would give them substantial technological information.

A.J. Goodpaster
Brigadier General, USA

Document 1-10
[stamped “SECRET,” declassified February 27, 1986]
October 17, 1957
MEMORANDUM FOR THE SECRETARY OF DEFENSE
Subject: U.S. Scientific Satellite Program (NSC 5520)

I am writing this memorandum to you as Secretary of Defense because the
Department of Defense is the responsible executive agency for carrying out the U.S. sci-
entific satellite program in accordance with NSC 5520.

At a recent meeting of the National Security Council the President made very plain
that the overriding objective of the IRBM and the ICBM programs is the successful
achievement of these ballistic missiles with the necessary range and reasonable accuracy,
in priority over related problems.*

Although recent Council action has not reflected a similar expression by the
President with reference to the U.S. scientific satellite, the President’s concern in this
regard is no less clear. As you know, the President issued a statement to the press on
October 9 that the first satellite test vehicle was planned to be launched in December, and
that the first fully-instrumented satellite vehicle would be launched in March, 1958.

In line with this statement the President said yesterday that he wanted to be sure that the
launching of the U.S. scientific satellite proceed as planned and scheduled. He is, of course,
conscious of the understandable desire of the scientists to perfect the instrumentation that
goes into the satellite. Nevertheless, he made very plain that any efforts further to perfect such
scientific instrumentation should not be permitted to delay the planned launching schedule.

In order that there might be no ambiguity, | thought it advisable to send this memo-
randum to you as head of the responsible executive agency, with a copy to the Director of
the National Science Foundation.

Robert Cutler
Special Assistant
to the President

cc: Director, National Science Foundation
General Goodpaster

* (NSC Action No. 1800-c)
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Document I-11

Document title: Donald Quarles, Memorandum for the President, “The Vanguard-Jupiter
C Program,” January 7, 1958.

Source: Anne Whitman File, Dwight D. Eisenhower Library, Abilene, Kansas.

Although the rocket team at the Army Ballistic Missile Agency in Huntsville, Alabama, had been cam-
paigning for several years to be allowed to attempt a satellite launch, it was only after the October 4,
1957, launch of Sputnik 1 that it was given permission to prepare to do so. Even then, the Army’s
Jupiter C launch vehicle was treated only as a backup to the Vanguard launcher. Only after the fail-
ure of the first Vanguard test launch in December 1957 was the Jupiter C satellite effort accelerated to
aim at a late January 1958 launch.

[original marked “SECRET,” crossed out by hand]
[1]

THE SECRETARY OF DEFENSE
WASHINGTON

JAN 7 1958
MEMORANDUM FOR THE PRESIDENT

SUBJECT: The VANGUARD-JUPITER C Program

The documents which led to the authorization on 8 November 1957 of the JUPITER-
C back-up for the VANGUARD program and those which describe the present program
are summarized as follows:

7 October 1957

The Secretary of the Army by memorandum to the Secretary of Defense stated that
the success of the third JUPITER-C re-entry firing had solved the JUPITER re-entry prob-
lem leaving 8 remaining JUPITER-Cs in various stages of assembly as excess to direct
JUPITER needs and that JUPITER-Cs could be readily modified to provide an early satel-
lite capability. The Army estimated it would require four months from a decision date to
the first launching and recommended a program based on launching six satellite vehicles
requiring a total of $12,752,000 of non-Army funds.

14 October 1957

The Secretary of Defense by memorandum to the Secretary of the Army advised that
it was planned to continue the VANGUARD program along the current scientific lines.
The Army was asked to restudy its proposal and suggest means appropriate for a back-up
of VANGUARD directed toward the launching of the 21-lb. sphere, a part of the VAN-
GUARD scientific program. The suggestion was made that the possibility of component
assistance to VANGUARD as well as the possibility of an independent Army launching pro-
gram be covered together with estimates of time required and the cost of the project.

23 October 1957

The Secretary of the Army by memorandum to the Secretary of Defense stated the
Army believed it could place a VANGUARD sphere in orbit in June 1958 by using the
JUPITER as the first stage and the JUPITER-C three stage solid propellant cluster as the
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upper three stages. This program, estimated to cost $16.2 million, called for four launch-
ings. To give the proposed approach a high assurance of success, the Army recommend-
ed the launching of a JUPITER-C cylindrical satellite in February and another in [2] April
to provide the basic knowledge to help to place a VANGUARD sphere in orbit in June. A
second JUPITER/JUPITER-C/VANGUARD sphere vehicle which could be launched in
September was proposed as additional assurance. In this memorandum the Army advised
that it would be possible to package in the JUPITER-C cylindrical satellite instrumentation
which would directly support scientific experiments which are a part of the VANGUARD
program. Other approaches were considered by the Army but in the opinion of the Army
offered little chance of success.

29 October 1957

The Special Assistant for Guided Missiles by memorandum to the Secretary of
Defense advised him of the program recommended to him by the Advisory Group on
Special Capabilities to provide maximum assurance of success for the VANGUARD satel-
lite program. This group recommended the use of two JUPITER-C type vehicles to be used
to carry two scientific satellites on orbit. The Army’s estimated cost of converting RED-
STONES to JUPITER-Cs and providing for the launching was given to be $3.5 million with
the cost of the REDSTONE missiles to be absorbed by the Army. The Special Assistant for
Guided Missiles approved this back-up program and recommended that it be called to the
attention of the President for his approval.

8 November 1957

The Secretary of Defense by memorandum to the Secretary of the Army acknowledged
the Army offer (memorandum of the Secretary of the Army to the Secretary of Defense
dated 23 October 1957) to help assure that the U.S. IGY scientific satellite would maintain
the announced schedule. In this memorandum, the Army was requested to provide the
capability of launching a satellite containing scientific instrumentation by the use of a mod-
ified JUPITER-C test vehicle. The Army was authorized to proceed with the necessary
preparation to attempt two launchings during March 1958, the actual dates to be deter-
mined later. Funds in the amount of $3.5 million were authorized to support the program.

22 November 1957

The Director of Guided Missiles by memorandum to the Secretary of the Army noti-
fied the Army of the assignment to the JUPITER-C vehicle of the cosmic ray experiment
originally scheduled for VANGUARD and disapproved the provision of additional
microlock telemetry receiving stations in connection with the program.

[3] 3. December 1957

The Director of Guided Missiles by memorandum advised the Director of Research
and Development, Department of the Army, that disapproval of additional telemetering
ground receiving facilities did not limit the Army from using whatever ground equipment
is required in conjunction with missile-borne instrumentation to assure success during the
launching phase of the flight.

21 December 1957

By letter to Maj. Gen. D.N. Yates, Commanding General, Air Force Missile Test Center,
the Director of Guided Missiles advised Gen. Yates of the schedule for a launching that
would be complied with as nearly as possible and furnished the same information to the
Army, the Navy and the U.S. National Committee for the IGY.
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TV-3BU January 18, 1958
JUPITER C-1 January 29, 1958
TV-4 February 10, 1958
TV-5 March 3, 1958
JUPITER C-2 March 5, 1958
SLV-1 March 24, 1958

Possible adjustment in the schedules for TV-5 and JUPITER C-2 may be made as follows:

a. If TV-5 launches a successful satellite at its scheduled time (Mar 3, 1958),
JUPITER C-2 will be delayed until about March 8, 1958, in order to provide adequate time
for geophysical data gathering and reduction on TV-5 satellite.

b. If TV-5 satellite is unsuccessful, JUPITER C-1 launching attempt will be made on
March 5, 1958 or as soon thereafter as possible.

¢. Should the scheduled launching date for TV-5 be delayed beyond March 3, 1958,
the following will apply as appropriate:

(1) Launch JUPITER C-2 on the 5th of March or immediately thereafter. If flight
is successful, TV-5 may be scheduled for 7 days later.

(2) If JUPITER C-2 fails, TV-5 would be launched at the earliest possible date.
[signature only] Donald A. Quarles
Document I-12

Document title: James C. Hagerty, “Memorandum on Telephone Calls Between Brigadier
General Andrew J. Goodpaster in Washington and James C. Hagerty in Atlanta, Georgia,
Friday Afternoon and Evening, January 31, 1958 and Saturday Morning, February 1, 1958.”

Source: Dwight D. Eisenhower Library, Abilene, Kansas.

Particularly after the December 1957 public failure of the first attempt to launch a Vanguard satel-
lite, getting a U.S. satellite into orbit became a matter of great interest to President Dwight Eisenhower.
The January 31, 1958, attempt to launch the Explorer | satellite was not announced in advance, as
had been the case with the Vanguard launch attempt. The White House decided to announce the
launch only after the satellite was already in orbit. James Hagerty was President Eisenhower’s press
secretary; General Andrew Goodpaster was one of his senior staff assistants.
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Memorandum on Telephone Calls Between Brigadier
General Andrew J. Goodpaster in Washington and

James C. Hagerty in Augusta, Georgia,

Friday Afternoon and Evening, January 31, 1958
and Saturday Morning, February 1, 1958

2:30 P.M.

5:30 P.M.

[2] 8:30 P.M.

9:50 P.M.

On arrival in Augusta, | called General Goodpaster at the White House
and he told me that high winds in the stratosphere were still postponing
the Jupiter-C shooting. | relayed this information to the President in his
cottage at the Augusta National Golf Club.

General Goodpaster called me at my room at the Bon Air Hotel to tell me
that the weather was improving at Cape Canaveral and that the Army was
going to try to shoot the Jupiter-C tonight at 10:30 P.M. plus four minutes.

I immediately drove out to the Augusta National. The President was in the
living room playing bridge with Barry Leithead, Cliff Roberts, and
Clarence Schoo. He was playing a game bid which he made in four hearts.
At the conclusion of his hand, he walked with me to the opposite corner
of the room, and | told him of the message from General Goodpaster.

The President was immediately very interested and said that he certainly
hoped that if the weather were right, the shot would be made tonight. |
told him that General Goodpaster said he would call again at 8:30, and
the President left it this way: If at 8:30 | had additional news that the
launching was still on, | would come out and tell him. If, however, it was
scrubbed out, | would merely call John Moaney and ask him to tell the
President, “Nothing doing.”

| then left to return to the Bon Air Hotel.

General Goodpaster called me again at this time and told me that the
weather had improved to the point that it was acceptable as of now, that
the Army was planning to go ahead and that they were beginning fueling
of the rocket as of 8:30.

I drove out again to the President’s cottage and told him the news. He
asked me when | thought the launching would occur, and 1 told him it
was now scheduled for 10:34 P.M. He told me to keep in touch with him.

| then returned to the Bon Air Hotel.

General Goodpaster called again to say that the launching was definitely
on and that he was leaving his home at this time to go to the office. He
said that they were still four minutes behind schedule and that the
launching was scheduled for 10:34 P.M.
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10:25 P.M.

10:30 P.M.

[3] 10:40 P.M.

10:42 P.M.

10:43 P.M.

[4]
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General Goodpaster said he would call me after getting to the office, and
after he had a chance to check once again on the launching.

General Goodpaster called from his White House office to tell me that
the launching was now running 10 to 15 minutes behind the schedule
and that it looked as if the launching now would be held between 10:40
and 10:45.

I called the President at his cottage at the Augusta National and informed
him of the additional delay. He again urged me to keep in touch with him
and let him know when the launching was made.

General Goodpaster called again to say that he was going to keep the
White House line from his office to my office at the Bon Air open, that
he also had a direct line into the Telecommunications Center at the
Pentagon where he was receiving reports. The Telecommunications
Center had a direct line to Canaveral.

General Goodpaster reported that he had nothing definite yet on any
launching, but that it was expected soon. He asked me if | had told the
President about the delay, and | said | had, and that the President had
said, “I’'ll be here. Call me as soon as you get anything.”

General Goodpaster told me that he had just received word that X minus
7 was at 10:41. (In other words, the reports he was receiving from the
Telecommunications Room were running two minutes behind the actual
events at Cape Canaveral.)

From then on, General Goodpaster gave me the countdown, which went
as follows:

“X minus 6—10:42 P.M.
X minus 5—10:43 P.M.
X minus 4—10:44 P.M.
X minus 3—10:45 P.M.
X minus 2—10:46 P.M.
X minus 1—10:47 P.M.
X minus 20 seconds—10:47:40”

Twenty seconds after this, General Goodpaster said, “Jim, they have given
the firing command at 10:48. It takes 16 seconds to start the rocket lifting
off the ground. Here’s the report.

“The main stage lifted off at 10:48:16.

“The program is starting O.K.

“They are putting it in the right attitude.

“It is still going, they say.

“It is still going at 55 seconds.
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“It is still going and looks good at 90 seconds.

“Jupiter is on the way!

“It is through the jet stream—They were worried about that jet stream.
“115 seconds, it is going higher and higher.

“Everything is going all right at 145 seconds.”

I interrupted at this time to say that | thought it would be a good idea if
we were to call the President now and get him in on a three-way conver-
sation between him, General Goodpaster and myself. General
Goodpaster agreed, and | asked the Signal Corps operator to cut the
President in.

Meanwhile, | had the radio turned on in my room, and the first bulletin
on the launching came in at this time. It was a CBS station, and Chuck
Von Fremd was doing the reporting.

General Goodpaster continued to relay to me the reports which he was
receiving from the Telecommunications Center. They went like this:

“The first stage has been cut off O.K.
“180 seconds report—Everything going O.K.
“Everything O.K. at three and a half minutes after the launching.”

I interrupted to say, “Andy, | am talking notes on this. | will dictate it
when | get back to Washington. I am sure you will want a copy of this.”

“You bet | will—Thanks,” Goodpaster said.

The President was cut in to the conversation, and General Goodpaster
brought him up to date on the reports thus far.

General Goodpaster said that the second stage ignition had gone off O.K.

The President asked Goodpaster when the announcement would come
that it was in orbit and Goodpaster replied that that would take one and
a half or two hours before they were definitely sure.

The President thanked Goodpaster for the information. He said that |
was to let him know just as soon as it went in orbit.

Goodpaster, still relaying information from the Telecommunications
Center, said that the launching was completely successful.

| told the President that | would tell the press that the President was
being kept informed, and he said that that was right. He then said he
would cut out of this conversation, that if we had anything more of a
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major announcement to tell him within 30 minutes, we were to call back,
but we were to call back anytime we heard the satellite went in orbit.

The President cut out of the conversation.

While we were awaiting further word, General Goodpaster and myself dis-
cussed the “color” that | was planning to give to the newsmen on how the
President received the information. We both agreed that this would be a
good thing to show the President was in close touch with the situation.

General Goodpaster told me he was in direct touch with the
Telecommunications Center—"in the heart of the Army section.”

He was receiving reports directly over the telephone from Major
Nicholson Parker, USA, and Miss Jean Ferguson, a civilian receptionist.

Goodpaster: “We are waiting for a little more information right now. All
we need is some more information. We have been on the phone a little
more than a half hour. Do you realize that?”

Hagerty: “No, | didn’t. Time sure goes pretty fast, doesn’t it?”

Goodpaster: “It’s been a long time now since we’ve received additional
reports.”

Hagerty: “What’s the trouble?”

Goodpaster: “Nothing. Probably they have fired all stages by now, but
they have got to be sure. | don’t have anything on the last two stages. As
a matter of fact, General Maderas has just sent word to the
Telecommunications personnel to go out for a cup of coffee and sweat it
out with him.”

Hagerty: “Can you tell me who is in the Telecommunications Room,
besides Major Parker and Miss Ferguson?”

Goodpaster: (Talking to Telecommunications Room on the other phone)
“Who is there with you?”
Goodpaster to me:

Dr. Wernher von Braun is in the Telecommunications Room with Major
Parker. So is Secretary Brucker. Also—

General Lyman Lemnitzer
Vice Chief of Staff

Dr. Herbert York
University of California
Director of Radiation Laboratory
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Dr. William Pickering
Director, Jet Propulsion Laboratory

Dr. James A. Van Allen, who designed the cosmic ray experiment

Dr. Richard H. Porter, who is a member of the working group for
earth satellites of the National Academy of Sciences

and Murray Snyder

Goodpaster told me that Orville Splitt would call in on a White House
phone from the National Academy of Sciences and that when the time
for the orbiting announcement became necessary, Splitt would hold until
I had a chance to call the President, and then Goodpaster would arrange
with them the time for the simultaneous announcement.

Goodpaster was on the phone with the Telecommunications Room, and
reported to me as follows:

“Jim, it looks as if it will be a number of minutes, probably fifteen, before
we know anything further. Reports are presently being analyzed and stud-
ied, and we won’t know anything for a little time. Maybe | had better call
you back.”

Hagerty: “No, I’'ll hold on if you don’t mind. After all, I can’t tell the
President anything now anyway.”

Goodpaster: “This is secret. The first analysis that we have received is that
the satellite has passed over the first station, Antigua, on time. This is very
encouraging, and it tends to show that the [9] third and fourth stages
went off all right. Yes, I think it is a fair statement that the third and
fourth stages went off O.K.”

Goodpaster said that it would be at least a half hour more before we got
any word on whether it had gone into orbit, and | told him that | would
go to see the press and fill them in on some “color” as to how the
President was keeping in touch with the news from Canaveral.

Goodpaster agreed that that would be a good thing to do since it would
show to the world that even though the President is out of Washington,
he keeps in close touch with all important situations as they develop.

I signed off temporarily with General Goodpaster and went to the press
room for a press conference.

* k *k x %
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While | was having the press conference, Goodpaster tried to get me, but
talked to the President directly, and it was agreed between the President
and General Goodpaster that the President would stay up until there was
definite word about whether the satellite was in orbit or not.

As a sidelight to this conversation, | had left Betty Allen in my room man-
ning the phone while I went down to the press conference. The phone
rang, and it was the President. He asked Betty whether we had heard any
later word, and she said we had not. The President then started to ask her
other questions about the launching. She had taken notes on all the con-
versations between Goodpaster and myself, but the notebook was in the
other room. Just at this point, [10] General Goodpaster called in again,
and Betty transferred him to the President.

I finished my press conference about 12:05 A.M. and told the newspa-
permen that | would see them next when | had any definite word.

I got back on the phone with General Goodpaster. He told me that the
preliminary analyses were quite favorable. He also told me of his conver-
sation with the President and the fact that the President had told
Goodpaster—“Let’s not make too great a hullabaloo on this.”

General Goodpaster got a call from Orville Splitt who told him that we
would receive the scientific word from Dr. J. Wallace Joyce, Head of the
International Geophysical Year office of the National Science
Foundation, in place of Dr. Alan Waterman, the Director, as our original
announce-ment had contemplated. Dr. Waterman had left Washington
earlier in the day after it looked as if bad weather would postpone the
launching Friday evening. | changed the advance statement to make it
read: “Dr. J. Wallace Joyce, Head of the International Geophysical Year
office of the National Science Foundation, informed me . . .” (meaning
the President).

Goodpaster: (who was now working three phones—one to the
Telecommunications Room in the Pentagon, one to me in Augusta, and
one to Orville Splitt at the National Academy of Sciences)

Goodpaster told me:

“Governor Brucker has just told me that everything is going good, that
the Army has an open line to Pasadena and that they expect the satellite
to pass over San Diego fairly soon. As soon as that happens, it will be final
proof that it is in orbit and it will be O.K. to announce.”

Goodpaster said: “Governor Brucker says they are expecting it over San
Diego very shortly now and that they should be hearing from Pasadena
within four minutes.”

I could hear General Goodpaster say over the phone to the Pentagon:
“Yes ... Yes...Yousay it’s in orbit? Good! That’s fine!”

General Goodpaster to me: “Jim, it’s in orbit. You can call the President.”
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I asked the Signal Corps to ring the President. They did so, and he
answered immediately. 1 said, “Mr. President, it’s in orbit. General
Goodpaster has just received the official word.”

The President replied, “That’s wonderful. That’s wonderful. Are you
going to put out my statement now?”

I told him that | was, and he replied, “That’s wonderful. I sure feel a lot
better now.”

I came back on the phone with Goodpaster and said, “Andy, is it O.K. for
me to make the announcement now?”

He said, “Yes, how much time do you want and what should we tell Orville
Splitt?”

| said, “Give me five minutes. That’s all | need so that the President’s
announcement can get out of Augusta as the first official word of the
orbiting.”

I hung up and dashed down to the press room to make the announcement.

I returned from my press conference and called Andy again and said,
“That cleans us up for the night unless you have anything further to add.”

He said he had not, and at 1:12 we ended the conversation for the
evening.

(Later in the morning)

8:30 A M.

[13]

10:00 A.M.

I called General Goodpaster, and he suggested that the President send a
message to Dr. Alan Waterman, which read as follows:

“My congratulations to you and your colleagues. May | ask you to extend
my personal congratulations to all—in whatever capacity they participat-
ed—who have been working in the development of satellites for scientif-
ic purposes. Would you also extend my congratulations to the personnel
who took part in the successful orbiting of our satellite last night.”

General Goodpaster, in answer to questions from me, also said they
would try with the Vanguard, weather permitting, as soon as possible any-
time from Monday morning on. The Vanguard, it was reported, was now
back on the pad.

I went out to the Augusta National Golf Club and the President approved
the message to Dr. Alan Waterman.

I called back General Goodpaster and told him that the message was
O.K., that | would send a telegram directly from Augusta to Dr.
Waterman, and would also send him a copy on the teletype so he could
get it immediately to Dr. Waterman.
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Document 1-13

Document title: Brigadier General Bernard A. Schriever, USAF Commander, Western
Development Division, Air Research and Development Command, Memorandum for Lt.
General [Thomas] Power, “Air Frame Industries vs. Air Force ICBM Management,”
February 24, 1955.

Source: Professor Stephen Johnson, Department of Space Studies, University of North
Dakota, Grand Forks, North Dakota.

As its space efforts took shape in the late 1950s, access to Earth orbit and beyond for the United States
came from three lines of development. One was the work of Wernher von Braun and his “rocket team”
working at the Army Ballistic Missile Agency in Huntsville, Alabama. Another was the development,
under the management of the Naval Research Laboratory, of the Vanguard booster designed specifi-
cally to launch the first U.S. scientific satellite. The third was the adaptation of various Air Force bal-
listic missiles, including the Thor-Delta intermediate range ballistic missile and the Atlas and Titan
intercontinental ballistic missiles (ICBMs), for use as space launchers.

In the mid-1950s, Air Force ICBM efforts were managed by the Western Development Division of the
Air Research and Development Command; its commander was Brig. General Bernard A. Schriever,
who was to become a strong advocate of the Air Force in a lead role for the national space program.
Given the urgent nature of the ICBM program, Schriever adopted innovative management approach-
es, such as concurrent development of various system elements. He also placed the Air Force, and his
organization, in the role of systems manager for ICBM development efforts. To assist the Western
Development Division and Schriever in this systems management role, two individuals from Hughes
Aircraft, Simon Ramo and Dean Wooldridge, formed the Ramo-Wooldridge Corporation (which even-
tually became TRW).

As this memorandum suggests, although there was industry resistance to this strong centralized sys-
tems management approach by a government agency, the Air Force pursued such an approach with
significant success. As the United States organized its civilian space effort in 1958, subsequently, the
new National Aeronautics and Space Administration adopted elements of the approach. In particu-
lar, the approach was important to the success of the Apollo program (see Documents 1-43 through
1-46), and several of those steeped in it (particularly George Mueller and Lt. General Sam Phillips)
were key Apollo program managers.

[all pages stamped “SECRET,” crossed out; stamped “CONFIDENTIAL,” crossed out;
stamped “DOWNGRADED AT 3 YEAR INTERVALS[.] DECLASSIFIED AFTER 12 YEARS.
DOD DIR 5200.10”]

[1] WESTERN DEVELOPMENT DIVISION
HEADQUARTERS
AIR RESEARCH AND DEVELOPMENT COMMAND
Post Office Box 262
Inglewood, California
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[stamped 24 Feb 55]

MEMORANDUM FOR LT GENERAL POWER

SUBIJECT: Airframe Industries vs Air Force ICBM Management

1.

[2] 3.

[3]

In the 8 November 1954 issue of Aviation Week, the following item appeared—

“MISSILE PROBLEMS

Aircraft industry is growing increasingly uneasy over recent trends in the busi-
ness pattern for new USAF missile developments. Aircraft Industries Assn. [AIA]
is considering a strong protest to the Pentagon. Big battle on upper Pentagon lev-
els looms now between the established missile contractors and the Johnny-come-
latelies in the field.”

In the last month, | have had conversations with several people which lead me to
believe that the AIA may apply pressure top side against the Air Force ICBM man-
agement approach. A straw in the wind was an invitation from General Baker to
attend the AIA convention in Phoenix for the purpose of clarifying any questions
the industry might have. | declined the invitation, but advised him by letter that |
would gladly discuss the matter with appropriate company officials, if they
desired, and a need-to-know existed.

To the above, can be added Frank Collbohm’s letter and the knowledge that his
views have been disseminated to a number of RAND personnel including the
RAND Board of Trustees. Also, there is definite evidence that these views have
been passed to some RAND visitors, who had no official connection with the pro-
gram. | also have good reason to believe that this matter has been brought to the
attention of some members of Congress, who | am sure, have not heard the offi-
cial Air Force position.

Although to my knowledge, the AIA has not made a specific counter-proposal, it
is fairly simple to speculate on the management approach they favor. It would cer-
tainly be in the pattern of the past Air Force missile developments, in which an
airframe company is designated prime contractor, with complete weapon system
responsibility. They are naturally motivated by self-interests, which | believe to be
as follows:

a. Adherence to the prime contractor concept.

b. Avoidance of strong Air Force system management control.

¢. The Ramo-Wooldridge Corporation as potential competitors.

Adherence to the prime contractor concept—

This concept has permitted a broad expansion by the airframe industry into
component field, such as electronics, propulsion, inertial guidance and control
(automatic pilot), etc.

North American is perhaps the outstanding example of such post-war expan-
sion. AFR 70-9, recently published, clearly indicates that the Air Force desires to
reverse this trend with its inherent disadvantages which are:

(1) narrowing the industrial base at the expense of existing component

industries,

(2) large scale proselytizing of scientific and engineering personnel,
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(3) second-rate competence of airframe industry in component areas—certain-

ly during the build-up stage and resulting program delay and higher cost.

The ICBM management approach is based on using the most competent
component industries in each of the major technical areas. This will eliminate
time-consuming build-up of staff and facilities and insure [sic] the broadest and
most competent base for this complex program.

Avoidance of strong Air Force system management control—

While the airframe industry offers lip service to Air Force weapon systems
management control—past performance clearly indicates that our management
has not been too effective. The project office has been no match for the power-
ful pressure that industry can, and has, exerted at political and high military lev-
els. As a result, industry has usually prevailed on major matters in their interest.

In the present management approach, a very high degree of authority has
been vested in the Commander, [Western Development Division], and through
the services of Ramo-Wooldridge, the organization possesses a high degree of
technical competence for managing the program. This will permit the making of
hard decisions, based on a rationalization of technical and military factors.

I think it is clear to the aircraft industry that our organization has the poten-
tial of exercising very strong weapon systems management control. In the past,
the aircraft industry, as prime contractor, has usurped much of this control. This
has resulted in the expansion of airframe companies mentioned in a. above. For
example, in the NAVAHO program, North American, in addition to the airframe,
is building the rocket motor booster, the inertial navigation and guidance system
and most of the electronic system. CONVAIR, in the ATLAS program[,] was
developing the radar tracker and communications links—despite the fact that
every review of the program by competent and objective scientists and engineers
concluded that the CONVAIR approach was wrong and that their competence in
the electronic field was considerably below that of a number of first-line elec-
tronic companies. The history of Northrop’s performance in the SHARK pro-
gram follows the same pattern.

The Ramo-Wooldridge Corporation as potential competitors—
It is only natural that industry does not welcome a competitor with open

arms. In the case of Ramo-Wooldridge, the feeling is perhaps stronger since they
have an outstanding reputation in science and industry. Many knowledgeable
individuals credit Dr. Ramo and Wooldridge as the major factor in the rapid rise
of Hughes Aircraft. Of course, this is a point on which the industry cannot be
articulate, but there can be little doubt that they do not relish Ramo-Wooldridge
as future competitors.

The above motives of the aircraft industry are camouflaged by a number of assor-

tions [sic], which | have heard and will enumerate below.

a. The Air Force is building up Ramo-Wooldridge and this is un-American.
Discussions on this point take several forms and there is always the inference
that Ramo and Wooldridge, in leaving Hughes, were unethical and therefore,
not deserving of Air Force support.

First, in leaving Hughes, and forming a new company, they followed a
time-worn pattern in U.S. industry in which the airframe companies are per-
haps the leaders. Everyone in aviation knows the history of Douglas,
Kindleberger, Bell and others and that most of our major companies were
formed from a splinter of an existing company.
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Furthermore, the airframe industry owes its existence and present afflu-
ence to Government support in contracts and Government furnished facili-
ties. For example, the total North American Government-owned facilities
amount to $61,684,722. An additional $24,017,015 has been approved by the
Air Force for further construction, of which approximately $19,000,000 is in
support of the ATLAS program. Douglas Aircraft have [sic] $108,050,000
worth of Government facilities at their disposal, and Lockheed has
$22,000,000. As for the Ramo-Wooldridge Corporation, the Air Force has to
date furnished them with an analogue computer. In summary, the assertion
that the Air Force is building up Ramo-Wooldridge and the inference that
they were unethical in leaving Hughes Aircraft is very much in the category
of “the pot calling the kettle black.” Air Force action in this case, is entirely in
keeping with past practices.

Perhaps the statement heard most often is that the ICBM system is ready for
production engineering and should be turned over to an old-line company
with a free hand technically, and the funds required to proceed.

The corollary of this statement is that Ramo and Wooldridge are scien-
tists, surrounding themselves with scientists, and are optimizing to such an
extent that the program will be delayed for several years.

The first statement is of course a matter of judgment and while no one
quarrels with the technical feasibility, the Air Force is convinced that the tech-
nical complexities and the advances of the ICBM are each substantially greater
than past development projects. For example, the project has many conspicu-
ous firsts. No one had brought a vehicle of anything approaching this size, to
a speed of 20,000 feet per second. No one has controlled the velocity, even
much more crudely than this, at the ranges required. No one has made to fly
stably [sic], a vehicle which changes its “primary autopilot” constants as it flies,
by virtue of radical changes in weight, center of pressure and the like.

In this connection, it is also well to note the position taken by Douglas
and North American in conversations with representatives of these compa-
nies late this summer. Douglas indicated the ICBM was too big a bite to take
in one step and the development should be in series starting with the short
range ballistic missile. North American indicated that they had constantly
maintained interest in the ballistic missile but gave the impression that it was
rather far out in the blue, and the NAVAHO ramjet approach was the correct
one and much more realistic. [8] Aircraft industries’ performance in the mis-
sile field has also not been impressive. For example, the NAVAHO program
has slipped a total of 8.3 years and the SHARK and MATADOR over 4 years.
All other missile programs have slipped varying amounts.

With respect to optimization by Ramo-Wooldridge, it should be noted
that the Strategic Missile Committee recommended that a comparative analy-
sis and technical study to be undertaken to establish a reoriented ICBM pro-
gram. This was concurred in by the Air Force Council. The analysis and study
had been underway for a number of months and while the objective has been
to optimize, it is to optimize the approach which will lead to the earliest oper-
ational capability. We strongly feel that this is being accomplished. One out-
standing example of this being the reorientation of the configuration. We are
certain that a three-engine configuration weighing slightly over 200,000 Ibs,
can do the job and will replace the CONVAIR five-engine 450,000 Ibs. con-
figuration. In this connection, CONVAIR, as late as early September, was rec-
ommending that the Air Force approve the five-engine configuration and
launch into an all-out program on this basis.
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Finally, the assertion which | have heard a number of times is that the present
management approach eliminates competition. The fact is that the opposite
is true. We are opening up the program for competition. The top electronics
companies have been invited to compete for the development of the radar
tracker, and the same applies to the computer and inertial guidance system.
Likewise, in conjunction with the [Atomic Energy Commission], we are giv-
ing consideration to the outstanding companies for development of the nose
cone. In other words, we are going to the industries where the greatest com-
petence exists for each of the major components of the system. Compare this
with the approach taken by the airframe companies in the development of
NAVAHO, SHARK, and ATLAS. As | have already pointed out, in each
instance, they established within their own company, departments for devel-
opment of components, where component industries of great competence
already existed.

6. CONCLUSIONS:

a.

b.

134

7.

a.
b.

The airframe industries based on self-interest apparently desire to upset the

present Air Force ICBM management approach.

They probably favor the prime contractor approach along the pattern of

NAVAHO, SHARK, and (ATLAS, prior to the establishment of [the Western

Development Division]).

The component industries are not organized on this matter but would probably

support the Air Force management approach once it is entirely clear to them.

The assertions made by the airframe industries concerning the [Western

Development Division]-Ramo-Wooldridge set up do not bear up under close

inspection.

The Air Force management approach is sound in that it

(1) provides the strongest possible weapon system management team, with
control remaining in the Air Force,

(2) insures [sic] that the most competent component industries participate,

(3) is consistent with AFR 70-9, reversing the trend of airframe company
expansion into component fields.

(4) has the support of the scientific community,

(5) is streamlined to permit crash operations and is most likely to convince
higher authority that the Air Force is not pursuing this program on a
“business-as-usual” basis.

RECOMMENDATIONS:

That the Air Force remain firm on the ICBM management

that the Secretary’s level be advised of certain information contained in this
memorandum to off-set any pressure which the industry may bring to bear at
that level.

BERNARD A. SCHRIEVER

Brigadier General, USAF

Commander, Western Development
Division (ARDC)
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Document I-14

Document title: Brigadier General A.J. Goodpaster, “Memorandum of Conference With
the President, March 10, 1958—10:20 AM,” March 11, 1958.

Source: Dwight D. Eisenhower Library, Abilene, Kansas.

As part of organizing the government’s space and missile programs in the months following Sputnik,
President Eisenhower, in the meeting recorded in this memorandum, took initial steps to begin a sig-
nificant examination of solid fuels for missile and space use and to eliminate overlap in the interme-
diate range ballistic missile (IRBM) program. He also initiated consideration of giving a significant
role in the space program to the von Braun rocket team based in Huntsville, Alabama. George B.
Kistiakowsky would later replace James R. Killian, Jr., as Eisenhower’s science advisor in July 1959.

[stamped “UNCLASSIFIED” over “SECRET,” declassified May 5, 1987]
[1]

March 11, 1958

MEMORANDUM OF CONFERENCE WITH THE PRESIDENT
March 10, 1958—10:20 AM

Others present: Dr. Killian
Dr. Kistiakowsky
General Goodpaster

Dr. Killian spoke from a memorandum, the original of which he handed to the
President.

With regard to the proposal for a well-conceived basic research effort on solid pro-
pellants, the President strongly stressed that an overall group, such as ARPA [Advanced
Research Projects Agency], should conduct this research. Other-wise, it would be done in
bits and pieces. In fact, he thought that all research on fuels should be kept centralized,
avoiding the wastes of duplicating effort. Dr. Kistiakowsky reported that there has really
been very little support for, or interest in, a solid propellant develop-ment program. There
have been many starts and stops, and the effort that has been devoted to these fuels has
been very small. In the interest of economy of effort and continuity, he would agree with
putting the program into ARPA. The President suggested that it might even be put in the
civil agency now under consideration.

Dr. Killian stressed the need for a review by the President of proposals for “second
generation” missiles. The President strongly agreed and asked that necessary directives be
developed.

The President further agreed with the recommendation for a program of improve-
ment on the TITAN missile, and for phasing out the ATLAS as soon as consistent with an
adequate rate of buildup of total missile forces.

The President said that he conceived of the missile activity as separate and distinct
from traditional air, ground, and sea operations. He would accept the logic of a decision
by the Department of Defense to assign a submarine-based missile such as POLARIS to the
Navy, but he saw no reason for the Air Force or for the Army to try to preempt the field.
Instead, he would incline toward a single missile command. Specifically, he agreed that we
should not rush into the proposed [2] Minuteman program; he asked that there be no
approval along these lines until the matter had been much more carefully considered,
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and presented to him. Dr. Killian repeated his recommendation that Defense should not
produce both THOR and JUPITER. The President said that so far as he is concerned
there is no problem with dropping either of these. He asked what could be done with the
team at Huntsville, which he understood was a group of outstanding ability. Dr. Killian
said that they are working on the PERSHING missile family. He also said that this group
is well suited to conducting space program activities, either under ARPA or NASA.

The President asked why Drs. Killian and Kistiakowsky thought that the THOR was a
better missile than the JUPITER. Dr. Kistiakowsky said it is not better, but simply nearer to
quantity production. He feels that the shift to industrial producers of the JUPITER
(Chrysler, Ford Instrument, and Goodyear) would delay its availability. The President said
that he would agree to closing out the JUPITER, but thought the Huntsville force should
be promoted to space and similar activities. He thought consideration should be given to
taking them out of their present assignment and assigning them to ARPA, or even to
NASA. Dr. Kistiakowsky commented that the PERSHING is an excellent approach, and the
President said that the Huntsville group could work on that project too.

The President asked Dr. Killian to prepare for him a series of decisions very tightly
drafted and very positive in tenor to accomplish what had been recommended. He said
he strongly agreed with the basic proposal to obtain centralized direction and thought this
should be done soon.

Dr. Killian asked whether he should ask the Secretary of Defense to carry out studies
to give effect to the proposals. The President said this would be all right, but that we
should make clear what the scientific conclusions and recommendations are. Dr. Killian
said he was prepared to do this.

A.J. Goodpaster
Brigadier General, USA

Document I-15

Document title: Hugh L. Dryden, Deputy Administrator, NASA, Memorandum for the
President, “Use of Solid Propellants in U.S. Space Program,” April 7, 1961.

Source: Documentary History Collection, Space Policy Institute, George Washington
University, Washington, D.C.

Solid rocket motors had a place in the development of the U.S. space program from the very beginning,
although they tended to find more favor within the Department of Defense than within NASA. This
memorandum summarizes for President Kennedy the state of the use of solid rocket motors in the U.S.
space program three months after Kennedy assumed office and just a month and a half before he made
his decisive speech before Congress calling for landing a human on the Moon within the decade.
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[1]
NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
OFFICE OF THE ADMINISTRATOR
1520 H STREET NORTHWEST
WASHINGTON 25, D.C.

April 7, 1961
MEMORANDUM FOR THE PRESIDENT
Subject: Use of Solid Propellants in U.S. Space Program

Solid propellant rockets have been used in the U.S. space program from its very
beginning. Explorer | used a liquid fueled rocket for the first booster stage, but the three
upper stages were made up of clusters of solid propellant rockets. Although the perfor-
mance of solid propellants is somewhat inferior to that of liquid propellants, the simplic-
ity of solid rockets makes their use extremely attractive. When NASA was established in
October of 1958 a project was started to develop a space vehicle capable of placing
150 pounds in a 300-mile orbit about the earth based completely on the use of solid pro-
pellant rockets. An attempt was made to use the Polaris as the first-stage booster but at the
time the Navy could not make this rocket available. As a substitute one of the rockets
which had been used in the development of Polaris was selected. This vehicle now sup-
ports an important part of our space program, and is called “Scout.”

The extension of the use of solid propellants to larger vehicles has been carefully stud-
ied. Even in the size used for the first stage of Scout it is necessary to transport the fully
loaded stage as a unit by means of a special trailer accompanying each booster, provided
with an electric heating blanket to maintain the temperature of the booster within certain
limits. Until very recently the necessity of transporting the completely loaded stage as a
unit has seemed to present rather formidable difficulties for still larger stages. It has
[2] been proposed in at least one instance to manufacture the solid propellant at the
launch site and to load the vehicle in place. This seems to be a rather impractical proposal
to most of us. The recent development of segmented solid propellant rockets, i.e., those
which are made in a number of separate pieces which can be bolted or otherwise fastened
together at the launch site, seems to offer a way of overcoming these logistic difficulties.
NASA has supported one group in developmental testing of this segmented approach and
the Department of Defense has supported still another approach of the same general
character. Another proposed solution is to cluster a number of smaller solid propellant
rockets in the same fashion as liquid propellant rockets are clustered in the Saturn boost-
er. In its planning NASA has studied the desirability of proceeding to an all-solid propel-
lant space vehicle of larger size than the Scout, to ultimately replace those space vehicles
based on the Thor booster, whose manufacture will ultimately be discontinued.

Because of differing technical characteristics of liquid propellant and solid propellant
boosters, there is much confusion about the proper basis for comparison of their perfor-
mance. In fact such comparisons can be based soundly only on detailed computations of
the performance in specific missions. The principal differences arise in the rate of burn-
ing of the fuel, and the method of control of burning time and direction of thrust. In gen-
eral solid propellants burn more rapidly and thus provide a larger thrust than a liquid
fueled rocket containing a similar amount of fuel. However the thrust rating is not a mea-
sure of the effectiveness of the rocket in placing weight into orbit. The significant quanti-
ty is the total impulse, or approximately the product of the thrust by the time of burning.
The solid propellant rocket accomplishes its job by a large thrust with a short time of
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burning and the liquid propellant rocket accomplishes the same job with a smaller thrust
and a longer burning time. One result of this is that the solid propellant rocket usually
gives a higher acceleration, which is partly beneficial and partly detrimental. The benefi-
cial result is to reduce somewhat the penalties of atmospheric drag in the lower atmos-
phere; the detrimental effect is to impose higher accelerations on the apparatus and
equipment which is carried.

[3] In the application to manned space flight, it will be necessary to carefully control the
maximum accelerations imposed on the man. Further it will be necessary to study very care-
fully whether there are practical methods of forecasting impending difficulties with solid
propellant rockets in time to enable a man to escape, if the booster is defective. However,
at the present time, the fully developed solid propellant rockets are more reliable in per-
formance than liquid fueled rockets, and many of their failures are non-catastrophic.

The number of firings required for the development of a solid propellant rocket is a
matter of some controversy between experts. Some information is available from the expe-
rience with Polaris, and more will be available from the Minuteman program when many
more firings have been made. Experience with the development of sounding rockets and
with the development of the Scout components does not give much ground for such opti-
mism as is expressed by estimates that a mere ten to fifteen firings will be sufficient.

Currently proposals are being made to move immediately from solid propellant rock-

ets in the sizes now available to much larger rockets or to clusters of rockets to duplicate
the performance of Saturn. Claims are made that this can be done in much shorter time,
but analysis shows that the comparisons are made between the first firings of a first-stage
booster and the use of a developed multi-stage space vehicle. There is no question that a
structure could be built to hold a number of existing solid propellant rockets in a cluster
within about eighteen months. In fact the Saturn is nothing but a cluster of eight existing
liquid fueled engines. This first stage has been built and static-tested within less than two
years and the first firing of this cluster as a first stage will be done during the current year.
This firing of the Saturn cluster by no means constitutes a useful space vehicle, nor will a
mere cluster of solid propellant rockets. It is necessary to develop a complete multi-stage
vehicle with its guidance and control systems. The development of even the simplest
multi-stage space vehicle assembled from existing components has invariably taken an
additional eighteen to twenty-four months, and some of these assemblies have never been
successfully fired. Because of the variability in performance of solid propellants, it is nec-
essary to provide in the first stage solid propellant booster means for control of the direc-
tion of thrust and of the burning time.
[4] In the present U.S. space program, approximately one-third of the total funds are
being expended in the development of larger vehicles than now available. The initiation
of a large booster project using solid propellants would add another $500 million or so in
the vehicle area to provide a complete multi-stage space vehicle. There is no reason to sug-
gest that such a development could be completed prior to the Saturn development.

Hugh L. Dryden
Deputy Administrator
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Document I-16

Document title: NASA, News Release, “Mercury Redstone Booster Development Test,”
Release No. 61-57, March 22, 1961.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The second suborbital Mercury/Redstone (MR-2) test flight, launched on January 31, 1961, carried
the chimpanzee Ham further downrange into the Atlantic Ocean than had been planned, and it sub-
jected the ape to very high gravity loads. While an astronaut would have survived the flight, he would
have been quite uncomfortable. The developers of the Redstone at the Marshall Space Flight Center,
Wernher von Braun and his associates, quickly identified the cause of the flight anomaly as a valve
that stuck in the open position, and they proposed a simple remedy. The Marshall team insisted that
an unplanned test flight be inserted in the Project Mercury schedule to test the fix. This meant that
the first suborbital flight by a U.S. astronaut was slipped six weeks. In the interim, Yuri Gagarin
became the first human to go into space.

[1]
NEWS RELEASE
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
1520 H Street, Northwest, Washington 25, D.C.

FOR RELEASE: IMMEDIATE
March 22, 1961

Release No. 61-57

Mercury Redstone Booster Development Test

A special development flight test of a Mercury-Redstone launch vehicle will be con-
ducted from Cape Canaveral, Florida, in the next few days.

The purpose of the test will be to provide engineers of the National Aeronautics and
Space Administration with additional performance data on the Redstone vehicle which
will lift the Astronaut-carrying Project Mercury spacecraft on short suborbital training
flights down the Atlantic Missile Range.

The upcoming flight will be devoted exclusively to proving the modifications which
have been incorporated in the rocket system as a result of earlier Mercury-Redstone
flights. If the flight goes as planned, the Redstone, carrying a full scale boilerplate—or
dummy—Mercury craft will reach a peak altitude of about 100 (statute) miles and land
about 300 miles down range.

In this test, the dummy Mercury craft will not be separated from the Redstone launch

vehicle. No recovery of either the spacecraft or the launch vehicle is planned. The
Mercury craft will not contain any operating systems or instrumentation and has been
included in the test to provide only the proper weight and aerodynamic factors for the
flight. The Mercury escape rocket will be inert and not capable of removing the craft from
the launch vehicle in case of malfunction.
[2] Two Redstone launch vehicles have been flown in earlier Mercury tests. The first suc-
cessfully launched a heavily instrumented production Mercury spacecraft on a suborbital
flight to verify the operation of the Mercury systems in the space environment. Conducted
on December 19, 1960, this test was termed an unqualified success with regard to the over-
all Mercury mission.
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On January 31, 1961, a second Mercury-Redstone combination was flown. The
Mercury spacecraft carried a chimpanzee to check out the Mercury life support system in
flight.

In that flight (MR-2), test results indicated the Redstone engine ran with the throttle
literally “wide open.” As a result, liquid oxygen was consumed at a higher rate than
planned causing the engine to cut-off sooner than planned. The Mercury automatic abort
sensing system (ASIS) properly activated the spacecraft’s emergency escape system to pull
the craft away from the launch vehicle. Firing the escape rocket added still further to the
already greater range and altitude of the flight path.

“Ham,” the animal passenger on the MR-2 flight, was recovered unharmed. The flight
provided vital data on the performance of the animal and the operation of the Mercury
spacecraft operating systems.

Analysis of previous Mercury-Redstone flights has revealed a control system vibration
problem related to the greater length and altered mass distribution of the rocket.
Corrective steps have been taken to prevent reaction of the attitude control vanes to vehi-
cle body oscillations.

In the Redstone to be used in this test, an electrical filter has been installed in the
attitude control system to damp out undesirable signals. In addition, a thick, vibration-
reducing undercoating has been applied to the inner skin of the upper part of the instru-
ment compartment of the Redstone.

[3] The Redstone Launch Vehicle

The Redstone launch vehicle used in the Project Mercury flight program is 83 feet
long, including the spacecraft and escape tower. This is compared to 69 feet for the stan-
dard earlier Redstone rockets. The vehicle is 70 inches in diameter and liftoff weight is
66,000 pounds including the spacecraft.

The basic Redstone rocket has been modified for the Mercury mission. Modifications
include:

1. Elongation of the tank section by about six feet to increase fuel and liquid oxygen
capacity. The added fuel increases burning time by about 20 seconds. The Redstone was
similarly elongated for its role in the launching of early Explorer satellites. That earlier
version was known as the Jupiter C.

2. The North American Rocketdyne engine to be used in this flight is of the latest
Redstone design (A-7), modified for this application. Using alcohol and liquid oxygen,
the thrust level of the engine in this launching will be 78,000 pounds. Modifications have
been incorporated in the engine system to provide for the extra long burning time and
for improvements in the peroxide system which drives the fuel and liquid oxygen pumps,
and provides thrust control.

3. The Mercury-Redstone, as compared to the earlier standard Redstone, has a less
complex control system which is designed for simpler and more reliable operation. The
system uses an autopilot in conjunction with carbon jet vanes in the exhaust of the propul-
sion unit and air rudders to maintain proper flight attitude.

4. An automatic abort sensing and implementation system has also been built in to
the Redstone for the Mercury mission. It is an electronic system which serves to give an
advance warning of a possible impending launch vehicle malfunction. In the event any
one of several deviations from planned launch vehicle performance occurs, the system
gives an electric signal which terminates the launch vehicle thrust, separates the spacecraft
from the launch vehicle, and activates the spacecraft’s escape rocket to propel the craft a
safe distance away within about one second.
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[4] The abort system senses and is activated by such conditions as unacceptable deviations
in the programmed attitude, excessive turning rates, loss of thrust, critical irregularities in
thrust in the engine, or loss of electrical power.

In the MR-BD flight, the automatic abort sensing and implementation system will be
flying “open loop.” It will observe all of the functions and report its findings through
telemetry but will not be capable of initiating the Mercury escape system.

Instruments installed in the Redstone launch vehicle will telemeter about 65 mea-
surements surveying all aspects of the rocket behavior during the flight such as attitude,
vibrations, accelerations, temperature, pressure and thrust level. Several tracking signals
will also be telemetered by the vehicle.

Document I-17

Document title: Assistant Deputy Chief of Staff, Development, U.S. Air Force, to AFCCS,
“Convair Analysis of Atlas Booster Space Launches,” with attached: J.V. Naish to Dr. T.
Keith Glennan, Administrator, NASA, December 21, 1960, and A.D. Mardel, Senior Flight
Test Group Engineer, Convair Astronautics, General Dynamics Corporation, to
Distribution, “Short Summary of Atlas Space Boosters,” EM-1691, December 17, 1960.

Source: Library of Congress, Washington, DC.

The Atlas ICBM was modified to serve as a launch vehicle for a number of early space missions. Many
of those missions experienced very visible failures during the launch phase. These failures were of con-
cern to NASA Administrator T. Keith Glennan, because they cast public doubt on the ability of NASA
to carry out its missions successfully and because the Atlas was scheduled to be the launch vehicle for the
first U.S. human spaceflight effort, Project Mercury. The Atlas was manufactured by the Convair
Division of General Dynamics. In the attached letter, Convair president J.V. Naish attempts to assure
Glennan that the basic Atlas booster was reliable enough to be counted on as a space mission launcher.

[stamped “SECRET,” declassified December 12, 1980]

DEPARTMENT OF THE AIR FORCE
HEADQUARTERS UNITED STATES AIR FORCE
WASHINGTON 25, D.C.

REPLY TO
ATTN OF:

SUBIJECT: Convair Analysis of Atlas Booster Space Launches
TO: AFCCS

1. The attached copy of a letter and inclosure [sic] from Mr. J.V. Naish, President of
Convair Division of General Dynamics Corporation, to Dr. Keith Glennan is forwarded as
an item of interest to you in conjunction with the report on NASA/Air Force space pro-
ject relations recently provided to you.

2. | consider the letter a very candid approach, with valid reasoning, as well as an under-
standable reaction on the part of Convair. The summary of the Atlas booster space
launches has been reviewed and the information is factual in content and void of any bias
on the part of the contractor.
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1 Atch—Ltr from Mr. J.V. Naish
VICTOR R. [signature illegible] w/Atch EM-1691
Major General, USAF
Asst Deputy Chief of Staff,
Development
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THIS DOCUMENT STANDING ALONE IS UNCLASSIFIED.

[1]
December 21, 1960

Dr. T. Keith Glennan

Administrator

National Aeronautics and Space Administration
1520 H Street, N.W.

Washington 25, D.C.

Dear Keith:

During our recent evening in Washington | was particularly concerned about the impres-
sions you had regarding the specific reliability of Atlas as the booster for space vehicles.

Assoon as | returned, therefore, | had the attached analysis prepared, which examines the
detail situation of the Atlas performance in its use to date as a space booster. In general, it
shows that the Atlas has been used as a space booster in ten attempts so far and that in only
one of these ten has the Atlas failed insofar as mission performance is concerned, and that fail-
ure was during a static test of Missile 9C, the first Atlas-Able. In the other nine operations Atlas
has performed successfully as far as its mission is concerned or a failure has occurred which
definitely cannot be isolated but is peculiar to actions of the upper stage on top of the Atlas.

Since in a number of these cases, however, the immediately obvious result of the flight
attempt is a spectacular explosion of the booster stage, it is frequently reported in the
immediate press reaction as an Atlas explosion. Although this is true, it is also true that
this is a secondary reaction.

I am sending this material because we both know that Atlas has been programmed for
a booster for a number of NASA and Air Force space programs and that it is important for
public confidence in these programs that the Atlas performance be accurately stated in
public discussions by all the people concerned in these programs. In fact, in the last two
weeks we have had several calls from the press in which they mistakenly [2] ascribed fail-
ures in programs to the Atlas because, as stated above, the end results of failures were gen-
erally explosions in the booster stage.

I certainly share with you not only the disappointment in program failures, but I fully
agree that each of us as members of the team cannot find solace because the responsibility
of any failure is attributable to any other member of the team. We at Convair will do every-
thing possible to achieve the team success which the urgency of these programs demands.

Sincerely,
J.V. Naish

cc - Lt Gen B.A. Schriever

*hkkhkhkhhkhkhkhkx
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[1] COPY No. 5
CONVAIR ASTRONAUTICS

EM-1691
GENERAL DYNAMICS CORPORATION 17 December 1960

To: Distribution
From: A.D. Mardel
Subject: Short Summary of Atlas Space Boosters

Ten Atlas missiles have been used as space boosters to date:
Mission Failure

Project Missile No. Brief Comment Responsibility
SCORE 10B Completely satisfactory. None
Mercury 10D Atlas failed to stage. None
Atlas-Able 9C Bad plumbing, Atlas blew on FRF. Atlas*
Atlas-Able 20D Upper stages fell off at 47 seconds. Upper stage
MIDAS 29D Incident during Agena separation. Upper stage
MIDAS 45D Completely satisfactory. None
Mercury 50D Incident at 57 seconds. ?

Atlas-Able 80D Incident during Able separation. Upper stage
SAMOS 57D Atlas autopilot only, Agena lost control gas. Upper stage
Atlas-Able 91D Incident at 66 seconds.

*Not a flight, but a ground firing.
The purpose of this memo is to summarize the performance of each of the ten boosters.

Missile 10B

Missile 10B was launched from Complex 11 at AMR [Atlantic Missile Range] on
18 December 1958. The entire missile, minus the booster section, was placed into an orbit
around the earth in fulfillment of its primary objective. The missile carried two Signal
Corps packages for transmission of voice and teletype messages to and from the satellite.
The capability of this equipment was successfully demonstrated.

Only one problem was evident during the flight. Tracking data indicated an excessive
azimuth error during the self-guided phase of flight. An 11° roll error was established
prior to 23 seconds. Despite the azimuth error, the guidance system satisfactorily
provided the proper steering commands to place the missile on the correct azimuth. The
cause of difficulty was attributed to a misalignment of the gyro canister in roll by 11
degrees.

References: Convair Reports ZC-7-208 and AE60-0103

Missile 29D

Missile 29D was launched from Complex 14 at AMR on 28 February 1960. This was
the first Atlas missile designated to support the MIDAS Project. Performance of the Atlas
vehicle was completely satisfactory during powered phase. Shortly [2] after vernier cutoff,
a guidance discrete command was sent to separate the satellite vehicle. An incident
occurred shortly after firing of the retrorockets which affected both the booster and satel-
lite vehicles. The primary objective of placing a MIDAS satellite, carrying an infrared
detection payload, into a circular orbit of 300 statute-miles altitude was not achieved.
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The incident resulted in loss of Atlas lox [liquid oxygen] tank structural integrity and
indeterminate damage to the satellite vehicle (satellite telemetry lost at the time of the
incident). The final Lockheed report advanced the following theories:

a. Explosion of one or more retrorockets located in the Lockheed adapter, starting

a chain of events leading to Atlas lox tank rupture.

b. Explosion of the Agena destruct charge, thereby rupturing the Atlas lox tank.

c. Explosion of the Atlas lox tank for unknown reasons.

The MIDAS Joint Flight Test Working Group Report states that the most probable
cause of the incident was either inadvertent activation of the satellite premature separa-
tion destruct charge circuitry or a random failure of the satellite high pressure gas spheres
which resulted in a hypergolic explosion of the satellite propellants.

On the next MIDAS flight, Missile 45D, Lockheed made many changes to their vehi-
cle such as rewiring of electrical equipment and disabling of the Agena premature sepa-
ration destruct system. No changes were made to the Atlas, and the flight was a complete
success; therefore it is inferred that the cause of difficulty on the 29D flight was an inad-
vertent activation of the Agena destruct system.

References: Convair Report AZC-27-118
Lockheed Reports LMSD-445912-08 and LMSD-445962-1

Missile 45D

Missile 45D was launched from Complex 14 at AMR on 24 May 1960. The primary
objective of this flight was to place a MIDAS satellite in a circular orbit, approximately
261 nautical miles from earth, carrying an infrared detection payload. This objective was
fully satisfied. The operation of the Atlas booster was completely satisfactory.

References: Convair Report AE60-0320, Lockheed Report LMSD-445912-07

Missile 57D

Missile 57D was launched from Pad 1 at PMR [Pacific Missile Range] on 11 October
1960. The primary objective of this flight was to place a SAMOS satellite in a circular orbit,
approximately 261 nautical miles from earth. This objective was not satisfied [3] because
of damage to the satellite vehicle at liftoff when an umbilical failed to release satisfactorily.

The operation of the Atlas booster was satisfactory in accomplishing its mission,
despite a guidance system failure. Complete loss of the guidance track subsystem during
booster stage prevented the generation of any commands, solely by the pre-programmed
flight control system. The guidance loss resulted from a failure of the airborne pulse bea-
con or decoder or its associated waveguide. The exact cause remains unknown because no
guidance system measurements were telemetered on this flight.

At liftoff the nitrogen control gas fitting in the Agena was broken off, causing control
gas completion shortly after launch. Also, damage is believed to have occurred to the heli-
um system. The lack of control gas prevented stabilization of the Agena satellite. During
engine burning, the thrust was not developed along the flight path and the satellite failed
to orbit. Engine performance was slightly subnominal due to low helium pressure.

References: Convair Report AE60-0749, Lockheed Report LMSD-445919-1

Missile 10D

Missile 10D was launched from Complex 14 at AMR on 9 September 1959. This was
the first missile designated to support the Mercury Project. All flight objectives were not
satisfied because the booster section failed to jettison 3 seconds after cutoff as planned.
Because of the added weight of the booster section, fuel depletion occurred before the
sustainer cutoff discrete was transmitted. As a result, the sustainer fuel and lox valves
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remained open, and residual thrust was indicated. This residual thrust prevented a nor-
mal capsule separation, with continuous or almost continuous coupling of the capsule
and tank section indicated out to approximately 83 seconds after retrorocket fire. The
capsule was recovered in a satisfactory condition.

The strongest possibility for the failure was that the electrical signal did not reach the
squibs of the Conax valves. The plug connecting the Conax valve wiring to the wires from
the programmer was relocated and rewired to increase accessibility. This task was accom-
plished by TVA [Tennessee Valley Authority] at AMR. Continuity checks made at the plug
during preflight testing verified that the wiring was intact; however, it is possible that the
wires were connected to the improper contacts when the plug was moved and that the
continuity checks were also made on the wrong contacts.

References: Convair Reports AZC-27-077 and AE60-0103
NASA Working Paper No. 107

Missile 50D

Missile 50D was launched from Complex 14 at AMR on 29 July 1960. This was the sec-
ond missile designated to support the Mercury Project and the first to boost a McDonnell
capsule. Performance of the Atlas booster was completely [4] satisfactory until 57.60 sec-
onds. At this time an incident occurred which culminated in loss of telemetry and destruc-
tion of the Atlas booster at 58.99 seconds.

At 57.60 seconds an impulse disturbance was registered by the missile axial accelerom-
eter and the capsule high range longitudinal accelerometer. The data indicates that the
capsule accelerated at approximately 22 g’s while the missile was decelerated at approxi-
mately 2 g’s. Available data does not permit detailed determination of the cause of flight
failure; however, a logical explanation for the sequence of events is that static or dynamic
loads were introduced into, and caused rupture of, the forward portion of the lox tank.

All evidence indicates that the capsule survived the disturbance without damage but
was then destroyed upon impact with the surface of water.

References: Convair Report AE60-0323, NASA Working Paper No. 159

Missile 9C

Missile 9C, assigned as the first stage of the four-stage Atlas-Able IV Lunar Satellite
Project, was destroyed by fire and explosion during a flight readiness firing on
24 September 1959, at Complex 12 at AMR.

The loss of the missile followed a premature cutoff of the engines at 2.1 seconds. The
cutoff was preceded by an unloading of the sustainer fuel pump and subsequent turbine
overspeed, followed by rupture of the sustainer lox pump low pressure system. Liquid oxy-
gen entering the engine compartment started a fire of such intensity that normal firex
facilities were incapable of extinguishing the flame.

It was determined that sustainer fuel pump cavitation was caused by entrainment of
helium in the fuel flowing to the pump. The helium entered the system when the vernier
fuel tank vented into the main missile tank in the vicinity of the sustainer fuel outlet.
Improper installation of the vent line to a port below the baffle was a result of poor engi-
neering judgment. This modification (5-second tanks) was unique to 9C in the C Series.
A similar modification performed earlier on Missiles 10B and 13B resulted in satisfactory
performance. The extension of the modification to 9C was unsatisfactory due to a change
in configuration between B and C Series.

Reference: Convair Report FTA 6182
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Missile 20D

Missile 20D was launched from Complex 14 at AMR on 28 November 1959. This mis-
sile was the second missile to be assigned as the first stage of the Atlas-Able IV Lunar
Satellite Project. Performance of the Atlas vehicle was satisfactory. Engine ignition and
separation of the Able second stage from the [5] Atlas was effected satisfactorily at 261 sec-
onds but mission objectives were not accomplished because of an upper stage failure at
47 seconds.

The upper stage failure at 47 seconds was reflected as a disturbance in Atlas rate gyro
and accelerometer data, loss of second stage guidance signals, ultimate loss of second
stage telemetry signals, and was observed both visually and photographically to be several
objects falling away from the missile. Portions of the payload and payload adapter were
recovered in the vicinity of the Cape. No STL Report is available stating what the cause of
failure was. The Atlas missile was in no way implicated in the upper stage failure.

One minor problem was apparent in the Atlas booster. The initial operating level of
the booster engines was somewhat reduced because of momentary faulty operation of the
booster reference regulator. The temporary reduction in booster thrust, from before
liftoff to 3 seconds after, had no overall adverse effect on Atlas performance. The transient
condition in the regulator was the result of an out-of-tolerance manufacturing condition.

References: Convair Reports AZC027-080 and AEOO-0103

Missile 80D

Missile 80D was launched from Complex 12 at AMR on 25 September 1960. This was
the first booster vehicle for the Atlas-Able V Lunar Satellite Project. The Atlas vehicle was
successful in boosting the upper stage to the planned position and velocity. Ignition of the
Able second stage engine occurred at the proper time; however, the thrust chamber pres-
sure dropped abruptly to a lower level during separation with complete shutdown occur-
ring prematurely. As a result the overall mission was not completed.

No STL Report is available stating what the cause of failure was. The Atlas missile was
in no way implicated in the upper stage failure.

Three minor problems were apparent in the Atlas booster. None of these problems
had any overall adverse effect on Atlas performance. The first problem was failure of the
vernier engines to shut down when a command was generated 5 seconds after sustainer
cutoff. The failure has been attributed to a short circuit in the vernier cutoff relay. The
second problem was an abnormal pressure decay in the separation bottle; the pressure
dropped from 3,135 to 2,590 psig between liftoff and booster cutoff. The exact cause of
this pressure decay is unknown. The third problem was an excessive bending mode
buildup starting at the time of commencement of the pitch program. Use of quadratic-
lead, triple-lag stabilization filters incorporated in the square type autopilot packages
resulted in insufficient attenuation near 24 cps for the Atlas-Able configuration.

Reference: Convair Report AE60-0748

[6] Missile 91D

Missile 91D was launched from Complex 12 at AMR on 15 December 1960. This was
the second booster for the Atlas-Able V Lunar Satellite Project. All data indicates that
operation of the Atlas booster was satisfactory until 66.680 seconds. At this time an inci-
dent occurred which culminated in destruction of the Atlas booster at 74 seconds.

At 66.680 seconds an impulse disturbance was registered by the missile axial
accelerometer and the Able vehicle axial accelerometer. The data indicates that the Able
vehicle accelerated while the booster was decelerated. A vibration measurement in the
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Able second stage engine compartment showed a buildup in output starting approxi-
mately 15 milliseconds before the disturbance indicated on the Atlas booster axial
accelerometer.

No films are yet available in San Diego and the data are in the process of being ana-
lyzed at this time.

Reference: Convair Memo EM-1689

A.D. Mardel
Senior Flight Test
Group Engineer

Document 1-18

Document title: George E. Mueller, “NASA Learning From Use of Atlas and Titan for
Manned Flight,” with attached: “Summary Learning From the Use of Atlas and Titan for
Manned Flight,” December 21, 1965.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

A converted Atlas missile was used for each of the four orbital flights in Project Mercury, and a con-
verted Titan 11 ICBM was used in each of the ten flights in Project Gemini. This experience was cru-
cial as NASA began to plan for the initial Apollo missions. When this memorandum was written in
1966 by NASA's Associate Administrator for Manned Space Flight, George Mueller, the Air Force was
planning to launch military crews in the Manned Orbiting Laboratory (MOL) program.

[1]
A/Administrator DEC 21 1965

M/Associate Administrator for Manned Space Flight

NASA Learning From Use of Atlas and
Titan for Manned Flight

The attached summary of what NASA has learned in the last six or seven years
through working with the Air Force in making use of Atlas and Titan for manned flight is
submitted in response to your request.

For your convenience, following is a recapitulation of the salient knowledge we have
acquired:

a. The unique management procedures, techniques, philosophy and related experi-
ence acquired and developed by the Air Force during the course of the ballistic missile pro-
gram. These have been adopted and adapted by NASA to meet our specific requirements.

b. The difficult, detailed and productive process of converting selected operational
military missiles to man rated boosters with the associated system reliability (redundancy,
quality assurance and control, etc.) requirements.

c. The detailed procedures, checkouts and operational techniques required for the
successful integration and operation of a launch complex and the launching of manned
vehicles.
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d. Avast amount of ancillary technical-engineering knowledge and experience from
the Air Force in essential areas such as guidance, performance, propellants, vehicle and
spacecraft component design manufacture and procurement, etc.

The NASA, Air Force and Industry have learned together and have mutually benefited
from working together in expanding on the technology of the Atlas and Titan vehicle sys-
tems. The sum of this experience [2] and acquired knowledge is being effectively applied
to the NASA Apollo-Saturn and the Air Force MOL-Titan Il manned flight programs.

George E. Mueller

*hkkhkkhkhkhkhkhkkx

Enclosure

[1]
Summary Learning From the Use of Atlas
and Titan for Manned Flight

What we have learned in the past six or seven years through working with the Air Force in
making use of the Atlas and Titan launch vehicles for manned flight is summarized in the
following five sections.

I.  Management (Procedures, Techniques, Philosophy and Personnel)

1. Probably the most important item that NASA learned was how to apply and direct-
ly benefit from the management techniques and the government-industry team approach
established by the Air Force’s ballistic missile program. NASA adopted and modified the
Air Force system management concept. The direct experience, management and pro-
curement know-how of the Air Force has been effectively transferred to NASA.

2. As aresult of the joint effort, familiarity with the internal operations and organi-
zation of each agency was developed by both NASA and the Air Force as a basis for future
cooperation and mutual support of manned space flight problems.

3. The Mercury and Gemini programs are largely responsible for a large number of
Air Force Officers serving NASA at all levels on direct loan or in supporting Air Force
efforts. This day-to-day working is and has been a productive learning process for mem-
bers of both agencies.

4. NASA learned to work together with the management panels of the DOD
[Department of Defense] resulting in the formation of the AACB [Aeronautics and
Astronautics Coordinating Board], etc., joint panels and boards. The Mercury program
resulted in the development of procedures and ground rules for manned space program
interagency committees and was a major factor in the recognition of the need for and
establishment of standardized Air Force NASA spacecraft standards. The Air Force was
responsible for NASA’s early recognition of the necessity for formalized procedures. In the
early phases of the Mercury program, NASA was inclined toward very informal procedures.
[2] 5. NASA has learned that any particular contractor such as Martin or Convair must
have only one specific “boss,” either the Air Force or NASA, but not both at the same time
on any one particular system or vehicle. This is often hard to learn on cooperative pro-
grams and early recognition of this fact was most important to manned space flight efforts.

6. NASA-Air Force-Industry learned and developed educational and unusual per-
sonnel handling techniques which highly motivated assembly line workers, technicians
and clerical personnel to perform well above the routine level to insure [sic] success in
the manned programs.
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7. NASA learned to use and benefit from the unusual expertise of specialized Air
Force contractors such as the Aerospace Corporation and Space Technology Laboratories.

Il. Man Rating of a Missile Booster

1. The process of man rating the Atlas and Titan 1l taught both the Air Force and
NASA the tremendous differences between an operational missile capability and a man
rated booster.

2. NASA and the Air Force learned firsthand the vast amount of additional proce-
dures, time, effort and dollars necessary to achieve man rating standards. Atlas and Titan
Il were not designed to the mechanical limits and reliability criteria established for manned
vehicles. Starting with Atlas, the most reliable booster avail-able, it took a large amount of
modification, additional monitoring and checking beginning with design and parts pro-
curement, then on thru full production line, and finally delivery and acceptance checkout
at the Atlantic Missile Range (AMR). NASA and the Air Force learned, developed and
established the significantly expanded detailed acceptance procedures, quality control
efforts and rigid contractor control-supervision required for successful manned flight.

3. NASA experienced the major advantages in time, dollars and confidence which
resulted from starting with well engineered [3] mature hardware that had been flown
repeatedly with high reliability compared to starting with a new untried booster.

4. NASA and the Air Force learned and proved that the adaptation of military hard-
ware to civilian space efforts can be accomplished successfully in the missile booster area
as it has been in the adaptation of certain selected military aircraft to civilian transport.

5. It is pertinent to review briefly the major modifications made in the Atlas D and
Titan Il vehicles to convert them from Air Force missiles to man rated boosters. Lists of
the modifications to Atlas D and Titan Il are attached. These modifications were the re-
sult of a large amount of study and effort by the NASA-Air Force-Industry team and rep-
resent a significant amount of technical learning and development.

I11. Launch, Checkout & Operational Techniques

1. The considerable Air Force past experience in the area of integrated launch com-
plex-vehicle checkout and countdown was increased and crossfed to NASA in the process
of launching the Atlas and Titan vehicles by the Air Force for NASA.

2. NASA and the Air Force learned that unmanned and military launch procedures
and checkouts, while useful as starting points, were inadequate for manned launches.
Mercury and Gemini capsule interfaces with their respective launch vehicles posed signif-
icant additional checkout and complexity. Applying the experience from the complex
interface problems associated with earlier Atlas-Agena launches, the Air Force and NASA
developed and learned the significant additional and more stringent launch procedures
with the extended more detailed countdowns required for manned launch.

3. NASA learned the value and benefits of the formal certification procedures of the
Flight Safety Review Board. This is a high-level Air Force and Industry board chaired for
all manned flights by the Commander of the Air Force Space Systems Division. It has been
[4] their collective responsibility to certify that each launch vehicle was indeed flight
ready. This board continues to function in support of the Titan-Gemini Program.

4. NASA and the Air Force learned and demonstrated that complex launch facilities
as well as vehicles can be effectively used for both NASA and DOD launches with the resul-
tant savings to the Nation by avoidance of duplicate facilities.

5. From the Mercury launches the major effects of non-homogenous atmosphere on
tracking accuracy at long range and low elevation were defined for both NASA and the
Air Force. This resulted in the modification of approaches to vehicle tracking. Presently
range and range rate are measured to determine vehicle position rather than attempting
to measure elevation directly. Position accuracy was improved by two orders of magnitude.
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IV. Ancillary Knowledge

1. Beginning with Atlas-Mercury and continuing with Titan-Gemini, NASA drew
heavily from the Air Force in the guidance and performance areas thus augmenting and
further developing their own internal competence.

2. The Air Force as a major user of electronic components and small parts had
extensive experience with these items and with scattered bad lots. NASA was advised and
able to readily apply this experience to their own designs, procurements and analogous
problems. Similarly, working together on Mercury various NASA groups were made aware
of many other technological traps which the Air Force had encountered and, thus, avoid-
ed the same blind alleys.

3. In working with the Air Force on Atlas and Titan, NASA has learned much about
the propellants involved, their sources, quality, handling and transfer characteristics. The
Atlas vehicle was one of the earliest major users of cryogenics, i.e., liquid oxygen.
[5] Experience with toxic storeable [sic] propellants in the Titan has been applied to use
of these oxidants and fuels in Gemini and Apollo spacecraft systems for attitude control
and main spacecraft propulsion subsystems. NASA also learned that technical specifica-
tions for these storeables [sic], while originally developed by the Air Force for missile use
and apparently satisfactory for such purpose, had to be refined and rigidized [sic], par-
ticularly for use in the smaller spacecraft attitude control engines where orifices, etc. are
much finer than in the larger Titan engines.

4. The Standard Launch Vehicle (SLV) programs and the Aerospace Industry in
general benefited by the quality control procedures which NASA-Air Force-Industry
learned, developed and instituted during the Mercury program and further developed
under Gemini.

V. Conclusion

The NASA, the Air Force and Industry have learned a vast amount by working togeth-
er and using the Atlas and Titan launch vehicles for manned flight. It has truly been a
mutually productive and beneficial process.

The total and full import of what we have learned will probably never be completely
identified. However, the total of this knowledge and experience is being effectively
applied to the NASA Apollo-Saturn and the Air Force MOL-Titan Il manned space flight
programs.

[no page number] ATLAS D MAJOR MODIFICATIONS

A new spacecraft adapter was installed.

Wet start of the engines previously discarded in missile launches was used.

Replaced the telemetry package with an all transistorized lightweight telemetry system.

Removed the retro-rockets and vernier solo package.

Insulated the LOX [liquid oxygen] dome.

A three second delay was added to the range safety command destruct signals.

The abort sensing and implementation system (ASIS) was added.

The LOX boil off valve was changed from the weapon system valve to a type similar to

that used in the Atlas C R&D [research and development] flight test program.

Installed a modified autopilot. An all-electric transistorized programmer replaced the

potentially unreliable Electro-Mechanical Programmer. A redundant rate gyro was

added and system was “repackaged.”

10. Installed a baffled injector in booster engines to eliminate traces of combustion
instability.

11. Removed the insulation and the insulation bulkhead from inside the fuel tank. This

reduced complexity and eliminated a problem with fuel seepage wetting the insulation.

ONohkwhE

©



EXPLORING THE UNKNOWN 85

12. Increased the skin thickness of the forward end of the LOX tank to provide adequate
safety factors for heavy stress loads imposed by the spacecraft.

[no page number] TITAN Il MAJOR MODIFICATIONS

1. Structural modifications were made to the transition section above the second stage
for attaching the spacecraft to the launch vehicle.

2. The AC inertial guidance system was removed and the General Electric MOD III-G
installed. In addition, a three AXIS reference system (TARS) was required for flight
attitude.

3. By adding a tandem actuator system, a second hydraulic power supply, a second
autopilot and redundant electrical power system, the failure probability in the flight
control system was lowered by at least two orders of magnitude.

4. Weapon system batteries were replaced by rechargeable space system batteries in the
electrical system.

5. A Malfunction Detection System (MDS) was installed to provide the astronauts with a
detection system for noting malfunctions in order that an abort or escape action
could be taken before a catastrophe occurs. Signals were provided in the spacecraft
indicating pressure in fuel and oxidizer tanks, engine and thrust chamber pressure,
staging signals, excessive attitude rate changes, and range safety officers’ actions.

6. Since the spacecraft has its own maneuverable engines the vernier and retro-engines
were removed.

7. The Titan Il engine program was redirected to solve performance reliability and the
longitudinal oscillation or “POGO” problem and combustion instability problems. The
net result of this effort was an improved Titan 1l engine system that was man rated.

Document 1-19

Document title: Staff of Aerophysics Laboratory, North American Aviation, “Feasibility of
Nuclear Powered Rockets & Ram Jets,” Report No. NA-47-15, February 11, 1947, pp. 2,
11-14.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Before nuclear bomb designers figured out how to construct high-yield, low-mass nuclear warheads for
delivery on missiles, they faced the problem of building high-thrust rockets. These considerations led to an
exploration of nuclear-powered rockets. This formerly classified study is the first detailed examination of
the potential of nuclear fission for propulsion. Only the text of the preface and abstract appear here.
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[stamped “Unclassified,” the word “Secret” appeared at the top of original pages]

NORTH AMERICAN AVIATION, INC.
AEROPHYSICS LABORATORY

DATE 2-11-47 REPORT NO. NA-47-15

Feasibility of Nuclear Powered Rockets & Ram Jets

[stamped “Atomic International Received Nov 5, 1962 Library”]

PREPARED BY
STAFF OF AEROPHYSICS LABORATORY . ..

[2] PREFACE

The nuclear powered rocket presented here is a single stage vehicle of about the same
weight as a modern medium bomber. It is capable of escaping from the earth’s gravita-
tional field and travelling in interstellar space. With a bomb load of 8,000 pounds, it can
orbit about the earth indefinitely, or deliver its payload to any point on the earth’s surface.

The proposed nuclear ram jet has about the same weight as present day fighter
planes. It is designed to carry an 8,000 pound bomb load and to cruise indefinitely in the
stratosphere at the speed of a rifle bullet.

This report was prepared in accordance with Army Air Force Contract W33-038 ac-
14191, Project MX-770, under the cognizance of the Guided Missiles Section, Air Materiel
Command, Army Air Forces, Wright Field, Dayton, Ohio. . . .

[11] ABSTRACT

This report examines the engineering feasibility of the application of nuclear energy
to long range supersonic rockets and ram jets. Specifically, analysis indicates that a
10,000 mile rocket-missile, nuclear powered and hydrogen propelled, can be designed
and constructed with a gross initial weight of about 100,000 pounds and a useful payload
of 8,000 pounds. With slight modification, and without the payload, the rocket can escape
from the gravitational field of the earth. The analysis further shows that a nuclear pow-
ered ram jet with an 8,000 pound payload has a gross weight of 17,600 pounds and can fly
almost indefinitely at a speed of about 2,000 miles per hour.

The Rocket

The use of nuclear energy as a heat source permits the choice of rocket propellant to
be free of the limitations of chemical combustion. Momentum considerations alone indi-
cate that hydrogen, because of its small molecular weight, would be the best propellant.
Unfortunately, the low density of liquid hydrogen requires large containers whose weight
reduces the advantage gained by the low molecular weight of the gas. Therefore a denser
propellant, liquid methane, was also investigated. Liquid ammonia may be used practically
interchangeably with liquid methane. The study indicated that in spite of lower density,
liquid hydrogen was the better propellant. The combined use of liquid hydrogen and lig-
uid methane may have some advantages which are discussed in the report. The nuclear
reactor in every case was a graphite assembly impregnated with uranium operated at
about 5700°F (3160°C).



EXPLORING THE UNKNOWN 87

Alcohol-oxygen and hydrogen-oxygen multi-stage chemical rockets were compared
with methane-propelled and hydrogen-propelled nuclear powered rockets. The study
indicated that for ranges greater than 2,000 miles, the nuclear powered, hydrogen pro-
pelled rocket is roughly one-third the weight of a chemically powered hydrogen-oxygen
multi-stage rocket. . . . The nuclear-hydrogen rocket, as a 10,000 mile missile or a satellite
vehicle, would weigh less than 100,000 pounds. If the payload is removed and 500 pounds
of instruments retained, a nuclear hydrogen-propelled escape vehicle (or lunar vehicle)
would also weigh about 100,000 pounds.

A cost analysis of the chemical and nuclear rockets is summarized . . ., based on an
estimated structure cost of fifty dollars [12] per pound and a suitable fuel cost. The fuel
cost is always negligible compared to the total structure cost. The comparison between the
various 10,000 mile missiles follows:

(PAYLOAD = 8,000 POUNDS)

PROPULSION INITIAL GROSS WEIGHT ESTIMATED COST
SYSTEM (POUNDS) (MILLIONS OF DOLLARS)
Alcohol-Oxygen 680,000 5.1
Nuclear-Methane 428,000 3.6
Hydrogen-Oxygen 252,000 2.6
Nuclear-Hydrogen 93,000 15

The cost of uranium was not included in the estimates of the nuclear powered rock-
ets since the cost of U-235 (enhanced in concentration) was not available. This report has
considered only engineering aspects, without primary regard to uranium economy.
Considerable saving of uranium can be achieved by the use of a reactor designed with
economy as the principal criterion, at the expense of additional rocket weight. This is a
subject for future study.

A detailed analysis of the components of the nuclear hydrogen-propelled 10,000 mile
missile is presented here. The problems of structural arrangement, aerodynamic stability,
steering control, turbines and pumps for propellants, and nuclear reactor design are all
considered. An experimental study of the fabrication features of the graphite nuclear
reactor is reported. Techniques for impregnating the graphite with uranium are
described. In order to prevent chemical erosion of the graphite structure by reaction with
hydrogen gas, a protective film of tantalum carbide has been developed and studied
experimentally at high temperatures at the Aerophysics Laboratory of North American
Aviation, Inc.

During flight the nuclear reactor develops heat at the rate of about 8 million horse-
power. The problem of transferring this heat to the [13] gas stream involves theoretical
considerations of an unusual magnitude. The analysis presented indicates that such heat
transfer is feasible in a reactor of reasonable size. The experimental investigation of this
problem is proceeding in the Aerophysics Laboratory.

The Ram Jet

A nuclear power plant can develop power for an extremely long time without regen-
eration. Since in a ram jet the propellant gas is provided by the air stream, the combina-
tion of nuclear power and ram jet action provides a vehicle that has an indefinitely long
range. A nuclear reactor has been considered for the ram jet, to be fabricated of berylli-
um oxide, impregnated with uranium, and operated at about 3600°F (1980°C).
Impregnation techniques have been developed at the Aerophysics Laboratory and are
reported here. Such a reactor can be incorporated in a 3-foot diameter ram jet of only
14,000 pounds total weight, of which 8,000 pounds is bomb load. However, a minimum
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practical dimension for the war head requires a 5-foot diameter, 17,600 pound ram jet.
Calculations show that successful operation of this ram jet could be anticipated in the
range of Mach numbers from 2.5 to 3.5, and altitudes up to 50,000 feet.

The comparative performance of a chemical ram jet using gasoline as a fuel was inves-

tigated, both without booster . . . and with booster. . . . The results indicate clearly that
only for short range use is the chemical ram jet of value, and that under the best possible
circumstances such a ram jet has a maximum possible range of about 4,000 miles. For
ranges greater than this, only nuclear power can be considered. The cooperative cost of
the chemical and nuclear ram jets has also been evaluated without booster . . . and with
booster. . . . The cost figures are based upon an estimated structure cost of fifty dollars per
pound. The cost of the payload (bomb) is not included. The cost of uranium is not includ-
ed in the case of the nuclear ram jet. As with the rocket, this cost is probably of the mag-
nitude of a million dollars. The results indicate that a nuclear ram jet is probably
economically justified for ranges greater than about 3,500 miles, and without uranium
would cost about nine hundred thousand dollars with booster. This is only slightly less
than the cost of the nuclear-hydrogen rocket.
[14] An engineering analysis of the nuclear powered ram jet is presented in the report.
This study includes launching trajectories, aerodynamic stability, structural calculations,
heat transfer analysis and determination of over-all ram jet performance. Since the ram
jet must be launched at operative speeds, an acid-aniline rocket booster has been
designed. The initial gross weight of the booster is 37,500 pounds, with a resulting launch-
ing weight of the combination of 55,100 pounds.

Conclusions and Recommendations

The conclusions reached in this report are that both the rocket and ram jet powered by
nuclear energy are feasible from the engineering standpoint and are economically compa-
rable to, or less costly than[,] the best chemically powered units for long range use. It is fur-
ther concluded that vehicles having a useful payload and extremely long ranges, including
“escape” or “space” vehicles, become practicalities only when propelled by nuclear power.

The detailed performance considerations that would permit a choice to be made
between the ram jet and rocket can only come from continued development of these
devices. It is therefore recommended that the development of both the nuclear powered
ram jet and rocket be carried on in parallel. Since the nuclear reactor for both these
devices is intimately related to the rest of the design, it is recommended that nuclear reac-
tor development be part of the over-all program.

A program for the next five years, based upon these recommendations, is discussed in
this report. A specific proposal for the next year is made. . . .

Document 1-20
Document title: AEC-NASA Press Kit, “Nuclear Rocket Program Fact Sheet,” March 1969.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

This document summarizes the experience of the joint nuclear rocket program of the Atomic Energy
Commission (AEC) and NASA. In March 1969, the Nixon administration had just entered the White
House with the intention to reduce the federal budget, and all programs were under review. In addi-
tion, the federal budget for fiscal year 1970 was under consideration in Congress, and the nuclear
program was in jeopardy. This fact sheet enabled reporters to write about the program with greater
knowledge about the components of the nuclear rocket development and test series.
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[1]
[hand-dated “March 1969”]

Nuclear Rocket Program Fact Sheet

Nuclear Rocket Program: AEC-NASA program to develop nuclear rocket engine tech-
nology and systems for space exploration

Program Terminology:

NERVA Program: The program to develop the technology of nuclear rocket engines
and, based on that technology, a flight qualified engine called NERVA (Nuclear Engine
for Rocket Vehicle Application). The program work is being accomplished under a gov-
ernment contract (SNP-1) with the Aerojet-General Corporation (AGC). AGC’s principal
subcontractor is the Westinghouse Electric Corporation. Westinghouse is responsible for
the development of the engine nuclear subsystem, which includes the reactor. The major
facilities used in the NERVA program are: the Aerojet-General Test Facility, Sacramento,
California; the Westinghouse Astronuclear Laboratory, Large, Pennsylvania;, and the
Nuclear Rocket Development Station in Jackass Flats, Nevada.

NERVA Reactor Experiment (NRX): The name given the series of Westinghouse
experimental reactors fabricated and tested as a part of the NERVA technology phase.
This portion of the technology effort was completed with the testing of the NRX-A6 reac-
tor in December 1967.

NERVA Ground-Experimental Engine (XE): The ground-based, experimental
nuclear rocket engines designed, fabricated and tested by the Aerojet/Westinghouse con-
tractor team as a part of the NERVA technology phase.

NERVA Engine: The 75,000 pound thrust engine being developed to flight qualifica-
tion by the Aerojet/Westinghouse industrial contractor team.

KIWI: The name given to the series of non-flyable, ground-based, experimental reac-
tors and the Los Alamos Scientific Laboratory (LASL) project to develop basic graphite
reactor technology. The project was completed in 1964 with the testing of the LASL KIWI-
B4E reactor at the Nuclear Rocket Development Station in Nevada. The Los Alamos
Scientific Laboratory is operated by the University of California (UCLA) for the AEC.

Phoebus: The name given to the series of modified KIWI reactors, referred to as
Phoebus-1, and larger high-power reactors, called Phoebus-2, designed, fabricated and test-
ed by the Los Alamos Scientific Laboratory as a part of the effort to scale-up the basic reac-
tor technology developed under the KIWI project to higher powers and greater efficiency.
This LASL effort was completed in July 1968 with the testing of the Phoebus-2A reactor.
[2] Pewee: A small graphite reactor designed and assembled by the Los Alamos Scientific
Laboratory to evaluate the performance of fuel elements and other promising reactor
core components being considered for inclusion in NERVA.

Nuclear Rocket Development Station (NRDS): The national site for the ground test-
ing of nuclear rocket reactors and engines. Comprises an area of approximately 90,000
acres (140 square miles) in the AEC Nevada Test Site (NTS). NRDS is located on U.S.
Highway 95, approximately 90 miles northwest of Las Vegas, Nevada.

The major NRDS test facilities are as follows:

Test Cell “C"—Facility for the testing of nuclear rocket reactors.

Engine Test Stand No. 1 (ETS-1)—Facility for the static testing of nuclear rocket
engines.
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Engine Maintenance, Assembly and Disassembly Building (E-MAD)—A complex of
“hot” cells and laboratories equipped with special remote handling equipment and
devices for assembling, disassembling, servicing and examining nuclear rocket engines.

Reactor Maintenance Assembly and Disassembly Building (R-MAD)—A complex
similar to the E-MAD building for assembling, disassembling, servicing and exam-
ining nuclear rocket reactors.

Space Nuclear Propulsion Office (SNPO): Joint office of the AEC and NASA which
directs the nuclear rocket program. SNPO comprises a headquarters office located at the
AEC in Germantown, Maryland, and three extension offices; the latter are located in
Cleveland, Ohio; Jackass Flats, Nevada; and Albuquerque, New Mexico.

Budget: Total costs, cumulative through fiscal year 1968 (in millions): AEC, 692.8;
NASA, 446.1; Both, 1138.9. FY 1969: AEC, 57.2; NASA, 32.0.

Chronology:

1955:
1957:
1959:
1960:

[3] 1961:
1962:

1963:

1964:

1965:

1966:

1967:

1968:

1172, initiation of nuclear rocket program.

3/6, Nevada site for nuclear rocket tests authorized.
7/1, Kiwi-A reactor test.

7/8, Kiwi-A-Prime reactor test.

8731, SNPO established.

10/19, Kiwi-A3 reactor test.

12/7, end of Kiwi-B1A reactor tests.

2/19, NRDS designated.

7/16, Kiwi-B reactor “cold flow” tests (completion).
9/1, reactor startup with liquid hydrogen, end of Kiwi-B1B reactor tests.
11730, Kiwi B4A reactor tests (completion).

5/15, Kiwi-B4A “cold flow” reactor test.

7/12, Kiwi-B2A “cold flow” reactor tests (completion).
8721, Kiwi-B4B “cold flow” reactor tests.

2/13, Kiwi-B4D “cold flow” reactor test.

4/16, NRX-A1 “cold flow” reactor test.

5/13, Kiwi-B4D reactor power test.

8728, Kiwi-B4E reactor power test.

9/10, Kiwi-B4E reactor restart.

9/24, NRX-A2 reactor power test.

10/15, NRX-A2 reactor restart.

1/12, Kiwi transient nuclear test.

4/23, NRX-A3 reactor power test.

5/20, NRX-A3 reactor restart.

5/28, NRX-A3 reactor restart.

6/25, Phoebus-1A reactor power test.

3725, NRX EST (breadboard engine) power tests (completion).
6/8, NRX-A5 reactor power test.

6723, NRX-A5 reactor restart.

2/23, Phoebus-1B reactor power test.

7/12, Phoebus-2CF “cold flow” reactor tests.

12715, NRX-A6 reactor power test.

4/11, XE-CF “cold flow” engine tests (completion).
6/26, Phoebus-2A reactor power test.

7/18, Phoebus-2A reactor restart.

12/11, Pewee-1 fuel-element test bed reactor tests (completion).

Manager, SNPO Deputy Manager. SNPO
Milton Klein David S. Gabriel
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Propellant and Coolant: Hydrogen, carried in liquid form.

Reactor Fuel: Uranium, loaded in graphite fuel elements.

Other Nuclear Rocket Program Activities: Apart from NERVA, the nuclear rocket pro-
gram includes a broad spectrum of supporting research and technology activities.
Examples of these activities are: the work at the Y-12 Plant of [4] Oak Ridge and at LASL,
which includes the Pewee reactor program, on improving reactor fuel elements and sup-
port hardware; the work at United Aircraft Research Laboratories on the gas core nuclear
reactor; the work at Lewis Research Center (LeRC) on advances in component technolo-
gy; and the in-house and contractual effort by Marshall Space Flight Center (MSFC) on
nuclear stage technology.

Document 1-21

Document title: Senator Howard Cannon to the President, October 19, 1971.
Document I-22

Document title: James Fletcher to Senator Howard Cannon, January 24, 1972.

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

As the civilian space program was reduced in priority and budget by the Nixon administration in the
aftermath of the initial lunar landing, the future of the NASA-AEC nuclear rocket program was in
obvious jeapardy. One of the strongest congressional supporters of the program was Senator Howard
Cannon of Nevada; many of the program’s tests were carried out in his state. His efforts to save the
program were not successful, as explained in the letter from NASA Administrator James Fletcher.

Document |-21

[1] _
United States Senate
WASHINGTON, D.C. 20510

October 19, 1971

The President
The White House
Washington, D.C.

Dear Mr. President:

It has come to my attention that the Administration’s support of the nuclear rocket engine,
NERVA, which is financed jointly by the AEC and NASA, once more is the subject of doubt.

I am advised that the [Office of Management and Budget] has been instructed to
freeze $24 million authorized and appropriated by the Congress pending a decision on
1973 budget levels.

It seems to me, as | have written you many times, that this program continues to offer the
nation’s best chance to take the next logical step forward in space, and that the already stag-
gering $1.4 billion investment in successful [research and development] would make continu-
ation of the program not only desirable but mandatory, since we are so close to a flyable engine.
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As one of the senior members of the Senate Space Committee, | am greatly disturbed
that the space program in recent years has been progressively cut back. It seems to me that
if we are to continue in space, the NERVA funding issue is critically important. On the
other hand, if we are to cast aside our earlier desire to go forward in space and subject our
investment to a less-than-starvation funding level, we are [2] only deceiving ourselves. |
believe that rather than merely giving lip service to space, we ought to consider a total
restructuring or delegation of NASA’s role to the military.

I sincerely hope that my present assessment of our space posture is overly pessimistic
and that you will recognize the opportunity and challenge which this deserving NERVA
program presents to the Administration.

Since | believe that we are at a crossroad in deciding our space objectives, | bring this
matter to your attention.

Sincerely,

HOWARD W. CANNON

Document |-22

[1]

Honorable Howard W. Cannon
United States Senate
Washington, D.C. 20510

Dear Senator Cannon:

I am writing to inform you in some detail of the decisions on the space nuclear
propulsion program which have been made in connection with the President’s FY 1973
Budget for NASA and AEC. As | advised you in my letter of September 29, 1971, we have
been operating in this program during the first part of FY 1972 on the basis planned in
the President's FY 1972 Budget, i.e., holding together a technical cadre of Government
and contractor personnel so that development of the 75,000-1b. thrust NERVA engine
could be resumed when it became timely to do so. | also advised you at that time that we
anticipated that the decision on the future of the program would be made as a part of the
FY 1973 budget decisions. This has now occurred.

As stated in the testimony on the FY 1972 budget, the reasons for suspending devel-
opment of the NERVA engine in the FY 1972 budget were in part the fiscal constraints
necessary in the budget for FY 1972 and succeeding years and in part the fact that the first
missions using the NERVA engines would not take place before the middle or late 1980’s.
Therefore, the decision we presented to you in the FY 1972 budget was to suspend NERVA
engine development and to endeavor to preserve the capability for resuming it at a later
time when a development sequence—engine, stage, and payloads—Ileading to use of the
nuclear engine in mission applications requiring its capabilities could be begun with a rea-
sonable expectation of being carried to completion.

[2] In developing our FY 1973 budget we have given special attention to the problem of
configuring the entire NASA program in such a way that it will not commit the nation to
large increases in the total NASA budget in future years. This has meant some basic
changes in our plans and another stretchout of the period over which our continuing and
long range obijectives in space exploration and space science will be achieved. Two major
examples have been our decisions on the space shuttle and on the Grand Tour. We have
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now selected a space shuttle configuration concept which will cost about half of what the
configuration envisaged in our plans last year would have cost to develop; this decision
serves to reduce substantially the peak funding required for shuttle development in any
one year and thereby helps us avoid an increase in the total annual NASA budget. We have
also decided to cancel plans for the Grand Tour missions which would have been possible
only in the last half of the 1970’s. This means that we will not be able to launch missions to
explore the distant planets—Uranus, Neptune, and Pluto—until sometime in the 1980’s,
and that we will then have to depend on high efficiency propulsion stages to reach them.

By these and other actions we have been able to reconfigure our long range plans so
that the total NASA program can be accomplished at an annual overall NASA budget at
approximately the current level. The projections we will submit to Congress as required
by the Legislative Reorganization Act will show that the estimated run-out costs of the total
program do not rise above the FY 1972-1973 level. (By contrast, the run-out projections
submitted last year with the FY 1972 budget rose to $4 billion.)

By properly phasing-in major new programs as we go along, we can maintain a viable
and useful total NASA program in space and aeronautics at a total NASA annual budget
level which (in 1971 dollars) can remain essentially at the FY 1972-1973 level for the indef-
inite future unless, of course, the President and Congress decide that the program should
be expanded or accelerated. | strongly believe that this posture of a realistic long-term plan
in which the nation’s commitment is clearly limited to budgets of approximately the current
size, is the proper one for NASA from the standpoint of responsible management and also
is essential at this time to assure continued broad-based support for the NASA program.
[3] As we took the actions in the FY 1973 budget needed to establish a realistic long range
plan for NASA, we had to take another look, of course, at the nuclear propulsion pro-
gram. From the standpoint of holding our total plan within an acceptable total, it was
clear that we could not afford to reinstate development of the 75,000-Ib. thrust NERVA
engine. The costs in the 1970’s would be too high, and with the stretchout in our future
plans the missions requiring this capability would be even farther in the future than the
forecast a year ago. Under these circumstances and constraints, reinstatement of the
NERVA 75,000-Ib. thrust engine development could not be justified.

On the other hand, the cancellation of the Grand Tour missions introduced the pos-
sibility of a new class of future missions for which a much smaller nuclear engine appears
to be needed and particularly well suited, namely, the first missions to explore the distant
planets—Uranus, Neptune, and Pluto. Our preliminary analyses show that a small nuclear
engine, in the 15,000-20,000-Ib. thrust class, may provide the most practical means for the
first mission to these planets sometime in the 1980’s, in lieu of the cancelled Grand Tour
missions, as well as perhaps providing at a later time, by clustering or staging several small
engines, many of the capabilities the large 75,000-Ib. thrust engine would have given us.

If these conclusions are confirmed in the studies we are now initiating and are propos-
ing to carry on in FY 1973, we will be able to establish a firm and significant specific mis-
sion goal for the nuclear propulsion development program. This would be most
significant. With a focused effort on a specific mission objective, the program could then
proceed without the uncertainties and controversy that has characterized it in the past.

For the reasons outlined above, the FY 1973 budget reflects a decision to reorient the
nuclear propulsion program. NASA and AEC will define a small nuclear rocket system in
the 15,000-20,000-1b. thrust class. This effort will be a part of a broader program to define
and make trade-off studies of alternative types of advanced propulsion systems, including
chemical, solar-electric, nuclear-electric, and nuclear-rocket systems for possible future
missions to the distant planets Uranus, Neptune, and Pluto. Supporting research and
[4] component testing for nuclear systems will also be undertaken. Development of the
NERVA 75,000-Ib. thrust engine and the contractor effort directed at this goal are being
terminated in favor of the program reoriented as above.
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For the reoriented program, the FY 1973 budget includes a total of $16.5 million in
budget authority, $8.5 million for NASA and $8 million for AEC. This funding will support
engine definition work at the Los Alamos Scientific Laboratory (LASL), component devel-
opment and test at LASL and the Nuclear Rocket Test Site, and some work in supporting
research and advanced technology work. The development contracts with Aerojet and
Westinghouse will be terminated in FY 1972, with termination costs to be met out of funds
available in FY 1972.

I hope that the foregoing will give you an understanding of the reasons which have
led to the decisions on the nuclear propulsion program which are reflected in the FY 1973
budget and which we will begin to implement in the remainder of FY 1972. | will be avail-
able to discuss this further with you at your convenience.

Sincerely,

James C. Fletcher
Administrator

Document 1-23

Document title: NASA, in consultation with the Advanced Research Projects Agency, “The
National Space Vehicle Program,” January 27, 1959, pp. 1-7.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In the months after it began operations on October 1, 1958, NASA assessed its launch needs as part
of developing an initial ten-year plan. In this report prepared for the White House, NASA had the lead,
but consulted with the Department of Defense’s lead organization for space, the Advanced Research
Projects Agency. This report was NASAs “Declaration of Independence” from the future use of
Department of Defense missiles for meeting all of its launch needs; the space agency argued that there
was a need to develop launch vehicles specifically for space applications. Of the vehicles proposed in this
report for early development, the Vega was never approved. The following is the report’s summary.

The National Space Vehicle Program

Prepared by the
National Aeronautics and Space Administration

In consultation with the
Advanced Research Projects Agency
of the
Department of Defense

[1]
SUMMARY

Under the National Space Act of 1958 (Public Law 85-568) the President of the United
Sates is responsible for developing a continuing program of aeronautical and space activi-
ties to be conducted by agencies of the United States. The National Aeronautics and Space
Administration presents in this report a National Space Vehicle Program. This program
plan is a continuing effort to be reviewed annually and revised as needed.
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The National Space Vehicle Program was formulated after discussion and consulta-
tion with agencies of the Department of Defense, principally the Advanced Projects
Research Agency, the Department of the Air Force, and the Department of the Army.
Existing and planned projects of the Department of Defense in this area, including those
intended for military missions, have been taken into account with the purpose of avoid-
ing any unnecessary duplication of effort.

The present generation of space flight vehicles is being used to place small payloads in
close orbits around the earth and to propel very small instrument packages into space. The
current group of booster vehicles, namely, Vanguard, Jupiter C, Juno Il, and Thor-Able,
were all hurriedly assembled under pressure of meeting the threat of Russian Sputniks and
none of them possess the design characteristics required by future needs of the National
Space Program. The Vanguard, which has the best basic design philosophy, has not yet
demonstrated sufficient flight reliability. The Jupiter C, which has had the most flight suc-
cess, has [2] a low load-carrying capability. The Juno Il vehicle has a low injection altitude
for satellite use, and requires that it be spun for stability. The Thor-Able booster that has
been used in the Air Force moon shots has no attitude control system for the second stage
during coast, so that the injection altitude for satellites is on the order of 150 miles. The
Atlas-Able being prepared for one space mission has the best potential load-carrying capa-
bility but suffers, as do the others, from being designed for a specific mission.

Our approach up to this time has been much too diverse in that we fire a few vehicles
of a given configuration, most of which have failed to achieve their missions, and then call
on another vehicle to take the stage. In this situation no one type of vehicle is tested with
sufficient thoroughness and used in enough firings to achieve a high degree of reliability.

The National Space Vehicle Program is directed toward avoiding past errors. The cen-

tral idea is that one vehicle type, when fitted with guidance and payload appropriate to
the mission, can serve for most of the space missions planned for a given 2 to 4 year peri-
od. By designing the vehicle with this purpose in view and by using it again and again for
most of the space work, it appears inevitable that this one vehicle type will achieve a high
degree of reliability. Therefore, this program presents a series of space-flight vehicles of
increasing payload capability for successive periods of use. Each vehicle of the series will
be useful for satellite work including low and high circular orbits, highly elliptical earth
orbits, lunar exploration, planetary exploration, and deep space probing.
[3] In an attempt to achieve greater reliability in the existing vehicle area, NASA is spon-
soring DELTA as an interim general purpose vehicle. DELTA is a more versatile version of
Thor-Able, achieved by inserting a Vanguard design feature that had been deleted; name-
ly, the coasting flight control system. Reliability rather than performance is to be empha-
sized by replacing or deleting those components of Vanguard and Thor-Able that have
caused failures. It will be used for communication, meterological [sic] and scientific satel-
lites and lunar probes during 1960 and 1961.

The first new general purpose vehicle of the National series is the VEGA. This is one
of three vehicles based on the use of Atlas as a primary stage. The second stage is powered
by the Vanguard first stage engine modified for high altitude operation. This engine has
an excellent record of performance under Vanguard. The tanks are made up principally
of standard Atlas parts, thus providing an early availability of the VEGA vehicle. When
used for lunar or planetary missions, a third or terminal stage with solid or storable-liquid
fuels will be employed. VEGA should see considerable use in the period from 1960
through 1964. It can boost two men into a close earth orbit with enough equipment to sus-
tain them for several weeks. Its principal function, however, may be the exploration of the
moon for which it is ideally suited. It should be possible in the next few years to take very
high resolution photographs, first of the front or visible side of the moon and eventually
of the back or heretofore unseen side. A close approach to a planet will require at least
1000 and probably 2000 pounds of equipment devoted principally to [4] guidance and
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communication. VEGA is the first vehicle that can carry payloads of this magnitude to the
vicinity of Mars or Venus and should pave the way for the use of CENTAUR which is bet-
ter adapted to the planet mission.

The second new general purpose vehicle of the National series is the CENTAUR
which is well suited to be a successor to VEGA, because it requires no change in the Atlas
booster. CENTAUR will be useable during the period from 1962 through 1966 for per-
forming the same missions as VEGA but with from 50 to 100 percent more load-carrying
capability. CENTAUR is the first vehicle to employ hydrogen as a fuel, and, if successful,
should pave the way for use of this highest energy fuel in future vehicles of the National
series. The payloads planned for SATURN and NOVA, more advanced vehicles of the
National series, would have to be reduced if a lower energy fuel had to be substituted for
hydrogen. There is every expectation, however, that CENTAUR will be successful, owing
to the background of experience with hydrogen in industry and also within NASA.

ATLAS-HUSTLER is being developed by the Air Force. It should be available about
six months prior to Vega but will have only about half of Vega’s load-carrying capability. It
could serve, however, as an interim version of the Atlas boosted series.

The third general purpose space vehicle of the National series is the SATURN, previ-
ously called JUNO V. Actually, JUNO V designates the first stage booster of a large multi-
stage vehicle. This booster is being achieved by clustering eight ICBM-type engines and
nine ballistic-missile-type tanks [5] to form a vehicle with a gross weight of about 3/4 mil-
lion pounds. Second and third stages will have to be provided in order to make a com-
plete vehicle of SATURN. The second stage is about the size of an ICBM, will use
conventional fuels at first and will be designed for high altitude operation. The third stage
is smaller, and may use conventional fuels at first, but is planned ultimately for hydrogen
as a propellant. This vehicle will be capable of placing very large payloads (10-15 tons) in
orbits around the earth. A typical mission would involve sending a crew of 5 men into orbit
with enough facilities to sustain them for a long period of time, say several months, and
the necessary equipment to permit them to perform experiments and make observations.

SATURN may well become the basic vehicle for orbital supply missions, involving the
transport of food and supplies to crews in orbit, the exchange of crew members, and the
transport of additional fuel and equipment to the orbiting vehicle. In order to perform
these latter functions, techniques of navigation and rendezvous will have to be worked
out. When used for lunar and planetary exploration, unmanned of course, the SATURN
space vehicle has a load-carrying capability of between 1 and 4 tons. Starting about 1963,
this vehicle should see use for at least 5 and perhaps 10 years and may, in time, become
one of the most versatile vehicles in the National series.

The fourth general purpose vehicle of the National series is the NOVA, an entirely
new vehicle based upon use of the one and one-half million pound thrust engine recent-
ly initiated. The earliest possible use of the large engine would come about by using a sin-
gle unit to propel a [6] first stage booster. In this configuration, however, it would be
about the same size as JUNO V and would be competitive to it. Therefore, the first use of
the large engine is planned for NOVA,; the first stage of which may employ a cluster of four
of the large engines yielding a total thrust of six million pounds. The vehicle’s second
stage would be powered by a single million and one-half pound thrust engine and the
third stage would be about the size of an ICBM but will use hydrogen as a fuel. As present-
ly conceived, this vehicle would stand 260 feet high. NOVA is the first vehicle of the series
that could attempt the mission of transporting a man to the surface of the moon and
returning him safely to the earth without use of orbital supply operations.

With advances in the state-of-the-art which must surely occur over the next 5 to
10 years, it is conceivable that the NOVA would be improved to transport say 2 or 3 men
on the earth-moon and return mission. Four additional. stages above the three already
mentioned are required for the lunar return mission including the rockets for landing on
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the moon, taking off from the moon, and for re-entry into the earth’s atmosphere. NOVA
has the capability of transporting, if it is needed, very large payloads, on the order of 75
tons, into earth orbits.

NASA is now supporting Project ROVER in anticipation of using nuclear engines in
the 1965 to 1975 period. Although it is too early to designate specific uses for nuclear rock-
et vehicles, they would probably be employed first as upper stages for Saturn and Nova.

A wide variety of low thrust engines and vehicles can be conceived for space travel.
These are vehicles that do not land or take-off from [7] celestial bodies but are used as
ferries, so to speak, between orbiting stations. The engines employ various combinations
of nuclear, electrical and solar energy. Most of these engines are in early stages of devel-
opment and would not see use in the near future. However, they hold promise, owing to
their high efficiencies, of increased payload-carrying capabilities in the future.

Succeeding sections of this report are devoted to brief descriptions of existing vehi-
cles and their capabilities and the plans for new vehicles and their missions. . . .

Document I-24

Document title: Development Operations Division, Army Ballistic Missile Agency,
“Proposal: A National Integrated Missile and Space Vehicle Development Program,”
Report No. D-R-37, December 10, 1957, pp. 1-7.

Source: Dwight D. Eisenhower Library, Abilene, Kansas.

In the months following the launches of Sputniks 1 and 2, there was much activity as various groups
attempted to stake out their roles in the emerging U.S. space and missile buildup. This report sum-
marizes the arguments for a major role in launch vehicle development put forth by Wernher von Braun
and his rocket team, who were working under the command of the Army Ballistic Missile Agency in
Huntsville, Alabama. The following is the first seven pages of the report.

[original stamped “Secret,” crossed out by hand]
Report No. D-R-37

Proposal

A National Integrated Missile and
Space Vehicle Development Program

10 December 1957

DEVELOPMENT OPERATIONS DIVISION
ARMY BALLISTIC MISSILE AGENCY

[1] PURPOSE

The purpose of this report is to review U.S. missile programs in the light of known
Soviet space flight capabilities and to propose an integrated national missile and space
vehicle development program that will insure [sic] maximum security through appropri-
ate expenditure of manpower, facilities and money.

The need for an integrated missile and space program within the United States is
accentuated by the recent Soviet satellite accomplishments and the resulting psychologi-
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cal intimidation of the West. These facts demonstrate that we are bordering on the era of
space travel and must very seriously consider the expansion of the principles of earth war-
fare to space warfare. A review and revision of our scientific and military efforts planned
for the next ten years will insure [sic] that provisions for space exploration and warfare
are incorporated into the overall development program.

Because of the short time available for preparation this report is preliminary in
nature. It will be supplemented and revised as more possibilities are explored and more
accurate information is available.

STATEMENT OF THE PROBLEM

To outline a feasible plan which allows the U.S. to catch up and ultimately overtake the
Soviets in the race for scientific and military space supremacy without upsetting the Nation’s
economic stability, disrupting the manpower balance and draining national resources.

ASSUMPTIONS

1. The national objectives should include achievement of the following:
a. Reaffirmation of national scientific and technological supremacy.
b. Provision of adequate defense against the Soviet capability to engage in space
warfare.
c. Expansion of the national deterrent capability to include space warfare tech-
niques.
d. Evolution of a national capability for space exploration.
[2] 2. The development program should be conducted on a national basis devoid of the
personal interests of any individual military or civilian group or organization.
3. Maximum use should be made of existing development teams and available hard-
ware wherever possible.

DISCUSSION
1. AMERICAN vs[.] SOVIET SATELLITE AND MOON FLIGHT CAPABILITIES

The launching of SPUTNIK | on 4 Oct 1957 and SPUTNIK Il on 3 Nov 1957 demon-
strated clearly the Soviet capability in the field of long range rockets and orbital tech-
niques. The U.S. satellite capabilities are inadequate in schedule and in satellite payload
weights. Figure 1 shows the present and anticipated Soviet and U.S. satellite capabilities
plotted against time. If these estimates are correct, the Soviet capabilities cannot be
reached and surpassed before 1962 or 1963. This prediction is based on the assumption
that immediate development of an orbital carrier with a booster stage of at least 1.5 mil-
lion pounds of thrust will be initiated without delay. The Soviet lead is due largely to their
early effort in developing large rocket engines in the 300,000 pound thrust class. A com-
parison of U.S. and Soviet moon flight capabilities is shown in Figure 2. The Soviet carri-
ers are identified on these charts by the engine take-off thrust expressed in thousands of
pounds (“K” equals one thousand pounds) for the individual stages. It is again very unlike-
ly that the Soviet capabilities can be surpassed before 1963 because of their lead in basic
transportation vehicles.

The key to rapid improvement of the U.S. capability for orbital and moon flight mis-
sions lies in an accelerated development of powerful booster stages. The overall impulse
of the ICBM booster stage is insufficient for any large unmanned or manned space flight
mission. A larger booster than the ICBM type booster is a mandatory requirement.
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2. BUILDING BLOCK SCHEME SUMMARY

A logical booster development sequence is portrayed in Figure 3 which depicts five
basic families:
a. REDSTONE booster (Booster I; 78,000 pounds thrust).
b. JUPITER booster (lla; 150,000 pounds thrust).
c. JUNO IV booster (I1b; 380,000 pounds thrust).
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Figure 3. Typical Booster Family as Basic Transportation Elements

[3] d. SUPER JUPITER booster (Illa; cluster of four 380,000 pound engines).
e. SUPERJUPITER, second generation booster (111b; 1,000,000 pounds thrust).

The JUPITER booster appears in the sequence because of its availability in the desired
time scale, and because detailed performance data were on hand. The study could as well
be based upon other choices.

Application of each of the five basic families to specific purposes is portrayed and dis-
cussed in Appendix A. Sufficient technical data are tabulated so that performance for each
application can be indicated. The purpose of this portion of the study is to indicate the flex-
ibility inherent within each family and the total program. The study also illustrates how
work performed with one booster can contribute to the development of the next larger
one or can provide an upper stage for a larger multi-stage missile. Interim and emergency
capabilities can be readily achieved as an outgrowth from the basic booster development,
in much the same way as a branch depends upon the trunk of a tree for its growth.
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3. INTEGRATED MISSILE AND SPACE VEHICLE DEVELOPMENT PROGRAM
SUMMARY

A U.S. satellite capability of 20,000-30,000 pounds will be required by 1963. The
Soviets will be able to attain the necessary booster and stages with the existing 264,000
pound thrust engine or the 820,000 pound thrust engine reportedly in development.

It is imperative that the NAA [North American Aviation] E-1 380,000 pounds thrust
engine development be accelerated and that highest priority be given to a development
program incorporating this engine.

A logical short-cut development program to attain the 20,000-30,000 satellite by 1963
would be a booster of 4 x 380,000 pounds thrust, a second stage JUPITER booster with a
380,000 pounds engine and a third stage JUPITER booster-payload with existing
150,000 pounds thrust engine.

The space vehicle program should be organized into—

a. Orhbit carriers for the transportation of cargo and personnel from the earth’s
surface into a selected orbit and back.

b. Scientific and military, unmanned and manned satellite vehicles for accom-
plishing such missions as reconnaissance, satellite intercepts, scientific
research, etc.

[4] c. Moon flight missions for purposes of scientific research with manned land-
ings and return.

It is very important that every effort be made to accomplish a U.S. manned moon
landing prior to such a feat being done by the U.S.S.R. This is an extension of the manned
satellite and could be accomplished by approximately 1967.

Recommended development programs for orbital carriers, instrumented and
manned satellites and moon vehicles are tabulated in Appendix B. The development pro-
grams are treated by logical teams, time scales for development and operational phases,
payload capabilities and estimated project costs. In addition a recommended engine
development program is outlined as a critical component development requirement of
the overall plan.

4. COST AND SCHEDULE

Some actual and estimated overall costs for individual projects and missions have
been included in Tabs XV thru XVII. These were estimated on the basis of actual project
expenditures, estimated manpower requirements, team strength, number of flights
required for individual missions, available figures of cost per missile and missile launch-
ing and some relationships between cost and weight of components. In spite of the fact
that best available sources and judgement [sic] were used, the given figures are consid-
ered approximations only, especially for the larger satellite and moon flight projects antic-
ipated to take place about 10 years from now. These estimates, however, serve to illustrate
the order of magnitude of effort or money involved and an average expenditure per year
to be expected for the program under discussion. It should be mentioned that the annu-
al supporting costs for maintaining permanent manned satellites are not included in the
figures given in Tabs XV thru XVII. For a 50 man satellite, for example, maintenance costs
will be in the order of 100 to 200 million dollars per year; for a 20 man satellite approxi-
mately 50 to 100 million dollars per year. Thus, the overall cost for the space flight pro-
gram proposed in Tabs XV thru XVII will be approximately as follows for the time period
of 1958 to 1971:
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Millions of $
Orbital Carrier Program 2,600
Satellite Program 2,500
Maintenance 20 Man Satellite 1966 thru 71 450
Maintenance 50 Man Satellite 1968 thru 71 600
Moon Flight Program 3,500
Component Development 2,800
[5] Additional Facilities 550
Ground Organization and Operation 1,000
5 Percent Inflation Rate 700
14 Year Space Flight Program Total Cost
Estimated $14,700 Mil
Average Expenditure Per Year $1,050 Mil
(1958 thru 1971)
Estimated Annual Supporting Research
and Experimental Models 450 Mil
Total Per Year $1,500 Mil

These expenditures would have to be spent in addition to the present military missile
program. The development and production costs for the present Air-to-Air, Air-to-Surface,
Surface-to-Air, and Surface-to-Surface missile projects, including the IRBM and ICBM pro-
grams, are not included in these figures—only the effort required for the modifications
necessary for the space flight program under discussion.

The schedules given in Tabs XIII thru XX are derived on the basis of current experi-
ence and the assumption that a national missile and space flight development program will
be established and authorized in early 1958. It is also assumed that the individual develop-
ment teams obtain assignments with respect to their contribution to the overall program
early enough to be able to carefully define the overall systems and to plan for a realistic
operational date. With these principles as bases, the following U.S. accomplishments in the
achievement of space superiority are attainable and should be strived [sic] for:

Jan 1958 1st 4 Ib and/or 20 Ib Satellite

Jun 1958 1st 100 Ib Satellite

Jan 1959 1st 500 Ib Satellite

Apr 1959 1st 100 Ib Moon Flight (hard landing)

Spring 1960 1st 2000 Ib Satellite

Fall 1960 1st 100 Ib Moon Flight (soft landing)

Spring 1961 1st 5000 Ib Satellite

Spring 1962 1st TV Instrumented Moon Circumnavigation
Fall 1962 1st Manned Satellite (1 to 2 man)

Spring 1963 1st 20,000 Ib Orbital Capability

Fall 1963 1st Manned Moon Circumnavigation

Fall 1965 1st 20 Man Permanent Manned Satellite
Spring 1967 1st Manned Moon Landing & Return (3 man expedition)
Spring 1968 I0C 50-Man Permanent Manned Satellite

1971 50-Man Moon Expedition
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[6] CONCLUSIONS

1. Anintegrated missile and space flight program is feasible and essential for nation-
al survival.
2. It seems possible to overtake the Soviet capabilities provided an adequate long
range space flight program is instituted immediately.
3. The estimated annual cost of the program desceibed [sic] in this report (in addi-
tion to the present missile program) is 1.5 billon [sic] dollars.
4. This U.S. space flight plan can be achieved without upsetting the nation’s eco-
nomic stability, manpower balance and other national resources if:
a. The plan makes maximum utilization of existing teams and hardware devel-
oped under existing missile programs.
b. The plan provides for adequate supplemental programs to develop essential
hardware and techniques not provided in present programs. The most urgent of
these is development of large boosters.
c. The program is closely coordinated with the military missile program and is
based upon the same transport vehicles.
5. The allocation of work loads to specific teams should take the following factors
into account:
a. Matching of required techniques to skill, experience and facilities that the
team possesses.
b. Availability of team capacity.
6. Development of the large (1520 K-pounds thrust) booster is considered the key
to space exploration and warfare.

RECOMMENDATIONS

1. That the development of essential components and long lead items such as the
4 x 380,000 pound thrust power plant package be initiated immediately.

2. That an integrated missile and space vehicle development program with immedi-

ate long range task assignment to individual teams be authorized without delay.
[7] 3. That each development team be assigned system responsibility for a complete
phase of the program to assure maximum economy and acceleration of the development.
For example, the payload stage of the basic orbital carrier vehicle will carry the compo-
nents of any manned satellite or space vehicle into the orbit and the design of these satel-
lites and space vehicles should be carried out concurrently by the same team to insure
[sic] maximum use of available components and to minimize effort.

4. That the primary goal of the space flight program for the next 10-12 years be the
accomplishment of a manned Moon landing and return to Earth.

5. That maximum use be made of the transportation provided by the development
program for all kinds of scientific exploration of the upper atmosphere, space environ-
ment and celestial bodies [such] as moons, planets and the sun. The ultimate use of space
vehicles will be as carriers for men and instruments bound to resolve the laws and secrets
of nature for the benefit and progress of mankind.

6. That an early scientific space exploration program be developed parallel to the
space vehicle program and coordinated with the individual development phases. This sci-
entific space exploration program and allied military programs should be used as the basis
of the integrated operational space program which will start as soon as the individual car-
riers become available. . . .
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Document I-25

Document title: Abe Silverstein, Chairman, Source Selection Board, Memorandum for the
Administrator, “Recommendations of the Source Selection Board on the One Million
Pound Thrust Engine Competition,” December 12, 1958.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In 1958, soon after it began operation, NASA began the procurement of a new million-pound thrust
liquid-fuel rocket engine designated the F-1. The program had been initiated by the Air Force, but it
was transferred to NASA as part of the redistribution of space programs following the 1958 creation
of the Advanced Research Projects Agency and NASA. The F-1 engine, as eventually developed, pro-
duced 1.5 million pounds of thrust and was used in a cluster of five on the first stage of the Saturn
V. This memorandum from NASA's Source Selection Board documents the selection of the Rocketdyne
Division of North American Aviation to develop the new engine. The two attachments mentioned in
this memo are not included here.

[1] Washington 25, D.C.
December 12, 1958

MEMORANDUM for the Administrator

Subject: Recommendations of the Source Selection Board on the One Million Pound
Thrust Engine Competition

INTRODUCTION

Extensive exploration of space beyond the sensible atmosphere will eventually require
booster vehicles with several million pounds [of] thrust. A major step in this direction is
the development of a million pound thrust engine which can be used singly or in clusters.
To this end, the National Aeronautics and Space Administration has initiated a research
and development type procurement for a million pound thrust, single chamber liquid
fuel, rocket engine. It is expected that several years will be required to complete this pro-
ject. The initial actions taken to date include the following:

October 14, 1956 — Invitations to attend a briefing by NASA personnel at NASA
Hdqts on the proposed procurement were extended to seven
contractors—namely:

Rocketdyne, a Division of North American Aviation, Inc.
Aerojet-General Corporation

Aircraft Gas Turbine Division [of] General Electric

Pratt and Whitney Aircraft Division of United Aircraft Corporation
Reaction Motors Division of Thiokol Chemical Corporation
Wright Aeronautical Division, Curtiss-Wright Corporation
Bell Aircraft Corporation

October 21, 1958 — Briefing of invited contractor.
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October 23, 1958 — NASA Specification HS-10 (Attachment A) sent to invited
contractors.

[2] November 24, 1958 — Six contractors submitted proposals: Bell Aircraft
Corporation declined to propose.

On November 24th, two assessment teams were organized for purposes of making a
thorough analysis of the six proposals submitted. On December 2nd a Source Selection
Board was appointed to evaluate the proposals. One of the assessment teams consisted of
scientific and technical specialists and the other of cost and management specialists. (The
membership of the two teams is listed on Attachment B). The teams were relieved from
all other work. For two weeks, the two teams conducted an intensive and exhaustive analy-
sis and comparison of the Proposals and they prepared themselves to present their find-
ings to the Source Selection Board.

On December 9th[,] 1958, the Source Selection Board was convened. The purpose of
the Board was to review and evaluate the entire matter and, thereupon, to recommend to
the Administrator the selection of a contractor for the development of the engine. The
Board consisted of:

Dr. A. Silverstein, Director of Space Flight Development[,] Chairman
Mr. J.W. Crowley, Director of Aeronautical and Space Research

Mr. A. Hyatt, Assistant Director for Propulsion

Mr. R.E. Cushman, Procurement and Supply Officer

Mr. Robert G. Nunn, Jr., Assistant General Counsel

The Board remained in continuous session during December 9th and 10th, and
reconvened again for several hours on December 11th. During this period the Board thor-
oughly reviewed the work of both assessment teams. All team members were available to
the Board for questioning.

The following main subjects were considered by the Board in the technical area:

Thrust Chamber and Injector

Turbo Pump Assembly

Controls

Overall System Design Features
Materials and Methods of Construction
Scheduling

Test Program

Technical Capability

[3] In the management area, the following main subjects were considered:

Availability of Facilities
Availability of Manpower
Realism of Programming
Cost Estimating

History of Past Performance
Management Capability
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[4] EVALUATION

The following paragraphs set forth the factors supporting the recommended selec-
tion of a contractor with whom the procurement should, in the opinion of the Board, be
placed.

Curtiss-Wright Corporation:

The Curtiss-Wright proposal fails to comply with three important requirements
expressly contained in the NASA Specification HS-10 governing this competition.
Specifically, Curtiss-Wright (a) fails to make any provision for a changeover to non-
cryogenic propellants as required by HS-10; (b) fails to make any mention of the manner
or possibility of up-rating the engine to 1.5 million pounds thrust, as required by HS-10;
and (c) fails to base its proposal on the use of suitable test facilities to be located at
Edwards Air Force Base, California as required in HS-10, but requested instead the devel-
opment of a new test and support facility to be located in the vicinity of Reno, Nevada.

Because its proposal fails to comply with these three major requirements, the Curtiss-
Wright Corporation was deemed not responsive.

General Electric Company:

The General Electric proposal is based upon a design which may be referred to as “the
plug nozzle concept.” No rocket engine of any size has as yet been built using this princi-
ple. One of the primary advantages claimed for it, namely, less likelihood of combustion
instability, is of dubious validity. Moreover, the total heat to be removed from this engine
is estimated to be about 60% greater than from conventional engines. The method of pro-
viding vector thrust control would present unusual and difficult design and development
problems.

The General Electric Company also proposed to inaugurate a new department at
Schenectady, New York, to execute this program. Their main effort in rocket engines now
is centered at Evendale, Ohio.

Although the General Electric proposal is next to the lowest in estimated cost, its pro-
posal lacks realism in that the test schedule and total test man-hours are considered too
low. A more realistic test program would, of course, raise the cost estimate an indetermi-
nate but substantial amount. In general, the General Electric proposal appears to be a
high risk development program with insufficient compensatory advantages. It is altogeth-
er undesirable to undertake the development of [5] the million pound engine and at the
same time attempt to develop the plug nozzle content of design.

Thiokol Corporation, Reaction Motors Division:

The Reaction Motors proposal is technically conventional but inferior in design in
terms of the present state of the art. The engine is the heaviest and largest of all propos-
als received. In addition, Reaction Motors proposed to develop the thrust chamber in con-
junction with the turbo-pump. Since the thrust chamber and the turbo-pump will initially
be highly experimental devices this would mean that whenever a change on either the
thrust chamber or turbo-pump was necessary, development testing on both would stop.
Technically this approach is unsound and unacceptable. The scheduled number of
engine tests and total engine test time is very low and unrealistic for the kind of develop-
ment involved. Reaction Motors submitted the highest cost estimate received. It was
almost twice as high as the nearest competitor. Reaction Motors does not have adequate
physical facilities or technical capability within its organization to do the work required.
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Pratt and Whitney:

Pratt and Whitney is one of the outstanding turbo--machinery companies in the
world. However, they have no experience in the development of large liquid rocket
engines. This fact is reflected in the sketchiness and incompleteness of the technical and
other phases of their proposal. Serious difficulty was encountered with the Pratt and
Whitney proposal as presented in that it did not adequately specify many major factors
such as thrust chamber and injector method of construction weights, dimensions, and
other details. This deficiency is apparent in their unrealistic cost estimation. They also lack
proper facilities for this work. Pratt and Whitney states that they will build some facilities
at company cost and in addition will require government furnished facilities to the extent
of $6,297,000.

The cost estimate submitted is the lowest of any proposal received and clearly reflects
a lack of appreciation of the magnitude of the tasks. A more realistic appreciation and
programming of necessary tests would however raise the cost considerably.

[6] Aerojet and Rocketdyne:

Both the Aerojet and Rocketdyne proposals show a sound appreciation of the task.
Both companies are believed to be capable of developing the one million pound engine.
The Board has weighed all areas of these two proposals carefully and has determined that
the Rocketdyne proposal is the superior proposal.

Particular points of difference between the proposals and some of the arguments for
rating the Rocketdyne proposal superior to that of Aerojet are set forth below.

(1) The Rocketdyne development program shows a mature appreciation of the major
technical problems and in addition is backed-up by alternate design concepts and hard-
ware. The Aerojet proposal although containing a number of novel features is committed
to a single design approach with almost no concept back-up.

(2) The Aerojet thrust chamber design cools the chamber with only 10 percent of the
total fuel flow. While this concept provides for a light-weight thrust chamber, the decision
to use only 10 percent of the fuel as coolant results in marginal cooling. Extension of
thrust from 1.0 to 1.5 million pounds and conversion from cryogenic to storable propel-
lants will most likely necessitate revision or redesign of the thrust chamber. Furthermore,
the suggested method of cooling the combustion chamber, by the use of film cooling, is
not only unproved in large-thrust engines but the method of accomplishing it is not clear-
ly put forth in the proposal. Rocketdyne proposes a conventional thrust chamber cooled
by all the fuel. This engine is accordingly heavier but should avoid the heat transfer prob-
lems of the Aerojet proposal.

(3) Both Aerojet and Rocketdyne turbo-pumps are direct drive arrangements, there-
fore, potentially more reliable than the geared arrangements used by the other contrac-
tors. Both use bi-propellant gas generators. They are equivalent in pump and turbine
hydro-aero-dynamic and mechanical design. The Aerojet pump delivers propellant at a
pressure only 300 psi above the chamber pressure. This low pressure differential offers lit-
tle or no margin for correcting difficulties that might develop in the engine testing pro-
gram such as, for example, additional pressure drop if the cooling of the thrust chamber
must be increased. The Rocketdyne pump delivery pressure is very high, that is, over twice
[the] chamber pressure on the fuel pump and 180 percent of chamber pressure on the
oxidant pump. These high pressures require large horsepower from the [7] turbine with
consequent large gas generator propellant consumption. While these pump outlet pres-
sures may appear unnecessarily high, the approach is conservative and provides, at the
cost of slightly lowered overall specific impulse, a wide pressure margin for controlling
heat transfer processes and possible combustion driven oscillations.
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(4) The Aerojet controls are simpler, more straightforward and, although experi-
mental, may be regarded as superior to the Rocketdyne proposed controls. However,
Rocketdyne proposes to use a control system which has previously been used.

(5) Both Rocketdyne and Aerojet have, in general, well balanced test programs.
Rocketdyne is considered to have the more realistic schedule. By reason of an Air Force
“feasibility” contract, Rocketdyne will have test facilities which will permit thrust chamber
tests eight months sooner than Aerojet. Generally speaking, the thrust chamber develop-
ment work will pace the engine development. Rocketdyne proposes eleven months more
than Aerojet for full scale testing to PFRT (Preliminary Flight Rating Test).

(6) In the overall system arrangement Aerojet attaches the turbo-pump to the fixed
portion of the engine mount. The result is that the high pressure (700 to 1000 psi) fuel and
oxidant lines must have flexible joints. Rocketdyne on the other hand mounts the turbo-
pump assembly on the movable portion of the engine. This arrangement permits the flex-
ible lines to be on the low pressure (50 psi) side of the pumps, which is more desirable

(7) The Rocketdyne proposal is considered to be superior in the areas of facilities,
manpower, and management. Rocketdyne has in existence more facilities and more avail-
able skilled manpower directly applicable to this program than any other company. It has
more previous experience on large liquid rocket engines. These factors coupled with the
excellent management concept in design approach and test scheduling extending over a
longer period of time results in the conclusion that the Rocketdyne proposal is the most
realistic of those submitted.

(8) The Aerojet and Rocketdyne cost estimates are within 5% of each other in total
dollar amount. This small difference in cost and considering that the contract will most
likely be a cost plus fixed fee type contract makes the weight to be assigned to the cost fig-
ure, in the overall evaluation, of relatively low importance.

[8] CONCLUSIONS

The Source Selection Boards, after a thorough evaluation of all factors relevant to this
competition, has determined that the proposal of the Rocketdyne Division of North
American Aviation is the best overall proposal submitted.

RECOMMENDATION

The Board recommends that the National Aeronautics and Space Administration
undertake negotiations with the Rocketdyne Division of North American Aviation on a
definitive contract to develop 1000K pound engine and that a letter be sent to that com-
pany initiating such negotiations.

Abe Silverstein,
Chairman, Source Selection Board

Document 1-26
Document title: Roy W. Johnson, Director, Advanced Research Projects Agency, to
Commanding General, U.S. Army Ordnance Missile Command, Huntsville, Alabama,
ARPA Order No. 14-59, August 15, 1958.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.



110 ACCESS TO SPACE: STEPS TO THE SATURN V

After witnessing the lift capacity of Soviet rockets, U.S. officials decided to develop a large booster capa-
ble of launching very heavy loads. The Advanced Research Projects Agency (ARPA), which was coor-
dinating military space activities, authorized $5 million in 1958 for the Army Ordnance Missile
Command (AOMC) to initiate the development of a booster with 1.5 million pounds of thrust. To save
the time and money involved in developing a new engine, the booster was to achieve this thrust level
by using a cluster of eight existing rocket engines. This booster eventually evolved into the Saturn |
and Saturn IB vehicles used in the Apollo program. In fact, the Saturn IB launched the Apollo 7
flight into Earth orbit.

[1] ADVANCED RESEARCH PROJECTS AGENCY
Washington 25, D.C.
ARPA Order No. 14-59
August 15, 1958

TO: Commanding General
U.S. Army Ordnance Missile Command
Huntsville, Alabama

1. Pursuant to the provisions of the DoD Directive 5105.15, dated February 7, 1958,
you are requested to proceed at once on behalf of the Advanced Research Projects Agency
with the project specified below. Additional details and directives will be issued by ARPA
from time to time and will become a part of this Order when so specified.

2. Initiate a development program to provide a large space vehicle booster of
approximately 1.5 million pounds thrust based on a cluster of available rocket engines.
The immediate goal of this program is to demonstrate a full-scale captive dynamic firing
by the end of calendar year 1959.

3. You will submit, as soon as possible, for review and approval by the Advanced
Research Projects Agency[,] a detailed development and related financial plan covering the
program. These data shall include a time-phased schedule of work and estimates for work
to be performed (a) by AOMC, (b) by contract, and (c) at other government facilities.

4. This Order makes available $5,000,000 under appropriation and account symbol
“97X0113.001 Salaries and Expenses, Advanced Research Projects, Department of
Defense” for obligation by the Army Ordnance Missile Command on behalf of the
Advanced Research Projects Agency only for purposes necessary to accomplish the work
specified herein. These funds are immediately available for direct obligation and for use
in reimbursing the Army Ordnance Missile Command for costs incurred under this
Order. Upon approval of development and financial plans, as required herein or in accor-
dance with amendments to this Order, these funds will be increased as appropriate.

5. The Director, Advanced Research Projects Agency, will provide policy and tech-
nical guidance, either directly or through designated resident representatives. The Army
Ordnance Missile Command [2] will be responsible for arranging for the detailed tech-
nical direction necessary to accomplish the specified objectives and to comply with ARPA
policy and technical guidance. This general relationship may be specified in greater detail
by amendment to this Order if such action is necessary.

6. The Director, Advanced Research Projects Agency, and the Office of the Secretary
of Defense will be kept informed by such management, technical and accounting reports
as may be prescribed pursuant to this Order.

7. The use of equipment and materials procured in connection with this project is
subject to direction of ARPA and all reports, manuals, charts, data and information as may
be collected or prepared in connection with the project shall be made available to ARPA
prior to release to other agencies or individuals under procedures to be approved.
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8. AOMC shall be responsible for preserving the security of this project in accor-
dance with the security classification assigned and the security regulations and procedures
of the Department of the Army.

9. Notwithstanding any other provisions of this Order, AOMC shall not be bound to
take any action in connection with the performance of this work that would cause the
amount for which the Government will be obligated hereunder to exceed the funds made
available, and the obligation to the AOMC to proceed with the performance of this work
shall be limited accordingly. AOMC shall be responsible for assuring that all commit-
ments, obligations and expenditures fo [sic] the funds made available are made in accor-
dance with the statutes and regulations governing such matters provided that whenever
such regulations require approval of high authority such approvals will be obtained from
or through the Director, ARPA, or his designated representative.

Roy W. Johnson
Director

cc: Secretary of the Army

[stamped “Classification Changed To: UNCLASSIFIED, By Authority of SCG-6, Date
5-6-70, By Lois F”]

Document 1-27

Document title: F.C. Schwenk, Memo for Record, “Visit to ABMA on June 16-17, 1959,”
June 24, 1959.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In late 1958, NASA had heen unsuccessful in its hope to have the von Braun rocket development team
transferred to it from the Army Ballistic Missile Agency (ABMA); the Army’s leadership had resisted
the change, and the Department of Defense or the White House had not overruled that resistance.
Although NASA hoped that that decision might be reversed (as it was in late 1959), it also recognized
that it might have to cooperate with the Army-led team to obtain the launchers needed for ambitious
future missions, particularly human flights to the Moon. By mid-1959, such flights had already been
identified as a long-term goal of NASA's human spaceflight program. Thus in mid-1959, a NASA
delegation led by George M. Low, then Program Chief for Manned Space Flight at NASA
Headquarters, made an initial visit to Huntsville so the group could better understand the potential
of the Saturn family of launch vehicles.

[all pages formerly marked “CONFIDENTIAL”]

- DPA (FCS:ric)
June 24, 1959

Memo for Record

Subject: Visit to ABMA on June 16-17, 1959

1. NASA representatives attending these meetings were Messrs. Low, Disher, and
Schwenk. The main purpose of the meeting was to discuss programs relating to the Saturn
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system. In particular, we discussed the application of the Saturn system to a manned lunar
landing mission.

2. Saturn Development Program

According to the latest thinking at ABMA, the Saturn program will evolve along two
major lines. The first or current line of development will use a thrust level of 1.5 million
pounds in the first stage and low energy propellants in the 1st and 2nd stage. In the 2nd
line of development, the Saturn will evolve as a vehicle having a take-off thrust of 2 mil-
lion pounds. This thrust level is achieved with 8 LOX/RP engines. In addition, the 2nd
generation of Saturn will use high energy propellants in the 2nd stage. This information
regarding the 2nd generation of Saturn is different from what we had known the devel-
opment program to be in the past.

a. Saturn | is based on ICBM hardware in the upper stages. The 2nd stage is a mod-
ified Titan and the 3rd stage is a modified Centaur. The propellant loading in the 1st stage
is 750,000 Ibs.; in the 2nd stage, 200,000 Ibs. and 50,000 Ibs. in the 3rd stage. The Saturn
I will provide the following payloads: 30,000 Ibs. in 96 minute orbits; from 7500 to 8500
Ibs. for an escape mission and 5,000 Ibs. in a 24-hour equatorial orbit. Each of these pay-
loads is an honest payload; that is 2500 Ibs. of guidance and control have already been sub-
tracted from the vehicle capability.

The Saturn | has an undesirable feature in that it will be very long. The resulting low
bending frequencies due to the long length will create problems in the control system
dynamics. The cluster also has a low characteristic frequency.

The basic Saturn | development program calls for 16 flight vehicles and one propul-
sion test vehicle. The propulsion test and the first four flight vehicles will use 8 engines of
165,000 Ibs. of thrust. Starting with flight vehicle #5, the individual thrust rating of the
engines will be raised to 188,000 Ibs.

A 1to 1 mock-up of the thrust mounts and engines is being constructed currently. The

engines for the propulsion test vehicle and the first four flight vehicles have been ordered.
The first hot test of the system will be run on December 21, 1959. The first flight of the
booster will occur in October 1960.
[2] Flight vehicles Nos. 1 and 2 will be propulsion and flight tests of stage one, only. Major
objectives of these tests will be to study booster performance, propellant depletion and
booster recovery. Flight vehicles 3 and 4 will be propulsion testis of stages 1 and 2 com-
bined which will place about 10,000 Ibs. in a low altitude orbit. A recoverable satellite,
much like a Jupiter nose cone, is planned for these vehicles. The satellite will contain engi-
neering components and materials. According to the ABMA staff, there is [a] NASA-
ARPA-Air Force ad hoc committee planning this engineering satellite.

Vehicles 5, 6, and 7 are not as yet ordered but are planned for the first half of 1962.
These vehicles will fly all 3 stages and will be research and development flights. In the case
of these 3 vehicles, the 3rd stage will be a standard Centaur insofar as the propellant vol-
ume is concerned. With one of these 3 vehicles, a lunar satellite could be planned and
would provide an early test of guidance capabilities for the advanced lunar missions.
Vehicles 1 through 7 will cost about $20 million each.

Vehicles 8 through 16 ($15 million each) will represent the complete prototype vehi-
cle: that is with the full 1 1/2 million pound thrust on the booster and 3rd stage of
50,000 Ibs. propellant capacity. Vehicle 8 could be readied by August, 1962:; a date of a
Mars opposition. Mr. Koelle suggested that NASA claim vehicle #8 if they are interested in
achieving this early Mars shot with the vehicle having the capability (8000 Ibs.) of the
Saturn. The 16th flight vehicle is scheduled for September 1963.

There is an interesting use of the Saturn I vehicle as a space truck. A 2 1/2 stage version;
that is with a 3rd stage based on a JPL 6K storable engine instead of the Centaur could place
from 15,000 to 20,000 Ibs. in a 300 nautical mile orbit. A preliminary design of a capsule of
the Jupiter nose cone type shows that from 10 to 16 men could be taken into orbit and
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returned with this payload weight. With a Dyna Soar type re-entry vehicle, approximately 3 to
4 men could be carried to orbit and be returned. By means of attitude control of control flaps,
the Jupiter nose cone can have a lift-to-drag ratio of 0.3. This lift-to-drag ratio affords sufficient
control so that the landing area required is only 10 miles in diameter. Military missions may
require the Dyna Soar type of re-entry vehicle, particularly if large numbers are to be used with
limited recovery facilities; however, for non-military use, the Jupiter type of re-entry vehicle
appears feasible if the landing area can be kept to this 10 mile diameter figure. Consequently,
this 2 1/2 stage version of Saturn | appears to have sufficient payload capability to transfer
men to orbit and return them for assembly or re-fueling or experimental operations.

b. Saturn Il must be viewed as an entirely new vehicle. It will employ the same type
of engine cluster and tank cluster as in Saturn | for the 1st stage; however, the 2nd stage
will contain liquid-oxygen and liquid-hydrogen as will the 3rd stage.

The 1st stage will use the H-2 engine. This engine is similar in size to the H-1; howev-
er, it utilizes the Mark-14 turbo-pump (an [Air Force] development) which will allow a
thrust rating from 250 to 300,000 Ibs. The [3] H-2 engine does not use a gas generator for
turbine power. It is planned to extract hot gases from the face of the injector plate. These
eight H-2 engines will provide a take-off thrust of 2 million pounds.

A modified optimization* of the complete vehicle shows that the 2nd stage requires a
thrust of about 1 million pounds (oxygen-hydrogen propellants). The 3rd stage requires
a thrust of 200-250,000 Ibs. and the 4th stage requires a thrust of about 100,000 Ibs. The
Saturn Il (3 stages) can provide a payload of over 70,000 lbs. in the 96 minute orbit and
can soft land about 8 or 9 thousand pounds on the surface of the moon. These payloads
are conservative values based on adequate velocity assumptions and conservative structur-
al weights. In addition, guidance and control weights have been subtracted.

3. Manned Lunar Landing and Return

According to ABMA estimates, a capsule weight of 8000 Ibs. is required for this mis-
sion. This is the weight that houses the men and returns to the earth. If aerodynamic
breaking and re-entry is employed, the required weight from the surface of the moon just
prior to take-off is over 46,000 Ibs. for a capsule weight of 8000 Ibs. In order to place a pay-
load of 46,000 Ibs. on the surface of the moon, a weight of approximately 400,000 Ibs. is
required in a 96 minute orbit around the earth. These figures are based on the use of
hydrogen for the transfer from the earth orbit to the moon and for landing on the moon;
storable propellants are used for the lunar take-off. The calculations are also based on very
conservative consumptions for velocity requirements so that those weight figures can be
trusted. The question is: “How do we get a 400,000 Ib. payload into an orbit around the
earth?” If we use Saturn |, approximately 13 vehicles will be required to build up this pay-
load and assembly in orbit will be a necessity. If we use Saturn 11, then only 7 vehicles will
be required and no assembly in orbit is needed, only re-fueling.

This technique of accomplishing any manned lunar landing requires many develop-
ments in the technology. However, there are peculiar developments associated with the
Saturn approach to a manned lunar landing; that is the techniques of orbital rendezvous
and techniques of construction or re-fueling must be developed. Not much definite can be
said about the techniques of construction but there is a feeling that re-fueling should pose
no serious problems if it is possible to have men there to oversee the operation. This, in turn,
involves allowing the men to come out of the transporting capsules for purposes of making
connections for the re-fueling operation. The opinions of the people at ABMA are that if a
man is able to get out of a capsule and walk around on the surface of the moon, he should
be able to leave an orbiting capsule to work on the refueling or assembling procedures.

* In the modified optimization process, the burning time of the first stage is made long enough so that
staging will occur after the vehicle passes through the high-Q region.
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Orbital rendezvous has not been demonstrated either and there have been many comments
about the difficulty of such operations as joining two vehicles in space. However, it is impor-
tant to put the problem of rendezvous into the proper perspective. According to Dr. von
Braun, two elements are necessary for a satisfactory rendezvous in orbit. 1—we must devel-
op a capability of establishing accurate orbits; [4] 2—we must demonstrate the capability of
launching our vehicles at a prescribed time. Dr. von Braun commented that the problem of
establishing an accurate orbit is easier than the establishment of a 24-hour equatorial orbit
which is planned rather seriously. Furthermore, the sending of a vehicle into an accurate
orbit is also much easier than the problem posed for the Nike-Zeus anti-missile-missile.
Compared to the guidance necessary for landing the vehicle on the moon, the guidance
required for establishing accurate orbits appears to be a simple development. The ABMA
personnel feel that the ability to meet a prescribed launch time has been demonstrated in
two cases using rather simple vehicles, Juno 1l. The last two lunar probes launched with this
vehicle were fired within a few seconds of the prescribed launch time.

During our meetings, one of the ABMA personnel described a promising technique
for the final closure of the distance between two vehicles in orbit. One of the orbiting vehi-
cles could be equipped with a net which could be deployed and which would have a
source of infra-red radiation in its center. The approaching vehicle could fire a small rock-
et guided by a host seeker to carry a line to the net. Once the net captures the small rock-
et and the line, the two vehicles could easily be towed or pulled together.

The Saturn Il vehicle appears to be the most reasonable one to use for this lunar mis-
sion since orbital assembly is not involved. Although the Saturn | may represent a cheaper
approach from a vehicle cost standpoint, the costs of developing the techniques of orbital
assembly may be overriding and make the development of the Saturn Il doubly attractive.*
On a very tight schedule, this mission could be accomplished in 1965 according to ABMA;
however, 1966 seems to be a reasonable date. The development of the Saturn Il vehicle,
therefore, will require some early action on the development of high energy engines. If
NASA undertakes the development of the hydrogen-oxygen engine of the 100-500,000 Ibs.
class in 1959, the development of a 500,000 Ib. engine using oxygen and hydrogen should
be initiated no later than the fall of 1960. Furthermore, we should take a close look at the
hydrogen supplies, engine test facilities and launch sites for this mission.

The people at ABMA have invested a significant amount of time on their studies of
the lunar mission; however, they have come to the point where it would be well for them
to have some funding for further preliminary design studies of the entire lunar mission.
These studies should be supported by the NASA and should encompass the use of both
Saturn | and 11 for the program of landing a man on the moon.* We have the time for the
study right now but if we delay too long then we will be forced into making some quick
decisions a year from now if we ever hope to achieve this manned lunar landing by 1966
or in other words, if we ever hope to beat the Russians in their race to land a man on the
moon. | visualize a study conducted by the staff of ABMA to last on the order of six months
and which will cost at least [5] $500,000. | believe that we could find adequate justifica-
tion for this study within our own propulsion group and from Mr. Low.

4. Current Funding on the Saturn Program

In FY 1959, ABMA has added $25,000,000 to spend on the Saturn program. All but
2 million is employed for outside procurement of engines and materials. In order to keep
the program moving, they need $145 million in FY 1960. The current ARPA request for

*  Studies that we have been doing here indicate that the Saturn | vehicle would also accomplish the
lunar landing mission by orbital re-fueling only; consequently, the Saturn | vehicle would probably be used for
the early launch landing mission.
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ABMA for the Saturn program is only $50 million. Therefore, there is a deficit of $95 mil-
lion. There is some hope for a supplemental appropriation for the Saturn program in
January of 1960, particularly if a successful firing of the first propulsion test vehicle is
accomplished in December of 1959. However, NASA help certainly could be used. Figures
of from 10 to 20 million were mentioned as being a reasonable down payment for Saturn
vehicles which might ultimately be used for the lunar mission.

F.C. Schwenk
Copy: Mr. Disher
Document 1-28

Document title: Abraham Hyatt, Deputy Director, Launch Vehicle Programs, to Wernher
von Braun, Army Ballistic Missile Agency, January 22, 1960.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The decision to transfer the von Braun team from the Army to NASA was made on November 2,1959.
Although the transfer would not formally go into effect until mid-1960, from November 1959 on,
NASA Headquarters was already dealing with von Braun as if he were part of the NASA team. NASA
wished to centralize its rocket engine development efforts under the management of von Braun, includ-
ing the 1.5-million-pound thrust F-1 engine program it had inherited from the Air Force in 1958 and
the new upper stage cryogenic engine that would become the J-2. This management transfer put under
Huntsville’s control the two engines that would power the Saturn V moon rocket.

LD(AH:ad)
22 Jan 1960

Dr. Wernher von Braun
Army Ballistic Missile Agency
Huntsville, Alabama

Dear Dr. von Braun:

As a result of current policy determinations, it is the intent of the NASA Headquarters
to transfer the administration and technical direction of certain development programs
to the Huntsville Development Center. Those under consideration at this time are:

1. The one and a half million pounds thrust rocket engine under development by
the Rocketdyne Division of North American Aviation, Inc. (Headquarters
Contract No. NASAw-16) and

2. A new development of a 200 K thrust rocket liquid oxygen-liquid hydrogen engine.

It is desired that the transfer of these programs be accomplished in an efficient man-
ner at the earliest practicable time. In order to accomplish this, it will be necessary to
establish a mutually agreeable plan for the transfer of the responsibility to Huntsville.

It is requested that a plan be prepared and submitted to NASA Headquarters which
outlines the manner in which your organization would propose to carry out the adminis-
tration and technical direction of these programs. Rules for the groups involved and pro-
cedures to be followed should be indicated.
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It is recommended that the people who are assigned to this task meet with Messrs.
Elliot Mitchell and A. O. Tischler, who are the Headquarters cognizant personnel, to
obtain information on the status and objectives of these projects.

Sincerely yours,

Abraham Hyatt
Deputy Director, Launch Vehicle Programs

Copy to:
Mr. Mitchell
Mr. Tischler

Document 1-29

Document title: Saturn Vehicle Team, “Report to the Administrator, NASA, on Saturn
Development Plan,” December 15, 1959, pp. 1-4, 7-9.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

President Eisenhower approved the transfer of the Development Operations Division of the Army
Ballistic Missile Agency to NASA on November 2, 1959. This meant that by mid-1960, Wernher von
Braun and his rocket team would be part of NASA. In the interim, NASA assumed management
responsibility for the Saturn launch vehicle through a working agreement with the Army. An imme-
diate step was to form a “Saturn Vehicle Team” to advise NASA on the direction the Saturn program
should take, particularly with respect to the vehicle’s upper stages. The team was led by NASA
Headquarters official Abe Silverstein, who was an advocate of the use of powerful but difficult-to-han-
dle liquid hydrogen as a fuel for rocket engines. During the deliberations that led to this report,
Silverstein was able to convince an initially skeptical von Braun that the upper stages of the Saturn
vehicle should use engines employing liquid hydrogen and liquid oxygen. This decision set the stage
for the creation of the S-11 and S-1VB stages used in the Saturn V Moon rocket. The three tables, two
figures, and three appendices referred to in this report do not appear here.

Report to the Administrator, NASA,
on Saturn Development Plan

by
Saturn Vehicle Team

[stamped “Downgraded at 3 year intervals; declassified after 12 years”]

[1] December 15, 1959

INTRODUCTION

The President of the United States, on 2 November 1959, announced his intention to
transfer the Developmental Operations Division of the Army Ballistic Missile Agency
(ABMA) and the Saturn project to NASA. In anticipation of this transfer, the NASA and
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Department of Defense have established an interim working agreement that provides for
immediate assumption by NASA of responsibilities for technical management of the
Saturn vehicle development. On 17 November 1959, the Associate Administrator of NASA
requested the Director of Space Flight Development to

“form a study group with membership from NASA, the Directorate of Defense
Research and Engineering, ARPA, ABMA, and the Air Force from the
Department of Defense to prepare recommendations for guidance of the devel-
opment, and specifically, for selection of upper stage configurations.

Attention in the study should be directed toward
1. Missions and payloads,

2. Technical development problems,

3. Cost and time for development, and

4. Future growth in vehicle performance.”

A Saturn vehicle team was established with the following membership:

Dr. Abe Silverstein, Chairman NASA
Col. N. Appold USAF
Mr. A. Hyatt NASA
Mr. T. C. Muse ODDR&E
Mr. G. P. Sutton ARPA
Dr. W. von Braun ABMA
Mr. E. Hall, Secretary NASA

[2] The results and recommendations of the Saturn vehicle team are summarized in this
report and the more detailed findings are presented in Appendices A, B, and C, which are
attached.

The Saturn project was initiated on 15 August 1958 by an order from the Advanced
Missile Command to develop a large booster vehicle of approximately 1.5 million pounds
of thrust using available engines. Authorization was given for construction of test facilities,
develop-ment and early captive firing of the first stage, launchings of three first stages with
dummy upper stages, and one with a live upper stage. A brief chronology of important
actions relative to the Saturn project are contained in Appendix A.

For the past several months technical studies have been conducted by ABMA, ARPA,
and NASA to establish the performance characteristics of the Saturn vehicle with various
upper stages. The results of these independent studies were in close agreement and form
a basis for this evaluation.

Presentations were made to the Saturn vehicle team on missions for the Saturn vehi-
cle by both NASA and the Department of Defense. The following missions, listed in their
order of importance, were established for the Saturn vehicle (Appendix B).

a. Lunar and deep space missions with an escape payload of about 10,000 pounds.

b. Payloads of about 5,000 pounds in a 24-hour equatorial orbit.

¢c. Manned spacecraft missions such as Dyna Soar, with a weight of about

10,000 pounds in a low orbit (two-stage launch vehicle).

These missions were established for the initial Saturn vehicle configuration. It is rec-
ognized that the initial Saturn configuration must provide for growth to permit increased
pay-load capability in the lunar, deep space, and satellite missions. Early capability with an
advanced vehicle and possibilities for future growth were accepted as elements of greatest
importance in the Saturn vehicle development.
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[3] The current Saturn first stage with eight engines giving a total thrust of nearly
1,500,000 pounds was reviewed. The many problems associated with its development and
operation were discussed. Attention was given to alternate configurations for the first
stage including the use of solid propellant rockets, a cluster of four 400,000-pound thrust
engines, and a single engine of 1,500,000 pounds of thrust. The problems of clustered
tanks as compared with those of a single large tank were also considered.

A wide variety of upper stages utilizing conventional and high-energy propellants and
of various weights were compared on the basis of performance, technical feasibility,
growth potential and probable time and cost to develop. Various tank configurations,
including clusters of existing IRBM’s, which were independently analyzed by ABMA and
NASA, were also studied by the group. A discussion of the technical terms covered is con-
tained in Appendix C.

[4] SUMMARY OF RESULTS

After a review of the many possible configurations of Saturn vehicles, the team
reduced its detailed considerations to those shown in Table I.

The payload capabilities of the configurations shown in Table | for the most impor-
tant missions listed in the Introduction are given in Table 1.

Vehicle A-1, with upper stages consisting of a modified Titan stage 1 and Centaur
upper stage, makes maximum utilization of existing hardware and would most likely have
earliest flight availability and lowest cost. It fails, however, to meet the mission require-
ments for the lunar and 24-hour missions and, because of its slenderness (120-inch diam-
eter upper stages), vehicle A-1 is a structurally marginal configuration. Development of a
160-inch diameter second stage similar in construction to the Titan first stage was
reviewed and eliminated from detailed consideration because it limited the growth poten-
tial of the Saturn.

The A-2 vehicle, with a cluster of IRBM’s as the second stage, is similar to the A-1 con-
figuration in its use of existing hardware. Vehicle A-2 fails to meet the requirements for
lunar and deep space missions and for the 24-hour equatorial orbit.

Vehicle B-1 meets the requirements of the missions, but requires the development of
a new conventionally fueled second stage that is approximately twice the size of our cur-
rent ICBM’s. The cost and time to develop this large second stage which seemed to be
interim in character for advanced missions raised doubts as to the desirability of develop-
ing this vehicle.

In examining vehicles A-1, A-2, B-1, and others, it became apparent that highest pri-
ority missions for the Saturn vehicle could not be accomplished in a reasonable design
without the use of high-energy propellants in the top stages. If these propellants are to be
accepted for the difficult top-stage applications, there seems to be no valid engineering
reasons for not accepting the use of high-energy propellants for the less difficult . . .
[7] application to intermediate stages. Of course, the maximum payload capability with
the Saturn first stage booster will be achieved if high-energy propellants are used in all the
upper stages. Current success in the Centaur engine program substantiates the choice of
hydrogen and oxygen for the high-energy propellants.

The C-1 configuration (Tables I and 1) is the first phase in the development of a vehi-
cle using all hydrogen and oxygen upper stages (see figures 1 and 2). Succeeding phases
are C-2 and C-3 with progressively increasing payload capability. As the development pro-
ceeds from phase to phase, a new stage is added to the vehicle. Stages developed for early
phases continue to be used in all latter phases (see figure 2). Thus all developments lead
to increased flight capability and reliability.

Configuration C-1 permits early flights and essentially meets the established mission
requirements. The upper stages consist of a four engine hydrogen-oxygen second stage
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(S 1V) and a Centaur upper stage (S V) as a third stage. The engines for the second and
third stage are the same. Uprating of the 15K Centaur engine to 20K is necessary for the
second stage.

Configuration C-2 is adapted from C-1 by the addition of a new hydrogen-oxygen sec-
ond stage (S II). The development of a 150K-200K pounds of thrust hydrogen-oxygen
rocket engine is required to power the new stage.

Configuration C-3 increases the payload capability by adding a second stage (S II)
with four 150K-200K pound thrust engines. The thrust of the first stage is also increased
to over two million pounds. This thrust may be obtained by replacing the four center
engines with one F-1 engine or by uprating all eight H-1 engines.

[8] RECOMMENDATIONS

It is recommended that:

1. Along-range development plan for the Saturn vehicle be established that will pro-
vide, through a consecutive development of building-block upper stages, a substantial
early payload capability and a final configuration that exploits the maximum capability of
the Saturn first stage. Vehicle reliability will be emphasized in the building-block program
through a continued use of each development stage in later vehicle configurations.

2. All upper stages be fueled with hydrogen-oxygen propellants.

3. The initial vehicle configuration, C-1, consists of the following:

a. The eight engine first stage currently under development at ABMA.

b. A newly developed second stage using four of the current Centaur engines
uprated to 20,000 pounds of thrust.

c. The third stage using the current Centaur stage modified only as required for
vehicle and payload attachments.

4. The following developments be initiated immediately:

a. A 150-200K hydrogen-oxygen fueled rocket engine for stages S Il and S IlI.
b. A design study of hydrogen-oxygen upper stages S Il and S 11l using the
150-200K engines.

5. The development schedule shown in Table 111 be adopted.

[9] Submitted by:

Abe Silverstein, NASA (Chairman)
Abraham Hyatt, NASA

George P. Sutton, ARPA

T.C. Muse, ODDR&E

Norman C. Appold, Col., USAF
Wernher von Braun, ABMA

Eldon Hall, NASA (Secretary)

Document 1-30

Document title: Robert R. Gilruth, Director, Space Task Group, to Dr. N.E. Golovin,
Director, DOD-NASA Large Launch Vehicle Planning Group, September 12, 1961.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.
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In designing the launch vehicle to take Apollo crews to and from the Moon, the relationship between
launch vehicle reliability and crew safety was a critical concern. This document reviews several con-
siderations related to this relationship as seen by the Space Task Group, which managed NASA's
human spaceflight efforts. In particular, the letter notes the concern that a vehicle of less capacity than
the proposed Nova superbooster might place astronauts at too great a risk. From the time he heard of
President Kennedy’s announcement until the end of the Apollo program, Robert Gilruth was con-
cerned that the lunar landing mission was excessively risky. The figure referred to in the enclosure does
not appear here.

[original marked “CONFIDENTIAL” on each page; classification change to “unclassified”
by authority of Executive Order 11652, February 7, 1973]

[1]
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

SPACE TASK GROUP
Langley Field, Va.

September 12, 1961

Dr. N. E. Golovin, Director

DOD-NASA Large Launch Vehicle
Planning Group

NASA Headquarters, Code AA-4

1520 H Street, Northwest

Washington 25, D.C.

Dear Dr. Golovin:

In answer to your request of August 16th, Space Task Group has prepared a list of mis-
sion criteria and other requirements for the launch vehicles to be used for Project Apollo
missions. Project Apollo is aiming for a mission reliability goal of 0.90 and a safe crew
return goal of 0.999. Necessarily, the launch vehicles must be designed and developed
with better margins and more redundancy than missile boosters. In addition, the launch
vehicle operation must cater to certain restrictions and provide the flight crew with fail-
ure information and some control capability.

Necessary and reasonable constraints and requirements upon the launch vehicle
design and operation are listed. Most of these are self-explanatory, the others will be dis-
cussed later in this letter.

a. Mission Criteria

(1) Launch longitudinal acceleration not to exceed 8g

(2) Lateral acceleration at the spacecraft due to launch vehicle hard over control
maneuvers shall not exceed 3g at any time

(3) Vibration transverse and longitudinal shall not exceed those shown in the
enclosure at any time

(4) Maximum dynamic pressure no greater than 1000 psf

[2] (5) Staging to be carried out in a noncritical environment

(6) Minimum number of stages

(7) Staging into parking orbit (parking orbit will be standard procedure) where
performance penalty does not exceed 10 percent
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(8) All failure modes identified and either or both of the following provided
(a) Failed systems overridden automatically
(b) Failures and prospective failure activity signalled to crew with provision
for crew to
1 Switch to backup system or redundant mode
2 Directly override failed system
3 Shutdown launch vehicle and initiate escape sequence
b. Performance Required (Includes contingency for growth)
(1) 35,000 pounds to escape for lunar orbit missions
(2) 150,000 pounds to escape for lunar landing missions
¢. Reliability Goal
(1) 95 percent satisfactory insertion on translunar trajectory
d. Failure Sensing
(1) 0.999 failures sensed prior to catastrophic condition
e. Structural Margin
(1) The general structural factors of safety shall be 1.5 to ultimate and 1.1 to
yield. The design limit load envelopes shall be established by superposition of
rationally deduced critical loads for all flight modes. Loads envelopes shall
recognize the cumulative effects of additive type loads. The structure shall be
designed such that operation of the vehicle or any subsystem is unimpaired
by structural deflection at limit load conditions.
[3] f. Reliability Demonstration
(1) One successful operation of each complete launch vehicle system with a
dynamically similar payload. Reliability demonstrated by analysis and compo-
nent and subsystem tests. Reliability to be emphasized in design, production,
and launch preparation procedures.

The Apollo spacecraft will be designed in a manner to place full control of the mis-
sion with the crew. This by no means implies that all control functions will be carried out
by the crew. It may be desirable and sometimes necessary to utilize the speed and preci-
sion of automatic equipment. Likewise, certain repetitive tasks that would prove monot-
onous or time consuming may also better be done by automatic means. It is suggested
that the launch vehicle design should also take advantage of the fact that there is a crew
aboard in order to improve reliability. It is not obvious, however, that a general formula
for crew participation is practical. This should be decided after careful and detailed study
of the particular launch vehicle to be employed.

The Apollo missions are being planned on the basis of using a parking orbit as stan-
dard procedure. The operational flexibility provided is sufficient to justify this decision.
The use of the parking orbit period for inflight checks may be of even more significance.
After injection into the parking orbit, the spacecraft will have encountered its most
severe launch stresses, and will come into contact with the space environment for the first
time in the mission. By making status, functional, and operational checks of all equip-
ment at this time the safety of the flight will be enhanced greatly. While in orbit the
spacecraft can be brought back to the earth in a matter of minutes; on the other hand,
if the start of these checks is delayed until translunar insertion, it will be hours before an
earth return can be completed. Considering the duration of the mission that lies ahead
it seems only reasonable to plan on spending some time in orbit in order to obtain assur-
ance that all equipment may be relied upon.

Having established that a parking orbit as a checkout period has desirable features,
one is led to consideration of launch vehicle operation relative to a parking orbit. The
Space Task Group would like to see the launch vehicle designed so that staging naturally
[4] occurs at orbital conditions. An obvious benefit is that the hazard of one start-up is
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eliminated. This is important both from a flight safety and a mission reliability standpoint.
A less obvious benefit is that all launch stages are “single-burn.” There should be only one
stage required to accelerate from orbital conditions to the translunar trajectory. This stage
will not have been used. By making proper status checks, the crew can be reassured that
this stage is in the same condition as at launch. An example of degradation by a relight
operation is cited. Consider that in the first shutdown a slow propellant leak, perhaps
through a valve, develops. The stage may then be rendered incapable of providing ade-
quate insertion velocity. Yet, there is at this time no known procedure for determination
of propellant quantity in a partially-filled tank in a weightless environment.

| feel that it is highly desirable to develop a launch vehicle with sufficient perfor-
mance and reliability to carry out the lunar landing mission using the direct approach.
Therefore, | recommend that rocket motors larger than those presently under develop-
ment be obtained for this program. Rendezvous schemes are and have been of interest
to the Space Task Group and are being studied. However, the rendezvous approach itself
will, to some extent, degrade mission reliability and flight safety. | am concerned that ren-
dezvous schemes may be used as a crutch to achieve early planned dates for launch vehi-
cle availability, and to avoid the difficulty of developing a reliable NOVA class launch
vehicle. As you know, the mission most likely will not be attempted until a reasonable
amount of confidence in completing the mission is established. Thus, from a program
planning standpoint “system reliability in use” is more important than “hardware avail-
ability for use,” even though earliest achievement of the mission is a primary goal.

Yours very truly,

Robert R. Gilruth
Director

Encl:
1 copy figure entitled
“Vibration Limits”

Document 1-31

Document title: Milton Rosen, Director, Launch Vehicles and Propulsion, Office of
Manned Space Flight, Memorandum to Brainerd Holmes, Director of Manned Space
Flight, “Large Launch Vehicle Program,” November 6, 1961.

Document 1-32

Document title: Milton Rosen, Director, Launch Vehicles and Propulsion, Office of
Manned Space Flight, Memorandum to Brainerd Holmes, Director of Manned Space
Flight, “Recommendations for NASA Manned Space Flight Vehicle Program,” November
20, 1961, with attached: “Report of Combined Working Group on Vehicles for Manned
Space Flight.”

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In the months following the May 1961 announcement by President Kennedy that the United States
would send Americans to the Moon, there was intense activity examining various ways of achieving
that mission and the overall acceleration of the national space effort that Kennedy had approved. In
particular, a NASA-Department of Defense committee headed by Nicholas Golovin had spent the
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summer addressing launch vehicle requirements, but had become deadlocked. By the end of 1961,
NASA needed decisions on what kind of launch vehicle would be needed for the Moon if it was to meet
Kennedy’s deadline of accomplishing the mission before the end of the decade. Milton Rosen, a veter-
an of the Vanguard program, was in charge of launch vehicle development for Apollo. The two-week
study described in his November 6 memorandum and reported in his November 20 memorandum pro-
posed that a Saturn vehicle using five F-1 engines in its first stage, rather than the two to four engines
that had previously been under discussion, be developed. This recommendation was accepted by NASA
leadership; the resulting vehicle soon became known as the Saturn V. When NASA in mid-1962 decid-
ed to use the lunar-orbit rendezvous approach to accomplishing the lunar landing mission, the addi-
tional power provided by the fifth first-stage engine meant that the mission could be carried out using
a single launcher. Thus the key recommendation of Rosen’s report was one of the significant enablers
of meeting the Apollo deadline.

Document |-31

[1]
UNITED STATES GOVERNMENT
MEMORANDUM

TO: M—Mr. Holmes DATE: November 6, 1961
FROM: ML—MTr. Rosen
SUBJECT: Large Launch Vehicle Program

Pursuant to discussions with you and Dr. Seamans, | have organized a working group
consisting of members of my staff, augmented by representation from [Marshall Space
Flight Center] and the Office of Spacecraft and Flight, to examine the reports of several
committees and on the basis of these reports, and our judgment and analysis, to recom-
mend to you a large launch vehicle program which will:

1. Meet the requirements of manned space flight, and
2. Have broad and continuing national utility (for other NASA and DOD missions)

Our principal background material will consist of the reports of the following groups:
1. The Large Launch Vehicle Planning Group (Golovin Committee)
2. The Fleming Committee
3. The Lundin Committee
4. The Heaton Committee
5. The Davis-Debus Committee

The following people are members of the working group:
Launch Vehicles & Propulsion

Mr. M. W. Rosen, Chairman

Mr. R. B. Canright

Mr. Eldon Hall

Mr. Elliott Mitchell

Mr. Norman Rafel

Mr. Melvyn Savage

Mr. A. O. Tischler
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Marshall Space Flight Center
Mr. Wm. Mrazek
Mr. Hans Maus
Mr. James B. Bramlet
Spacecraft & Flight
Mr. John Disher

[2] Our approach is to start out by having sub-groups make critical evaluations of some
of the most important problems. Having done this, we will be in a better position to for-
mulate a recommended program. Some of the subjects we are considering are:

An assessment of the problems involved in orbital rendezvous

An evaluation of intermediate vehicles (C-3, C-4, C-5 class)

An evaluation of NOVA class vehicles

An assessment of the future course of large solid rocket motor development

An evaluation of the utility of TITAN-III for NASA missions

An evaluation of the realism of the spacecraft development program (schedules,
weights, performances)

ok, wNhE

Preliminary discussions within the group as to our mode of operation and the scope
of our work have taken place this week. This memorandum is the result of these discus-
sions. We have set as a target having in your hands a recommended program, and an eval-
uation of the more critical factors affecting it, by November 20.

I need your help in the following areas:

1. Immediate access to the report of, and supporting data used by, the Golovin

Committee.

2. The opportunity of completing our work before further decisions are made in the
areas we are examining. Should the need arise for a critical decision prior to
November 20, we will be available at any time on or after November 13 to give you
an oral briefing of our up-to-date findings.

Milton W. Rosen
Director, Launch Vehicles & Propulsion
Office of Manned Space Flight

Document 1-32

UNITED STATES GOVERNMENT
MEMORANDUM

TO: M—Mr. Holmes DATE: November 20, 1961
ML(MWR:pbm)
FROM: ML—Mr. Rosen

SUBJECT: Recommendations for NASA Manned Space Flight Vehicle Program

1. Inaccordance with my memorandum to you of November 6, | am presenting, for
your consideration, a summary report prepared by the working group on vehicles for
manned space flight. The members of the group were as stated in the November 6 mem-
orandum, with the addition of Mr. David Hammock of the Space Task Group.

2. This report represents the distilled judgment of the group. No attempt was made
to enforce or obtain unanimity. A small minority may differ with the wording of some of the
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recommendations. The general approach of the report, as a whole, is supported by the
group, as a whole, and in this sense represents a consensus. Differences of opinion arose in
three areas: rendezvous vs. direct flight, solids vs. liquids, and the nature of the intermedi-
ate vehicle. These differences are in the nature of emphasis rather than content. This situa-
tion is best illustrated by the tape recording made during the final session of the group.

3. The group had available the final recommendations of the Golovin Committee
and preliminary drafts of several of the report chapters. We took the view that the Golovin
Committee had opened doors to rooms which should be explored in order to formulate
a program. Our report consists of a finer cut of the Golovin recommendations—it is more
specific with regard to the content and emphasis of a program. We believe such closer def-
inition is required in order to arrive at a 1963 budget.

4. The program we are recommending to you is, in my opinion, the best we can
offer at this time. It takes account not only of technical factors, but also of the realities of
the budgetary and political situation. We are preparing a budget and schedule as an
appendix to this document. | propose to have these in your hands by November 22. My
gross estimate at this time is that the program recommended here can be funded by the
Plan A budget ($4,238 million) recommended by Mr. Webb to the Director of the Budget.
The Plan B ($3,699 million) budget would be inadequate. Should it develop that the Plan
A budget is not obtainable, we are prepared to undertake a further condensation of the
program to meet a lesser figure. It must be admitted, however, that such a step starts to
eliminate some important alternative approaches.

5. Those of us who participated in this intensive two-week effort feel that our work
has been worthwhile in clarifying in our minds the very important issues that are the sub-
ject of this report.

Milton W. Rosen
Director, Launch Vehicles & Propulsion
Attachment: as stated

*kkkkkhkkikk

[each page of the attachment is stamped “FOR INTERNAL NASA USE ONLY”; no page
number on first page]

Report of Combined Working Group on
Vehicles for Manned Space Flight

Recommendations

1. The United States should undertake a program to develop rendezvous capability on
an urgent basis.

2. To exploit the possibility of accomplishing the first manned lunar landing by ren-
dezvous, an intermediate vehicle with five F-1 engines in the first stage and four or five
J-2 engines in the second stage and one J-2 in the third stage should be developed.
The vehicle should be so designed that it can be modified to produce a three engine
first stage, if rendezvous is difficult to achieve. The three engine vehicle provides a
better match with a large number of NASA and DOD requirements and earlier flights
in support of the manned lunar program.

3. The United States should place primary [crossed out and replaced with “major”]
emphasis on the direct flight mode for achieving the first manned lunar landing. This
mode gives greater assurance of accomplishment during this decade. In order to
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implement the direct flight mode, a NOVA vehicle consisting of an eight F-1 first
stage, a four M-1 second stage, and a one J-2 third stage should be developed on a top
priority basis.

4. Large solid rockets should not be considered as a requirement for manned lunar
landing. Should these rockets be developed for other purposes, the manned space
flight program should support a solid first stage development in order to provide a
backup capability for NOVA.

[2]

5. Development of the one J-2 engine S-1VB stage should be started, aiming toward flight

tests on a Saturn C-1 in late 1964. It should be used as the third stage of both C-5 and

NOVA, and also as the escape stage in the single earth orbit rendezvous mode.

6. NASA has no present requirement for the TITAN 11l vehicle. Should the TITAN Il
be developed by the DOD, NASA should maintain continuous liaison with the DOD
development to ascertain if the vehicle can be used for future NASA needs.

[no page number]
Discussion
1. Rendezvous

The capability for rendezvous in space is essential to a variety of future space missions.
These include crew rotation and resupply of orbiting laboratories and space stations,
orbital assembly for future manned planetary missions, and rescue operations in orbit. For
these reasons alone a vigorous high priority rendezvous development effort must be
undertaken immediately.

The United States should undertake a program to develop rendezvous capability
on an urgent basis.

Space rendezvous presents the possibility of accomplishing the initial manned lunar
landing mission earlier than by other means and therefore should also be considered for
that mission.

Several modes of rendezvous in space have been proposed for accomplishing the ini-
tial lunar landing mission. The favored modes are (1) a single rendezvous and docking in
earth orbit, (2) a single rendezvous in lunar orbit by a lunar excursion vehicle which
departs from a parent craft in lunar orbit, descends to the lunar surface and returns to the
parent craft which remains in lunar orbit. The second alternative offers the possibility of
mission accomplishment with only one earth launch of the same type launch vehicle of
which two are required for the earth orbit rendezvous. It also offers the possibility of a
smaller and simpler lunar landing vehicle for the initial landing attempt. However, the
lunar orbit rendezvous operation entails [2] appreciably greater human risk than does
earth orbit rendezvous because a missed rendezvous at the moon is fatal whereas a missed
earth rendezvous simply aborts the mission. The lunar rendezvous vehicle also lacks sub-
stantial radiation protection and lands only a minimal payload on the moon with limited
staytime and scientific equipment.

After comparing the advantages and disadvantages of the two rendezvous modes it has
been concluded that the preferred rendezvous mode is the single rendezvous in earth orbit.

It is imperative to recognize that rendezvous offers only a possibility of carrying out
the initial landing more rapidly than by other means. Because we will not have our first
experimental indications of the difficulty of performing rendezvous until 1964 we will not
until that time have a firm basis for estimating and scheduling the time required to devel-
op high reliability space rendezvous, docking, and fuel transfer operations.



EXPLORING THE UNKNOWN 127

The Heaton Committee investigated the docking method for earth orbit rendezvous
and concluded that the launch vehicle should have sufficient capability so that only one
rendezvous would be required. About four rendezvous (5 vehicles) are required with the
C-3. Hence, emphasis shifted from the C-3 to the C-4 vehicle. At that time it was believed
that adequate capability could be obtained with two C-4 vehicles. A more detailed investi-
gation indicates that the C-4, when designed and built with sufficient structural and flight
margins for high confidence, [3] is inadequate with only one rendezvous for the desired
allowable spacecraft weight. The C-5 has adequate margin with one rendezvous.

If several rendezvous in earth orbit are shown to be entirely feasible, the use of a C-3
class vehicle would be suitable with a fueling type of operation but not with a docking type
because of the structural considerations of combining five vehicles. Two rendezvous maneu-
vers with three C-4 vehicles would be suitable with either docking or fueling. The
C-5 vehicle is capable of performing the single earth orbit rendezvous mode without refu-
eling and is also capable of performing the lunar orbit rendezvous mode as described above.

To exploit the possibility of accomplishing the first manned lunar landing by ren-
dezvous, an intermediate vehicle with five F-1 engines in the first stage and four
or five J-2 engines in the second stage and one J-2 in the third stage should be
developed. The vehicle should be so designed that it can be modified to produce
a three engine first stage, if rendezvous is difficult to achieve. The three engine
vehicle provides a better match with a large number of NASA and DOD require-
ments and earlier flights in support of the manned lunar program.

The working group examined rendezvous more intensively than any other subject in
an attempt to understand the technical and operational problems involved. This effort led
to the conclusion that the development of rendezvous, and its use for manned lunar land-
ing, cannot be scheduled with any reasonable degree of assurance. We urge development
[4] of rendezvous in its own right and so that a better assessment of its use for manned
lunar landing can be made in the next year or two.

2. Direct Flight

In order to inject the Apollo spacecraft into a lunar trajectory without recourse to
orbital assembly or refueling, a launch vehicle with capability equivalent to that provided
by an 8 F-1 engine first stage is required. Such a launch vehicle presents no different order
of technical problems than does a 5 F-I engine first stage. Larger facilities are required for
fabrication and test, and the first unit will take more man hours to build and test, but the
problems are the same.

The group examined versions of NOVA suggested by the Golovin Committee. The
chosen configuration places emphasis on achieving early manned lunar landing by direct
flight, with sufficient margin for both spacecraft and vehicle contingencies, and in addi-
tion, offers potential for missions beyond manned lunar landing. This configuration con-
sists of a first stage with 8 F-1 engines, a second stage with (4-1).* M-1 engines and an S-1VB
third stage, the same as the third stage of the C-5 and the second stage of the C-1B Saturn.
This version has growth potential and also offers the advantage that it could utilize the
four 240-inch solid first stage if it were to be developed.

We have examined the feasibility of producing this NOVA vehicle and have conclud-
ed that it can be scheduled with a reasonable degree of assurance. An optimistic schedule
would provide an earliest capability in late 1966; a pessimistic schedule would provide an

*  Four engines with one engine out capability
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earliest lunar landing capability in 1968. It appears reasonable to plan on the availability
of this type of NOVA vehicle in 1967 for the achievement of manned lunar landing.

[5]

The United States should place primary emphasis on the direct flight mode for
achieving the first manned lunar landing. This mode gives greater assurance of
accomplishment during this decade. In order to implement the direct flight
mode, a NOVA vehicle consisting of an eight F-1 first stage, a four M-1 second
stage, and a one J-2 third stage should be developed on a top priority basis.

3. Solid Rockets

The group examined the prospects for developing large solid rockets for first stages
of the intermediate and NOVA vehicles. In particular, we examined the 156-inch seg-
mented motor and the 240-inch monolithic motor. The group concluded that both of
these versions could be developed, and that the elapsed time between now and the first
motor test could be scheduled with reasonable assurance. There was considerable uncer-
tainty as to the number of motor tests required to solve technical problems and to achieve
a reasonable degree of reliability, to the number of stage tests which may be required and
to the number of flight tests. On the other hand, success of the F-1 and J-2 engines must
be assured if the program proposed here is to be undertaken at all. Since these engines
must be developed to a high degree of reliability for the intermediate vehicle, it seems
only sensible to use them in NOVA. These considerations led to the conclusion that the
present program for manned lunar landing should be based on liquid propulsion, and
that solid rockets should serve as a backup only.

[6]

Large solid rockets should not be considered as a requirement for manned lunar
landing. Should these rockets be developed for other purposes, the manned
space flight program should support a solid first stage development in order to
provide a backup capability for NOVA.

4. Saturn Class Vehicles

As recommended by the Golovin Committee, development of Saturn C-1 should be
continued to provide an early capability for orbital tests of Apollo.

A one J-2 engine top stage can serve the C-1, C-5, and NOVA. It also serves, with mod-
ification, as the escape tanker in the single earth orbit rendezvous operation. In other
words, in any mode of operation recommended here, when the Apollo spacecraft is sent
from orbit to escape, it uses the S-1VB. We have examined the development schedules of
the S-1V and the S-IVB and have concluded that the S-1V leads the S-1VB by at least one
year. Substitution of the S-1VB at this time would result in a year’s delay in first flights of
the Apollo spacecraft on Saturn. Since the Apollo orbital flights are to start with the
Saturn C-1, using the S-1V, it may be prudent and desirable to continue this version of
Saturn C-1 for all of the Apollo orbital tests. In this case, we recommend that two or three
Saturn S-I’s be devoted to vehicle tests of the S-1VB stage at an early date, in order to qual-
ify the S-1VB for its future use on the C-5 and NOVA.
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[7]

Development of the S-1VB stage should be started, aiming toward flight tests on
a Saturn S-1 in late 1964, and use as the third stage of both C-5 and NOVA, and
also as the escape stage in the single earth orbit rendezvous mode.

The group examined information available on the TITAN Il1, its performance, future
availability and developmental problems.

The TITAN 11l and the Saturn C-1 are competitive in orbital performance. The
TITAN III, alone, has some escape capability which is enhanced by addition of a fourth
stage. The Saturn C-1 has an appreciable escape capability through the addition of a third
stage. One major difference is that the TITAN Il core has a 10-foot diameter and only
with difficulty could carry large diameter payloads. The Saturn C-1, on the other hand, has
an 18-foot diameter and could be provided with a third stage of similar diameter, for
example, the following combination [S-1-S-1VB-S-1V]. Escape payloads presently planned
by NASA for Centaur utilize the full 10-foot diameter of that vehicle. Future escape pay-
loads, requiring greater launch vehicle capability, fall in the diameter class of 12 to 18 feet.
Launch vehicle requirements for these payloads can be met by the Saturn C-1.

NASA has no present requirement for the TITAN Ill vehicle. Should the TITAN
111 be developed by the DOD, NASA should maintain continuous liaison with the
DOD development to ascertain if the vehicle can be used for future NASA needs.

Document 1-33

Document title: Future Projects Design Branch, Structures and Mechanics Division,
George C. Marshall Space Flight Center, NASA, Huntsville, Alabama, “NOVA Preliminary
Planning Document,” August 25, 1961, pp. 1-6.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The notion that a more powerful booster than that originally designated Saturn would be required for
ambitious future missions had been part of the planning of Wernher von Braun and his associates
for some time. That vehicle, called the Nova, became part of NASA's future planning as early as 1959.
With President Kennedy’s 1961 decision to go to the Moon, planning for the Nova took on increased
urgency; a vehicle of such capabilities was required for a direct flight to the Moon’s surface and back
to Earth by a crew-carrying spacecraft. Ultimately, a rendezvous approach to the lunar mission was
adopted, and the Nova’s extremely heavy-lift capabilities were not needed. Thus the vehicle never
entered development, although it remained under study until 1963.
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NOVA Preliminary Planning Document
August 25, 1961

Future Projects Design Branch
Structures and Mechanics Division
George C. Marshall Space Flight Center
National Aeronautics and Space Administration
Huntsville, Alabama

[no page number]
PREFACE

This document presents NOVA vehicle data generated to date by the Structures and
Mechanics [S&M] Division of the George C. Marshall Space Flight Center [MSFC]. The
data contained herein is preliminary and subject to change in the near future as more
technical data and planning knowledge of the subject becomes available. The preliminary
weights and performance data shown are particularly subject to change. Other divisions
of the MSFC have not completed their inputs to the NOVA development plan, and the
S&M Division will have changes to the data presented in this document. The NOVA
Development Plan will be formalized by the MSFC in the near future.

The NOVA vehicle as presented in this document is a three stage launch vehicle which
injects a payload into a lunar transfer orbit. The fourth, lunar landing, stage will be includ-
ed in following documents. Data for this stage is not included here because it is not yet
sufficiently refined.

[signed “Robert G. Voss for”]
W. B. Schramm
Chief, Future Projects Design Branch . . .

[1]
A." VEHICLE SYSTEM

1. Approach
The NOVA vehicle development will be aimed toward optimization for the three stage

escape mission utilizing a first stage called the N-I, a N-Il second stage, and a N-IlI third
stage. The NOVA vehicle’s objective is to provide a heavy weight lifting capability so that
this nation’s space exploration and manned lunar programs can be carried out. Among
the several mission objectives slated for the NOVA, the prime objectives are:

Manned Lunar Landing.

Planetary Spacecraft Landing (such as Prospector).

Other missions for which the NOVA vehicle is needed are:
350,000 Ib. Max. Volume Orbiting Laboratory (96 Min Orhit).
A booster vehicle (N-1 & N-11) which is capable of boosting a nuclear reactor
(NERVA) powered upper stage. . . .

True optimization of the NOVA vehicle for a three stage escape mission would
demand ignoring the other possible missions to the end that the design of the N-I and
N-11 stages would not be easily modified. It is a basic intent that the NOVA vehicle shall be
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capable of easy modification to accommodate both two stage (orbital operations) and
large, low density upper stages (nulcear [sic] powered stages). The choice of diameter is
a good example of pre-planning for future growth. To plan ahead for “other missions,” it
was decided to have a diameter of 320 inches in the third stage so that the vehicle would
be capable of boosting a large volume, low density, liquid hydrogen filled nuclear upper
stage, thus “cashing in” on the extremely high specific impulse available from nuclear
propulsion. Consideration was thus given, when this decision was made, for the possible
growth potential.

[2] It can be expected that the development engineering to be conducted will lead to cer-
tain desirable changes to the vehicle system as known today. Where their worth is proven
or unquestionable, they will be introduced into the vehicle system. Generally, introduction
will be at block change points. However, mandatory changes discovered during ground or
flight tests[,] and directly affecting mission reliability, will be introduced immediately upon
discovery of the unsatisfactory condition. In all cases changes to the vehicle system will be
limited to only those that will improve operational safety and mission reliability.

In the C-1 vehicle development program, the block concept of progressive develop-
ment was necessarily spaced out over a long period because of the time differential
between availability of the upper stage engines and the later initiation of the S-1V devel-
opment with respect to stage S-I stage of development. In the case of NOVA, however, the
N-1, N-11, and N-111 stages are almost on an equal footing with respect to engine availabil-
ity and the required development leadtime. As a consequence, the block concept for ini-
tial flight testing of these new stages will be accelerated.

2. Description
a. General

The NOVA vehicle is a three-stage general purpose space vehicle which will be
greater than 280 feet in length, will weigh approximately 635,000 pounds when empty and
9,500,000 pounds when fueled. Its lift-off acceleration will be 1.25 g, reaching 5.37 g at cut-
off of the first stage. Its initial thrust will be 12,000,000 pounds; it will be capable of plac-
ing 350,000 pounds of payload in a 96 minute orbit (300 n. mile) and will impart escape
velocity to 180,000 pounds of payload.

b. Stage N-I

The N-I stage of the NOVA launch vehicle will consist of a cylindrical tank struc-
ture with propellants separated by a common bulkhead. The diameter will be 530 inches,
and the length will be approximately 111 feet. It will be designed to load a capacity
7,030,000 pounds of usable mainstage propellants. The stage will be powered by eight
Rocketdyne F-1 engines, each developing 1,500,000 pounds of thrust and using RP-1 for
fuel and liquid oxygen as the oxidizer. Four engines will gimbal for vehicle control.
Control signals commanding the engine control actuators originate in the NOVA vehicle
instrument unit located forward of the N-I11.

c. Stage N-II

The N-I1 stage is the second stage of NOVA. It will be a cylindrical tank, 396 inch-
es diameter, and will be loaded with liquid hydrogen for fuel and liquid oxygen for the
oxidizer. It will be powered [3] by eight Rocketdyne J-2 engines, each developing
200,000 pounds thrust, yielding a total thrust at altitude of 1,600,000 pounds. N-11 will
have a tank design capacity for loading a maximum of 1,333,000 pounds of mainstage pro-
pellant. Most of the design details are preliminary, pending evaluation and selection of an
industrial contractor who will be responsible for the complete design, development and
delivery of this stage system.

d. Stage N-IlI

The N-lII stage is a cylindrical tank structure 320 inches in diameter. Two
Rocketdyne J-2 engines of 200,000 pounds thrust each power the third stage, and both are
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gimballed for control. This stage has a loading capacity of 440,724 pounds of propellant.
Adapters at the forward and aft ends of the stage taper to connect to the mating surfaces
of other vehicle components.

e. Instrument Unit

The instrument unit will house the primary NOVA vehicle guidance and control
instrumentation. It should be located as “high” in the system as possible; that is, it should
probably be located in the N-I1I stage or higher. Since the primary guidance and control
equipment consists of a stabilized inertial platform, a guidance computer, and a control com-
puter, the entire package should be placed as far away from high energy vibration as possible.
Insofar as the commands to control surfaces and commands for separation are concerned,
such commands should be relayed stage-to-stage downward from the control computer.

f. Payload

The payload will be determined by the mission, and the mission will be limited by
the payload. The main mission will be manned lunar landing. One orbital payload should
be a 350,000 pound orbiting laboratory, cylindrical, about 320 inches in diameter, orbit-
ing in a 96 minute (300 n. mile) orbit. Other orbiting payloads should be spacecraft in
24-hour orbits. In the case of all orbiting payloads, they should be of minimum density
(maximum volume). The NOVA vehicle has an escape capability of 180,000 pounds of
payload, lending itself well for soft landing in investigative spacecraft on the surface of
Mars or Venus.

3. Ground Test Program

Prior to the flight testing, many ground tests of individual stage systems will be
required to demonstrate assurance that high reliability can be maintained and progres-
sively improved. A full and comprehensive ground test program is considered a manda-
tory requirement for NOVA development. It is axiomatic that the confidence NASA can
place in the reliability of any stage, vehicle, or system, is directly proportional to the time
and effort spent in hot-testing, evaluation, redesign, modification and retesting of all
[4] components and systems. Since manned missions are planned for the SATURN vehi-
cle, the design and development of the NOVA must result in a vehicle with an extremely
high degree of reliability and assurance. To achieve this goal with so few vehicles, an
intense design and testing program will be established in which safety, reliability, and qual-
ity take high precedence over most other considerations. Integrated with the design and
testing programs must be a highly intensified inspection program. To fully demonstrate
reliability and safety, an extensive flight test program would have to be performed; how-
ever, time and cost restrictions prohibit it. Therefore, a high level of confidence must be
established through ground testing.

The outstanding factor associated with a comprehensive test program is the ability to
perform early R&D propulsion (battleship) testing, followed by all-systems vehicle captive
testing and finally full thrust and duration acceptance testing of development flight vehicles.

Equally important are the many detailed tests that must be performed on individual
components and subsystems ranging from qualification of valves and switches to static
loading of structural components and propellant tanks.

MSFC is fully aware of the benefits to [be] derived through testing, evaluation and
redesign during the development phase of any space vehicle. Each of the proposing con-
tractors will be evaluated, in part, based on the completeness of their proposed test program.

4. Production

The fabrication of all three stages will occur at contractor plants. A hot test stand for
the N-I and a hot test stand for the N-I1I will be fabricated. A dynamic test stand for the
C-3 will be modified to accommodate the second stage N-1l and higher stages as well as to
independently have a capability for first stage N-1 accommodation. This test stand in
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possession of MSFC will be available for NOVA testing by personnel of the NOVA prime
contractor. The load testing facilities of MSFC, to be built for C-3 testing, are in this status
capable of load testing NOVA stages. The importance here is that parallel dynamic and
load testing is facilitated.

5. Reliability

As already mentioned in the above paragraphs, a high degree of reliability is required
for all components and systems. Therefore, a comprehensive reliability program will be
carried on by the NOVA prime contractors. MSFC will provide the detailed work state-
ment for such a program which will encompass the following broad reliability areas: man-
agement and technical organization, program planning requirements, engineering
design, subcontractor and vendor control, reliability goals and evaluations, testing pro-
grams, failure analysis and data collection, documentation and progress reports, and man-
ufacturing and handling procedures. MSFC will monitor major control points in the
program and will evaluate the program progress at definite detail and all stages in the
NOVA program.

[5] 6. Possible Change in Configuration of N-I1I

In view of the recent decision to change the S-1I diameter from 320 to 360 inches, it
will be desirable to investigate a similar change for N-1l1l. There are, however, some dif-
ferences in the two stages which should be mentioned. One difference is in the flight tra-
jectories; S-11 is the injection stage in an orbital flight, whereas the N-I11 will be injection
stage for escape missions. There is, also, a 1 to 4 weight ratio of payloads in orbital flights
if the N-II1 is used for orbital injection. Another factor may be a probable difference in
the number of engines. In view of these and other differences, it appears that little other
than handling equipment and some tooling and internal parts will be interchangeable on
the two stages. It still may be desirable, however, from the standpoint of test stands and
other considerations, to make the N-111 the same diameter as the S-11.

Performance-wise, there appear to be no major objections to either diameter except
that payloads, guidance packages, and interface problems may be somewhat simplified by
the use of a similar diameter.

7. Vehicle Description
General

The NOVA vehicle will be 283 feet in length; its first stage is 530 inches in diameter
and approximately 111 feet long; its second stage is 396 inches in diameter and approxi-
mately 106 feet in length; the third stage is 320 inches in diameter and approximately
66 feet long. The first stage will be powered by eight Rocketdyne F-1 engines which will
use LOX and RP-1 as propellants; each engine will develop 1.5 million pounds of thrust.
The second stage will be powered by eight J-2 engines which will use LOX and LH, as pro-
pellants; each engine will develop 200,000 pounds of thrust. The third stage will be pow-
ered by two J-2 engines. . . .

Curves and charts appended to this report show the following characteristics of NOVA:

(1) Distribution of Normal Force Coefficient

(2) El vs. Station

(3) Weight and Propulsion Data

(4) NI, N-11, N-111 Stage Weight Breakdown

(5) [Control and Guidance] and Pitch Moment of Inertia vs. Burning Time

(6) Normal Force Coefficient vs. Mach Number

(7) Center of Pressure vs. Mach Number
[6] (8) Vehicle Drag vs. Mach Number

(9) Projected NOVA Reliability



134 ACCESS TO SPACE: STEPS TO THE SATURN V

(10) Trajectory Data

(11) Design and Expected Bending Moments vs. Station
(12) Design and Expected Shears vs. Station

(13) Longitudinal Force vs. Station . . .

Document 1-34

Document title: A.O. Tischler, Chief, Liquid Fuel Rocket Engines, NASA, to David
Aldrich, Program Engineer, Rocketdyne, July 29, 1959.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The development of the powerful F-1 rocket engine was a technological challenge from the start.
Nothing of similar scale had ever been attempted. Shortly after receiving the F-1 development contract
from NASA in January 1959, Rocketdyne began full-scale injector and thrust chamber tests. It soon
discovered a combustion instability problem—that is, the burning of the rocket fuel was not even across
the full width of the injector plate. This concern was common to the early stages of most rocket engine
development efforts, but given the size of the F-1, it could lead to major problems; shock waves from
the instability could destroy an engine in milliseconds. The problem was not easily or quickly solved
and, within three years, had become one of the pacing technological challenges of the Apollo program.

[1]
DPL(AOT:bw)
29 July 1959
Rocketdyne
A Division of North American Aviation, Inc.
6633 Canoga Avenue
Canoga Park, California

Attention: Mr. David Aldrich
Program Engineer

Dear Dave:

As you know, the National Aeronautics and Space Administration is concerned about
the occurrence of destructive combustion-driven oscillations in the experimental work on
the F-1 engine. We feel that continued occurrence of combustion oscillations can jeopar-
dize the development to a greater extent that any other single factor. Therefore, we are
anxious to do all that can be done to eliminate combustion oscillations in order to assure
expedient development of the engine. This must be accomplished in the face of a limita-
tion of available funds: planned work must be consistent with funds.

In the assessment team meetings of June 13-15 your people reviewed your program on
combustion-driven oscillations for our benefit. The assessment team’s opinion of this
review was that a more definitive step-by-step program aimed specifically at the F-1 engine
development would be required. This is, | believe, in line with your own plans. Such a pro-
gram may encompass model testing to develop empirical solutions as well as applied
research into the more fundamental aspects of the problem. Since such as program
requires well planned integration, your recent formation of a panel on combustion-driven
oscillations will be valuable in putting together procedures aimed toward a solution. The
program plan should explain what each test or each experiment is intended [2] to
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demonstrate, what the anticipated result will prove, what an opposite result would indicate,
and what in either case should follow to carry your understanding progressively further.

In connection with this problem ARDC [the Air Research and Development
Command] proposes to make a historical survey of methods and techniques used to cir-
cumvent the problem in the past. It would be appreciated if you would cooperate in dis-
cussing with and providing to ARDC people ([Ballistic Missile Division]) and the former
[Western Air Development Command] WADC group, henceforth stationed at [Edwards
Air Force Base], all technical information requested on this subject. Lt. Fred Anderson
(now at [the Eastern Air Force Command requirements branch]) is expected to contact
you shortly.

Since a better identification of what goes on in the chamber may yield valuable clues
to the phenomena the assessment team favored more complete instrumentation of the
test equipment in future operations. Records of valve opening and sequencing should be
mated with chamber instrumentation records.

Concepts for attenuating the combustion oscillations before test hardware damage
occurs must be considered. The RCC [rough combustion cut-off] device appears to detect
the occurrence of oscillations but the slowly-operating valves prohibit shut down in time.
Can some other faster system or method to attenuate the oscillations be used?

The assessment team observed that hydraulic simulation of the valving and flow oper-
ations would be valuable but that such simulation cannot be considered complete without
a turbopumped fluid system to work with.

NASA sees manned vehicle application as a future requirement of the F-1 engine. While
it is probably too early to consider what needs to be done to demonstrate a high degree of
reliability in this engine the future need for such demonstration should be anticipated.

Yours truly,
[signed “Oscar Bessio for”]
A.O. Tischler
Chief, Liquid Fuel Rocket Engines
Document 1-35
Document title: D. Brainerd Holmes, Director of Manned Space Flight, to Wernher
von Braun, Director of Marshall Space Flight Center, “Combustion Instability of F-1
Engine,” January, 26, 1963.
Document 1-36
Document title: A.O. Tischler, Assistant Director for Propulsion, to Milton Rosen,
Director, Launch Vehicles and Propulsion, “First monthly report on F-1 instability prob-
lems,” February 15, 1963.
Document 1-37
Document title: Wernher von Braun, Director of Marshall Space Flight Center, to D.
Brainerd Holmes, Director of Manned Space Flight, “Response to Letter of January 26,
1963,” March 11, 1963.

Source: All in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.
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NASA and Rocketdyne engineers had known for some time that addressing combustion instability
would be a major problem in qualifying the F-1 engine for use in the Saturn/Apollo booster. They
believed that they had the problem under control until an engine was destroyed during a June 1962
test. Attempts to address the problem during the rest of 1962 were not successful. D. Brainerd Holmes,
NASA's Associate Administrator for Manned Space Flight, even considered abandoning the engine at
one point. One concern was whether Wernher von Braun and his associates at the Marshall Space
Flight Center, who were in charge of F-1 development, were being sufficiently responsive to suggestions
coming from outside that center.

After a January 31, 1963, review of the situation, Holmes was persuaded not to start another engine
development effort and to move forward on the assumption that the problem could be solved without
threatening the overriding objective of meeting President Kennedy’s “before the decade is out” objective
for the lunar landing. He was also assured by von Braun that all good ideas, whatever their source,
were being taken into account. Various ad hoc approaches to the problem were tried in succeeding
months until a stable baffled injector design was developed. Even then, additional fixes had to be
made to assist the engine in recovering from transient instability problems. Note that the enclosures
with the Holmes letter to von Braun, as well as with Tischler’s monthly report, do not appear here.

Document 1-35

[1]
January 26, 1963

Dr. Wernher von Braun, Director

George C. Marshall Space Flight Center
National Aeronautics and Space Administration
Huntsville, Alabama

Subject: Combustion Instability of F-1 Engine
Dear Wernher:

We have become increasingly concerned over the problem of combustion instability of
the F-1 engine. In fact, the recent decision to limit test firings to fifteen seconds duration
because of these instabilities was very disturbing to me. It is difficult to see that progress is
being made, although | recognize that such development problems are not solved rapidly
and often entail major hardware modifications even during the periods of experimentation.

We would, however, like to see the specific steps which are being planned in the analy-
sis and experimentation to be programmed for the months ahead. | have asked Mr. Rosen
to contact your propulsion people in order that | can be briefed by those intimately involved
in the F-1 engine development concerning our plans in the handling of this matter. It is my
understanding that this meeting is scheduled to be held in my office on January 31st.

As you know, Dr. Seamans has for some time believed that this problem is one of the
most serious in our entire manned lunar landing development program. | have attached
for your information three memoranda which | believe are self-explanatory. One is a
memorandum from Mr. Dixon to Dr. Seamans concerning his view on the subject. The
second is a letter to Dr. Seamans from Dr. [John C.] Eward which references the third
memorandum from Dr. [Richard] Priem [at Lewis Research Center]. As you will note,
these memoranda give the impression that the suggestions of the Lewis people have been
largely ignored. | do not know if this is a fact, but | do believe the problem has reached
such serious proportions that we should all be very well aware of the specific steps being
taken to endeavor to reach an early solution.
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[2] | would most appreciate it if you would give this matter your personal and urgent
attention and advise me at an early date of the specific actions which you judge we should
undertake at this time.

Sincerely,

Dr. Brainerd Holmes
Director of Manned Space Flight

cc: Dr. Seamans
Mr. Rosen

Enclosures: (1) To Associate Administrator from Thomas F. Dixon, January 18, 1963,
“Combustion Instability of the F-1 Engine”
(2) To Dr. Seamans from John C. Eward, undated, same title
(3) To Deputy Associate Director for Research from Dr. Priem, dated
December 12, 1962, “Combustion Instability with F-1 Engine”
(4) To ML/Mr. Rosen from M/Mr. Holmes, January 26, 1963

DBH:as

Document 1-36
[1]
UNITED STATES GOVERNMENT National Aeronautics and
MEMORANDUM Space Administration
TO: ML/Milton Rosen

FROM: MLP/A. O. Tischler
SUBJECT: First monthly report on F-1 instability problems
DATE: February 15, 1963

M-M L 4000.036

This report will discuss background of the F-1 instability problem, will review current
theories of the oscillation mechanism, will survey design modifications in work and possi-
ble effect on F-1 engine program and will indicate supporting activities.

HISTORY

Combustion-driven oscillations were recognized at the onset of the F-1 engine devel-
opment as the most critical problem facing the engine development. Project direction
demanded intensive effort in this area and this effort, as planned by Rocketdyne, was reen-
forced [sic] after a number of occurrences in the early thrust chamber tests. Subsequently,
repeated oscillation-free operation of the thrust chamber with one particular injector
(5-U pattern) resulted in a tapering off of activity to examine engine stability. This injec-
tor furthermore permitted stable operation of engine tests during the early phases of
engine testing. It is noted, however, that because of turbo-pump test failures on the turbo-
pump stand many of the early engine tests were run at a derated thrust of about 1100k.

More recent testing of the engine at full thrust has, on occasion, resulted in main-
stage combustion-driven oscillations leading to automatic termination of the tests by a
device called the rough combustion cut-off (RCC). Eight such cases have occurred in
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240 engine tests. Eighty-four of these engine tests have been at near-rated thrust levels. All
of the full thrust tests have been made with either the 5U pattern injector, which has a flat
face, or with a baffled version of this injector. The attached photos show the 5U and
5U Baffled injector patterns. (Enclosure 1)

Of the eight main-stage rough combustion cut-offs, seven have been at full thrust; one
occurred below 1400k. It is noteworthy that, except for some early engine tests, the engine
has shown remarkable stability through the start transient. Although starting often serves
to trigger instabilities in liquid engines, the F-1 has been free of oscillatory troubles dur-
ing start; all recent cases of rough combustion cut-off have occurred during steady thrust
operation. In 168 engine tests with a flat-face 5U pattern injector, five cases of instability
have been observed. This is an incidence rate of about 3%. In 15 tests with [2] the 5U
Baffled injector, three cases of instability have occurred. This is an incidence rate of 20%.
However, the severity of the oscillations is different for the 5U and 5U Baffled injectors.
Instability with the 5U injector results in very rapid extensive damage to the injector face
and, very often, to the combustion chamber walls as well. With the 5U Baffled pattern,
however, cut-off can be initiated before damage becomes excessive. The chamber is gen-
erally operable. The injector face may be scorched and the baffles slightly bent but the
injector is generally reusable

OSCILLATORY

The modes of instability of the 5U and 5U Baffled injector are different.
Instrumentation traces of engine tests with a 5U injector show the characteristic frequen-
cy (670 cps) and wave form of the first tangential mode of oscillation in the chamber.
Pressure amplitudes range from 1500-2000 psi peak-to-peak. This is the predominant com-
bustion-driven mode that has destroyed hardware in other engine programs.
Instrumentation traces of an engine run with a 5U Baffled injector show a frequency of
about 350 cps at amplitudes of 700 to 900 psi peak-to-peak. The wave form, instead of
being opposite in phase at opposite ends of a diameter of the chamber, is in this case in
phase across the entire injector face. This is therefore not a transverse acoustical mode. A
second form of instability with frequency of about 500 cps has appeared with one 5U
Baffled injector during two tests. This instability had the phase relationship of a normal
transverse mode although not the frequency. It is also of higher amplitude than the lower
frequency mode. This may be a damped form of the transverse oscillation. Damping tends
to depress frequencies.

The 670 cps corresponding to the first tangential mode of acoustical oscillation in the
chamber also corresponds roughly to the wake frequency of the blades of the turbo-pump.
The pressure pulses delivered by each blade have been measured just downstream of the
turbo-pump. These pressure excursions are about 75 psi peak-to-peak. Both the fuel and
the oxidant pump, which run at the same speed and have the same number of blades,
cause such excursions. The coincidence of these frequencies is recognized as bad and the
number of blades in both pumps is being changed from six blades to eight to mismatch
the frequencies. In addition, the dome of the injector, which serves as a plenum chamber
for the oxygen supply, has a characteristic “ring” under flow conditions of about 350 cps,
which corresponds to the frequency observed with the baffled injectors. This dome is
being redesigned to change its vibrational characteristic. Thus, the injection system of the
chamber contains several driving forces which are potentially oscillatory and which can
couple to produce the observed instabilities of the F-1 engine. It is clear that the engine
is not likely to be cured of combustion-driven oscillations by injector [3] redesign changes
alone. Both the contractor and NASA have recognized this. Steps are being taken to
redesign and correct those coupling systems which appear to affect the oscillation ten-
dency of the F-1 engine.
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CONTRACTOR ACTION

Design actions taken by the contractor to suppress combustion-driven oscillations in
the F-1 engine have been directed in courses. These are 1) attempts to isolate the feed sys-
tem from the combustion chamber, and 2) injector modification intended to produce a
stable injector pattern. The first course has included changes in the number of blades on
the turbo-pumps to “detune” the systems already mentioned in this memorandum, use of
dome modifications to provide improved feed system isolation, widening of certain
restricted flow passages in the dome to prevent repeated acceleration and deceleration of
the inlet (lox) flow. To date, a compartmented dome . . . which separates to prevent flow
from the diametrically opposed oxygen inlets has been fabricated and is being subjected
to test. It is believed that these opposed flows tended to generate a “flutter.” After engine
tests with this obstructed dome have been completed, it will be “bombed” with an explo-
sive charge to determine whether it is dynamically stable.

Along the other course, a series of detailed injector designs have been laid out.
Designs comprising approximately 14 different injectors are planned and eight are being
fabricated for testing in a program continuing through most of calendar year 1963. The
more conventional design injectors will be evaluated by the middle of June 1963. The pro-
duction engine injector design release requirement is the end of June.

Among the injector patterns to be evaluated are some which depart from the usual
variation in injector element patterns and explore the effects of grouping clusters of ele-
ments in a manner that will produce a non-uniform flame pattern within the combustor.
Such concepts have not been applied heretofore to avoid combustion-driven oscillations.
Preliminary results using scaled hardware (H-1 engine) indicate promise that such gross
injector groupings will suppress oscillations. Another pattern will inject propellants
through concentric tubes carried out into the combustion chamber at various distances to
distribute the flame front axially.

The lead time for some of the major design changes, particularly those which involve the
turbo-pump or the injector dome, is of the order of a half-year. Such changes, in work now for
about three months, are still several months from experimental evaluation. Because of the
importance of these experimental evaluations to the program progress and schedule, the nor-
mal hardware lead times have been greatly reduced by special handling on items affecting F-1
stability. Fabrication time on injector’s hole pattern changes, for example, has been reduced
from about five months to six weeks.

[4] Inaddition to these mainline courses, several other avenues are being explored by the con-
tractor. These include the investigation of various additives to the fuel and to the oxidant.

RECENT TEST EXPERIENCE

Two advanced injector designs were tested early in February as part of the injector
evaluation program. A triplet design, a radical departure from current F-1 pattern con-
cepts, was tried in the thrust chamber stand and went unstable spontaneously as it went
into main-stage. A splash ring injector (jets impinge on its surface and fan out) was tested
and made one short run. The second run was “bombed” and it went unstable damaging a
portion of the stand suction piping. In the meantime, a 5U flat faced injector with dams
and baffles in the liquid passages feeding the injector face to isolate the feed system has
been accumulating impressive running times without going unstable. Two short thrust
chamber checkout runs were made with this injector before it was installed in engine #1
but it has not been “bombed.” It has operated successfully seven times in the engine for a
total of 670 seconds. One of these runs was for 151.3 seconds of duration at rated thrust.
It is planned to continue this modified 5U injector in engine #9 for several additional
runs. Then it will be removed and bombed in a thrust chamber test to see if it is capable
of smoothing out the disturbance.
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PERSONNEL

Rocketdyne has established a special development group within its R&D organization
to attack this particular problem. This group is under Mr. Paul Castenholz and Dr. Daniel
Klute. The group presently numbers 142 people. This relatively large group has
autocratic authority within the program to take whatever action is deemed necessary to
solve the combustion problem expeditiously. At present, there is no money deficiency.
The higher rate of spending as a result of this group activity will generate a program
money deficiency early in FY 64 unless money is forthcoming immediately. In FY 64, [the
Office of Manned Space Flight] has projected a requirement for the F-1 program of which
represents an increase over the original submission.

In carrying out the investigations on the cause of combustion oscillations Rocketdyne
has had direct manpower support of NASA ([Marshall Space Flight Center]) personnel.
Rocketdyne has employed nationally-known consultants to assist in the interpretation of
the problem and the data records. In addition, [Marshall] has formed an ad-hoc com-
bustion instability group under the chairmanship of Mr. Jerry Thomson. This group
includes Dr. David Harjie of Princeton University and Dr. Richard Priem of [the Lewis
Research Center]. [Marshall] is also buying some technical support in the form of addi-
tional contract work with Princeton University and General Electric. Some of the com-
mittee members are listed on the attached sheet. (Enclosure 4)

[5] FACILITIES

To accommodate the additional development investigations by Rocketdyne, a second
position of thrust chamber test stand 2-B is being activated. In addition, a high-liquid-flow-
rate water bench is being constructed to test the hydraulics and dynamics of the injectors
without combustion. Additional instrumentation suitable for measurement of high fre-
quency phenomena will be employed in every test engine and chamber in order to obtain
far fuller information about the combustion phenomena. The additional requirement
being programmed for this purpose is reflected in an additional [Construction of Facilities]
requirement of $3.33m during the current fiscal year. This amount does not include approx-
imately $0.95m required as payment to the Air Force for not removing numerically con-
trolled machine tool equipment from Rocketdyne’s Canoga Park fabrication facility.

EFFECT ON LUNAR LANDING FLIGHT SCHEDULES

The present difficulties in the F-1 engine development do not jeopardize flight sched-
ules. The PFRT [Preliminary Flight Rating Test] date is threatened and PFRT may be
delayed to the end of the year to provide time to evaluate the several injectors which will
be tested in June prior to final PFRT configuration selection. Such an occurrence will
delay the delivery of the first complete S-5 set of ground test vehicle engines from January
64 to June 64. However, it is not intended to use all five engines in the earliest phase of
the vehicle ground test programs. Accordingly, an April delivery of one F-1 engine would
permit the accomplishment of planned ground test programs without delay to any flight
schedules. Such a schedule, on the other hand, has the disadvantage of having taken up
most of the “slack” in the ground testing program. The “fall-back” schedule proposed by
[Marshall] personnel is shown on Enclosure 2. It should be noted that this schedule has
not been reviewed by Dr. von Braun nor has any “fall-back” in schedule been sanctioned
by [the Office of Manned Space Flight].
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[OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY] SUPPORT

A memorandum has also been prepared to encourage an intensified [Office of
Advanced Research and Technology] program of support in the examination of the funda-
mental combustion processes driving these oscillations. A copy is attached. (Enclosure 3)

A. O. Tischler

Assistant Director for Propulsion
Enclosures:
Photos (C)
Schedule

Ltr to R. Bisplinghoff
Personnel Roster

Document 1-37

[1]
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C. MARSHALL SPACE FLIGHT CENTER
HUNTSVILLE, ALABAMA
In reply refer to: MAR 11, 1963
M-DIR

Mr. D. Brainerd Holmes

Director

Office of Manned Space Flight

National Aeronautics and Space Administration
Washington 25, D.C.

Dear Brainerd:

In response to your letter of January 26, 1963, | want to reaffirm my personal concern
and awareness of the problem confronting us regarding combustion instability of the F-1
engine. We at [Marshall Space Flight Center] have taken what we believe to be all the log-
ical steps necessary to bring about a rapid and final solution.

Your letter contained a number of questions and comments which, | have been told,
were adequately answered at NASA Headquarters during the [Marshall]/Rocketdyne pre-
sentation of January 31, 1963. However, | feel it necessary to re-emphasize some of the
remarks made at that time.

As you are aware, the test limit of 15 seconds duration was imposed temporarily and
voluntarily on engine runs with injector configurations proven to be risky and inadequate,
and in the absence of any better known designs. This was done in an effort to conserve as
much hardware as possible. At the same time it would permit us to run as many tests as
feasible with hardware, which if permitted to run longer durations, would possibly fail. On
the other hand, modified hardware incorporating the latest design changes would have
no duration limit imposed since we are interested in exposing such new designs as realis-
tically as possible to verify the validity of these modifications.

[2] At the present time, two engines are being tested at Edwards Air Force Base. Engine
#009 with the new injector/dome hardware, having satisfactorily completed a series of
tests (including eight long duration runs) since the first of February, is being replaced by
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engine #008 (also with new injector/dome hardware). Engine #010, utilizing the older
design injector/dome hardware, has been limited to 15 second tests. This engine will have
as its primary objective the demonstration of the gimbal capability of the F-1 engine. | feel
that the approach being taken on these engines is sound and reasonable.

Regarding your concern that suggestions from Lewis Research Center have been
largely ignored, | am informed that this too was satisfactorily answered at the January 31,
1963, presentation. Suggestions made by the F-1 Stability Ad Hoc Committee, of which
Lewis Research Center is a member, have been incorporated into the F-1 injector/dome
program and have already resulted in hardware or are currently in design. As a matter of
fact, the day of the presentation an injector configuration suggested by Lewis was
component-tested with unsuccessful results.

I hope that as a result of the presentation on January 31, 1963, you have acquired the
feeling that everything which can logically be done to bring about a rapid solution to this
problem is being done. | also want to assure you that [Marshall] will continue to be
responsive to constructive inputs from other areas, and that | will give my personal atten-
tion to the efforts on the F-1 program.

Yours very truly,

Wernher von Braun
Director

Copies to: NASA Headquarters
Dr. Seamans, AA
Mr. Low
Capt. Freitag, ML
Mr. Tischler, MLP
Mr. King, MLPL
Mr. Bessio, MLPL

Document 1-38

Document title: George E. Mueller, Deputy Associate Administrator for Manned Space
Flight, NASA, to the Directors of the Manned Spacecraft Center, Launch Operations
Center, and Marshall Space Flight Center, “Revised Manned Space Flight Schedule,”
October 31, 1963.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Finding ways to shorten the development time of the Saturn boosters was of considerable importance
in achieving President Kennedy’s goal of placing a human on the Moon within the decade. Based on
his experience in managing the Minuteman ICBM program, George E. Mueller, NASA's new Deputy
Associate Administrator for Manned Space Flight, proposed to accelerate the test flight schedule for the
Saturn IB and Saturn V by testing all elements of the system together. The new schedule was approved
after considerable debate, resulting in “all-up” test flights of the launch vehicles and spacecraft much
earlier than had been originally planned. This acceleration of the test schedule was one of the crucial
decisions leading to a 1969 lunar landing. The two figures referred to in this memorandum do not
appear here.
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[1]
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON 25, D.C.

IN REPLY REFER TO:
M-C M 9330.186
OCT 31, 1963

TO: Director, Manned Spacecraft Center
Houston 1, Texas
Director, Launch Operations Center
Cocoa Beach, Florida
Director, Marshall Space Flight Center
Huntsville, Alabama

FROM: Deputy Associate Administrator for Manned
Space Flight

SUBJECT: Revised Manned Space Flight Schedule

Recent schedule and budget reviews have resulted in a deletion of the Saturn |
manned flight program and realignment of schedules and flight mission assignments on
the Saturn IB and Saturn V_programs [handwritten underlining]. It is my desire at this
time to plan a flight schedule which has a good probability of being met or exceeded.
Accordingly, I am proposing that a flight schedule such as shown in Figure 1, with slight
adjustments as required to prevent “stack-up,” be accepted as the official launch schedule.
Contractor schedules for spacecraft and launch vehicle deliveries should be as shown in
Figure 2. This would allow actual flights to take place several months earlier than the offi-
cial schedule. The period after checkout at the Cape and prior to the official launch date
should be designated the “Space Vehicle Acceptance” period.

With regard to flight missions for Saturn I, [the Manned Spacecraft Center] should indi-

cate when they will be in a position to propose a firm mission and spacecraft configuration
for SA-10. [The Marshall Space Flight Center] should indicate the cost of a meteoroid pay-
load for that flight. SA-6 through SA-9 missions should remain as presently defined.
[2] It is my desire that “all-up” spacecraft and launch vehicle flights be made as early as
possible in the program. To this end, SA-201 and 501 should utilize all live stages and
should carry complete spacecraft for their respective missions. SA-501 and 502 missions
should be reentry tests of the spacecraft at lunar return velocity. It is recognized that the
Saturn IB flights will have [Command Module/Service Module] and [Command
Module/Service Module/Lunar Excursion Module] configurations.

Mission planning should consider that two successful flights would be made prior to
a manned flight. Thus, 203 could conceivably be the first manned Apollo flight. However,
the official schedule would show the first manned flight as 207, with flights 203-206 des-
ignated as “man-rating” flights. A similar philosophy would apply to Saturn V for “man-
rating” flights with 507 shown as the first manned flight.

I would like your assessment of the proposed schedule, including any effect on
resource requirements in FY 1964, 1965 and run-out by November 11, 1963. My goal is to
have an official schedule reflecting the philosophy outlined here by November 25, 1963.

George M. Low [signed for]
George E. Mueller
Deputy Associate Administrator
for Manned Space Flight
Enclosures:
Figure 1
Figure 2
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Document 1-39

Document title: Wernher von Braun, “The Detective Story Behind Our First Manned
Saturn V Shoot,” Popular Science, November 1968, pp. 98-100, 209.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The second flight of the Saturn V booster, launched on April 4, 1968, encountered several problems.
Identifying them and introducing corrections were essential to maintaining a schedule that would put
U.S. astronauts on the Moon before the end of 1969. Omitted here are photographs of author Wernher von
Braun, the Saturn V, and the fuel line. Von Braun’s original sketches have been redrawn for clarity.

[98] The Detective Story Behind
Our First Manned Saturn V Shoot

By solving the mystery of what went awry last time, engineers give the giant moon rocket
a “go” to carry astronauts on the next Apollo mission.

By DR. WERNHER VON BRAUN
Director of NASA’s George C. Marshall Space Flight Center, Huntsville, Ala.
Sketches by the Author

A few weeks hence, at Cape Kennedy, the first manned Saturn V will thunder aloft—
our 363-foot-high moon rocket. A triumph of detective work has cleared the way for astro-
nauts to ride it.

So far, just two of the giant rockets have been launched, both unmanned. The first
Saturn V flight went off flawlessly late last year. A string of mishaps, in contrast, beset the
second one last April. But the diagnosis of these has been so conclusive, and the remedies
so successful, that the unmanned trial will not need to be repeated. NASA has decided to
go right ahead and fly the third Saturn V manned.

The story of how the second Saturn V flight’s troubles were identified resembles a
detective thriller. It illustrates, too, modern methods of shaking down a complex space
vehicle.

The last flight. The second Saturn V’s takeoff at the Cape was faultless. For two min-
utes everything looked like a repeat of the first Saturn V’s textbook performance. Then
came a little excitement in the launch control center when, around the 125th second,
telemetered signals from accelerometers indicated an apparently mild “Pogo” vibration.

This is a lengthwise oscillation, named after the motion of a Pogo stick, which had
caused no little concern with the earlier Titan-boosted Geminis. It makes a space vehicle
lengthen and shorten like a concertina, several times a second. But [original placement
of first figure] [99] the Pogo vibration disappeared at about the 132nd second.

The second stage’s five J-2 engines, burning liquid hydrogen, ignited exactly on sched-
ule. But engine No. 2 soon gave signs of trouble. After burning for almost 4 1/2 minutes,
it suddenly lost thrust, and its low-thrust detection switch turned it off completely. Engine
No. 3—which had performed perfectly up to this point—shut itself down a second later.

Deprived of two-fifths of its million-pound thrust, the second stage bravely fought on
upward—uwith the trouble-sensing guidance system altering the climb path to help—and
labored overtime before dropping off. The third stage’s single J-2 engine started, and the
bird arrived in a somewhat off-normal but stable parking orbit. When it had circled the
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Clues to conking-out of second-stage engine No. 2, on last Saturn V, are sketched by Dr. von Braun. Thermocouples on rocket
told of flow of cold gas, as liquid hydrogen leaked from igniter fuel line and vaporized; then, of hot blast, as fire gas from com-
bustion chamber spurted like blowtorch from ruptured line. Losing thrust, engine shut itself off.

earth twice, a radio command to re-ignite the third stage was sent. But the J-2 engine failed
to respond.

To get the most out of the rest of the flight, the Command and Service Module carried
in the nose was commanded to separate from the disabled third stage. After two burns of the
Service Module, the Command Module made its reentry and was successfully recovered.

Had the flight been manned, the astronauts would have returned safely. But the flight
clearly left a lot to be desired. With three engines out, we just cannot go to the moon.

Despite the J-2’s impressive reliability in tests, two of the engines had conked out in
second-stage flight, and a third had balked in orbit. Why, suddenly, three failures on a sin-
gle flight?

Sleuths find clues. A joint detective team of engineers from NASA’s Marshall Space
Flight Center and from Rocketdyne, the J-2’s maker, went to work. Soon they discovered
clues. Counting time from second-stage ignition, telemetered temperature readings of
thermocouples in the second stage’s tail told this story:

e Atabout the 70th second, a flow of cold gas was detected, which could come only from
a liquid-hydrogen fuel leak. The flow pattern clearly located the leak in the upper part
of engine No. 2.

e The cold flow seemed to be increasing from the 110th second on, the time when
engine No. 2 began to falter.

e Between the 262nd and 263rd seconds, a sudden blast of very hot gas came from the
same place—ijust a split second before engine No. 2 shut itself off.

This short hot blast before shutdown was the giveaway. Only the fuel line to the J-2’s
igniter could fail in just this way. (The igniter is a hydrogen-oxygen pilot flame that helps
start the engine, and burns while it operates.)
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Successful cure for Saturn V’s Pogo vibration, from slight pulsation in thrust of its mighty first stage, puts a shock-absorbing
pneumatic damper of helium gas in each engine’s oxygen prevalve.

A leaking igniter fuel line would spray the surrounding area with cold hydrogen,
[original placement of second figure] [100] while it kept feeding some fuel into the ignit-
er. But the moment the line failed completely, high-pressure fire gas from the rocket
engine’s combustion chamber would back up in it and rush out of the breach like a blow-
torch, rapidly widening the uncooled opening. And when the engine’s combustion pres-
sure dropped below a certain point, the low-thrust sensing device would turn off the
engine, by closing fuel and oxygen “prevalves” that control the propellants’ flow to the
engine pumps. That explained why engine No. 2 shut down.

But what made the healthy No. 3 engine quit an instant later? Embarrassingly, a plain
human goof. Because of a mistake in wiring, the electrical signal intended to close engine
No. 2’s lox (liquid-oxygen) prevalve went instead to engine No. 3’s prevalve. Thus engine
No. 2, while it shut itself off by closing its own fuel supply, cut off engine No. 3’s lox supply, too.

The third stage’s J-2 engine shared the troubles of second-stage engine No. 2. During
its first burn of 170 seconds there were the same telltale signs of leaking and rupture of
the igniter fuel line, including the final hot blast. That put the engine out of commis-
sion—and so it could not be restarted.

What ailed the igniter fuel lines? Tortured in tests before, they went on the rack again.
They proved immune to increased pressure and flow rates, and to a far more severe shak-
ing up than in flight. Next came a study of resonant conditions: Did bellows sections in
the lines which provided flexibility for expansion “buzz” at certain flow rates?

It turned out that they did—but it seemed impossible to make them fail as a result.
Then eight lines were placed in a vacuum chamber. Liquid hydrogen flowed through them
at the proper rate and pressure. Within 100 seconds, every line failed at the bellows section!

Movies made of bellows’ tests solved the mystery. When the test chamber was not evac-
uated, surrounding air was liquefied by the extremely low temperature of the bellows
(=350 to —400 F.) when liquid hydrogen flowed through it. The liquefied air, trapped by
metal braid around the bellows, effectively damped its vibration at resonant points.
Evacuate the chamber, and (as in space) the protective damping effect was gone.



EXPLORING THE UNKNOWN 147

Once this diagnosis of the engines’ failures was made, the remedy was simple. New
igniter fuel lines, with bends in the stainless-steel tubing for flexibility, eliminated the bel-
lows sections—and that was all there was to it.

Then, the Pogo fix. The Marshall center set up a Pogo Task Force, too—supported by
experts from other NASA centers, universities, and industry. The team studied the first-stage
F-1 engines, made shake tests of parts of the Saturn VV/Apollo structure, and reported:

Such is the nature of a rocket engine’s operation that the F-1s’ thrust and combustion
chambers slightly pulsate, at a natural frequency of about 5 1/2 cycles a second. The
entire Saturn V with a spacecraft in its nose has a natural frequency, too, at which it is espe-
cially susceptible to longitudinal (concertina-like) vibration. Increasing as propellants are
consumed, this frequency also approaches 5 1/2 cycles a second at about 125 seconds
after takeoff.

When the structure’s responding frequency matches the engines’ driving frequency,
Pogo vibrations can occur.

While not necessarily destructive, it [209] undesirably imposes an extra, fluctuating
fraction of a g load on the vehicle and crew. (Sitting atop the long Saturn V stack, the rel-
atively light spacecraft is subjected to even higher Pogo-vibration loads than the engines
at the other end that cause the problem.)

The Pogo team’s solution: Detune the two frequencies by placing a pneumatic shock
absorber in the liquid-oxygen line of each of the five F-1 engines.

Cavities in the engines’ lox prevalves make this easy. Just fill them with helium gas—
which doesn’t condense at liquid-oxygen temperatures—and you have the desired shock
absorbers. The first stage’s ample supply of helium for pressurizing the fuel tank can be
tapped to do it. Thus the Pogo fix was made.

Both a first stage with this shock-absorber modification, and a second stage with the
new igniter fuel lines, were successfully test-fired last August at the Marshall center’s
Mississippi Test Facility. The two simple fixes qualify the Saturn V for manned flight.

New plans. Called Apollo 8, the first manned Saturn V flight will follow the initial
manned Apollo mission, boosted by an Uprated Saturn I—Apollo 7, due to have taken
place when this is read.

Apollo 8, likewise, will carry the Command and Service Module (CSM); contrary to
earlier plan[s], it will not include the Lunar Module, whose debugging is taking longer
than expected. Plans for the first manned Saturn V, and later missions, had therefore to
be revised.

Apollo 8’s new basic mission plan provides operations with the manned CSM in low
earth orbit—and, after separation of the CSM, an unmanned orbital launch of the Saturn
V’s third stage into an escape trajectory possibly grazing the moon. However, if Apollo 7
has gone very well, possible options are under consideration for the Saturn V. It might
launch the CSM several thousand miles into space. There is even a remote possibility of a
spectacular swing around the moon by the manned spacecraft. That a mission as bold as
the last is even considered, for the first Saturn V to be manned, bespeaks planners’ confi-
dence that all about it has been set aright.

Document 1-40

Document title: Kurt H. Debus, Director, Launch Operations Center, NASA, to Captain
John K. Holcomb, Office of Manned Space Flight, NASA, “Reference draft DOD/NASA
Agreement dated 20 December 1962 regarding management of Merritt Island and AMR,”
January 2, 1963, pp. 1-2.
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Document 1-41

Document title: Robert S. McNamara, Secretary of Defense, and James E. Webb,
Administrator, NASA, “Agreement between the Department of Defense and the National
Aeronautics and Space Administration Regarding Management of the Atlantic Missile
Range of DoD and the Merritt Island Launch Area of NASA,” January 17, 1963.

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

To accomplish the lunar landing mission, NASA recognized that it would have to establish a new,
quite large, launch operations complex. After examining several possible locations, NASA decided to
purchase property on Merritt Island, just north of the Air Force’s existing Atlantic Missile Range
(AMR) at Cape Canaveral. Air Force launch pads were to be used for the Mercury and Gemini mis-
sions. Working out the relationship between NASA and the Air Force was not straightforward, because
issues of relative financial responsibilities and of control over various phases of a launch were
involved. What follows is only the first part of Kurt Debus’s letter, and the appendices to the agree-
ment are not included here.

Document 1-40

[1]
LO-DIR

JAN 2 1963

Captain John K. Holcomb

Office of Manned Space Flight

Code MLO

National Aeronautics and Space Administration
Washington 25, D.C.

Dear Captain Holcomb:
Reference draft DOD/NASA Agreement dated 20 December 1962 regarding man-
agement of Merritt Island and AMR.

I have reviewed reference draft agreement and submit the following comments and
recommendations:

a. GENERAL COMMENTS

(1) The agreement represents a significant improvement over the Webb-Gilpatrick
Agreement of 24 August 1961 in the management, logistics, and administrative areas, but is
greatly inferior in the technical and mission support areas. If approved, the draft agreement
would clearly relinquish NASA management control of vital mission support functions. It
would also prohibit NASA/LOC [Launch Operations Center] from continuing develop-
ment activities which have significantly contributed to NASA and DOD programs during the
past ten years and which could be even more important to NASA programs in the future.

(2) The agreement does not provide for sufficient latitude and independent actions
on the part of either the Director, LOC, or the Commander, AMR, and will retard progress
by requiring joint planning and actions where this is not necessary. This is not to say that
the Director, LOC, and Commander, AMR, should not continue as in the past to make
best use of the resources made available to either organization.
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[2] (3) The restrictive nature of the portions agreed on by the NASA/DOD negotiating
team, and the unresolved problem areas, appears to stem from a basic fear on the part of
the DOD negotiators that NASA/LOC wants to “take over the Range.” The agreement is
in many areas more restrictive on NASA activities than our present practices and agree-
ments with the Commander, AMR. If this be the case, the fear is completely unfounded.
However, | strongly believe that NASA cannot delegate their responsibility for the fulfill-
ment and execution of assigned programs, including assuring that the necessary support-
ing functions meet the program milestones and requirements in an economical and
timely fashion. This is not contrary to, but rather consistent with, the concept of NASA
retaining responsibility for and control of vital support, but making full use of the capa-
bilities and experience of DOD in executing these functions.

(4) Many of the above objections could be removed by NASA retaining the funding
control of all functions which are vital to NASA programs, particularly the [Manned Lunar
Landing Program]. To accomplish this, | strongly recommend that the agreement be
changed, as indicated below in the specific comments, so that NASA will seek appropria-
tions for and control the appropriated funds, including reprogramming, for the develop-
ment and operation of Merritt Island. Items which are for the sole use or support of DOD
programs should be excepted. . . .

Document 1-41

[1]

Agreement between the Department of Defense and
the National Aeronautics and Space Administration
Regarding Management of the Atlantic Missile Range
of DoD and the Merritt Island Launch Area of NASA

I.  Purpose and Scope

A. Itisthe purpose of this Agreement to set forth the general concept of operations
by DoD and NASA and to fix responsibility for specific functions carried out at the instal-
lations listed below.

B. This Agreement applies to the following:

1. Atlantic Missile Range (Administered by Air Force Missile Test Center—
AFMTC)

The installations listed below are hereinafter referred to collectively as the
Atlantic Missile Range.

a. Cape Canaveral. The tract now owned or leased by the Department of
Defense, including the DoD-owned and leased facilities at Port Canaveral.

b. Patrick Air Force Base.

c. Sites other than Cape Canaveral within the Continental United States for
instrumentation and equipment in support of the AFMTC mission (See IV-A-1)

d. DoD downrange instrumentation stations such as those which are
presently located in the Bahamas, Puerto Rico, the West Indies, the South Atlantic Ocean
and on the African Continent; the DoD air-borne and ship-borne instrumentation stations
deployed in the Atlantic and the Indian Oceans; and the logistic bases in these tracts in
support of the instrumentation stations.

2. Merritt Island Launch Area MILA (Administered by the NASA Launch
Operations Center—LOC)
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a. The tract north and west of Cape Canaveral now being purchased by
NASA, hereinafter referred to as MILA, excluding the TITAN Il site, which is considered
a part of AMR.

[2] 1. Effect on Existing Agreements or Arrangements

A. This Agreement supersedes the “Agreement between DoD and NASA Relating to
the Launch Site for the Manned Lunar Landing Program” executed by the Deputy
Secretary of Defense and the Administrator of NASA on August 24, 1961.

B. Should the provisions of this Agreement be inconsistent with DoD and NASA reg-
ulations, or with the terms of previously executed agreements between DoD and NASA,
including agreements covering the MERCURY and GEMINI programs, the provisions of
this Agreement will govern.

I11. General Concept

A. The DoD will continue to be the single manager responsible for the development,
operation, and management of range facilities of the Atlantic Missile Range as a national
asset, providing common range services to all missile and space vehicle launch programs
of the DoD and NASA. The DoD will similarly be responsible for range operation func-
tions at MILA unless, for compelling technical or operational reasons, it is decided joint-
ly that these should not be integrated under single manage-ment. . . .

B. In recognition of the acquisition by NASA of MILA and its anticipated use, pre-
dominantly in support of the Manned Lunar Landing Program, and in order to provide
more direct control by NASA of the MILA development and operation, the Merritt Island
Launch Area is considered a NASA installation, separate and distinct from the Atlantic
Missile Range. NASA will be fully responsible for master planning and the development
of MILA and will be the host agency at MILA for the providing of facilities and services to
DoD, as DoD is host at Cape Canaveral and elsewhere on the AMR.

C. In order to ensure a maximum of mutual assistance, and a minimum of duplica-
tion, both DoD and NASA will inform each other of their plans and requirements and will
consult fully regarding their activities. Consultation and decision-making under this
agreement will normally be carried out at the local level. However, in the event that either
the Director, LOC, or the Commander, AFMTC, feels in a particular situation that there
is an important area of disagreement which is vital to the accomplishment of the missions
assigned to this organization, the responsible local authority will refer the matter to a
higher level for joint resolution.

IV. Responsibilities

A. General
[3] 1. The Air Force Missile Test Center (AFMTC) is the DoD executive agent and
single manager of the AMR and will establish policies and procedures for the operation
of that installation. Its mission is to develop, operate, and manage range facilities and to
provide range services to all range users. It does not have responsibility for preparation
and launching of missiles or space vehicles.

2. The Launch Operations Center (LOC) is the NASA executive agent and sin-
gle manager of the MILA and will establish the policies and procedures for that installa-
tion. In addition, the LOC has certain responsibilities within NASA for preparation and
launching of space vehicles at Cape Canaveral and MILA. The LOC is the focal point for
all NASA relations with AFMTC, including the MERCURY and GEMINI programs.
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3. Within the terms of this Agreement, the agency designated as responsible for a
given function will either perform that function or have full power to determine how and
by whom that function will be performed. AFMTC and LOC will work out arrangements for
the actual performance of functions in accordance with these responsibilities. These
arrangements should contain clear guidelines regarding the extent of delegation intended
in order that the parties can resolve at the outset the manner in which one agency is willing
to undertake to perform a particular function that is the responsibility of the other.

B. Master Planning. The DoD and NASA will be responsible for master planning of
their respective installations. This will include: compiling the total requirements for facil-
ities and equipment to be located at the installations in question; designation of areas for
future use (zoning); selection of specific location for facilities (siting); and planning for
area development in implementation of the above functions. Each agency will be respon-
sible for the timely identification and resolution of problems relating to the compatibility
of one master plan to the other. It is intended that, to the maximum extent possible, final
master planning authority will be delegated to AFMTC for AMR and LOC for MILA in
connection with facilities funded by the other agency.

C. Development and Operations

1. Responsibility for these functions at the AMR and MILA will be divided as
indicated below and as set forth in the appendices attached to this Agreement. To the
extent functions not listed in the appendices require the assignment of responsibility
between AMR and MILA, such [4] assignment, consistent with the terms of this
Agreement, may be made by local agreement between AFMTC and LOC. It is intended
that such local agreements will lead to the management and utilization of resources so as
to minimize costs and maximize efficiency.

Category 1.

Within its own installations, each agency will be responsible for those logistic and
administrative functions which have no necessary interdependence or intercoupling with
the similar function performed at the installation of the other. . . .

Category 2.

Regardless of location, each agency will be responsible for mission specific func-
tions directly associated with the handling, preparation, launching, and in-flight control
of its missiles or space vehicles, and with ground-support equipment for its missiles or
vehicles. This does not preclude the establishment of special arrangements (e.g., the cur-
rent arrangements for assembly by [the U.S. Air Force] of ATLAS boosters for NASA pay-
loads etc., which are unaffected by this over-all agreement) in those cases where the
payload of one agency is launched by the booster of the other. . . .

Category 3.

Range operation functions which are of such a nature that division of responsibili-
ty between agencies is impractical or undesirable will be the responsibility of the DoD. . . .
Category 4.

Other range operation functions are of such a nature that any division in the respon-
sibility for their performance must be in accordance with clearly specified ground rules for
the particular function, in order to avoid operational or management difficulties. . . .

It is recognized that the matter of compatibility between instrumentation at the
AMR and that necessary for the NASA worldwide tracking network [5] in the areas of
telemetry and electronic tracking is a matter of special concern. This arises from the fact
that planning for and operation of the NASA network is the responsibility of NASA where-
as DoD has responsibility for planning for and operation of the AMR. Compatibility will
be achieved by joint consultation between the two agencies beginning with early planning
stages and taking into account both economical and technical aspects of the problem.
Issues which cannot be resolved between LOC and AFMTC will be referred to a higher
level for joint resolution.




152 ACCESS TO SPACE: STEPS TO THE SATURN V

D. Acquisition of Resources

The agency having responsibility for a particular function will be responsible for man-
aging the acquisition or modification of facilities and equipment to perform the function.
This includes the construction, development/procurement, installation, checkout, cali-
bration, spare parts provisioning, and other services required to place the facility or equip-
ment into operation and to maintain it. The master planning agency will, in each case,
review and concur in criteria and specifications as being compatible with the master plan,
with minimum construction standards, and with connecting utilities. Where AFMTC
acquires or modifies facilities and equipment which are critical requirements in achieving
NASA program milestones, review and comment of LOC will be obtained on specifica-
tions, criteria and implementing schedules prior to initiation of procurement. In such
cases, AFMTC will keep LOC informed of progress in meeting requirements with partic-
ular reference to any problems which might result in schedule delays.

E. Funding

1. Each agency will budget and fund, for the acquisition of facilities and equip-
ment necessary to perform the functions for which it is responsible. (However, for FY 1963
and 1964, current budget and funding arrangements will remain in effect.) It is contem-
plated that certain equipment and facilities . . . may be required for NASA'’s sole use or for
earlier acquisition than needed to accomplish the general purpose functions of the
AFMTC.

When such circumstances arise, NASA will fund for the acquisition of such equip-
ment and facilities. It is intended that LOC and AFMTC will consult in advance in all such
matters. The design, acquisition, and operation of such equipment and facilities will be
the responsibility of AFMTC. Accountability for it will be transferred to AFMTC in accor-
dance with paragraph F below.

2. DoD and NASA will undertake jointly to study the matter of budgeting for
and funding of the general administrative, management, [6] maintenance and operations
cost[s] of AMR in order to determine whether NASA should provide to DoD a prorata
share of such costs based on the relationship of NASA program workload to total work-
load. There will be no change in funding arrangements for FY 1963. After FY 1963, each
agency will budget and fund for the administrative, management, maintenance and oper-
ations costs of the functions for which they are responsible, until otherwise decided as a
result of the study and reflected in an amendment to this agreement. Until such times,
responsibilities as delineated in this agreement will govern.

3. When requirements for additional range resources are generated subsequent
to the normal programming and budget preparation cycles (established for purposes of
LOC and AFMTC planning, as one year before the beginning of the fiscal year in which
work must start to meet the requirement), the following guidance will be applicable:

a. For new, amended, incomplete, redirected or additional expression of
range requirements by LOC, NASA will be responsible to arrange for the necessary
resources, including fund[s], to be made available to the AFMTC in accordance with
established procedures.

b. When shortages of range resources occur within the area of responsibili-
ty of the AFMTC unless otherwise agreed between DoD and NASA, AFMTC will be respon-
sible to arrange for resources, including funds, from within those available to DoD in
order to support the requirements.

F.  Accountability

Regardless of funding responsibility, accountability for real property and equipment
heretofore or hereafter acquired will rest with the agency having responsibility for the per-
formance of the function to which the particular facilities or equipment are related. The
right to modify and assign use of real property and equipment will rest with the agency
holding accountability.
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G. Community Relations

Community relations matters, which include the activities of DoD and NASA which
have a significant impact upon such community interests as schools, housing, highways,
public transportation, public utilities, community development, civic affairs, local man-
power problems, local government, and related subjects, will be handled by each agency
[7] for its own installation. Before dealing with the outside community or with other gov-
ernment agencies, with regard to such matters, the problems and requirements of both
DoD and NASA will be considered jointly, using such coordinating boards or other pro-
cedures as AFMTC and LOC consider expedient.

H. Public Information

Each agency will be responsible for public information matters related to its own activ-
ities at either the AMR or Merritt Island. Coordination prior to release by either agency
of information bearing upon the activities of the other will be accomplished between
AFMTC and LOC, with full recognition being given in such releases to any contribution
of the other agency to the particular program or event.

I.  Visitor Control

Subject to applicable security regulations, DoD and NASA will be responsible for the
visitor control policies and practices with regard to their own programs, both at the AMR
and Merritt Island. Prior to visits by U.S. dignitaries and high foreign officials, the DoD
and NASA, jointly and in conjunction with the Department of State (for foreign visi-
tors)[,] will determine the purpose of the visit, identify the host agency at the AMR or
MILA, as appropriate, and will develop sufficient details regarding the visit so as to avert
misunderstanding or confusion at the time of the visit.

J. Labor Relations

DoD and NASA will each be responsible for labor relations matters relating to their
respective programs. AFMTC and LOC will keep each other informed concerning the
labor relations policies of each agency, and will coordinate their activities in the labor rela-
tions area.

K. Security

Each agency will be responsible for over-all security administration at its installations,
except for security clearance matters involving the personnel of the other agency. In addi-
tion to establishing and enforcing restrictions and safeguards pertaining to its own oper-
ations, each agency will enforce such additional security regulations and orders
established by the other agency as are necessary to safeguard the operations of the other
agency.

[8] V. Implementation of this Agreement

A. The terms of this Agreement will be implemented as rapidly as is deemed practi-
cable by mutual agreement of the Commander, AFMTC, and the Director, LOC; in no
case will their implementation be delayed beyond June 30, 1963.

B. AFMTC and LOC are authorized to enter into such local level agreements as are
necessary to effectuate the provisions of this Agreement. Issues which cannot be resolved
at the local level will be forwarded promptly for resolution at higher level.

Robert S. McNamara James E. Webb
Secretary of Defense Administrator, NASA
1/17/63 1/17/63
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Document 1-42

Document title: “Minutes of the Management Council,” Office of Manned Space Flight,
May 29, 1962.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

One of the major issues facing the managers of the Apollo program was what kind of launch opera-
tions complex to construct. One option would have been to transport each stage of the Saturn V boost-
er and the Apollo spacecraft separately to the launch pad and assemble and test them there. This was
the approach that had been employed for all rocket launches to date. An alternative was to create a
massive new enclosed facility where the “stack” could be assembled and tested before being taken to the
launch pad. One of the advantages of this approach is that, in principle, there could be six launch
campaigns going on at the same time—one on each of two launch pads and one in each of four bays
within the assembly building. This also would avoid tying up a launch pad for months at a time dur-
ing vehicle assembly.

At the May 1962 Management Council meeting at which the decision on which approach to take was
made, Wernher von Braun argued that the high capital costs of the assembly building approach were
justified only if the United States intended to maintain a high launch rate of Saturn boosters for a
number of years. In the optimism of the early Apollo years, the decision was made to follow the assem-
bly building approach. What follows are the beginning of those meeting minutes and Review Item
number 9, which focused on the launch facilities.

[original marked “CONFIDENTIAL,” crossed out by hand]

Minutes of the Management Council
OFFICE OF MANNED SPACE FLIGHT
May 29, 1962

The sixth meeting of the Management Council convened at 0900 on Tuesday, May 29,
1962, at Marshall Space Flight Center, Huntsville, Alabama.

All Members of the Council were present.

The next meeting will be held in the Office of Manned Space Flight, Washington,
D.C., on Friday, June 22, 1962.

Review Items . . .

9. Launch facilities for Saturn C-5; to discuss impact of spacecraft servicing require-
ments, launch rates. etc.. on the technical aspects of Complex 39: to outline the factors

which weigh heavily of the requirements for Complex 39.

Dr. Debus presented the current picture on the need for Complex 39 as a vertical
assembly, checkout, transport, and launch facility. He said that, under current project fir-
ing rates, we are at about the “break even” point when choosing between the mobile and
fixed concepts from the standpoint of economics.

Dr. von Braun pointed out that the fundamental question is whether we believe “a
space program is here to stay, and will continue to grow,” in which case he believes a ver-
tical assembly facility is vital.
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Mr. Gilruth and Mr. Williams questioned the effect that a favorable decision on the
mobile concept for Complex 39 would have on the accessibility for servicing of space vehi-
cles on the pad.

Mr. Rosen said that he didn’t disagree with any of the advantages claimed for the
mobile concept, but suggested that there has been insufficient consideration of the dis-
advantages, and recommended that these should be studied further.

IT WAS DECIDED THAT:
a. THE MOBILE LAUNCHER CONCEPT IS APPROVED.

b. CLOSE COORDINATION BETWEEN ALL DESIGN ACTIVITIES AND [THE
LAUNCH OPERATIONS CENTER] MUST TAKE PLACE TO ASSURE COMPATIBILITY
OF THE FLIGHT AND GROUND EQUIPMENT WHEN USING THE MOBILE CON-
CEPT. FLIGHT VEHICLE EQUIPMENT WILL BE GIVEN PRIORITY IN ANY DESIGN
COMPROMISES REQUIRED BETWEEN FLIGHT EQUIPMENT AND GROUND
EQUIPMENT. . ..

Document 1-43

Document title: James E. Webb, Administrator, NASA, Memorandum to Associate
Administrator for Manned Space Flight, NASA, “Termination of the Contract for
Procurement of Long Lead Time Items for Vehicles 516 and 517,” August 1, 1968.

Document 1-44

Document title: W.R. Lucas, Deputy Director, Technical, Marshall Space Flight Center,
NASA, Memorandum to Philip E. Culbertson, NASA Headquarters, “Long Term Storage
and Launch of a Saturn V Vehicle in the Mid-1980’s,” May 24, 1972.

Document 1-45

Document title: George M. Low, Deputy Administrator, NASA, Memorandum to Associate
Administrator for Manned Space Flight, NASA, “Leftover Saturn Hardware,” June 2,
1972.

Document 1-46

Document title: Dale D. Myers, Associate Administrator for Manned Space Flight, NASA,
Memorandum to Administrator, “Saturn V Production Capability,” August 3, 1972

Source: All in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The Saturn V was a remarkable engineering achievement, but it was extremely expensive to operate
and was useful primarily for very large space missions. Even before the first mission to the Moon,
NASA Administrator James E. Webb sensed that the political support for a continued large-scale space
effort was unlikely to be sustained, whoever won the 1968 presidential election. He proved prescient,
and in 1972, when it became clear that the Nixon administration would not grant NASA the budget
needed both to develop the Space Shuttle and to continue to use the Saturn V, the NASA leadership
reluctantly gave up the capability to produce the vehicle. Note that the enclosures to the Lucas memo-
randum in Document 1-43 do not appear here.
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Document 1-43
AUG 1 1968
MEMORANDUM to M/Associate Administrator for Manned Space Flight

SUBJECT: Termination of the Contract for Procurement of Long Lead Time Items for
Vehicles 516 and 517

REFERENCE: N memorandum to the Administrator, dated June 2, 1968, same subject
D memorandum to the Administrator, dated July 31, 1968
AD memorandum to M, dated July 13, 1967

After reviewing the referenced documentation and in consideration of the FY 1969
budget situation, your request to expend additional funds for the procurement of long
lead time items for the S-IC stages of the 516 and 517 vehicles is disapproved. This deci-
sion, in effect, limits at this time the production effort on Saturn through vehicle 515. No
further work should be authorized for the development and fabrication of vehicles 516
and 517.

James E. Webb
Administrator

HBF:kh 7/30/68 ext. 24463

Document |-44

[1]
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C. MARSHALL SPACE FLIGHT CENTER
MARSHALL SPACE FLIGHT CENTER, ALABAMA 35812
REPLY TO
ATTN OF: DEP-T May 24, 1972
TO: NASA Headquarters

Attn; Mr. Philip E. Culbertson
FROM: DEP-T/W. R. Lucas
SUBJECT: Long Term Storage and Launch of a Saturn V Vehicle in the Mid-1980’s

This is in response to your request of May 9 for information concerning the cost of
maintaining present reliability of the Saturn V vehicle as a function of long time storage
and the cost of storing and maintaining a capability to launch a Saturn V in the mid-
1980’s.

First, it is extremely difficult to estimate the cost of maintaining the current reliabili-
ty of the Saturn V launch vehicle for approximately 13 additional years since this time is
so far beyond our experience. For example, a June 1985 launch of one of our available
Saturn V’s would mean that the age of some of the critical components from start of stage
assembly would exceed 18 years. We are prepared to state, based upon tests and other
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experience, that there is no significant degradation of some of the more sensitive com-

ponents, for example engine soft goods, up to ten years, provided the storage environ-

ment is closely controlled. However, we do not understand quantitatively the effects of
aging on our systems beyond the ten year period.

To gain confidence in components between ten and twenty years old, we would have
to establish the requirement to do single engine static firings three years prior to launch,
utilizing spare J-2 engines. The J-2 engine would be selected because it contains most of
the commonly used softgoods (most likely to deteriorate) on the vehicle. In addition,
selected electrical, electronic and mechanical critical components that were stored with
the vehicle would be subjected to functional tests and teardown inspection. There would
be no remove-and-replace activity on the vehicles unless determined necessary by this test
program.

[2] In addition to the vehicle hardware reliability concern, there is another vital element

to consider. The present Apollo and Skylab Programs depend on the full-time, dedicated

involvement of carefully selected, highly skilled individuals within both contractor and

Civil Service ranks. Many of the key individuals can trace their experience back to the

beginning of the Apollo Program. Every Saturn V launch to date, particularly the Apollo

16, has required their real time decisions to convert a potential launch scrub or mission

loss situation into a mission success. By the 1980’s, this present capability will be practically

nonexistent. It must be rebuilt with individuals possessing possibly more advanced tech-

nical knowledge of new vehicles but who would lack specific knowledge of the Saturn V

systems. Therefore, these individuals must be provided the means and the time to become

technically proficient with the Saturn V system. All records pertaining to design, qualifi-
cation, manufacturing and assembly processes, handling, checkout, and launch prepara-
tion and launch must be preserved.

In addition to the above, there are other potential problem areas which deserve a
brief comment:

e Advanced computer processing systems may not be compatible with the developed
Saturn software programs.

e Itis not feasible to environmentally control all critical components of the system. For
example, the [Launch Umbilical Tower] and the stage transporters will be exposed to
atmospheric conditions requiring possible major refurbishment.

e Certain critical spare parts would be impossible to replace if an unforeseen problem
required an unusual demand for replacement parts.

e There may be an impact to the Shuttle flight program at [Kennedy Space Center] and
related activities at [Marshall Space Flight Center] in order to concentrate the man-
power on the Saturn launch preparation activity.

In summary, we have very little basis for extrapolating reliability of Saturn vehicles
beyond the proposed six to fifteen year period of inactivity. Undoubtedly some degrada-
tion would occur. If it is intended to use a Saturn V in the mid-1980’s, the earlier the
requirement is identified, the better will be our confidence in maintaining a reasonable
reliability at a tolerable cost.

[3] In conjunction with [Kennedy Space Center], we examined the major factors influ-

encing the cost of a program to maintain the capability to launch one of the two unas-

signed Saturn V launch vehicles (SA-514 and SA-515) with confidence in the mid-1980’s.

Comments and cost estimates from [Kennedy] are included. The examination was con-

ducted in accordance with the guidelines and assumptions presented in enclosure 1. The

approach taken would require the present contractors to prepare the stages, spares and
documentation for long term storage before their present contracts expire; store the
stages and spares at [Kennedy]; maintain the documentation at [Marshall Space Flight

Center]; and then identify the required post storage activities to be performed.
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A summary of the cost and manpower phasing is presented in enclosures 2 and 3. You
will note that the Post Storage and Launch Phase contains two options: the first option uti-
lizes only Civil Service and support contractors; the other option utilizes a single prime
contractor for this phase. This choice is left open because it is not possible to predict at
this time the density of workload within the Civil Service ranks during the mid-1980’s. For
example, during the mid-1980’s the Shuttle will be flying from [Kennedy]. The priority of
this activity in relation to a Saturn V mission will determine the availability of Civil Service
personnel. Depending on which option is chosen, the estimated total program cost for a
Saturn V launch in mid-1985 will range from 206.0 M to 298.7 M.

W. R. Lucas
Deputy Director, Technical

3 Enclosures

cc: See page 4

Document 1-45

[1]

June 2, 1972
MEMORANDUM
TO: M/Associate Administrator for Manned Space Flight

FROM: AD/Deputy Administrator
SUBJECT: Leftover Saturn Hardware

The purpose of this memorandum is to document the meeting you and | held on the
way back from Houston after Apollo 16. | realize that you have already issued instructions
to meet some of the decisions of that meeting, but for completeness | will document all
of the decisions in this memorandum. They were as follows:

1. It will be determined whether or not there exists a possibility of a new NASA mis-
sion in the middle 1970’s that might make use of the remaining Saturn V’s. You will solicit
ideas from the [Office of Manned Space Flight] organization to see whether such a mission
might be worthwhile, and I will work with remaining elements of the organization.

2. You will formally ask the Department of Defense whether they foresee a need for
either the leftover Saturn V hardware or, for that matter, for any future build of Saturn V’s
for DOD purposes.

3. You will conduct a study to determine whether it is profitable to maintain the tool-
ing or even the existing Saturn V hardware for possible missions in the 1980’s, assuming
that there will be no missions in the 1970’s.

[2] 4. You will identify the costs for storing the existing hardware as well as the costs for
maintaining the tooling, etc.

5. Assuming that no 1970 missions are identified and that it is not worthwhile to
maintain the capability for the 1980’s, you will prepare the document that we will staff
through the OMB [Office of Management and Budget] and others in the Executive
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Branch leading to a decision by NASA to terminate the Saturn V capability. | assume that
this will be completed some time in the summer or early fall of 1972.

George M. Low

cc: A/Dr. Fletcher
ADA/Mr. Shapley
B/Mr. Lilly

bcc: AXC/Beran
AX/Clements
AX/Hoban

AD/GMLow:smm 6/2/72

Document 1-46

[1]
REPLY TO
ATTN OF: MBB-1
MEMORANDUM
TO: Administrator
THRU: B/Assistant Administrator for Administration
D/Assistant Administrator for Organization & Management
FROM: M/ Associate Administrator for Manned Space Flight

SUBJECT: Saturn V Production Capability

The purpose of this memorandum is to obtain your approval to cancel the two-
per-year Saturn V production capability requirement.

As you know, when the decision was made to retain Saturn V industrial assets, we took
action to store, maintain and preserve tooling, equipment and facilities capable of pro-
ducing up to two Saturn V Vehicles per year at the following primary locations:

Manufacturing Sites:

Michoud Assembly Facility, Louisiana

Seal Beach Assembly Facility, California

McDonnell Douglas, Huntington Beach, California
International Business Machines, Huntsville, Alabama
Rocketdyne, Canoga Park, California

Test Sites:

Mississippi Test Facility, Mississippi (S-1C only)
McDonnell Douglas, Sacramento Test Site, California
Rocketdyne, Santa Susana Test Site, California
Rocketdyne, Edwards Air Force Base, California
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The approximate acquisition value of the government-owned Saturn V tooling, equip-
ment and facilities presently retained at these locations is $585M. The approximate annu-
al cost of maintaining these assets after we have discontinued flight support for ongoing
programs will be $6M. Lower maintenance costs in FY 1973 and 1974 are made possible
by continuing current “in place” storage and by making the most efficient use of existing
Saturn contractor man-power.

[2] The possibility of future Saturn V missions, the potential utilization of Saturn V indus-
trial assets by the Shuttle Program, and the relatively low cost of maintenance made it pru-
dent to retain Saturn V industrial assets until their utility could be confirmed. | have
re-examined this requirement in view of the exceedingly stringent expenditure limitation
facing us in FY 1973 and the advent of the Shuttle Program, and | have determined that:

1. Existing Saturn IB flight hardware is adequate to conduct anticipated space mis-
sions prior to Shuttle [Initial Operational Capability].

2. Beyond 1978 there is significant potential interference between planned Shuttle
activities at [Kennedy Space Center] and Saturn launched missions. For example,
[Launch Complex] 39A and B will have been modified for Shuttle use.

3. Approximately $100M of Saturn V assets will be directly applicable to the Shuttle
Program.

4. By taking action now and with actual Saturn asset dispositioning being deferred
until FY 1974 or later, it is anticipated that up to $2.9M in cost savings will accrue in FY
1973.

After careful consideration of these factors, | believe that the retention of the two-per-
year Saturn V production capability is no longer prudent. Accordingly, | request your
approval to cancel this requirement.

Dale D. Myers
APPROVED: Original signed by George M. Low]
For James C. Fletcher
Administrator

Approved subject to notification of OMB, and subject to “no objection” by OMB.

GML



Chapter Two
Developing the Space Shuttlet

by Ray A. Williamson
Early Concepts of a Reusable Launch Vehicle

Spaceflight advocates have long dreamed of building reusable launchers because they
offer relative operational simplicity and the potential of significantly reduced costs com-
pared to expendable vehicles. However, they are also technologically much more difficult
to achieve. German experimenters were the first to examine seriously what developing a
reusable launch vehicle (RLV) might require. During the 1920s and 1930s, they argued
the advantages and disadvantages of space transportation, but were far from having the
technology to realize their dreams. Austrian engineer Eugen M. Sanger, for example, envi-
sioned a rocket-powered bomber that would be launched from a rocket sled in Germany
at a staging velocity of Mach 1.5. It would burn rocket fuel to propel it to Mach 10, then
skip across the upper reaches of the atmosphere and drop a bomb on New York City. The
high-flying vehicle would then continue to skip across the top of the atmosphere to land
again near its takeoff point. This idea was never picked up by the German air force, but
Sanger revived a civilian version of it after the war. In 1963, he proposed a two-stage vehi-
cle in which a large aircraft booster would accelerate to supersonic speeds, carrying a rel-
atively small RLV to high altitudes, where it would be launched into low-Earth orbit
(LEO).2 Although his idea was advocated by Eurospace, the industrial consortium formed
to promote the development of space activities, it was not seriously pursued until the mid-
1980s, when Dornier and other German companies began to explore the concept, only to
drop it later as too expensive and technically risky.?

As Sanger’s concepts clearly illustrated, technological developments from several dif-
ferent disciplines must converge to make an RLV feasible. Successful launch and return
depends on all systems functioning in concert during the entire mission cycle as they pass
through different environmental regimes. In the launch phase, the reusable vehicle and

1. In addition to the discussion of the Space Shuttle in this essay and the documents associated with it,
there are several other places in the Exploring the Unknown series in which substantial attention is paid to issues
related to the Space Shuttle, with related documents included. In particular, Chapter Three of Volume | dis-
cusses the presidential decision to develop the Space Shuttle; see John M. Logsdon, gen. ed., with Linda J. Lear,
Jannelle Warren-Findley, Ray A. Williamson, and Dwayne A. Day, Exploring the Unknown: Selected Documents in the
History of the U.S. Civil Space Program, Volume I, Organizing for Exploration (Washington, DC: NASA SP-4407, 1995),
1: 386-88, 546-59. Chapter Two of Volume Il discusses NASA-Department of Defense relations with respect to
the Shuttle; see John M. Logsdon, gen. ed., with Dwayne A. Day and Roger D. Launius, Exploring the Unknown:
Selected Documents in the History of the U.S. Civil Space Program, Volume II: External Relationships (Washington, DC:
NASA SP-4407, 1996), 2: 263-69, 364-410. Chapter Three of this volume discusses issues associated with the use
of the Shuttle to launch commercial and foreign payloads. Future volumes will contain discussion and docu-
ments related to the use of the Shuttle as an orbital research facility.

2. Irene Sanger-Bredt, “The Silver Bird Story, a Memoir,” in R. Cargill Hall, ed., Essays on the History of
Rocketry and Astronautics: Proceedings of the Third Through the Sixth History Symposia of the International Academy of
Astronautics, Vol. 1 (Washington, DC: NASA, 1977), pp. 195-228. (Reprinted as Vol. 7-1, American Astronautical
Society History Series, 1986.)

3. Helmut Muller, “The High-Flying Legacy of Eugen Sénger,” Air & Space, August/September 1987,
pp. 92-99.
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its booster, with any associated propellant tankage, must operate as a powerful rocket, lift-
ing hundreds of thousands of pounds into LEO. While in space, the reusable vehicle func-
tions as a maneuverable orbiting spacecraft in which aerodynamic considerations are
moot. However, when reentering the atmosphere and slowing to subsonic speeds, aero-
dynamics and heat management quickly become extremely important, because the
reusable vehicle must fly through the atmosphere, first at hypersonic speeds (greater than
Mach 5), then at supersonic and, ultimately, at subsonic speeds. Finally, the vehicle must
fly or glide to a safe landing. Because RLVs must be capable of flying again and again, and
because they must reenter the atmosphere, they are subject to stresses on the materials
and overall structure that expendable launchers do not have to withstand. Hence, build-
ing an RLV imposes extraordinarily high demands on materials and systems.

The conceptual origins of the world’s first partially reusable vehicle for launch,
NASA’s Space Shuttle, reach back at least to the mid-1950s, when the Department of
Defense (DOD) began to explore the feasibility of an RLV in space for a variety of mili-
tary applications, including piloted reconnaissance, anti-satellite interception, and
weapons delivery. The Air Force considered a wide variety of concepts, ranging from glid-
ers launched by expendable rockets to a single-stage-to-orbit Aerospaceplane that bore a
remarkable resemblance to the conceptual design for the National Aerospace Plane
(NASP) of the late 1980s. The X-20 Dyna-Soar (Dynamic Soaring), the Air Force’s late
1950s project to develop a reusable piloted glider, would also have had a small payload
capacity. NASA joined the Dyna-Soar project in November 1958.° The Air Force and
NASA envisioned a delta-winged glider that would take one pilot to orbit, carry out a mis-
sion, and glide back to a runway landing. It would have been boosted into orbit atop a
Titan Il or Ill. As planned, the Dyna-Soar program included extensive wind tunnel tests
and an ambitious set of airdrops from a B-52 aircraft. The Air Force chose six Dyna-Soar
pilots, who began their training in June 1961. However, Dyna-Soar always competed for
funding with other programs, including NASA’s Project Gemini after 1961. Rising costs
and other competing priorities led to the program’s cancellation in December 1963.

Nevertheless, the testing that began during the Dyna-Soar program continued in
other Air Force projects, such as the Aerothermodynamic-Elastic Structural Systems
Environment Tests (ASSET) and Precision Recovery Including Maneuvering Entry
(PRIME) projects. ASSET began in 1960 and was designed to test heat resistant metals and
high-speed reentry and glide. PRIME was a follow-on project that began in 1966 and test-
ed unpiloted lifting bodies (so called because they have a high ratio of lift over drag) that
were boosted into space atop Atlas launchers. The Air Force also tested several models of
piloted lifting bodies that were generally carried to high altitudes and released to a glid-
ing landing. Among other things, these programs demonstrated that sufficient control
could be achieved with a lifting body to land safely without a powered approach. This
result later proved of great importance in the design of the Space Shuttle orbiter.

In 1957, the Air Force commissioned a conceptual study that examined recoverable
space boosters.® From this came the concept called the Recoverable Orbital Launch
System, which Air Force designers hoped would be capable of taking off horizontally and
reaching orbits as high as 300 miles with a small payload. In a design that preceded the
NASP concept, it would have had a hydrogen-fueled propulsion system that took its source
of oxygen directly from the air by compressing and liquefying it in a “scramjet” engine,

4. Clarence J. Geiger, “History of the X-20A Dyna-Soar,” Air Force Systems Command Historical
Publications Series 63-50-1, October 1963. (Report originally classified, but declassified in 1975.)

5. See Chapter Two in Logsdon, gen. ed., Exploring the Unknown, 2: 249-62, for a complementary account
of the Dyna-Soar program.

6. See Air Force Study Requirement SR-89774 (1957), Air Force Historical Research Agency, Maxwell Air
Force Base, AL.
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capable of operating at hypersonic speeds.” Designers quickly saw that the challenge of
designing a propulsion system, or systems, capable of operating through three speed
regimes—subsonic, supersonic, and hypersonic—placed extreme demands on available
engine and materials technology. It was clearly not possible to build a single-stage-to-orbit
vehicle with the technologies of the day.®

In 1962, in an effort to save the reusable concept, Air Force designers turned to a two-
stage design for a concept they began to call the Aerospaceplane. Seven aerospace com-
panies received contracts for the initial design.® Through these and several follow-on
contracts, the companies not only produced paper studies, but undertook research on
ramjet and scramjet propulsion, explored new structures and materials, and made signif-
icant advances in understanding hypersonic aerodynamics. However, reality never lived
up to the designers’ aspirations. By October 1963, after watching the Aerospaceplane pro-
gram for some time with concern, DOD’s Scientific Advisory Board reached the conclu-
sion that the program was leading the Air Force to neglect conventional problems in
launch research.”® The Aerospaceplane program was quickly shut down.

NASA also sponsored a series of studies investigating reusable concepts for a variety of crews
and payload sizes. By June 1964, NASA’s Ad Hoc Committee on Hypersonic Lifting Vehicles
with Propulsion issued a report urging the development of a two-stage reusable launcher.*

During the early 1960s, under government sponsorship, all of the major aerospace
companies also developed their own version of a two-stage launch vehicle employing a lift-
ing-body reentry vehicle. In each of these studies, the industrial concerns depended to a
high degree on NASA and the Air Force to furnish the initial configuration on which to
base their own version. The firms were concerned about straying too far from the concepts
that their government “customers” were promoting.? This continued the practice evident
in Project Mercury, in which the government agencies not only set the design goals and laid
out the technical specifications but also instructed industry how to achieve them.

Origins of the Space Shuttle Program

No single action or decision similar to President Kennedy’s May 25, 1961, “we should
go to the moon” speech marks the beginning of the focused NASA program to develop
the Space Shuttle. Rather, the program emerged over time in increments while NASA was
simultaneously completing work on the Saturn V and launching the Apollo astronauts to
the Moon and back. By the time President Nixon made the 1972 decision to proceed with
Space Shuttle development, most major aspects of its design had been set.*

7. A scramjet (supersonic combustion ramjet) is an engine in which air compression, fuel mixing, and
combustion all occur at supersonic speed.

8. Some even advocated refueling the Recoverable Orbital Launch System in hypersonic flight, using the
X-15 to validate the concept. Fortunately, this extremely risky and dangerous concept was never tried. See
Richard P. Hallion and James O. Young, “Space Shuttle: Fulfillment of a Dream,” in Richard P. Hallion, ed., The
Hypersonic Revolution: Eight Case Studies in the History of Hypersonic Technology, Volume Il (Dayton, OH: Wright-
Patterson Air Force Base, Special Staff Office, Aeronautical Systems Division, 1987), p. 948.

9. Boeing, Douglas, General Dynamics, Goodyear, Lockheed, North American Aviation, and Republic
received contracts for system design studies. General Dynamics, Douglas, and North American received funding
for detailed development plans. Martin built a full-scale model that explored the concept of incorporating the
wings with the fuselage.

10. Hallion and Young, “Space Shuttle: Fulfillment of a Dream,” p. 951.

11. Report of the NASA Special Ad Hoc Panel on Hypersonic Lifting Vehicles with Propulsion, June 1964.
See also the memorandum from Floyd L. Thompson to James Webb, June 18, 1964. Copies in the NASA
Historical Reference Collection, NASA History Office, NASA Headquarters, Washington, DC.

12. “In each case, whether dealing with Air Force-inspired configurations or NASA-inspired ones, con-
tractors generally danced to an Air Force or NASA tune as regards the overall configuration itself.” Hallion and
Young, “Space Shuttle: Fulfillment of a Dream,” p. 957.

13. See Logsdon, gen. ed., Exploring the Unknown, 1: 386-88.
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As early as August 24, 1965, more than two years before the first Saturn V rose from the
launch pad, the Air Force and NASA established an Ad Hoc Subpanel on Reusable Launch
Vehicle Technology under the joint DOD-NASA Aeronautics and Astronautics Coordinating
Board. Its objective was to determine the status of the technology base needed to support the
development of an RLV. The report, which was issued in September 1966, concluded that
many cost and technical uncertainties needed to be resolved, but it projected a bright future
for human activities in Earth orbit. [1I-1, 11-2] Because the panel could find no single launch
concept that would satisfy both NASA and DOD, it included ideas for a variety of fully reusable
and partially reusable vehicles. Interestingly, the panel projected that partially reusable vehicles
would be much cheaper to develop than fully reusable ones. Even so, engineers within both
NASA and the Air Force continued to focus on fully reusable launch systems for several years,
in the belief that once the difficult design and development problems were solved, such sys-
tems would prove much less costly to operate.* Some designers favored fully reusable designs
that would employ a reusable booster and a cryogenic-powered orbiting vehicle. Others felt
that the surest path to success was a small lifting body mounted on top of an expendable launch
vehicle, such as a Titan I11. Other design concepts lay between these two extremes.

As NASA began to think in depth about its post-Apollo human spaceflight programs
after 1966, its top-priority objective became gaining approval for an orbital space labora-
tory—a space station. NASA planners also began to recognize that there was a need to
reduce the costs of transporting crews and supplies to such an orbital outpost if it was to
be affordable to operate. This, in turn, led to a focus on an Earth-to-orbit transportation
system—a space shuttle. The idea that such a vehicle was an essential element in what-
ever might follow Apollo was first publicly discussed in an August 1968 talk by NASA
Associate Administrator for Manned Space Flight George Mueller. [11-3]

In December 1968, as planning for the post-Apollo space program gained momen-
tum, NASA convened the Space Shuttle Task Group to determine the agency’s needs for
space transportation. [I1-4] This task group set out the basic missions and characteristics
of the kind of vehicle that NASA hoped to gain approval to develop. Through the Manned
Spacecraft Center and Marshall Space Flight Center, the Space Shuttle Task Group in mid-
1969 issued a request for proposals (RFP) for what it termed an Integral Launch and
Reentry Vehicle (ILRV) system. The RFP specified an emphasis on “economy and safety
rather than optimized payload performance.”® The eight-month studies that resulted
formed the beginning of the Space Shuttle Phase A study effort.’* Four aerospace con-
tractors won ILRV study contracts—General Dynamics, Lockheed, McDonnell Douglas,
and North American Rockwell.

The Space Shuttle Task Group final report, issued in July 1969, concluded that an
ILRV should be capable of:

Space station logistical support
e Orbital launch and retrieval of satellites

14. In the 1980s and 1990s, the goal of achieving vastly cheaper operational costs continued to elude
designers. For a discussion of the technical issues, see U.S. Congress, Office of Technology Assessment, Reducing
Launch Operations Costs: New Technologies and Practices, OTA-TM-ISC-28 (Washington, DC: U.S. Government
Printing Office, September 1988).

15. NASA Manned Spacecraft Center and Marshall Space Flight Center, “Study of Integral Launch and
Reentry System,” RFP MSC BG721-28-9-96C and RFP MSFC 1-7-21-00020, October 30, 1968. Copy in Johnson
Space Center historical archives. Quoted in Hallion and Young, “Space Shuttle: Fulfillment of a Dream,” p. 995.

16. NASA had created a four-phase project development scheme, which finally became codified in August
1968. Phase A consisted of advanced studies (or later, preliminary analysis); Phase B, project definition; Phase
C, design; and Phase D, development and operations. See Hallion and Young, “Space Shuttle: Fulfillment of a
Dream,” pp. 995-96. See also Arnold S. Levine, Managing NASA in the Apollo Era (Washington, DC: NASA SP-4102,
1982), pp. 158-61.
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Launch and delivery of propulsive stages and payloads
Orbital delivery of propellant

Satellite servicing and maintenance

Short-duration manned orbital missions

The report considered three classes of vehicles. Class | referred to reusable orbiting vehi-
cles launched on expendable boosters. Class Il applied to vehicles using a stage and a half.
Class Il meant two-stage vehicles in which both the booster and the orbiter were fully reusable.

On February 13, 1969, President Richard M. Nixon requested that a high-level study
be conducted to recommend a future course of activities for the overall civilian space pro-
gram.” The Space Task Group (STG), chaired by Vice President Spiro T. Agnew, delivered
its report on September 15, 1969.® The STG also recommended an RLV that would:

e Provide a major improvement over the present way of doing business in terms of cost
and operational capability

e Carry passengers, supplies, rocket fuel, other spacecraft, equipment, or additional
rocket stages to and from LEO on a routine, aircraft-like basis

e Be directed toward supporting a broad spectrum of both DOD and NASA missions

As conceptualized in the STG report, a reusable space transportation system would
have as the following components:

e Arreusable chemically fueled shuttle operating between Earth’s orbit and LEO in an
airline-type mode (Figures 2-1 and 2-2)

* A chemically fueled space tug or vehicle for moving people and equipment to different
Earth orbits and as a transfer vehicle between the lunar-orbit base and the lunar surface

Figure 2—1. This 1969 artist’s rendering depicts what a fully ~ Figure 2-2. This artist’s conception, also from 1969, shows a
reusable Space Shuttle would look like during takeoff. (NASA  fully reusable Space Shuttle at the point of separation when the
photo) orbiter leaves the atmosphere. The larger vehicle that boosted

the orbiter was then to be piloted back to Earth. (NASA photo)

17. See Logsdon, gen. ed., Exploring the Unknown, 1: 383-85.
18. See Document 111-25 in ibid., 1: 522-43.
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e A reusable nuclear stage for transporting people, spacecraft, and supplies between
Earth orbit and lunar orbit and between LEO and geosynchronous orbit and for
other deep space activities®

Of these elements, only the Space Shuttle has been built to date.

As noted above, many aerospace engineers within both NASA and industry favored the
Class 111 fully reusable shuttle-type vehicles because they seemed to offer the cheapest oper-
ations costs, especially at high launch rates. [11-5]* Proponents admitted that such vehicles
were much more demanding technically and also required greater development risk and
costs, but they felt that if the technical issues could be overcome, such vehicles would pro-
vide the basis for an increased overall investment in space. North American Rockwell (later,
Rockwell International), for example, proposed a series of Class Il designs that used a
large booster and orbital vehicle to carry the necessary volume of liquid oxygen/liquid
hydrogen fuel. NASA’s “chief designer,” Maxime Faget at the Manned Spacecraft Center,
advocated a two-stage concept that mounted a relatively small orbiter atop a much larger
recoverable booster. [II-6] Both vehicles were powered, and both had straight wings.
Faget’s orbiter would carry only a small payload and had only small cross-range capability.*
Although by January 1971 many at NASA had begun to view a partially reusable design
employing an external propellant tank and a delta-wing orbiter as probably the best over-
all choice when weighing development costs and technical risks, NASA engineers never-
theless continued to consider the Faget concept until almost the end of 1971.2

The Air Force, which was also involved at senior levels in the work of the STG, was
highly critical of the Faget design, arguing that reentry would put extremely high thermal
and aerodynamic loads on the orbiter’s straight wings. The Air Force Flight Dynamics
Laboratory argued forcefully that a delta-wing design would provide a safer orbiter with
much greater cross range.* Ultimately, the Air Force’s wish for high cross range and large
payload capacity, as well as reduced expectations for NASA’s future budget, forced NASA
to give up on the Faget concept and begin serious work on the partially reusable concept
that became the final Space Shuttle design. By the time NASA had reached this decision,
many other Shuttle concepts had been explored, were found wanting, and had faded
from the scene. NASA awarded Phase B design study contracts for the Shuttle to
McDonnell Douglas and North American Rockwell in June 1970; these studies used the
Faget two-stage fully reusable concept as their baseline. NASA also awarded Lockheed and
a Grumman/Boeing team additional contracts to conduct Phase A studies for systems
using some expendable components, should the two-stage concepts examined in the
Phase B studies prove too expensive or technically demanding. In the meantime, NASA
pursued its own internal studies, in part, to improve the competence of its engineers and
to give them better insight into the contractors’ work.*

As noted earlier, logistics support for the space station was cited as one of the princi-
pal justifications for the Shuttle. However, by its September 1970 budget submission to the

19. Slightly paraphrased from ibid., 1: 534.

20. As in the other chapters in this volume of Exploring the Unknown, the documents that follow this essay
are not necessarily in chronological order, but rather follow in numerical sequence with the context of the essay.

21. An orbiter with high cross range is capable of altering its orbital plane significantly. The Air Force
tended to favor high cross-range capability on the assumption that it might wish to fly only a single orbit and
return to Earth at the same location from which it had been launched. However, during that one orbit, Earth
will have rotated sufficiently to require the Shuttle to change latitude to reach the launch site, thus requiring the
orbiter to have sufficient cross range. NASA had minimal need for high cross-range capability.

22. Hallion and Young, “Space Shuttle: Fulfillment of a Dream,” p. 1031.

23. Eugene S. Love, “Advanced Technology and the Space Shuttle,” 10th von Karman lecture, 9th annual
meeting, American Institute of Aeronautics and Astronautics, Washington, DC, January 1973 (AIAA Paper 73-31).

24. Interview of Milton Silveira by Joseph Guilmartin and John Mauer, November 14, 1984, p. 6, transcript
in NASA Historical Reference Collection.
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White House, NASA officials realized that the Nixon administration and Congress were
unwilling to support simultaneous development of both a space station and a Space Shuttle.
A complete restructuring of NASA’s expectations was in order. Between September 1970
and May 1971, the focus of NASA’s attention was gaining White House approval for devel-
oping a two-stage fully reusable Shuttle. By May 1971, the expectations for NASA’s future
budget were reduced sufficiently that having the resources needed to develop such a two-
stage, fully reusable design was out of the question. NASA estimated it would need at least
$10-12 billion to build a two-stage Shuttle, but with a fiscal year 1971 budget of only $3.2 bil-
lion and little hope of future funding increases, the agency was forced to examine concepts
with several expendable components as a means of lowering development costs. [11-7]

An important technical issue also led to the abandonment of the fly-back reusable
booster. As designs began to mature, it became clear that for this concept to be feasible,
the orbiter staging velocity (that is, the velocity at which the booster would release the
orbiter) had to be 12,000 to 14,000 feet per second. Achieving this velocity would require
an extremely large booster incorporating enormous fuel tanks. Upon returning through
the atmosphere at these velocities, the booster would have to sustain extremely high heat
loads. NASA engineers became increasingly uncomfortable about their ability to build
such a booster, given the technology then available and generally poor knowledge about
atmospheric reentry of large structures.

The ultimate design of the Shuttle orbiter and other system components depended
on decisions about five key orbiter characteristics:

Payload bay load capacity and size
Extent of cross-range maneuverability
Propulsion system

Glide or power-assisted landing
Primary structural material®

The first two were of greatest concern to the Air Force. Because NASA needed Air
Force support in the White House and congressional debates over the Shuttle, in January
1971, the space agency agreed to the following design criteria:

e Fifteen-foot by sixty-foot payload bay

e A total of 65,000 pounds of easterly payload lift capacity (40,000 pounds for polar
orbits from Vandenberg Air Force Base)

e Across range of 1,100 nautical miles*

With these decisions made, NASA was then able to focus on what combination of
orbiter design, propellant tank, and booster best fit the required characteristics.
Throughout 1971, Manned Spacecraft Center and Marshall Space Flight Center designers
analyzed a remarkable twenty-nine different Shuttle designs, incorporating a wide variety
of orbiter capacity, hydrogen and oxygen fuel tank, and boosters (see Table 2-1).”

While still evaluating two-stage Shuttle designs, NASA engineers had found that the
existing F-1 and J-2 engines, both of which were by then out of production, were inade-
quate to meet the safety and weight requirements of the Shuttle without significant

25. Scott Pace, “Engineering Design and Political Choice: The Space Shuttle, 1969-1972,” M.S. thesis,
Massachusetts Institute of Technology, May 1982.

26. For more details on the design criteria, see Document 11-32 in Logsdon, gen. ed., Exploring the
Unknown, 2: 369-77.

27. None of these designs, however, were sized to carry 65,000 pounds to orbit (100-nautical-mile circular
orbit), although several had a fifteen-foot by sixty-foot payload bay and could reach the 1,100-nautical-mile cross range.
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redesign. NASA favored an engine having higher specific impulse than either of these,
which would require the use of only three, rather than four, engines in the orbiter. The
agency decided to build a completely new engine; in July 1971, it awarded the develop-
ment contract to Rocketdyne for its staged combustion design, which became known as
the Space Shuttle Main Engine (SSME).*

Although NASA continued to explore a wide variety of payload bay sizes and overall
payload capacity during its exploration of the optimum Shuttle design, throughout 1970
and 1971, it favored a fifteen-foot by sixty-foot payload bay. After the decision to defer an
attempt to gain approval for developing a Saturn V-launched space station, among the
reasons for favoring a payload bay of this size was that it was compatible with the growing
desire to use the Shuttle like a truck, routinely using it to place large payloads in orbit.
The Air Force was also interested in the larger cargo bay for hauling some of its national
security payloads. In addition, the larger bay made balancing the orbiter for launch easi-
er and therefore carried less flight risk than a shorter payload bay. In the fall of 1971, the
White House Office of Management and Budget (OMB) asked NASA to examine the ben-
efits and drawbacks of a smaller Shuttle, having a shorter, narrower payload bay. NASA
analyses showed, however, that developing a smaller orbiter would have relatively small
effect on the overall inert or gross launch weight of the Shuttle system, and thus its devel-
opment costs. [11-8] NASA engineers also pointed out that a larger payload bay made the
handling of multiple payloads more efficient.

By late 1971, designers both within NASA and industry had begun to realize that the
most cost-effective design for the Shuttle system was a vertically launched delta-winged
orbiter mounted to an external tank carrying liquid oxygen and liquid hydrogen, flanked
by booster rockets. [11-9, 11-10] Putting all of the launch fuel and oxidizer in an external
tank allowed designers to reduce the size of the orbiter. It also made the design and con-
struction of the propellant tanks simpler and therefore cheaper. The design allowed the
Shuttle to carry a greater payload as a fraction of total vehicle inert weight compared to a
two-stage, fully reusable Shuttle system.?

Throughout the final months of 1971, OMB persisted in its pressure to lower Shuttle
development costs (see Document 11-7). On December 29, 1971, NASA Administrator
James C. Fletcher sent OMB Deputy Director Caspar W. Weinberger a letter summarizing
the results of NASA’s most recent analyses, which showed that a Shuttle with a fifteen-foot
by sixty-foot payload bay was still the “best buy.” However, yielding to OMB pressure, NASA
recommended that President Nixon approve a design with a smaller bay.® [11-11] Five days
later, on January 3, 1972, much to NASA’s surprise, President Nixon authorized the space
agency to proceed with developing a Space Shuttle with the larger payload bay. There
were many factors involved in the decision to authorize NASA to proceed with the Shuttle
program it preferred.®* Among them was the desire on the part of Nixon and his political
advisors to initiate during the 1972 presidential election year a large aerospace program
with significant employment impacts in key electoral states. [I1-12] Nixon met with

28. Staged combustion involves partially burning the propellants before burning them completely in a
second phase of combustion. NASA chose this design from among three: an “Aerospike” or plug-nozzle design
that did away completely with the expansion bell and two expansion bell designs. See J.P Loftus, S.M. Andrich,
M.G. Goodhart, and R.C. Kennedy, “The Evolution of the Space Shuttle Design,” unpublished manuscript,
Johnson Space Center, Houston, TX, 1986, pp. 15-24.

29. See Document I11-30 in Logsdon, gen. ed., Exploring the Unknown, 1: 549-55.

30. For a fuller discussion of the process leading to Space Shuttle approval, see John M. Logsdon, “The
Space Shuttle Program: A Policy Failure?,” Science, May 30, 1986, pp. 1099-1105; Thomas Heppenheimer, The
Space Shuttle Decision: NASA's Quest for a Reusable Space Vehicle (Washington, DC: NASA SP-4221, 1999). See also the
discussion of the Shuttle decision in ibid., 1: 386-88, 549-59.

31. See Document I11-28 in ibid., 1: 546-47.
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Fletcher and NASA Deputy Administrator George M. Low on January 5, 1972; afterwards,
the White House issued a statement announcing Nixon’s approval of the Space Shuttle.*

The January 3 decision left open several issues, including whether the Shuttle’s strap-
on boosters would use solid or liquid fuel. [11-13] In Shuttle system configuration 040C
(see Table 2-1), the external tank was flanked by two large, “strap-on” solid rocket boost-
ers (SRBs). This design ultimately became the foundation of the Space Shuttle’s configu-
ration. Nevertheless, until March 1972, other possible designs were still on the table, and
each had their supporters. For example, in preparation for choosing the booster rockets,
NASA studied three general types: large solid-fuel boosters; liquid, pressure-fed boosters;
and liquid, pump-fed boosters. To reduce operations costs, NASA decided to make the
boosters reusable. After separation from the Shuttle at about forty kilometers altitude,
they would fall back to the ocean on large parachutes and be recovered from the sea soon
after launch (Figure 2-3).

Technical discussions over the relative merits of these designs centered on which type
of booster was safest, most easily refurbished, and cheapest to develop and manufacture.
Proponents of liquid motors pointed out that NASA and the Air Force had extensive expe-
rience with liquid motors and that they offered greater safety. Liquid engines had the dis-
tinct advantage that if system malfunctions were detected in the startup prior to launch,
they could be shut down immediately and the launch safely aborted. If an engine failed
after launch, it could be shut down and the launch aborted to an overseas airstrip after
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Figure 2-3. This is the standard mission profile for the partially reusable Space Shuttle that actually emerged from the political
approval process. (NASA photo)

32. See Document 111-32 in ibid., 1: 558-59.
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the boosters and the external tank were dropped off. By contrast, once the SRBs were
ignited, they could not be shut down (although it was possible to terminate their thrust by
blowing off the top of the booster), and the abort potential was decreased. In addition,
solid rocket motors of the size NASA was considering (156-inch diameter) had never been
used, although the Air Force had tested such large engines and felt they would be suffi-
ciently reliable. Advocates of the big dumb booster designs of the 1960s felt that the pres-
sure-fed design offered greater overall simplicity, which would contribute both to lower
costs and to safety.** Supporters of solid rocket motors cited the high reliability of solids,
as well as their lighter weight and greater simplicity compared to liquid designs.* Also,
NASA had strong concerns about its ability to refurbish liquid rocket motors after they
had been subjected to the corrosive action of an ocean bath. By March 1972, driven pri-
marily by cost considerations, the pendulum of apparent advantages swung in favor of
large solid rocket engines, and NASA officials decided to proceed with solid rocket motor
development, judging that such motors offered sufficient reliability and ease of handling
to be used for human spaceflight.*® [11-14] NASA announced its choice of solid boosters
on March 15, 1972, as it defended the Shuttle program before Congress. [11-15]

The prime contractor for the Shuttle orbiter still had to be decided. Grumman,
Lockheed, McDonnell Douglas, and North American Rockwell had all submitted com-
petitive designs for a Shuttle based on the Marshall Space Flight Center 040C design. A
NASA-Air Force Source Evaluation Board rated North American Rockwell the highest,
based on an evaluation of contractor strengths in:

Manufacturing, test, and flight-test support
System engineering and integration
Subsystem engineering

Maintainability and ground operations

Key personnel and organizational experience
Management approaches and techniques
Procurement approaches and techniques

OnJuly 26, 1972, NASA Administrator James Fletcher met with Deputy Administrator
George Low and Associate Administrator for Organization and Management Richard C.
McCurdy to make the final Shuttle contractor decision. This choice was essentially
between North American Rockwell and Grumman, the two companies that had received
the highest ratings from the Source Evaluation Board. After considerable discussion, the
three adopted the board’s recommendation. [II1-16] In August 1972, North American
Rockwell received the contract to design and develop the Shuttle orbiter. Later, Morton
Thiokol was selected to produce the SRBs.* [11-17] NASA also selected Martin Marietta to
develop the external tank. The Manned Spacecraft Center assumed responsibility for
supervising overall orbiter development. Marshall Space Flight Center was to supervise
the development and manufacturing of the SRB, the SSME, and the external tank, and

33. Arthur Schnitt and F. Kniss, “Proposed Minimum Cost Space Launch Vehicle System,” Report no.
TOR 0158(3415)-1, Aerospace Corporation, Los Angeles, CA, July 18, 1966. For a general discussion of the big
dumb booster concept, see U.S. Congress, Office of Technology Assessment, Big Dumb Boosters: A Low-Cost Space
Transportation Option? (Washington, DC: Office of Technology Assessment, February 1989).

34. For example, the Minuteman and Polaris, both of which use solid propellants, had proved highly
reliable.

35. Eagle Engineering, Inc., “Technology Influence on the Space Shuttle Development,” Report No.
86-125C, NASA Johnson Space Center, Houston, TX, June 8, 1986, pp. 5-20, 21.

36. As noted above, NASA had awarded the contract for the SSME to Rocketdyne in 1971.
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Figure 2—-4. Ames Research Center scientists tested the aerodynamic properties of a Space Shuttle wind tunnel model in 1973.
(NASA photo)

Kennedy Space Center was to develop methods for Shuttle assembly, checkout, and
launch operations.

Even after the development contracts were let, determining the best design was still a
major task that required close cooperation among the design teams (Figure 2-4). During
liftoff and throughout the short passage through the atmosphere, the shape and place-
ment of each of the major Shuttle components would affect flight success. [11-18] Changes
in any one of the elements—wing shape, the diameter and length of the SRBs, and the
diameter of the external tank—would alter the performance of the others. Thus, the con-
figuration of the Shuttle system and precise shapes of each component passed through
several steps to reach the final overall shape and structure.*

North American Rockwell began fabricating Orbiter Vehicle (OV)-101 on June 4, 1974;
the company rolled out the orbiter from its Palmdale, California, plant on September 17,
1976. The OV-101 lacked many subsystems needed to function in space. It was thus capable
of serving only as a full-scale mockup capable of atmospheric flight; this flying testbed
proved invaluable in testing the orbiter’s ability to maneuver in the atmosphere and to glide
to a safe landing. Flight-testing began in February 1977 at Edwards Air Force Base.

Earlier, NASA had purchased a used Boeing 747-100 to ferry the orbiters from land-
ing sites in California and potentially other parts of the world to Kennedy Space Center
for refurbishment and launch.® This airplane was also used to conduct flight tests with
Enterprise, as OV-101 came to be called. A NASA committee typically chose the orbiter, but
fans of the Star Trek television series had lobbied NASA and Congress to name OV-101
the title of the starship of that series. [11-19]

Enterprise underwent three major types of tests: (1) captive flight, in which NASA test-
ed whether it could take off, fly, and land the 747 with the orbiter attached; (2) captive-
active flight, in which an astronaut crew rode in Enterprise during captive flight; and

37. See Hallion and Young, “Space Shuttle: Fulfillment of a Dream,” pp. 1125-42, for a summary discus-
sion of these points.

38. Once the Shuttle began flying, NASA established backup landing sites in several other countries,
should a launch failure allow an abort landing elsewhere or extraordinary conditions at both Edwards Air Force
Base and Kennedy Space Center prevent landing at those two primary locations.
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(3) free flight, in which Enterprise was released to glide back to Earth on its own. By August
1977, NASA had successfully completed the first two test phases and was ready to test the
orbiter in free flight. On August 12, 1977, the 747 carried Enterprise to 24,100 feet, where
it was released for a five-minute glide to a successful landing at Edwards.* After four addi-
tional test glides, NASA wound up its atmospheric flight testing program and turned to
vibration and other ground tests of Enterprise.

Two major technical problems kept Shuttle development from proceeding smoothly:
(1) a series of test failures and other problems with the SSME and (2) difficulties achiev-
ing a safe, lightweight, robust thermal protection system. SSME development proved chal-
lenging on several grounds: NASA needed a reusable, throttleable staged-combustion
engine that would achieve much higher combustion chamber pressures than any previous
engine. The United States had not yet built a rocket engine that was both reusable and
capable of being throttled. Such an engine required high-pressure turbopumps capable
of higher speeds and internal pressures than any developed to date. Reusability and the
fact that the SSME would be used on a vehicle rated to carry people imposed special
demands on the engine. Despite a nine-month delay in starting SSME development,
caused by a Pratt & Whitney challenge to the Rocketdyne contract, as well as difficulty in
procuring the necessary materials for the engine, Rocketdyne completed the first devel-
opment engine in March 1975, one month ahead of schedule.

Engine tests were performed at NASA’s Mississippi National Space Technology
Laboratories (later named Stennis Space Center) and at the Air Force’s Rocket
Propulsion Laboratory at Santa Susana, California. Although the first test firing was suc-
cessful, problems began to surface as the tests became more demanding. The turbopumps
were particularly troublesome because their turbine blades tended to crack under the
severe mechanical stresses they experienced. The engines also experienced a variety of
nozzle failures during tests.® These problems caused significant delays in the testing pro-
gram. This prompted the Senate Subcommittee on Science, Technology, and Space of the
Committee on Commerce, Science, and Transportation in December 1977 to request an
independent review of SSME development by the National Research Council. The report,
presented in a March 31, 1978, Senate Subcommittee hearing, noted that the problems
NASA was experiencing in the test program were typical of such development efforts, but
also recommended a number of possible SSME modifications and a delay in the timetable
for the first Shuttle flight.* The National Research Council committee, generally called
the Covert Committee after its chair, Eugene Covert, a professor at the Massachusetts
Institute of Technology, also recommended that NASA relax its goal of launching the
Shuttle with the SSMEs operating at 109 percent of full power level, to reduce stress on
the turbopump components.

Because NASA was then behind schedule, it decided to save SSME development time
by conducting some tests using all three engines in their flight configuration. They were
attached to an orbiter simulator using identical components to those on the flight article.
NASA also used an external tank to supply propellant to the engines and attached it to the

39. Astronauts Fred W. Haise and Gordon G. Fullerton were the pilot and co-pilot for the first free flight
of Enterprise.

40. Hallion and Young, “Space Shuttle: Fulfillment of a Dream,” pp. 1158-59.

41. Eugene Covert, “Technical Status of the Space Shuttle Main Engine,” report of the Ad Hoc Committee
for Review of the Space Shuttle Main Engine Development Program, Assembly of Engineering, National
Research Council. Printed in U.S. Congress, Senate Committee on Commerce, Science, and Transportation,
Subcommittee on Science, Technology and Space, Space Shuttle Main Engine Development Program. Hearing,
March 31, 1978, 95th Cong., 2d sess. (Washington, DC: U.S. Government Printing Office, 1978), pp. 16-57.
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test stand in a manner identical to its connection to the SRBs on the launch pad. NASA
began its main propulsion testing in April 1978, but continued to experience test delays
and failures. Despite the delays and problems, the basic SSME design was considered
sound. Rocketdyne proceeded with the manufacturing of the three engines needed for
Columbia (OV-102). In May 1978, Rocketdyne finally received approval to start manufac-
turing the nine additional production SSMEs needed for OV-099 (Challenger), OV-103,
and OV-104.

Nevertheless, development problems continued. One of the largest setbacks was a fire
that destroyed an engine on December 27, 1978. The Covert Committee, which had been
preparing a second report on the SSME program, reviewed this and an additional fire.
[11-20] Once again, the committee report recommended changes in procedures and fur-
ther tests, noting: “It appears unlikely that the first manned orbital flight will occur before
April or May 1980.” The test program continued, “and by 1980 the SSME was no longer
perceived to be a pacing factor for the first launch . . . the thermal protection system was
considered the pacing item.”*

Thermal protection for the Shuttle’s reentry was a major issue from the earliest design
concepts through the first several flights of the Shuttle. NASA engineers had solved the
reentry problem for the Mercury, Gemini, and Apollo capsules by using ablative materials
that heated up and burned off as the capsule encountered the upper atmosphere upon
reentry. However, these capsules were not designed to suffer the rigors of multiple flights
and reentries and were thus retired after use. Each Shuttle orbiter was designed to expe-
rience up to 100 launches and returns. Its thermal protection system had to be robust
enough to stand repeated heating loads and the structural rigors of reentry. The system
had to be relatively light to keep the orbiter’s overall weight acceptably low. In addition,
it had to be relatively cheap to refurbish between flights.

Between 1970 and 1973, NASA studied a wide variety of technologies to protect the
orbiters’ bottom and side surfaces. It investigated:

“Hot structures,” in which the entire structure took the heat load

Heat shields separated from a lightweight orbiter structure by insulation
Ablative heat shields over a lightweight structure

Low-density ceramic heat shields (tiles) bonded to a lightweight structure

The “hot structures” would have required developing exotic and expensive titanium
or other alloys that could dissipate reentry heating and simultaneously withstand the
mechanical loads from aerodynamic pressure. The heat-resistant panels separated by insu-
lation would transfer the mechanical load while shielding the underlying structure from
atmospheric heating. This concept suffered from excessive weight and difficulties in
designing the shielding to avoid buckling or excessive deflection. NASA’s estimates
showed that the ablative heat shields would require costly refurbishment.

Therefore, NASA chose the fourth option after extensive testing, in part because the
agency decided that using tiles would lead to the lowest overall cost. A ceramic heat shield
also allowed NASA engineers to use aluminum for the Shuttle orbiter’s structure—

42. National Academy of Sciences, National Research Council, Assembly of Engineering, Second Review—
Technical Status of the Space Shuttle Main Engine: Report of the Ad Hoc Committee for Review of the Space Shuttle Main
Engine Development Program (Washington, DC: National Academy of Sciences, February 1979), p. 21.

43. U.S. Congress, Congressional Research Service, United States Civilian Space Programs 1958-1978, report
prepared for the Subcommittee on Space Science and Applications of the Committee on Science and
Technology, U.S. House of Representatives, 97th Cong., 1st sess. (Washington, DC: U.S. Government Printing
Office, January 1981), p. 473.
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a material with which they had considerable experience. The particular ceramic material
chosen was foamed silica coated with borosilicate glass. The shield was divided into thou-
sands of small tiles to enable the stiff material to conform to the shape of the orbiter skin.
(The tiles are what give the orbiters’ lower surfaces the look of being constructed of blocks.)

No one had ever used such materials over an aluminum structure, and many experts
expressed concerns about NASA’s ability to develop an appropriate means to bond the
brittle, nonpliable ceramic tiles to an aluminum structure that would deform slightly
under aerodynamic loads. Fitting and attaching the tiles became a major effort, one that
was highly labor intensive. Each tile is approximately fifteen centimeters square and is
individually cut and fitted to match its neighbor. Because every tile is slightly different in
size and shape, it carries its own number and has its own documentation.* The orbiter
nose cap and its wing leading edges, which experience heating of above 1,500 degrees
Kelvin during reentry, are protected by a high-temperature, high-cost, carbon-carbon
material. Other temperature-resistant materials are used on the upper parts of the orbiter.

Problems with installing the tiles caused NASA to deliver the first flight-qualified
orbiter, Columbia, to Kennedy Space Center in early 1979 before NASA technicians had
completed installation. Attaching the tiles then became the critical element in scheduling
the first Shuttle launch. Originally planned for 1978, by March 1979, the schedule had
slipped at least two years.* Work on the tiles went on twenty-four hours a day for six days
a week, as technicians struggled to install more than 30,000 individual tiles. While NASA
worked on methods to speed up the process, it also continued to explore better materials
to develop a method that would make the tile stronger without adding weight.

In the meantime, as Rockwell and NASA engineers began to understand the extent of
the aerodynamic loads the orbiter’s surface would experience during the launch phase,
they developed concerns that some tiles might loosen, or even fall off. Upon reentry, they
feared, weakened tiles might peel away, causing the underlying aluminum structure to
overheat. Thus NASA also explored various means to examine the Shuttle while in orbit
to check on the tiles, and the agency began to develop a tile repair kit.® [11-21]

Shuttle development problems were so severe during the late 1970s that some within
the Carter administration’s OMB proposed that the program be cancelled. This led to a
series of external reviews of the program during 1979. [11-22] Even before this recom-
mendation, OMB had been resisting NASA’s attempt to gain approval for building a fifth
Shuttle orbiter. NASA believed that a five-orbiter fleet would be needed to provide ade-
quate capability to meet anticipated launch demand. [11-23, 11-24] While not authorizing
the construction of a fifth orbiter (an issue NASA continued to press until the 1986
Challenger accident), President Jimmy Carter was persuaded that ending the program was
not a good move. [11-25, 11-26, 11-27] After extraordinary efforts, by early 1980, NASA felt
it was bringing its tile problems under control and was able to project a launch date of
March 1981. [11-28]

Before NASA could launch Columbia, however, it had to attend to thousands of details,
both large and small. In addition to the tiles, the agency had to install and test many other
Shuttle orbiter subsystems. For this work, Columbia was rolled into the Orbiter Processing
Facility at Kennedy Space Center. Because virtually everything about the Shuttle system was
different from the Saturn V, launch operations crews had to learn new methods for handling
the vehicle, its SRBs, and the external tank. NASA altered the Vehicle Assembly Building

44. Paul A. Cooper and Paul F. Holloway, “The Shuttle Tile Story,” Astronautics and Aeronautics, January
1981, pp. 24-34.

45. U.S. Congress, House Committee on Science and Technology, 1980 NASA Authorization Hearings
before a subcommittee on H.R. 1756, 96th Cong., 1st sess., February and March 1979, pt. 4, p. 1664.

46. NASA, “On-Orbit Tile Repair Kit Being Produced,” Press Release 80-10, January 23, 1980.
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(VAB) and the Mobile Launch Platform that had been developed for Apollo to accommo-
date the Shuttle.”” NASA also made substantial alterations to launch pads 39A and 39B.

For each Shuttle launch, the first elements of the launch system to be erected are the
two large SRBs. Each is about twelve feet in diameter, 149 feet long, and composed of nine
major elements—a nose cap, a frustrum, a forward skirt, four individually cast solid rock-
et motor segments, a nozzle, and an aft skirt. NASA technicians begin assembly of the
Shuttle by attaching the aft skirt of each of the two SRBs to support posts on the Mobile
Launch Platform. Then, piece by piece, technicians hoist each SRB element atop the next
one and bolt it down. The motor segments are joined to their neighbors by tang-and-
clevis joints and secured by steel pins located along the circumference of each joint.* For
safety reasons, all nonessential personnel must evacuate the VAB while the SRBs are being
assembled. After the two SRBs are safely bolted to the Mobile Launch Platform, a crane
hoists the external tank to a vertical position and mates it with the twin SRBs. Then the
orbiter is transferred from the Orbiter Processing Facility to the VAB, lifted by its nose
more than 100 feet off the floor, and lowered into place and mated with the external tank.

Although NASA could have made the first launch, reentry, and touchdown in an auto-
mated mode, NASA engineers felt confident enough in the safety and reliability of the
Space Shuttle system to believe that such a procedure was unnecessary.” [11-29] In this
they were strongly supported by the astronaut corps, which was anxious to return to space.
(The last crewed flight was the Apollo-Soyuz Test Project in July 1975.) Besides, preparing
the orbiter for automated landing would have entailed additional expense and weight for
the avionics and would have injected additional uncertainty in the interpretation of the
flight results.

The first launch of the Space Shuttle Columbia was scheduled for April 10; it was to be
piloted by astronauts John Young and Robert Crippen. After a delay caused by computer
problems, the launch actually took place at 7:00 a.m. on April 12, 1981 (Figure 2-5).
When the countdown clock reached T-3.8 seconds, NASA started up the SSMEs, allowing
the launch directors to determine that they were firing properly. At about T+3.0 seconds,
they fired up the SRBs, irrevocably committing NASA to the launch. At an altitude of
400 feet, eight seconds after lifting off the pad on a column of flame and smoke, computer
instructions caused Columbia to roll over on its back and continue its upward climb over
the Atlantic Ocean. About two minutes later, at an altitude of twenty-seven nautical miles,
the SRBs, which had completed their part of the launch sequence, separated from the
orbiter and fell to the ocean on orange and white parachutes. Eight minutes and fifty-two
seconds after liftoff, Columbia reached orbit and jettisoned the nearly empty external tank,
which fell back through the atmosphere into the Indian Ocean. A short burn of Columbia’s
orbital maneuvering system rockets circularized the orbit at 130 nautical miles.

Young and Crippen orbited Earth thirty-seven times while testing the various Shuttle
components, such as the large cargo bay doors, which they opened and closed. One of
NASA’s major concerns was the condition of the tiles. Upon opening the payload doors,
the astronauts discovered that several tiles on the fairings for the orbital maneuvering and
reaction control engines had separated during launch. Although the loss of these tiles,
which were on the upper side of the orbiter, would not have prevented a safe reentry,
Mission Control in Houston remained unsure about the condition of Columbia’s under-
side, which could not be seen from the cockpit. As the orbiter circled Earth, NASA

47. For example, because the Shuttle does not make use of the tower and gantry required by the Saturn
V, these were removed.

48. The tang-and-clevis joints are called “field joints” because they are assembled at the launch site (“in
the field”) rather than at the factory.

49. The Soviet Union flew its Buran shuttle orbiter in an automated mode in its first and only flight in
November 1988.



178 DEVELOPING THE SPACE SHUTTLE

Figure 2-5. The Space Shuttle is finally realized with the launch of Columbia from Launch Complex 39A on April 12, 1981,
on its first orbital mission. (NASA photo)

arranged for Air Force cameras to photograph Columbia’s underside to confirm tile
integrity. Finding the tiles in apparently good order, NASA Mission Control notified the
two astronauts to prepare for return.

Fifty-four hours after takeoff, Columbia glided to a successful landing at Edwards Air
Force Base. Although Columbia landed at a faster speed than planned and rolled nearly
3,100 feet beyond its planned stopping point, the flight proved the feasibility of the
Shuttle’s design. [11-30] NASA made three more test launches with Columbia—on
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November 12, 1981, March 22, 1982, and June 27, 1982. Each time, Columbia experienced
some anomaly that had to be resolved.*®

In the aftermath of the first Shuttle flight, the Reagan administration considered the
longer term future of the program. A variety of uses and management approaches were eval-
uated; ultimately, President Ronald Reagan decided to keep NASA in the lead role in man-
aging the Space Transportation System (STS). He reiterated the policy that once the Shuttle
became operational, it would be used to launch all U.S. government missions. [11-31, 11-32]

The last test flight of Columbia ended symbolically on July 4, 1982, when the orbiter
glided to a landing before President and Mrs. Reagan and a crowd of about 750,000 visi-
tors at Edwards Air Force Base.®* To enhance public attention to the July 4th event, NASA
had arranged to fly Challenger, the second of four planned orbiters, to Kennedy Space
Center shortly after Columbia rolled to a stop. Challenger took off atop NASA’s Boeing 747
carrier plane as Reagan was giving his speech, circled the field, and dipped its wings to the
crowd. [11-33]

Space Shuttle Operational Flights—Phase |

Columbia’s four successful test flights led NASA to declare that the Shuttle fleet was
operational—meaning, in theory, that further development of Shuttle systems would be
minimal. With Challenger in preparation for its first flight, and Discovery and Atlantis in pro-
duction, NASA officials were now ready to push up the flight rate and extend the use of
the STS to a wide variety of payloads and customers (Figure 2-6). [11-34] (Chapter 3 dis-
cusses the use of the Space Shuttle to launch commercial payloads.)

When NASA began the Shuttle’s development, the agency expected the vehicle to
assume the entire burden of lifting U.S. satellites and other payloads to orbit soon after
reaching full operational status. [I1-35] NASA also expected other nations to use the
Shuttle for access to space, and the agency projected a flight rate of forty-eight per year
beginning in 1980. Such a high rate would, in NASA’s estimation, have led to a low cost
per flight and even allowed NASA to recoup much of its investment in the Space Shuttle
system.*? By the mid- to late 1980s, NASA hoped, reduced costs for operating the Shuttle
system would allow the agency to fund other projects, such as a future space station. This
so-called “Shuttle funding wedge” became a tenant of NASA policy and the agency’s
expectations for major future projects.

The number of future projected flights allowed NASA to set its first pricing policy in
1975 to garner as many Space Shuttle flights as possible. This policy was intended in part
“to effect early transition from expendable launch vehicles.”* NASA had arrived at a price
of $18 million (1975 dollars) by averaging projected development and operational costs
over a total of 572 flights from 1980 through 1991.

In the early 1980s, expectations for such a high flight rate had decreased, but were
still relatively high. In July 1983, for example, Rockwell International forecast that by 1988,
overall U.S. demand for space transportation services for civilian and military uses would
require a yearly flight rate of twenty-four launches.* Based on an expectation of increas-
ingly shorter “turnaround time” for processing each orbiter, NASA expected to meet that

50. For example, during the second flight (STS-2), one of the orbiter’s three fuel cells failed, causing
NASA to bring Columbia back after only two and a half days, rather than the planned five.

51. NASA extended Columbia’s time in space by one orbit to accommodate the presidential visit.

52. U.S. Congress, Congressional Budget Office, Pricing Options for the Shuttle (Washington, DC:
Congressional Budget Office, March 1985).

53. C.M. Lee and B. Stone, “STS Pricing Policy,” presented at the AIAA Space Systems Conference,
Washington, DC, October 18-20, 1982, p. 1.

54. Rockwell International, “Projection of Future Space Shuttle Traffic Demand,” July 1983, Rockwell
Corporation, Downey, CA.
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Figure 2-6. The STS-8 mission on Challenger was the first nighttime launch of the Shuttle era on August 30, 1983. (NASA photo)

rate by 1988. Such forecasts assumed that the Shuttle would fly commercial, as well as gov-
ernment, payloads. It also anticipated that a fifth Shuttle orbiter would be built. [11-36]
The orbiter turned out to be much more difficult and time consuming to refurbish
and prepare for launch than NASA had expected. This resulted in part from the need to
correct system design deficiencies throughout the orbiter, which in turn kept the system
in a state of continual development.*® Orbiter “turnaround” time became the pacing item
in efforts to improve the Shuttle launch rate. From 1983 through 1985, NASA steadily
increased the flight rate until, in 1985, it was able to launch nine flights. NASA accom-
plished this feat in part by significantly reducing the damage to the protective tiles after
liftoff and by making small improvements in the SSMEs to reduce the amount of inspec-
tion time needed.*® Nevertheless, many observers remained skeptical that NASA would

55. Charles R. Gunn, “Space Shuttle Operations Experience,” paper presented at the 38th Congress of the
International Astronautical Federation, Brighton, England, October 1987.
56. Ibid.
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ever be able to reach and maintain a rate close to twenty-four flights per year, given the
complications of preparing the Shuttle orbiter and other subsystems for launch.

In the early 1980s, the Reagan administration, strongly encouraged by NASA, had
established the policy that all government payloads would be launched on the Shuttle and
that the Delta, Atlas, and Titan expendable launch vehicles (ELVs) would be phased out.
NASA ordered no more Delta or Atlas ELVs after 1982. Their manufacturers moved to
shut down production lines. Because this action removed these launch vehicles from use
by commercial interests, commercial communications satellite owners and a few other pri-
vate payload customers were forced to use either the Shuttle or the European-built Ariane
rocket. (See Chapter 3 for a discussion of the competition between the Shuttle and
Ariane.)

The Shuttle was maintained under NASA control, although several groups urged poli-
cies that would put the Shuttle under the operational control of private industry (or even
the Air Force). They argued that the private sector would reduce operational costs faster
and more effectively than NASA. Although some officials of the Reagan administration
flirted briefly with the concept, they finally concluded that, in the words of the congres-
sional Office of Technology Assessment, the “Shuttle is an important instrument of nation-
al policy and is needed primarily for government civilian and military payloads.”’

As noted, the operational Space Shuttle turned out to be much more complicated to
operate than had been expected, took longer to refurbish, and cost much more to operate
than NASA had estimated.*® Nevertheless, between its first flight in 1981 and January 1986,
it served to carry a variety of life science and engineering experiments into orbit, launched
communications satellites and scientific payloads, and launched DOD payloads.*

From the beginning, Shuttle planners expected to launch high-inclination payloads,
especially polar-orbiting payloads, from Vandenberg Air Force Base in California, because
only at Vandenberg is there an available high-inclination launch path (to the south) that
would not jeopardize populated areas. DOD and the National Reconnaissance Office were
especially interested in using this capability to launch several reconnaissance satellites,
which require polar orbit for effectiveness. DOD funded the development of launch
preparation facilities and a launch pad at the site of the Space Launch Complex-6
(SLC-6, pronounced “Slick-6") to launch from Vandenberg.®® However, the Space Shuttle
proved unable to meet its payload weight goal of 65,000 pounds to LEO (twenty-eight-
degree inclination), which was necessary to launch about 40,000 pounds into polar orbit.
That problem, combined with the loss of Challenger in 1986 and the development of the
Titan 1V, led to the abandonment of SLC-6 as a Shuttle launch site, but only after DOD
had poured several billion dollars into upgrading the launch pad and constructing appro-
priate supporting facilities.

The Complementary Expendable Launch Vehicle

Not everyone in the government agreed with the move toward total government
dependence on the Space Shuttle. Some influential officers within the Air Force, which
had the responsibility for launching all national security payloads, especially the critical

57. U.S. Congress, Office of Technology Assessment, International Cooperation and Competition in Civilian
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59. See Logsdon, gen. ed., Exploring the Unknown, 2: 263-69, for a discussion of DOD disenchantment with
the Space Shuttle.
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reconnaissance satellites, worried about the frequent delays in Shuttle launches and the
length of time between manifesting a payload on the Shuttle and the actual flight (about
twenty-four months).** They reasoned that any major problems encountered in a Shuttle
subsystem could delay the flight of a critical payload. No matter how successful the Shuttle
fleet was, there were likely to be times when it would be grounded for safety purposes, just
as entire aircraft fleets may be grounded while investigators examine the causes of major
subsystem failures and determine appropriate repairs. Privately, some analysts worried
that the Shuttle might fail catastrophically at some point, leaving the fleet grounded for
an extended period. In addition, some argued that even if NASA were able to sustain an
average Shuttle flight rate of twenty-four per year, that rate would not accommodate the
needs of the Air Force, along with the projected demand from civilian public- and private-
sector uses.

Hence in 1983, with the strong endorsement of Secretary of the Air Force Pete
Aldridge, the Air Force began to examine the benefits and costs of developing a new vehi-
cle that it called the Complementary Expendable Launch Vehicle (CELV) to provide
“assured access to space.” On January 7, 1984, Secretary of Defense Caspar Weinberger
approved a defense space launch strategy that included the development of a CELV with
sufficient capacity to launch payloads of up to 40,000 pounds.*

Air Force officials chose the adjective “complementary” to avoid the appearance of
competition with the Shuttle and to emphasize that the CELV would be expected to ser-
vice DOD launch demand should the Shuttle be unable to meet it for any reason. Aldridge
was also interested in improving Air Force launch flexibility and maintaining the tech-
nology base and production capability that might otherwise be lost.

Congressional reaction was mixed. DOD’s authorization and appropriations commit-
tees generally supported the move. However, supporters of NASA’s Space Shuttle
expressed concern that CELV development would divert DOD attention away from the
Shuttle and undercut the funding supporting Shuttle operations. The Shuttle was devel-
oped in part to serve DOD needs, which led to higher operations costs than NASA had
anticipated. Continued DOD use of the Shuttle was needed to help pay for Shuttle
upgrades and keep the costs of operations as low as possible.

Despite the concerns of some members of Congress, especially those of the House
Committee on Science and Technology, DOD’s plans nevertheless carried the day. DOD
issued a request for proposals (RFP) on August 20, 1984, for the development of a launch-
er capable of lifting 10,000 pounds to a geostationary transfer orbit from DOD’s Eastern
Test Range. The initial RFP called for a total buy of ten launchers. In 1984, the Air Force
had no official plans to launch the CELV from the Western Test Range at Vandenberg Air
Force Base, but intended instead to rely on the Shuttle to lift payloads of up to
32,000 pounds into low-Earth polar orbit from Vandenberg.®

Martin Marietta won the contract to build an upgraded version of its Titan 34D in
February 1985, over competing designs from General Dynamics and from NASA, which
had proffered a launch vehicle based on Shuttle technology. This vehicle, which became
known as the Titan 1V, is capable of lifting 40,000 pounds to LEO or 10,000 pounds to geo-
stationary transfer orbit. Martin Marietta achieved the improved payload capacity by
stretching the liquid propellant tanks and by upgrading the Titan’s solid rocket motors to

61. Ironically, the vehicle that resulted from the Air Force need to launch national security payloads, the
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Applications of the Committee on Science and Technology, U.S. House of Representatives, 98th Cong., 2d. sess.,
July 31-August 2, 1984, p. 86.
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seven segments rather than the five and a half segments used by the Titan 34D.* Fairings
of up to 86 feet long would accommodate Shuttle-size payloads. The Titan 1V was designed
with the capability to carry no upper stage, a Centaur upper stage, or an inertial upper
stage (1US).* The first Titan IV was launched on June 14, 1986, with an 1US upper stage.
In October 1987, Martin Marietta contracted with Hercules to develop and manufacture
SRBs with graphite-epoxy casings, capable of adding 8,000 pounds capacity to LEO. After
the failure of the Shuttle Challenger, the Air Force’s plans to develop the CELV seemed
almost prescient.

Losing Challenger

Although every knowledgeable observer recognized that there was some potential for
a major Shuttle failure, the press and the broader public in the early 1980s paid little
attention to the risks of human spaceflight. Even those close to the Shuttle system let down
their guard. As one successful launch followed another, some engineers and flight direc-
tors began to submerge their concerns about troublesome items that lay on the critical
path to a safe launch. Hence, the nation was dealt an extremely rude shock when, on
January 28, 1986, the orbiter Challenger, carrying seven crew members, seemed to disap-
pear behind a huge fireball just over a minute after liftoff and disintegrated before the
eyes of thousands of observers at the launch site and millions more watching the launch
on live television coverage. It was a numbing sight, played over and over again on televi-
sion, as people all over the world attempted to come to grips with what had happened.®

Launch vehicle reliability has always been a concern; most launch vehicles have
demonstrated launch success rates of between 90 and 98 percent. Launch officials worry
especially about the safety of vehicles that carry human crews. As long ago as 1977, former
NASA Administrator James Fletcher had expressed his concerns to then NASA Deputy
Administrator Alan M. Lovelace about the overall Space Shuttle system and whether
NASA had the right people working the problem of launch reliability and safety. [11-37]

Engineers and other observers familiar with the Shuttle’s many systems and points of
potential weakness had their theories about the cause of the catastrophic failure, yet
because of the complexity of the Shuttle system, it took careful analysis by a large team of
experts to determine the exact cause. NASA began to work on the problem immediately
by pulling together all of the available film footage, launch operations documents, and
other materials that might be relevant to the investigation. NASA even employed a deep
sea diving company to locate and retrieve parts of the failed launcher from the ocean
floor. Although senior NASA officials would have preferred to carry out their own analy-
sis outside the glare of publicity, as had been the case following the Apollo 1 fire, the high-
ly public and dramatic loss of life that had occurred on January 28 made an independent
external review almost inevitable. On February 3, President Reagan signed Executive
Order 12546, which directed the establishment of a high-level commission, chaired by for-
mer Secretary of State William P. Rogers, to examine the evidence and determine not only
what had happened, but also why it had. [11-38] The Presidential Commission on the
Space Shuttle Challenger Accident, supported by NASA and other federal agencies, gath-
ered evidence, investigated the chain of events, and held public hearings.

64. The first stage was stretched by almost eight feet to increase propellant volume by 10 percent, and the
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interest in the flight, which carried teacher Christa McAuliffe, who would have been the first teacher in space.
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As the investigation revealed, the joint between the first and second motor segment
was breached about fifty-nine seconds into the flight. Flames from the open joint struck
the external tank and caused its liquid hydrogen and liquid oxygen tanks to rupture. At
seventy-six seconds, fragments of Challenger could be seen against the backdrop of a large
fireball, caused by the ignition of thousands of pounds of hydrogen from the external
tank. The orbiter was torn apart by the enormous aerodynamic forces, which greatly
exceeded the orbiter’s design limits. Large parts of Challenger began to tumble through
the atmosphere and fall back toward the Atlantic Ocean. The forward fuselage and the
crew module, both of which remained largely intact, plunged into the waves a few seconds
later, Killing all seven astronauts on board.”

This description of the sequence of events during the failure of the vehicle was gained
only through a meticulous examination of the photographs and the recovery and detailed
inspection of many Challenger parts from the ocean floor. It also required a methodical
analysis of the sequence of events during launch. This analysis also contributed to a more
precise understanding of the O-ring failure that caused the loss of Challenger. Knowledge
of the structural details of the SRBs became widespread as newspapers printed detailed
drawings of the Shuttle system and the joint that held the motor segments together. The
“tang-and-clevis” joint, which was supposed to hold the segments together with seventeen
bolts and a rubber O-ring seal, received special attention from the media as well from
experts, because it was this critical part of the Shuttle system that had failed. During
engine firing, the joint was subject to enormous pressure. NASA and Morton Thiokol had
intended to design the joint so that the O-ring would deform under pressure and fill in
any small openings between the tang and clevis, preventing a “blow-by” of the hot ignition
gases during motor firing. However, as NASA’s own tests during SRB development had
shown, the O-rings would occasionally suffer damage during firing.®® During the second
Shuttle flight (STS-2) and on several subsequent flights, the O-rings sustained both ero-
sion and blow-by, indicating problems that could become worse. Of particular concern, as
the temperature of the joint fell, the O-ring material would stiffen up and prevent it from
properly squeezing into any voids, even when under pressure. Although several NASA offi-
cials and Morton Thiokol engineers were aware of the problem and the catastrophic fail-
ure it could cause, the two organizations failed to act to redesign the joint. Instead, they
tried a number of other fixes, including tightening the joint and adding putty to the joint
to assist the O-ring in sealing the joint.

The open hearings of the Rogers Commission, which NASA officials opposed, gave
the public extraordinary insight into the almost overwhelming complexities of preparing
and operating the Shuttle. In one particularly dramatic moment during the hearings,
commission member Richard Feynman placed a short section of the O-ring in ice water,
demonstrating on live television how inflexible the material becomes with cold. His sim-
ple demonstration dramatized a major problem that NASA officials had virtually ignored.
As noted in the commission’s report, “Prior to the accident, neither NASA nor Thiokol
fully understood the mechanism by which the joint sealing action took place.”®

The hearings and the report that resulted from it also exposed publicly a number of
crucial management deficiencies within NASA, among which was the difficulty contractor
personnel and mid-level NASA engineers had in conveying the seriousness of known tech-
nical problems to senior-level managers. [11-39] The hearings also made it clear that
senior NASA officials had subtly but inexorably shifted their attitude regarding the launch
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of the Shuttle. At first, the engineers had to demonstrate that the Shuttle was safe to
launch. The shift was that by the time of the ill-fated Challenger launch (STS 51-L), they
had to demonstrate that it was not safe to launch. At one point in the hearings, for exam-
ple, Roger M. Boisjoly, a Morton Thiokol engineer, noted that “we were being put in a
position to prove that we should not launch rather than being put in the position and
prove that we had enough data to launch.”” Decision-making regarding the Shuttle had
become “a kind of Russian roulette . . . [the Shuttle] flies [with O-ring erosion] and noth-
ing happens. Then it is suggested, therefore, that the risk is no longer so high for the next
flights. We can lower our standards a little bit because we got away with it last time. . . . You
got away with it, but it shouldn’t be done over and over again like that.””

Return to Flight

Returning the Space Shuttle to space after the loss of Challenger was a challenging task.
While the Rogers Commission investigated the technical and managerial causes of the fail-
ure, NASA had the difficult chore not only of redesigning the faulty SRBs, but also of
increasing public confidence in its procedures. On March 24, 1986, well before the
detailed causes of the Shuttle’s failure were definitively established, the new Associate
Administrator for Space Flight, former astronaut Richard H. Truly, announced a strategy
for returning the Shuttle to flight status. [11-40] Among other things, his memorandum
called for reassessing the entire program management structure and operation, and it laid
out a plan for a “conservative return to operations.”

Three weeks before Truly’s memo, veteran astronaut John W. Young wrote a highly
critical memorandum critiquing the management of the Shuttle program and outlining
many of the steps needed to assure safety of flight. His views were representative of many
who had been aware of the increasing acceptance of risk in Shuttle operations. [11-41]
During the hiatus in flight, NASA examined every vulnerable element of Shuttle design
and rethought Shuttle launch preparation and operations. NASA instituted many new
safety procedures and replaced system components. For example, when first witnessing
the huge fireball and destruction of Challenger, many engineers immediately concluded
that one of the SSME turbopumps, which were highly susceptible to breakdown, might
have failed. NASA used the “standdown” to go over the SSME piece by piece to improve
its safety and reliability. NASA also increased its contractor staff at Kennedy Space Center
to handle the load of new procedures for safety and quality assurance and documentation
paperwork. The amount of time NASA technicians took to refurbish the orbiters after
flight, to prepare the entire Shuttle system for launch, and to follow new safety and qual-
ity procedures more than doubled. The procedures were not only lengthened but became
more complicated and intensive, making it increasingly doubtful that NASA could ever
achieve its planned yearly launch rate of twenty-four flights, even if sufficient funding for
Shuttle payloads and launch services became available to support such a rate.” Most
important, however, NASA redesigned and tested the Shuttle’s solid rocket motors so they
would be much less likely to fail again, especially at the joints between motor segments.

70. Ibid., p. 93.

71. Richard Feynman, quoted in ibid., p. 148.

72. Generally missing in most NASA Space Shuttle briefings of the 1980s was a sense of the connection
between launch rate and the overall costs for both payloads and Shuttle launch services. This was a case of rad-
ical optimism. Payload costs (on the launch vehicle) hovered between $40,000 and an astounding $650,000 per
pound, depending on the amount of inexpensive elements in the payload (such as fuel) and the technical dif-
ficulties encountered in designing and building the spacecraft. See U.S. Congress, Office of Technology
Assessment, Affordable Spacecraft: Design and Launch Alternatives, OTA-BP-ISC-60 (Washington, DC: U.S.
Government Printing Office, January 1990).



186 DEVELOPING THE SPACE SHUTTLE

The shock of losing Challenger and its crew also forced officials within the Reagan
administration to reconsider what types of payloads the Shuttle would carry. For example,
well before the failure, some observers had complained that using the Shuttle to launch
commercial communications satellites, which could routinely be launched by ELVs, was a
waste of federal resources and competed with possible commercial ELV efforts (see
Chapter 3). In August 1986, the administration issued a statement on Shuttle use, fol-
lowed by a formal policy statement in December. [11-42, 11-43] That policy restricted
Shuttle payloads to those requiring the unique capabilities of the Shuttle or needing the
Shuttle for national security purposes. In particular, the Shuttle would no longer be used
to launch commercial communications satellites.

The costs of losing Challenger were high, not only to the crew members and their fam-
ilies, but also in economic terms. NASA’s Office of Space Flight estimated that the nation
lost about seventy equivalent Shuttle flights over a period of ten years as a result of the loss
of Challenger, as well as the loss of two Titan 34Ds and the Atlas-Centaur within a few
months.” Europe’s Ariane launched many of these lost payloads. Others were launched
much later on ELVs or were never launched.™

The Reagan administration and Congress moved relatively quickly to replace the lost
orbiter. NASA was able to proceed promptly with construction because, in April 1983, the
agency had awarded Rockwell International a contract to construct long-lead-time struc-
tural spares, which were to have been completed by 1987. In part, the 1983 decision was
prompted by the concern that eventually a fifth orbiter would be needed to handle the
expected demand for Space Shuttle launch services. NASA officials also wanted to have
crucial replacement parts on hand in case of a major failure of the Shuttle system. The
administration requested funding to build a replacement orbiter in mid-1986. In an
unusual move, Congress approved the entire package of funding of $2.1 million as part of
a supplemental appropriations for fiscal year 1987.” The new vehicle (OV-105) was deliv-
ered to Kennedy Space Center in May 1991 and made its first flight in May 1992.®
Congress had directed NASA to establish a contest to name the orbiter, involving ele-
mentary and secondary school students. In May 1989, President George Bush announced
that the vehicle would be named Endeavour, after Captain Cook’s famous ship.

On September 29, 1988, the Shuttle Discovery lifted off Pad 39B at the Kennedy Space
Center, conveying a crew of five into orbit (STS-26). [11-44] Discovery also carried the
replacement for NASA’s Tracking and Data Relay Satellite (TDRS), one of the payloads
lost when Challenger exploded in January 1986. The successful flight of Discovery and
launch of TDRS held special significance because it marked the return of the Space
Shuttle program to flight status and the end of a painful reevaluation of U.S. access to
space. As an editorial in Aviation Week & Space Technology opined, “The launch, witnessed
by the largest gathering of spectators and press since the Apollo 11 launch to the Moon
in 1969, was balm to the wounds remaining from the Challenger accident. It was a long time
coming. ... It was a moment worth waiting for. . . . The Discovery mission should be savored
as a triumph for NASA, the U.S. space program and the nation.” The article also quoted
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Kennedy Space Center Director Forrest McCartney, who observed that “[it] was a great
day for America . . . today we stand tall.””

The second and last Shuttle flight of 1988 (STS-27) took place nine weeks later on
December 2, during which the orbiter Atlantis carried a classified DOD satellite into high-
inclination orbit.” The success of this flight added to NASA’s (and DOD’s) confidence in
the revised launch procedures.

The loss of Challenger had forced NASA to reexamine the risks of human spaceflight,
to examine more closely the methods used to evaluate and reduce such risks, and to be
more forthcoming with the American public about them. Some NASA officials had inad-
vertently slipped into thinking that the Space Shuttle was nearly as reliable as a commer-
cial aircraft. However, aircraft typically have empirically derived reliabilities (successful
flights divided by attempts) approaching 99.9999 percent, based on many thousands of
flights of essentially identical vehicles. Prior to the Shuttle’s first launch, NASA had faced
the difficulty of estimating flight risks based on detailed estimates of previous experience
with subsystems, extensive testing of new subsystems, and the amount of redundancy built
into critical systems. Based on such considerations, NASA designed each orbiter to have a
97-percent probability of lasting 100 flights, which leads to a requirement that each indi-
vidual Shuttle flight have a reliability of at least 99.97 percent. Actual Shuttle reliability was
uncertain, but one NASA-funded study estimated that it lies between 97 and 99 percent.”

After operations begin, estimations of reliability can also be based on statistical analy-
sis of observed successes and failures, although with most launch vehicles such analysis
involves the statistics of small numbers.®® For example, using a simple statistical analysis,
the congressional Office of Technology Assessment estimated for illustrative purposes that
if STS reliability were assumed to be 98 percent, NASA would face a fifty-fifty chance of
losing an orbiter within thirty-four flights.® [11-45] Whatever the actual reliability, this
analysis led to the conclusion that reducing, rather than enhancing, the flight rate would
be a prudent way to reduce Shuttle losses over time. The 1986 policy that encouraged fed-
eral agencies to launch on commercial ELVs when possible helped reduce the pressure
on Space Shuttle launches. It also increased the resilience of the launch fleet because it
made it possible to recover from a launch failure of a single vehicle more quickly than was
true prior to January 1986—a concern of great importance to military planners who must
have the greatest possible access to space.®? However, too few Shuttle flights might increase
flight risks, because the skill level of Shuttle launch crews might degrade between launch-
es. Since 1988, NASA has kept the rate of Shuttle flights relatively low (five to seven per
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year) and improved its on-time launch performance, suggesting that such a rate provides
a good balance between safety and costs.

The Soviet Shuttle

Before NASA officials were able to savor fully the return of the Space Shuttle to flight
status, the Soviet Union demonstrated its capacity to build and launch its own shuttle. In
a move that mirrored the increasing openness of Soviet society during the regime of
General Secretary Mikhail Gorbachey, early in 1988, Soviet officials released drawings and
descriptions of their space shuttle.®* Later in the year, on November 15, rocket engineers
successfully launched the shuttle Buran (meaning “snowstorm”) into orbit, attached to the
all-liquid Energiya heavy-lift launch vehicle.®* The flight was automated; no crew members
were aboard (Figure 2-7). After two orbits, flight controllers landed Buran on a runway
about ten kilometers from the Baikonur Cosmodrome launch pad.

Although Buran superficially resembled
the U.S. Shuttle orbiter, in detail its concept
was rather different. For one thing, in keep-
ing with the Russian approach to new
human spaceflight undertakings, the first
flight was fully automatic—no cosmonauts
were aboard, although the orbiter was
reportedly capable of carrying ten crew
members. Second, Buran carried no rocket
engines. Finally, unlike the integrated SRBs,
external tank, and SSMEs of the U.S.
Shuttle, Energia was a stand-alone vehicle
capable of launching up to 220,000 pounds
to LEO, including the Buran orbiter.
Although it lasted only two orbits, the flight
was an impressive achievement, but one that
was not followed up either with additional
flights or the crafting of other orbiters.
While the weakness of the Soviet space pro-
gram had not yet become fully apparent in
the United States, the program was past its
zenith. By 1991, the Soviet Union and its
economy had collapsed, taking with them
the will to continue to invest large sums in .
space achievements. In a few years, Buran Figure 2-7. The former Soviet Union’s unmanned shuttle,
became an exhibit in a Moscow park, and Buran, stood ready on the launch pad with the Energiya
the Energiya launcher was never used again launcher in late 1988. It would make only one flight.
to lift payloads into orbit.

83. “Soviet Union Developing Range of Manned, Unmanned Launchers,” Aviation Week & Space
Technology, March 28, 1988, pp. 52, 53, 58.

84. Craig Covault, “Soviet Shuttle Launched on Energia Booster,” Aviation Week & Space Technology,
November 21, 1988, pp. 18-21.
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Variations on the Shuttle Theme

Beginning well before the Space Shuttle actually flew, engineers considered a wide
variety of technical options for improving or extending the Shuttle’s basic capabilities.
These included adding to its lift capacity, carrying civilian passengers, and extending the
stay time on orbit. The impetus for such studies derived from the firm belief among some
observers that once the Shuttle became operational, the demand for launch services
would grow quickly, making it attractive to add significantly to overall launch capacity.
Among the ideas driving such thinking was the photovoltaic solar power satellite, which if
built would have required lofting millions of kilograms of materials into geosynchronous
orbit and space workers into LEO.®* Concepts developed during the mid-1970s ranged
from simply adding additional smaller solid rockets to the SRBs, to substituting large lig-
uid rocket boosters for the SRBs, to building a fly-back booster.®* Concepts also included
ideas as diverse as a passenger-carrying orbiter capable of taking several tens of passengers
to and from orbit and a strictly-cargo vehicle based on using the SRBs, the external tank,
the SSMEs, and a cargo canister to substitute for the orbiter.

In general, these ideas never got beyond the concept stage. Yet, by the late 1980s, as
space station planners struggled with the realities of lofting a station into orbit and resup-
plying it, some experts began to revive such concepts. Among other options, they consid-
ered building a heavy-lift launch vehicle that would be capable of launching large station
payloads to orbit. The specter of losing an orbiter in the course of station construction,
and the large number of Shuttle flights (more than twenty) required for the station then
under consideration, led to studies of an alternative, larger cargo vehicle to reduce the
number of orbiter flights. The Advanced Launch System (ALS) then under consideration
(see Chapter 4) might have served such a purpose, but some NASA engineers argued for
a cargo vehicle based on the Space Shuttle.

Initially, this was called the Shuttle-Derived Vehicle; later, the concept became known as
the Shuttle-C, for cargo.®” [11-46] Because the design of the Shuttle puts the SSMESs necessary
for part of the propulsion on the orbiter itself, the Shuttle-C cargo carrier would also need to
carry liquid engines to reach orbit. NASA considered the option of using the reusable SSMEs
in a boat-tail configuration and dropping them off to be recovered in the ocean, but the
agency found recovery and refurbishment too costly.®® NASA engineers decided instead to
employ SSMEs that had flown enough times that they were no longer sufficiently reliable for
human flight, then letting them burn up in the atmosphere after use. As the concept was
developed, the Shuttle-C would have been capable of lofting about
178,000 pounds to orbit from Kennedy Space Center. Ultimately, after nearly four years of
study, NASA dropped its Shuttle-C efforts, in large part because OMB deemed the vehicle too
costly. Furthermore, the move away from using the Shuttle launch for science payloads that
could fly on ELVs removed most of the non-space station launch pressure on the Shuttle.

85. Peter E. Glaser, “Power from the Sun: Its Future,” Science 162 (November 22, 1968): 857-86. For a
description and assessment of solar power satellite concepts of the late 1970s, see U.S. Congress, Office of
Technology Assessment, Solar Power Satellites, OTA-E-144 (Washington, DC: U.S. Government Printing Office,
August 1981).

86. M.W. Jack Bell, “Space Shuttle Vehicle Growth Options,” paper presented at the American Institute of
Aeronautics Conference on Large Space Platforms: Future Needs and Capabilities, Los Angeles, CA, September
27-29, 1978.

87. Theresa M. Foley, “NASA May Seek Proposals for Shuttle-Derived Booster,” Aviation Week & Space
Technology, June 29, 1987, pp. 24-25.

88. Craig Covault, “Shuttle-C Unmanned Heavy Booster Could Simplify Space Station Launch,” Aviation
Week & Space Technology, August 15, 1988, pp. 87-88.
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The Advanced Solid Rocket Motor

The failure of the Space Shuttle’s solid rocket motor had repercussions for NASA’s
Shuttle program that extended far beyond the redesign of the motor. Proponents of both
liquid boosters (pump-fed and pressure-fed) and more advanced solid rocket designs
argued within NASA and before Congress that a major overhaul was needed. In addition
to providing additional safety, the proposed designs would have improved the payload
capacity of the Shuttle, which fell far short of the expected 65,000 pounds placed in the
standard twenty-eight-degree LEO 110 nautical miles above Earth’s surface. As a result of
weight growth during manufacture and early operations, the Shuttle was capable of car-
rying a maximum payload to this orbit of only 48,000 pounds. However, some payloads,
particularly space station components, were expected to weigh more.

During the period after the Shuttle returned to flight, NASA engineers explored two
new solid rocket designs—the Advanced Solid Rocket Motor (ASRM) and an improved
Redesigned Solid Rocket Motor (RSRM). The ASRM was a totally new design that would
use a new manufacturing process, allowing the entire motor to be poured at one time. It
would therefore not have joints that might fail. Proponents argued that the ASRM would
provide greater safety than segmented boosters. After conducting detailed engineering
studies of both liquid- and solid-fuel designs and comparing costs and safety, NASA decid-
ed in early 1989 to proceed with the ASRM on the basis that it would result in lower over-
all costs with comparable flight safety.?® In March 1989, NASA’s Aerospace Safety Advisory
Panel noted that “on the basis of safety and reliability alone it is questionable whether the
ASRM would be superior to the RSRM . . . until the ASRM has a similar background of
testing and flight experience.”®

Yet, NASA’s own analysis disagreed with these findings, and in late April 1989, the
agency awarded two contracts for the ASRM to a partnership formed between Aerojet and
Lockheed. One contract supported the design and development of the ASRM; the second
contract was for the design, construction, and operation of an automated solid rocket
motor production facility. NASA designated Yellow Creek, Mississippi, as its preferred gov-
ernment-owned/contractor-operated ASRM production site and the Stennis Space
Center in Mississippi as the motor test location. NASA estimated that ASRMs could be
ready for a first launch in 1994 or 1995. Agency officials also expected that the ASRM pro-
gram would help promote a competitive solid rocket motor industry.*

The ASRM was never built. After NASA built the plant in Yellow Creek, Mississippi, and
began to outfit it, Congress began to have second thoughts about the increasing costs of
the ASRM program. In October 1993, Congress voted to shut down the ASRM program as
a cost-saving move. NASA then decided to put greater emphasis on improving the RSRM.

Space Shuttle in the 1990s

Once NASA was assured that the redesigned solid rocket motors worked safely, that the
operation of the SSME improved, and that other safety-related issues were addressed, the
space agency began to operate the Space Shuttle on a more regular basis, and launches had
fewer delays. In fact, by the late 1990s, NASA felt that it could hand over the day-to-day

89. Proponents of solid rocket motors argued that such motors, if properly designed, are nearly as safe as
liquid rocket motors that are by their very nature much more complicated and suffer from a greater number of
possible failure modes.

90. Aerospace Safety Advisory Panel, Annual Report for 1988 (Washington, DC: NASA Headquarters, Code
Q-1, March 1989), p. 3.

91. NASA, “Space Shuttle Advanced Solid Rocket Motor—Acquisition Plan,” March 31, 1988, p. 3, NASA
Historical Reference Collection.
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operations of the Shuttle to a private contractor, United Space Alliance. [11-47] The
reusability of the orbiter also made it possible for NASA to demonstrate the Shuttle’s abil-
ity to return payloads from orbit. For example, in 1990, STS-32 returned from the Long
Duration Exposure Facility, which had been in orbit since 1984, when it was deployed by
STS 41-C. After the communications satellite Intelsat VI was placed in an unusable orbit
by a Titan 111 rocket in March 1990, NASA astronauts aboard STS-49 in May 1992 captured
the satellite and redeployed it after attaching a new perigee kick motor to place it in geo-
synchronous orbit. In December 1993, the Shuttle rendezvoused with the Hubble Space
Telescope, which had been launched with a misshapen primary mirror; the Shuttle crew
was able to install equipment on the telescope to correct this mistake and perform other
servicing tasks. Such feats, while demonstrating the utility and flexibility of the Space
Shuttle, were generally overshadowed by the Shuttle’s high operating costs, and NASA
began gradually to focus more on the use of the Space Shuttle for use in constructing and
operating the International Space Station.

The 1993 agreement between the Russian Federation and the United States to include
Russia as a partner in the International Space Station had a major effect on Space Shuttle’s
operation during the 1990s.22 On one hand, Russia agreed to launch part of the station and
to assist in resupply, reducing the burden on the Shuttle. On the other hand, the United
States agreed to place the station in a 51.6-degree orbit, which reduces the payload the
Shuttle can carry to an orbit with that high of an inclination. Furthermore, Russia and the
United States agreed to a combined Shuttle-Mir program as a precursor to International
Space Station’s construction. As NASA argued before Congress, this program would not only
give NASA and the Russian Space Agency valuable experience in working together before the
launch and assembly of the International Space Station, it would also test the Shuttle system’s
ability to reach a high orbit reliably with a tightly constrained launch window.

The first Shuttle launch to the Russian space station Mir took place during June 1995
on STS-71 (Figures 2-8, 2-9, and 2-10). On June 29, the Shuttle Atlantis docked with Mir
to deliver two Russian cosmonauts and to return NASA astronaut Norman Thagard to
Earth after 115 days aboard the Russian station. The Shuttle-Mir program was completed
with STS-91 in June 1998 after nine successful dockings with Mir. On December 4, 1999,
the Shuttle Endeavour (STS-88) launched the first component of the International Space
Station into orbit, marking at long last the start of the Shuttle’s use for which it was pri-
marily designed—transport to and from a permanently inhabited orbital space station.

Conclusion

As the documents following this essay illustrate, the design of the Space Shuttle was a
compromise among many technical and political considerations. During its conception,
right on through to its development and use, virtually every element of the Shuttle’s design
and use was criticized by someone—sometimes for technical reasons, sometimes for its
high costs, and sometimes for questionable NASA decisions. In retrospect, perhaps the
most serious of the criticisms was that leveled at the set of policies that led to the attempt
to require the use of the Space Shuttle for all U.S. space transportation needs.®
Nevertheless, this compromise design, while expensive and complicated to operate, is
today the world’s most advanced and versatile launch system. Although NASA and its con-
tractors have explored numerous alternatives to launching human crews to and from space
(see Chapter 4), none are likely to replace the Space Shuttle for at least another decade.

92. U.S. Congress, Office of Technology Assessment, U.S.-Russian Cooperation in Space, OTA-1SS-618
(Washington, DC: U.S. Government Printing Office, April 1995).
93. Logsdon, “The Space Shuttle Program: A Policy Failure?”
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Figure 2-8. A member of the crew on the Russian space station Mir took this photo of the orbiter Atlantis over the southern
Aral Sea prior to rendezvous. With the payload doors open, the Spacelab science module and the docking mechanism can be
seen on June 28, 1995. (NASA photo)

Figure 2-9. Taken the same day, this photo shows Atlantis
approaching the docking node on the Kristall module of the
Mir space station. (NASA photo)
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Document II-1

Document title: Ad Hoc Subpanel on Reusable Launch Vehicle Technology, “Report for
presentation to the Supporting Space Research and Technology Panel,” September 14,
1966, pp. 1-8.

Document 11-2

Document title: Supporting Space Research and Technology Panel, “Final Report, Ad
Hoc Subpanel on Reusable Launch Vehicle Technology,” submitted to the Aeronautics
and Astronautics Coordinating Board, September 22, 1966, pp. 7-10.

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

During the 1960s, the Aeronautics and Astronautics Coordinating Board (AACB) was the primary
coordinating body hetween NASA and the Department of Defense (DOD) on aeronautics and space
issues. Both agencies had begun to think through their future space transportation needs by 1965.
The AACB Supporting Space Research and Technology (SSRT) Panel established an “ad hoc sub-
panel” to examine the technology needs if a reusable launch vehicle (RLV) concept were to be pursued.
Although there had been some prior thinking within government and industry on such vehicles, this
group’s work was among the first to give focused attention to the technological and economic foun-
dations for an RLV development effort. Only the summary section of the subpanel report to the SSRT
Panel appears here, as well as only the memo and comments on economic aspects of reusability from
the final report submitted to the AACB.

Document II-1
[original stamped “CONFIDENTIAL,” “OFFICIAL USE ONLY,” and “UNCLASSIFIED”]

Report
of the
AD HOC SUBPANEL ON REUSABLE LAUNCH VEHICLE TECHNOLOGY
Supporting Space Research and Technology Panel
Aeronautics and Astronautics Coordinating Board

for presentation
to the
Supporting Space Research and Technology Panel

September 14, 1966 . . .

[1] SECTION |
SUMMARY

The Aeronautics and Astronautics Coordinating Board (AACB) established the Ad
Hoc Subpanel on Reusable Launch Vehicle Technology (SSRT) to review and assess the
adequacy of the technologies which directly support reusable launch vehicle systems. As
defined in the Terms of Reference (Appendix A), “This supporting technology includes
aerodynamics, structures and materials associated with such vehicles, as well as lifting
reentry, recovery devices, and supersonic combustion engines and rocket propulsion.”
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Due to the large number of technologies involved, the Subpanel has been selective in its
reviews both as to subject matter and detail.

It is important to note that no single, most desirable vehicle concept could be identi-
fied by the Subpanel for satisfying future DOD and NASA objectives. Consequently, a
number of reusable launch vehicle configurations were selected by the Subpanel and
operating modes of greatest potential interest to the DOD and NASA were defined to pro-
vide a realistic means for the identification and assessment of the critical supporting tech-
nologies. The selected vehicle concepts included both fully recoverable and partially
recoverable reusable vehicles. These advanced concepts were specifically chosen to be typ-
ical and representative of future development possibilities, and to reflect a time-phased
evolutionary pattern of growth capability consistent with potential needs beyond the early
1970’s. Figure 21 [not reprinted here] summarizes the technology status for the selected
vehicle concepts; technologies considered critical are highlighted. This report is basically
concerned with these critical technology areas.

In deriving these representative configurations a review was made of current launch
vehicle and recoverable spacecraft capabilities, extensive planning studies conducted on
future vehicle configurations, and current projections of future capability goals. On the
basis of this review, it appeared that the present stable of launch vehicles provides a sub-
stantial spectrum of payload delivery capability and that the present vehicles either in use
or under development could fulfill the requirements of both agencies in terms of payload
capability for the next seven to ten years.

While it appears technically feasible to recover selected ballistic stages and compo-
nents of the present launch vehicle systems (i.e., S-IC), it is not clear that ballistic stage
recovery and reuse would be economically justifiable or operationally advantageous even
for the case of Saturn V stages (modest launch frequency). [2] Basic questions, concern-
ing system design and operations which critically affect the estimated economic impact,
remain for the ballistic mode of recovery. In view of the possible economic gain, an exper-
imental program could aid in reducing uncertainties relating to ballistic flight and termi-
nal recovery, refurbishment operations, and stage or major subsystem reuse, as applicable
to both existing stages, i.e., Titan, Saturn, and future ballistic launch vehicle systems.

The most likely area for a new or substantially uprated launch vehicle system in the
future appears to be in the 60,000 to 100,000 Ib. payload delivery category. This potential
need is predicated on the basis of higher energy orbit requirements and a consistent his-
torical trend toward heavier payloads for manned space flight systems, rather than specific
planned missions. In this regard, it is also noted that the manned spacecraft system will
impose additional weight on the launch vehicle, particularly if substantial on-orbit spacecraft
propulsion and reentry aerodynamic maneuvering capability are required. There is also a
possible need for a very large vehicle to provide a payload delivery capability, considerably
beyond the Saturn V or uprated Saturn V capabilities, for NASA deep space missions.

When requirements dictate the development of a substantially new launch vehicle, par-
tially and fully reusable concepts must compete with advanced expendable concepts in the
selection of the most economical and operationally desirable approach. Research and devel-
opment costs of reusable launch vehicles result in significant amortization penalties at the
projected launch rates. On the other hand, a vehicle capable of autonomous, reliable oper-
ation can be made less dependent on world-wide support activities during launch, on-orbit,
and recovery, and may thereby permit a significant reduction in surface support operations,
the economic value of which has not been adequately assessed. In any event, both the
expendable and reusable avenues to future vehicle development should remain open.

In the area of spacecraft, it appears highly probable that an advanced unmanned or
manned spacecraft capable of land recovery and reuse may be required in the mid-1970
time period. Current spacecraft systems are well suited to today’s programs but are limit-
ed in terms of their applicability to more ambitious operational programs. Air snatch of
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data capsules from space has been demonstrated. Remarkable success has been demon-
strated in manned space operations. The Gemini and Apollo spacecraft can meet the cur-
rent manned spacecraft requirements. However, the basic characteristics of these
spacecraft are fixed in terms of size, shape and operational modes. These spacecraft have
limited cross-range capability (approximately 40 n.mi. [nautical miles] cross-track during
return from low earth orbit), are constrained during launch and for return by [3] sea
state, atmospheric and daylight conditions, and are exposed to water recovery which can
increase the costs associated with recovery and refurbishment operations. These systems
are supported by extensive deployment of surface forces during launch and reentry, and
by extensive ground station support during orbital operations.

It seems probably that future desired spacecraft capabilities will include unmanned
and manned reusable vehicles having capabilities of autonomous operation on orbit and
the ability to touch down at selected land sites under unfavorable weather conditions. The
current and planned programs of both agencies appear to be well directed toward this
goal. The critical technical areas associated with such a spacecraft are also shown on
Figure 21. Pursuit of these critical areas is considered by this Subpanel as a technology
goal of major importance. A further technology goal of equal importance and somewhat
longer term significance is the development of technology associated with an integral
upper-stage spacecraft which could offer improved operational capabilities. This goal
includes virtually all of the technological problem areas related to reusable vehicles and,
consequently, offers a convenient framework for organizing the technology activities rec-
ommended for the coming years. Such an integral upper-stage spacecraft is included in
the selected vehicle concepts, and the critical or limiting technologies associated with it
are shown on Figure 21.

The technologies assessed by this Subpanel are limited to aerodynamics, structures
and materials, rocket propulsion, and air-breathing propulsion. No attempt has been
made to assess the technologies associated with guidance, space power, command and
control, and other functions which will be required of future space systems.

The most serious deficiency in the aerodynamics of reusable launch vehicles is the
small amount of wind-tunnel data on realistic vehicle configurations incorporating neces-
sary stability, control, propulsion, heat protection, terminal descent, and landing features.
The limited configuration analysis and testing possible at current levels of effort are insuf-
ficient to assess impact of technology uncertainties on system capabilities for design opti-
mization, system evaluation, or development decisions. Early development of an
operational system would require excessive design conservatism with weight and perfor-
mance penalties.

Aerodynamics technology is sufficiently well advanced to support the development of

reusable ballistic spacecraft, except for land-landing systems, and is advancing at a rea-
sonable rate on moderate L/D [lift-to-drag ratio] lifting-body configurations. The tech-
nology of higher L/D spacecraft and of integral upper-stage/spacecraft combinations is
less developed.
[4] Present aerodynamic test facilities do not adequately simulate the high-speed flight
environments of reusable launch vehicles and lifting reentry spacecraft. The most critical
need is for hypersonic facilities which can achieve high Reynolds numbers and adequate-
ly simulate turbulent flow on large detailed models of complete configurations. In addi-
tion, high-enthalpy facilities are needed to determine real gas effects at high hypersonic
speeds.

There are a number of pressing structures and materials problems associated with
reusable launch vehicles and advanced maneuvering spacecraft which will pace the avail-
ability of efficient operational designs. Vertical take-off and horizontal landing launch
vehicles pose problems in thermal protection systems which will have long life and can be
reliably inspected and reused, or can be refurbished and reused. Tank configurations and
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arrangements compatible with good aerodynamic designs pose significant structural prob-
lems. More advanced vertical and horizontal take-off launch vehicles will pose additional
problems in fabrication of lightweight structures employing cryogenic tankage having long
life and capable of many reuses. Second-generation maneuvering reentry spacecraft capa-
ble of reuse are similarly paced by long-life thermal protection systems capable of refur-
bishment at low cost. Reusable spacecraft integral with the upper stage of the launch
vehicle combine the most severe structural design problems. Definition of realistic config-
urations would greatly assist structures and materials programs in attacking these problems.

It is not generally realized that demonstrated durabilities of existing large rocket
engines offer promise of up to 50 reuses before major overhaul. However, routine inspec-
tion, maintenance and refurbishment would be difficult and costly for reusable applica-
tions and engine modifications to enhance reusability may be very costly for these cases.
Thus, use of existing rocket engines in future reusable systems, while feasible, may not
yield the desired economies of operation, and should only be considered in conjunction
with Near Term, partially reusable vehicle concepts. The advanced high-performance
O,H, [liquid oxygen/hydrogen] engine demonstration program of DOD and NASA will
provide a basis for future engine development specifically for reusable vehicles. Reuse and
low maintenance cost is a design objective of this engine technology demonstration pro-
gram. This program is a forerunner of future engines applicable to first and second
reusable O,H, stages and high-performance expendable stages. For expendable first-stage
applications, this liquid rocket concept must compete with demonstrated large solid
motor technology. The accumulative large solid motor technology capability is expected
to receive consideration in any new large launch vehicle definition and development.

Advanced spacecraft are expected to utilize existing storable propellant technology in
initial operational phases. While multi-start [5] space propulsion systems have been suc-
cessfully flown, these engines were not designed with low-cost maintenance criterion.
High-energy propellant technology is of interest for reusable spacecraft requiring high
orbital maneuvering capability. An advanced development program having applicability
to such spacecraft is presently planned by DOD.

Air-breathing propulsion systems offer promise for horizontal take-off horizontal
landing first-stage use in the Mid Term period. For this application, a hydrogen fueled
turboramjet utilizing subsonic combustion could be developed by the mid-1970’s.
However, the required capability has not been fully demonstrated to date. Of primary
importance is high installed thrust-to-weight turbomachinery. A hypersonic air-breathing
system would present substantial vehicle integration problems; effective coordination with
future aerodynamics and structures/materials efforts related to these applications is
required. More advanced air-breathing propulsion systems involving supersonic combus-
tion are too indistinct at this time to permit anything more than a preliminary assessment
in terms of applicability to reusable first-stage launch vehicles. Further applied research is
needed to establish performance and fully define the interrelated aero-thermo-structural
problems of supersonic combustion propulsion systems. A major problem in developing
an air-breathing propulsion system is ground test facilities. While current facilities are ade-
quate for large full-scale turbomachinery development to Mach 3.5, these facilities are
inadequate for large ramjet development to substantially higher Mach numbers. Small-
scale ramjet research can be conducted adequately to about Mach 7.

At this point it is concluded that system design, integration, and evaluation studies of
promising reusable launch vehicle and spacecraft concepts are needed to provide specif-
ic and continuing guidance to technology programs. Such studies would provide realistic
configurations of sufficient interest to warrant point designs and wind-tunnel testing, and
would assure necessary consideration of the more promising structures and thermal pro-
tection systems, propulsion system integration, control, terminal descent, and landing fea-
tures. These studies should be highly selective and provide a basis for effective
coordination and balance between the various technology disciplines.



198 DEVELOPING THE SPACE SHUTTLE

The Subpanel has found a substantial amount of research and advanced technology
effort being performed in aerodynamics, materials, structures, and propulsion that is
applicable to reusable launch vehicles and spacecraft. These activities are summarized in
tabular form in Section V. However, much of this effort is directed primarily toward
advanced manned spacecraft that are recovered but not necessarily reused, manned
hypersonic-cruise vehicles, and expendable launch vehicles.

[6] There is no assurance that these activities alone will provide the balanced, integrated
technology base needed to support a reusable vehicle or spacecraft development decision
in the future.

The Subpanel has not been entirely successful in sharply defining boundary condi-
tions within which the various technologies should be advanced. The difficulties experi-
enced by the Subpanel, however, are in part a reflection of the disciplinary rather than
systems approach employed in this area in recent years. The approach recommended for
future activities, consisting of technology programs integrated and guided by means of
selective system studies, should contribute substantially in defining more precisely and
solving the problem areas limiting the evaluation and future design of effective reusable
configurations. General recommendations are included for each technology area within
this report. However, the Subpanel has identified the major areas which should receive
priority as discussed in preceding paragraphs.

The Subpanel has found a strong mutual interest in a[n] uninhibited and effective
two-way flow of information between DOD and NASA on essentially all aspects of the
research and development activities discussed herein. Present DOD/NASA coordination
procedures are adequate in the area of technologies associated with reusable launch vehi-
cles and spacecraft. Continuation of this Ad Hoc Subpanel is considered unnecessary.

The technology goals and recommendations of this Subpanel should be of value to
the field organizations of both agencies in planning their future technology programs in
the areas discussed in this report. The Subpanel recommends that the Supporting Space
Research and Technology Panel review the area of reusable launch vehicles and reusable
spacecraft in the future to assure that the following principal recommendations of this Ad
Hoc Subpanel on Reusable Launch Vehicle Technology are pursued. These principal rec-
ommendations are:

1. Selective systems design, integration and evaluation studies should be initiated to
provide a definitive basis for establishing suitable technology goals, for guiding the direc-
tion of technology programs, and to assure effective coordination and balance between
interrelated efforts in the various technological disciplines involved.

2. Aerodynamics configuration research on reusable launch vehicles should be

increased in conjunction with the above system analyses to permit quantitative assessment
of limiting technologies and evaluation of promising concepts in terms of their technical
feasibility, sensitivity to aerodynamic parameters, operational capabilities, and costs.
[7] 3. Where systems studies and configuration research identify areas of sufficient tech-
nological uncertainty on reusable configurations of interest, the required technological
programs should be undertaken to assure that valid comparisons of such reusable config-
urations can be made with advanced expendable launch vehicle concepts, and to provide
an adequate technological basis for future development decisions.

4. Greater effort should be applied to investigation of the deployment and perfor-
mance characteristics of maneuverable terminal descent systems for soft earth landing of
either ballistic or decoupled lifting reentry spacecraft.

5. Configuration research in wind tunnels on advanced maneuvering spacecraft and
integral upper-stage combination configurations should be increased to determine their
aerodynamic characteristics and performance capabilities.

6. New hypersonic facilities and modifications to existing facilities should be pro-
vided to enable testing large models at high Reynolds numbers and high enthalpy in
order to more adequately simulate turbulent flow and real gas effects.
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7. Additional structures and materials effort is required specifically supporting the
long-life low-cost refurbishable thermal protection systems required for reusable launch
vehicles and maneuvering reentry spacecraft. This effort should be carefully directed and
guided by the systems studies.

8. Analytical studies should be conducted using advanced air-breathing propulsion
systems for reusable launch vehicles in the Mid and Far Term time periods. These studies
should be incorporated with advanced vehicle configurations and should be closely cou-
pled with the configuration and wind-tunnel studies recommended under Aerodynamics
in this report.

9. Turboaccelerator engine component and demonstrator technology programs
should be sustained to assure the turboaccelerator-type engine can be available for Mid
Term applications if required.

10. Supersonic combustion component research and demonstrator technology pro-
grams should be supported to insure acquisition of technology for future broad applica-
tion, including possibly an advanced launch vehicle stage.

11. If provisions are made for ground-based test facilities in which full-scale research

and development of air-breathing component systems and engines can be conducted
(Mach 0-8), reusable launch vehicle propulsion requirements should be considered in
defining such a facility.
[8] 12. Studies are needed to define an experimental program which could aid in reduc-
ing uncertainties relating to ballistic flight and terminal recovery operations, refurbish-
ment operations, and subsequent vehicle stage or subsystem reuse; experience gained
from a flight test program of a current vehicle stage could provide preliminary feasibility
demonstration of recovery and the first significant data on ballistic stage recovery and
reuse operations.

Document 11-2
[original stamped “OFFICIAL USE ONLY"]

[7] TO: Co-Chairmen
Aeronautics and Astronautics Coordinating Board

SUBJECT: Final Report, Ad Hoc Subpanel on Reusable Launch Vehicle Technology

On 24 August 1965 the AACB established the Ad Hoc Subpanel on Reusable Launch
Vehicle Technology under the Supporting Space Research and Technology Panel. The
work of this Subpanel is now complete. The Subpanel’s findings and recommendations
were presented on 14 September 1966 to a joint meeting of the Supporting Space
Research and Technology and Launch Vehicle Panels.

The SSRT Panel feels that the attached final report is responsive to the Terms of
Reference set down by the AACB and that the Subpanel is to be commended. The docu-
ment provides valuable guidance to both DOD and NASA for future technology programs
relating to reusable launch vehicles and maneuvering reentry spacecraft. Although not
included in the Terms of Reference, the SSRT Panel also requested the Subpanel on
Reusable Launch Vehicle Technology to prepare a brief assessment of the economic
aspects of reusable vehicles, including its views on the relative order of “payoff” in recov-
ery and reuse of spacecraft and launch vehicle stages. The Subpanel has responded with
the attached statement.

The SSRT Panel agrees with the summary conclusions and general recommendations
of the Subpanel as presented in this report. However, we feel that an economic study in
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depth is required to provide more specific guidelines for developing the most meaning-
ful technology to yield the greatest payoff. We recommend, therefore, that an additional
study, focused on the economic aspects of spacecraft and launch vehicle stages, be con-
ducted by an appropriate group.

We consider the findings of the Subpanel of sufficient interest to warrant a one-hour
presentation at the AACB meeting on 22 September 1966 and request the necessary time
be so scheduled.

Mac C. Adams Donald M. MacArthur
Chairman, SSRT Panel Vice Chairman, SSRT Panel
Date: 9/22/66 Date: 22 Sept. ‘66

Attachments (As stated)
[81 AD HOC SUBPANEL ON REUSABLE LAUNCH VEHICLE TECHNOLOGY

Comments on Economic Aspects of Reusability
Requested by SSRT Panel

The Subpanel concentrated its efforts on the objectives in the Terms of Reference—
i.e., to examine the technologies related to reusable vehicles. The Subpanel was not asked
to justify reusable launch vehicles nor to determine the conditions under which a reusable
launch vehicle might be economically introduced into the inventory. The Subpanel found
the issue of vehicle costs to be illusory and recognizes the significance of not being able
to penetrate this area since the motivation to pursue reusable vehicles inevitably will
involve economic as well as operational considerations.

The difficulties experienced in the cost area were associated primarily with both
development and operational cost uncertainties and the impact of future space programs
and objectives on vehicle characteristics. Many past studies have made comparative cost
studies of advanced reusable vehicle systems, but none were found that offered credible
methods for estimating absolute costs which could be compared with confidence against
the costs of the existing vehicle inventory and supporting facilities. Some of the cost
uncertainties arise from assessment of the technical risks and development difficulties as
well as predictions of system size and performance. Other cost estimating deficiencies are
related to the economics of overall operational characteristics—such as recovery and
refurbishment, intact abort capabilities, and relative independence of ground support
during launch, on orbit, and reentry—for which virtually no applicable data could be
found. Consequently, included among the various recommendations of the Subpanel are
system studies and experimental programs specifically oriented towards acquiring mean-
ingful cost and operational data in these areas for concepts of potential interest. It is
believed that the conduct of these studies and experimental programs will significantly
enhance the validity of future evaluations of the benefits of reusable vehicles.

Nevertheless, the Subpanel found ample reasons to be encouraged by the prospects
for reusable vehicles. First, it was noted that one characteristic of the space program in the
1970’s will be an increase in manned flight activity in near-earth orbits. The unquestioned
requirement for spacecraft recovery in these applications, coupled with the historically
demonstrated high cost of such man-rated spacecraft, makes them natural candidates for
reusability. The report notes that spacecraft cost several times that of the launch vehicle
on a per-pound basis. Costs per pound of spacecraft have ranged as high as $3,000 to
$10,000 per pound for manned and unmanned missions with some small and special pay-
load components running to $200,000 per pound. Consequently, it is felt that the princi-
pal motivation for reusability will develop first in the area of land-landable recoverable
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spacecraft, and the experience derived from these applications coupled with continued
technological advancement will stimulate greater interest in reusable launch vehicles.

[9] The current large launch vehicles such as TITAN 11IC and SATURN IB are now capa-
ble of delivering payloads to low earth orbit for $700 to $1000 per pound. This figure
could be reduced to $500 per pound in the future. Past studies of advanced reusable
launch vehicles have estimated transportation costs at $100 to $200 per pound of payload.
Such optimistic assumptions could, however, be achieved only by an investment in a new
reusable vehicle development estimated to range from three to seven billion dollars,
depending on the system selected and the respective degree of reuse. Such a large devel-
opment cost and the estimated high unit production costs would of necessity require sys-
tem and facilities amortization over extended periods of possibly ten, fifteen or twenty
years at projected launch rates.

The Subpanel notes that a partially reusable launch vehicle involving recovery and
reuse of a stage or certain major components would cost less to develop and might be
amortized in a shorter period with fewer flights. For this reason the Subpanel has empha-
sized that partially reusable concepts could be competitive with uprated existing systems
and advanced expendable vehicles in the 1975 period.

The following perspective on relative order of payoff in reusable space vehicle systems
has been developed from a consideration of both technical and economic factors:

1. Recoverable manned spacecraft of demonstrated high costs as well as future
unmanned spacecraft with expensive payloads operating in low earth orbits are the first
natural candidates for land recovery and reusability.

2. The decision to develop a new launch vehicle will be based on a major new
requirement which cannot be met effectively by an existing uprated vehicle rather than on
an economic basis alone. At such a time in the future the most likely choice will be between
a competitive partially reusable launch vehicle and an advanced expendable system.

3. The integral upper-stage/spacecraft combination is next in relative payoff.
Extremely difficult technological problems are encountered due to the severe reentry
environment, the probable use of all-cryogenic propellants, and the attendant large sur-
face areas and structural weight penalties. These technical goals are of major importance
in our program planning because they also combine the most difficult technical problems
of fully reusable launch vehicle systems.

4. Reusable launch vehicles propelled by advanced air-breathing propulsion systems
(ABPS) will probably not become operationally attractive until the late 1970’s because of
the technical difficulties and development time required for such complex systems. Some
of the technology required will be developed by the hypersonic aircraft program.

All of these factors and the uncertainties in development and operating costs sur-
rounding reusable launch vehicle concepts and the need for additional studies and tech-
nological efforts to resolve these uncertainties are considered by the Subpanel to provide
cause for sustained interest in reusable [10] vehicles and to justify the recommendations
in this report to establish the technology base associated with such vehicles. Recoverable
land-landable spacecraft should also receive early consideration for reusability since these
vehicles will afford an excellent opportunity for reducing space operations costs.

M.B. Ames, Jr. Howard P. Barfield
Chairman Vice Chairman
Date: SEP 22 1966 Date: SEP 22 1966
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Document 11-3

Document title: Dr. George E. Mueller, Associate Administrator for Manned Space Flight,
NASA, “Honorary Fellowship Acceptance,” address delivered to the British
Interplanetary Society, University College, London, England, August 10, 1968, pp. 1-10,
16-17.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, DC.

This 1968 speech to the British Interplanetary Society by NASA's Associate Administrator for Manned
Space Flight, George Mueller, was one of the first attempts to set out a comprehensive vision for the future
of the U.S. human spaceflight program after Apollo. Central to making his vision feasible, said Mueller,
was a reusable Earth-to-orbit launch system—a “space shuttle.” This was one of the first public uses of
the term by a senior NASA official. The twelve figures referred to in this speech are omitted here.

[1] I am greatly honored by your action to extend to me the privilege of Honorary
Fellowship in the British Interplanetary Society. In bestowing this distinction, you are rec-
ognizing the magnificent effort of so many of our people who are taking the initial steps
in space exploration. On their behalf and my own, | thank you.

There has indeed been great progress in the seven years since man first ventured out
of Earth’s atmosphere. In this short span of time, minute in terms of the history of
mankind, man’s ability to live and work in space has been validated. When two Astronauts
step through the hatch of the Lunar Module onto the surface of the moon, man will have
come through the threshold of the present into the future. We hope to achieve this goal—
the dream of man since time began—uwithin the next year.

With Apollo and the earlier programs, strides have been taken toward the control of

a new region of our environment. The learning and testing which were the primary pur-
poses of the Mercury and Gemini programs produced significant accomplishments.
[2] The data accumulated provided a sufficient sample for all to conclude that man can
live and work in space for at least 14 days. None of the flight results indicated that there
was a physiological or psychological limit to the time he might yet stay in space. Future
programs will have to determine these limits if they exist.

The Saturn V launch vehicle is now the foundation of the U.S. manned space pro-
gram. It is being qualified to make the journey to the moon and back and to carry out the
forward programs now planned. It is, however, only the forerunner of other transporta-
tion systems which will be needed to extend our knowledge and initiate our utilization of
the space environment.

I believe that the exploitation of space is limited in concept and extent by the very
high cost of putting payload into orbit, and the inaccessibility of objects after they have
been launched. Therefore, | would forecast that the next major thrust in space will be the
development of an economical launch vehicle for shuttling between Earth and the instal-
lations, such as the orbiting space stations which will soon be operating in space.

The Orbital Workshop shown in the first figure (Figure 1), now under development,
is a space station utilizing for its components and its logistics support, stages, modules and
spacecraft which were developed in the Apollo Program. It will provide accommodation
for 3 people and their equipment for up to a year in orbit.

[3] The Orbital Workshop is the progenitor of space stations that should be used for the
conduct of the many scientific, technological and commercial experiments and processes
which planners are now describing.
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These space stations will be used as laboratories in orbit and will provide the facilities
to study and understand the nature of space. They will provide observatories to view the
sun, the planets and the stars beyond the atmospheric veil of earth. Stations in orbit will
provide bases for continuous observation of the earth and its atmosphere on an opera-
tional basis—for meteorological and oceanographic uses, for earth resource data gather-
ing and evaluation, for communications and broadcasting and for ground traffic control.
As these stations evolve, other uses will include the manufacture of specialized items uti-
lizing the unique characteristics of the space environments. The basic nature of space
offers some natural conditions and circumstances that are not achievable here on earth.

One of the applications of these stations that has intrigued planners for many years
has been their use as fuel and supply bases, and as transfer points enroute to high or dis-
tant orbits, to lunar distance, or toward the planets.

The orbit of such a transfer station will normally be of low inclination and low altitude
for reasons of economy, safety, convenience and flexibility. Many of the missions [4] that
require orbit changes could use such a space station with specialized spacecraft which
could maneuver to place payloads in desired orbits, either higher or lower in altitude
and/or inclination, or to rendezvous with established satellites for inspection, mainte-
nance or retrieval.

Another possibility are operations between a close earth orbit and synchronous orbit
as illustrated in the next figure (Figure 2). In these activities, for example, a continuous
broadcast satellite could be installed, checked-out or, at a later time, maintained. The ser-
vice crews could then return to the space station in low-orbit. Or, as shown in the next fig-
ure (Figure 3), a spacecraft, fitted for lunar operations, could take on fuel and other
supplies from the low-earth orbiting space station.

The performance of a Lunar Module as an example of a transfer vehicle could shift
about 225,000 pounds from a 100 nautical mile orbit to a 300 nautical mile orbit and
return to the space station. If we use a nuclear powered stage we could transfer 38,000
pounds of payload to synchronous orbit and return, or a payload of 45,000 pounds to
lunar orbit and return (Figure 4).

Essential to the continuous operation of the space station will be the capability to
resupply expendables as well as to change and/or augment crews and laboratory equip-
ment. A basic consideration is the relationship between the original cost of the space sta-
tion and the costs accumulated by resupply support operations. Our [5] studies show that
using today’s hardware, the resupply for a single three-man orbital space station for a year
equals the original cost of the space station. This type of cost analysis has led us to care-
fully evaluate concepts for more efficient resupply systems.

Manufacturing in space, fuel and supply storage for deep space operations, life sup-
port for crews on board space stations, require not tons, but thousands of tons of materi-
al, to be shuttled in and out of space.

Therefore, there is a real requirement for an efficient earth to orbit transportation
system—an economical space shuttle. This need has been under study by long range aero-
space planners for over a decade. The objective of these investigations is to find a design
that will yield an order of magnitude reduction in operating costs. The elements to which
we must look for cost reductions are aircraft manufacturing techniques, aircraft develop-
ment test procedures, maximum flexibility for multiple use and volume production, long
life components for repetitive reuse, and airline maintenance and handling procedures
for economy of operation.

The desirable operating characteristics of a space shuttle which would satisfy the
needs which have been described are listed on this chart (Figure 5). The shuttle ideally
would be able to operate in a mode similar to that of large commercial air transports and
be compatible with the environment of major airports.
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[6] It would take off vertically, as shown in this concept (Figure 6), from a small pad at an
airbase or major airport.

Crews similar in size to those required for intercontinental jet dispatch would service
the craft for launch.

The space shuttle, upon its return from orbit, would reenter the atmosphere and
glide to a runway landing, with practically no noise. The landing would be completely
automated with prime dependence upon the spacecraft guidance system but with ground
control backup.

Cryogenic tank trucks containing liquid oxygen and liquid hydrogen would refuel the
craft on its pad. Seven years of accident-free experience in handling cryogenic fuels have
advanced this technology to practical safety. These non-toxic fuels are 10 times more pow-
erful than gasoline and have demonstrated their efficiency.

The cockpit of the space shuttle would be similar to that of the large intercontinental
jet aircraft, containing all instrumentation essential to complete on-board checkout, as
shown in this illustration (Figure 7).

Programmable automatic equipment would perform the systems and subsystems tests
necessary for take-off and flight support. Malfunction detection would be automatic.

I assume that continental and intercontinental air traffic control centers will have
been established so that the space shuttle could take its place in the air traffic and space
traffic patterns under these controls.

[7] Interestingly enough, the basic design described above [for] an economical space
shuttle from earth to orbit could also be applied to terrestrial point-to-point transport.

If the space shuttle were used as a global transport for point-to-point traffic in military,
commercial or cargo service, its safety and comfort standards could be comparable to
those of large transport jets.

The economics of the space shuttle must be evaluated in comparison with today’s
means of accomplishing similar missions.

Until now it has been essential to optimize space transportation systems on the basis
of performance. Only a decade ago, technology was pushed to its limits in order to bare-
ly achieve orbital flight. Our first Vanguards and Explorers cost in the order of $1,000,000
per pound of payload to fly into space. The next chart (Figure 8) illustrates the economy
achieved by the Saturn V, which delivers payload at a cost roughly 3 orders of magnitude
less than Explorer I. Extrapolating, we could reasonably expect a cost reduction of at least
another order of magnitude, given the will to accomplish it, with present techniques.

If, however, the development of a space shuttle such as | have described were imple-
mented, it seems that a reduction in cost by two orders of magnitude is achievable.

[8] Any significant technological breakthrough in such areas as propulsion and structures
would accelerate this process.

The use of a space shuttle for point-to-point global transportation would depend
upon its cost equivalence to the then operational supersonic or hypersonic equipment in
commercial use.

Current aerospace contractor studies show that, if the cost of rocket engine replace-
ment parts can be reduced to the current level of those of jet engines, the total operating
cost of a space shuttle flying a nominal route (New York to Tokyo or 5,850 nautical miles)
would be 10.6 cents per passenger nautical mile. Comparison cost rates and times for
cruise aircraft and space shuttle are shown in the next table (Figure 9). Although more
than supersonic transport, it is less than hypersonic transport even now.

Turning now to the basic elements on which such a cost reduction depends, | believe
that a pattern exists in aviation practice for decreasing both development and operating
costs of space vehicles. Reliability and hardware maturity are achieved in aircraft flight
testing by incrementally expanding the test regime until the full operational envelope is
covered, with full recovery of the article for analysis and correction of deficiences [sic]
after each flight.
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The next chart (Figure 10) displays the contrasting patterns of man hours required
for checkout for delivery [9] of spacecraft as against aircraft, as a function of numbers of
vehicles.

A second important factor is the cost savings resulting from repetitive use of the same
equipment. However, since some components of a space vehicle cost considerably more
than others, cost effectiveness evaluations were applied to the various systems and ele-
ments of a space shuttle, along with their relation to recovery costs.

The next figure (Figure 11) shows that electronics, engines, power supply, environ-
mental control system and airframe costs exceed the cost per unit volume criterion for
recovery, based on our present experience. Therefore, the sub-systems which can be con-
sidered for disposal are the adapters and the large tanks for propellants.

This analysis leads to a promising design, the “Drop Tank” configuration shown in the
next illustration (Figure 12). It consists of a core vehicle which contains all of the required
functional elements for boost and subsequent reentry plus external propellant tanks. The
core vehicle is designed for vertical take-off and horizontal landing, and contains all of the
high cost equipment including the high chamber-pressure lox/hydrogen engines.

Attached to the sides of the core are large inexpensively manufactured expendable
propellant tanks which carry the major part of the fuel required for boost. When the pro-
pellant in the external tanks is depleted, the tanks are jettisoned. The [10] remainder of
the boost velocity increment required to attain orbital velocity, orbital maneuvers and ret-
rograde is supplied from propellant tanks located inside the core vehicle.

This concept for a space shuttle, extrapolated from a number of proposals, is tech-
nologically within the present state of the art.

One problem is, of course, the germination period of from 7 to 15 years for new
designs. Jet power, available in 1946, came in to commercial use on the Boeing 707 in
1958. Driving against traditional time lags, the Saturn V system has been developed and
used within 9 years of its conception.

It is reasonable to conclude, then, that a space shuttle development program, initiat-

ed now, could not be brought to fruition before the end of the 1970’s. . . .
[16] No really meaningful estimate of the number of space shuttle vehicles which will be
required can be given at this time, for that number is a function, not only of the [17] var-
ious missions which the space shuttle will be called upon [to] perform, but it is also a func-
tion of the existence of the machine itself. It is interesting to note that in 1954, Business
Week, [an] authoritative U.S. magazine, stated that 50 large computers would be required
by U.S. industry “in the foreseeable future.” Today over 100,000 are in service, all larger
and more complex than the original.

In 1945, the then President of one of the world’s leading airlines said that he thought
30 large aircraft (D.C.4. vintage) would carry all traffic he could anticipate across the
North Atlantic. In the first few years of its existence, nobody needed the telephone. So we
see that the space shuttle, by its very existence, may generate the traffic it requires to make
it economical.

Arthur Clarke, in THE PROMISE OF SPACE, wrote that “. . . the exploitation of the
foreseeable techniques to their limit could result in truly commercial space transport
being in sight by the end of this century.”

The space shuttle is another step toward our destiny, another hand-hold on our
future. We will go where we choose—on our earth—throughout our solar system and
through our galaxy—eventually to live on other worlds of our universe. Man will never be
satisfied with less than that.
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Document 1I-4

Document title: NASA, Space Shuttle Task Group Report, “Volume II, Desired System
Characteristics,” revised, June 12, 1969.

Source: Space Policy Institute, George Washington University, Washington, D.C.

As NASA began to investigate the desirability and feasibility of developing a reusable space trans-
portation system as part of its post-Apollo activities, the agency created an internal task force to exam-
ine the Shuttle concept prior to requesting industry studies. This task force was chaired by Leroy E.
Day. Its work represented the first comprehensive NASA examination of a Space Shuttle. There were
five volumes in the task group study. In Volume I1, an initial listing of the desired characteristics and
capabilities of a Space Shuttle were identified; only the summary section appears here.

NASA SPACE SHUTTLE
TASK GROUP REPORT

Volume 11

Desired Systems Characteristics

Prepared by:
NASA SPACE SHUTTLE TASK GROUP

JUNE 12, 1969
(REVISED)

RESTRICTED TO GOVERNMENT AGENCY USE ONLY
[no pagination] I. SUMMARY
A. Discussion

The purpose of this volume is to desribe [sic] the basic operational concepts and
desirable systems characteristics required of a space shuttle vehicle designed for econom-
ic and functionally efficient fulfillment of NASA missions. Total system economics are
achievable through the application of operational and system design concepts currently
used in air cargo carrier and commercial airlines. A total listing of the desired system char-
acteristics may be found in Part B of this section. Ground rules appear in Section Il and
vehicle basic design precepts are listed below in Section 111 General.

The desirable system characteristics related to mission functions appear in Section IV
thru VIII which consist of pre-flight, launch, on-orbit, return and post flight phases.

Pre-Flight Phase
Large potential cost reductions can be realized by abandoning present day approach-

es to launch site vehicle integration, vehicle to payload integration and complete vehicle
preflight checkout. An onboard vehicle checkout, system test, and functional analysis sys-
tem eliminates extensive and costly ground based equipment. To minimize cost even fur-
ther, an integrated launch, loading, and refurbishment facility should be provided to serve
logistics and servicing functions. Crew and passenger safety dictates that the ready-to-
launch vehicle include provisions to safe the vehicle and perform quick egress. Cost sav-
ings will not be implemented at the expense of reduced crew and passenger safety. Major
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emphasis is placed upon design concepts that return the entire function after liftoff. The
vehicle will have design conservatism and all major system redundancies such that single
point failures having potential abort implications are minimized. Simplified vehicle
ground handling, payload integration, propellant loading and launch pad erection pro-
cedures are desirable to provide system flexibility.

Launch Phase

The flight crew and onboard systems should have the capability of performing all
tasks during launch. The vehicle should be capable of an all azimuth capability. The vehi-
cle should be designed to lift off within a 60 sec. launch window.

On-Orbit Phase

The onboard autonomous checkout provisions needed for pre-flight lends itself to
mission period onboard decision making and will preclude extensive ground based sup-
port in the form of real time telemetry and tracking. Present day capabilities have already
proven the feasibility of conducting guidance and navigation functions onboard for the
entire mission. System operation is to be implemented such that a two-man crew can read-
ily perform all the task[s] associated with launch, orbital flight, rendezvous, docking, reen-
try, and landing. It is necessary that one man operation be feasible where passenger safety
so dictates.

Crew and passenger safety requires a “return to base” mission termination capability
for all flight phases starting at lift-off. Major emphasis is placed upon vehicle design con-
cepts which provide crew and passenger safe return. The vehicle will have design conser-
vatism and system redundancies to eliminate failures having potential mission abort
implications.

A shirtsleeve environment is desired and this characteristic applies to all mission phas-
es including passenger transfer.

Cargo transfer should be automated as much as possible and require little if any EVA.
Cargo handling provisions should be located on the space station.

Docking procedures should be simplified by automatic onboard approach and dock-
ing systems ending with a “hard” docked configuration. The vehicle should be capable of
rendezvous and docking with passive satellites.

The cargo delivery phase will include a variety of cargos [sic] and cargo/passenger
mixes for a variety of missions that have been stipulated. In addition, consideration must
be given to special purpose cargo modules to support scientific and commercial satellite
placement, maintenance, servicing, retrieval and return. Replacement equipment, liquid
propellants, and other expendables have to be handled appropriately and these provisions
must be available without modification to the basic vehicle. Inherent cargo adaptability and
flexibility are essential for a low cost system that is to be useful for the forecast missions.

Return Phase

Consistent with the autonomous philosophy the vehicle should be self sustaining for
the entire (7-day) mission period and capable of all onboard checkout prior to a return.

A once per day return to a landing site selected before deorbit is deemed adequate,
and should assist in reducing weather problems developing at the landing field after the
deorbit maneuver.

The vehicle design will be commensurate with a reentry cross range of 250 nautical
miles to 400 nautical miles. Additional range capability would provide mission flexibility.

Horizontal landings normally will be made at standard jet airfields and should require
runways of approximately 10,000 feet. In view of the return to base mission abort concept,
thrust augmentation during landing approach and a resulting capability to “go around”
will be provided. If an alternate site is used for landing, the ability to ferry the shuttle
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vehicle back to the primary base for maintenance and prelaunch checkout would be very
desirable.

Vehicle landing visibility, handling qualities and landing characteristics should not be
more demanding on the pilot than on operational high performance, commercial land
based aircraft. Day, night, all weather and automatic landing capability should be provid-
ed for all reusable stages.

Post Flight Phase

All reusable stages should have self-ferry flight capability for transport between air-
ports and on-board provisions to quickly place the vehicle in a safe condition following
landing. Onboard check-out and ease of module replacement should result in a design
goal turn around time (from landing to launch) of less than two weeks. All sub-systems
should be designed for minimum maintenance, modular replacement and make maxi-
mum usage of standard aircraft type maintenance.

Additional cost advantages will accrue if troubleshooting, repair, replacement, and
refurbishment are considered in the design. There is an obvious need to do extensive
inspection of the shuttle vehicle heat shield elements and basic structure which will be made
less difficult by proper design provisions. Present developments also indicate a need for easy
engine replacement even though a number of flights on a single engine are anticipated.

The specific desired systems characteristics are presented in the remaining sections
along with rationale substantiations.

B. Listing of Desired Characteristics

Ground Rules
1. All criteria and characteristics deal with the vehicle after it reaches operational
status.
2. The vehicle launch site will be located at [the Eastern Test Range].
3. Vehicles should nominally be operated to orbit with a full payload.

General

1. The vehicle should have the following typical capabilities:
a. up to 50 000 Ib up/down cargo
b. seven days on-orbit life
c. 2000 ft/sec on-orbit delta velocity for circularization, transfer, rendezvous,

docking, launch dispersions, de-orbit and contingencies

2. The vehicle configuration should provide for safe mission termination for major
malfunctions occurring during the prelaunch preparations and subsequent to
lift-off. The desired safe mission termination capabilities should allow for crew
passenger egress prior to lift-off and for intact abort following lift-off.

3. Vehicle preflight and inflight checkout systems should be on-board.

4. The vehicle should have a two man flight crew and should be flyable by a single
crewman.

5. The vehicle trajectory design load factors should be 3g to accommodate passengers.
The vehicle may be flown on a 4g trajectory when not carrying passengers.

6. The launch site, the primary landing site and the servicing facility should be at
the same general location to minimize costs.

7. The vehicle should be designed for maximum on board autonomy such that
ground mission operations can be minimized to reduce cost.

8. The vehicle systems should be developed to provide redundant full mission capa-
bility and should avoid minimum requirement, minimum performance backup
systems concepts.
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9. Multiple redundancy system techniques should be adopted that minimize or elim-
inate system transients caused by system component failures.

10. Subsystems should be designed to fail operational after the failure of the most
critical component and fail safe after the second failure. Electronic systems
should be designed to fail operational after failure of the two most critical com-
ponents and fail safe after the third failure.

11. Crew station displays should be designed to eliminate toggle switches and electro-
mechanical gauges and meters, and replace these components with all electronic
displays.

12. The crew and passenger environment should be “shirtsleeve.”

13. Space-to-ground communications should be available via [a] satellite communi-
cations system.

14. The vehicle communications system should provide for the two-way self-validating
data transmission.

15. Cargo elements containing hazardous material should have self-contained pro-
tective devices or provisions.

16. The vehicle and its systems shall be capable of use for 200 mission cycles with a
minimum of maintenance. Capability for a large number of mission cycles is
desired.

17. Flexibility will allow technology growth to be incorporated in the vehicle.

18. Standardized electronic interface systems should be developed that interface with
a standardized redundant multiplex data bus system.

19. For missions other than logistics, EVA capability should be provided at the
expense of the allocated payload weight. The design of the vehicle should not
preclude EVA capability.

20. Design of the deployment hatch and deployment mechanism should be compat-
ible with dimensions of the payload bay.

Pre-Flight Phase
1. Systems sensitivity to weather conditions during assembly, checkout and launch

should be minimized.

2. Systems sensitivity to fluid consumables loading should be minimized.

3. Contamination control (clean room) operations should be minimized.

4. Payload integration features should include accommodating a variety of payload
types which are self-sustaining. Prelaunch payload integration procedures similar
to current air-cargo carrier operations are desired.

5. The vehicle should have minimal assembly and checkout requirements at the
launch site.

Launch Phase

1. An all azimuth launch capability is desired.

2. Reusable boost stages should be designed for manned operations. The vehicle
should be capable of operating in an unmanned mode by using the capability of
the automatic landing system.

3. For rendezvous missions, the vehicle should be designed to liftoff within a 60 sec-
ond launch window.

4. The vehicle should be capable of rendezvous with any low altitude manned satel-
lite in less than 48 hours.

On-Orbit Phase
1. All guidance and navigation functions should be performed on board. The guid-
ance and navigation system should be simple to operate and should not restrict
vehicle attitude.
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A three axis translational system and a three axis attitude control system is
required. These systems should be designed to minimum coupling of motions
with an attitude and/or translational thruster inoperative.

The vehicle should be equipped with an automatic approach and docking capability.
The vehicle should be “hard” docked to the space station/base and docking to
accommodate personnel and cargo transfer should nominally be accomplished in
a single operation.

To eliminate interface complications when the vehicles are docked, the vehicle
atmosphere and total pressure should be the same as the space station/base.
Personnel/cargo transfer should nominally be IVA.

Limited transfer of cargo should be possible through the personnel transfer hatch.
Total vehicle self-sustaining lifetime should be seven days.

Provisions for deployment and retrival [sic] of maximum cylindrical payloads is
desired. Normal operation should not include EVA.

. The vehicle should be capable of rendezvous, station keeping and docking with a

passive satellite.

Return Phase

1.

oon

Opportunity to return should be available at least once per 24 hours to a single
landing site selected prior to lift off. More frequent emergency returns are possi-
ble using alternate sites. Consideration should be given to shorter times for spe-
cific missions.

Return guidance and navigation capability should be onboard.

The vehicle should have design characteristics (i.e., planform [sic] loading and
trimmable attitude) and reentry flight parameters that will provide low heating
rate profiles necessary for maximum utilization of refurbishable thermal protec-
tion materials.

The vehicle should be capable of making more than one landing attempt at the
selected landing site.

Landing visibility should be comparable to high performance aircraft standards.
Landing characteristics and handling qualities should not require skills more
demanding than those required for operational, land-based aircraft.

The vehicle should have the capability to land horizontally on runways of approx-
imately 10 000 feet.

The vehicle should utilize a landing safety criteria as a guideline for vehicle
design.

An automatic landing capability should be provided for zero-zero visibility condi-
tions. A manual landing capability should be provided. When the automatic land-
ing system information is not available, the manual landing capability will be
capable of meeting the minimum [Federal Aviation Administration] certified
requirements.

Post-Flight Phase

1.
2.

3.

All reusable stages should be capable of self-ferry flights between airports.

The vehicle design should include proper on- board provisions to quickly and eas-
ily place the vehicle in a safe condition following landing.

Total vehicle turnaround time from landing to launch readiness should be less
than two weeks. The removal and replacement time should be minimized with on-
board checkout and module accessibility.

Subsystems should be designed for minimum maintenance with modular design
for removal and replacement making maximum use of aircraft practice. . . .
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Document 1I-5

Document title: Charles J. Donlan, Acting Director, Space Shuttle Program, NASA, to
Distribution, “Transmittal of NASA paper ‘Space Shuttle Systems Definition Evolution,” ”
July 11, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Between 1969, when NASA began to seriously study Space Shuttle concepts, and the selection of a
final Shuttle configuration in March 1972, many versions were examined. This paper provides an
overview of the Space Shuttle configuration studies. The long distribution list is omitted here.

July 11, 1972

TO: Distribution
FROM: MH/Acting Director, Space Shuttle Program
SUBJECT: Transmittal of NASA paper “Space Shuttle Systems Definition Evolution”

Attached is a paper which documents the evolution of the Space Shuttle configuration.

I believe this evolution to be a remarkable example of what is generally meant by the
term “Systems Engineering.” I hope you will find this [en]capsulated history of the shut-
tle useful to you in discussions of NASA programs.

Dr. Fletcher has sent this paper to Mr. William Anders, Dr. David and others at the
White House, and Mr. Casper [sic; should be “Caspar”] Weinberger at OMB.

Charles J. Donlan . ..

[1] Space Shuttle
System Definition Evolution

INTRODUCTION

In March 1970, President Nixon established six specific objectives for the Nation’s
Space Program. One of these objectives was to reduce substantially the cost of space oper-
ations. The reusable Space Shuttle was identified as one way of achieving that cost objec-
tive while providing a new capability suitable for a wide range of scientific, defense and
commercial uses. Since that time NASA has conducted extensive in-depth system engi-
neering studies, technology efforts and economic studies to evolve a reusable Space
Shuttle system definition that would provide an optimum new space capability within pro-
jected budget constraints. This two year systems definition effort culminated on
January 5, 1972, when the President announced his decision to proceed with the devel-
opment of the reusable Space Shuttle. The following chronology summarizes the system
definition evolution of the Space Shuttle that led to the President’s decision.

A large number of system concepts have been examined in the search for a configu-
ration that would afford the best relationship between development costs and operational
costs. In addition to the technical work, comprehensive economic studies have been com-
pleted which scrutinized a substantial number of combinations of traffic models and shut-
tle systems to help determine the proper compromise between the recurring operational
costs and the non-recurring development costs. Figure MH 71-7518B shows the evolution
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to the present solid rocket booster with an external tank orbiter and some of the other
configurations studied.

[2] REUSABLE FLYBACK SYSTEMS

The initial studies[,] begun in 1969-70, addressed a fully reusable shuttle system
which emphasized minimum refurbishment, autonomous on-board checkout, minimum
turnaround time, and had the lowest operational cost of any system studied. The opera-
tional cost, about $4.1M per flight, is about the same as for the Thor Delta launch vehi-
cle—the most widely used launch vehicle in the United States. The development costs of
the fully reusable system, however, approach $10B and reflect the extensive research and
development activity associated with developing two large piloted vehicles that possess
both the features of a rocket launch vehicle and a hypersonic aircraft.

Further studies yielded a system with a smaller more efficient orbiter by the use of
expendable hydrogen tanks, rather than propellant tanks located in the orbiter. The
booster staging velocity was lowered from 11,000 feet per second for the fully reusable sys-
tem to 7,000 feet per second. This allowed use of a heat sink booster so that the develop-
ment costs were lowered to $8.1B. The expendable tankage, of course, meant somewhat
higher operational costs of $4.5M per flight. The high risk and high peak annual funding
associated with developing two piloted vehicles still existed and studies for lower cost sys-
tems continued.

Eventually, by removing both the liquid oxygen and liquid hydrogen from within the

orbiter, NASA was able to devise a much smaller, lower cost orbiter with a single expend-
able combined propellant tank. The size of the orbiter and its development costs were dra-
matically reduced while retaining equal performance capability by utilizing this
expendable tank for both liquid propellants. The selected orbiter is a delta wing aircraft
powered by high pressure hydrogen-oxygen engines.
[3] Time phasing some of the orbiter subsystems received considerable study effort. This
was known as the Mark I/Mark 11 shuttle system. The Mark | orbiter was to use available
ablative thermal protection, a J-2S engine developed as an extension of the existing Saturn
J-2 engine, and other state-of-the-art components such as existing avionics. Improved sub-
systems such as fully reusable thermal protection and the new high pressure engine would
be phased into later orbiters to achieve the operational system (Mark I1). This time phas-
ing reduced expenditures early in the development cycle but the Mark | system had
reduced payload and crossrange capability as well as an increased turnaround time of one
month. This represented a severe loss in operational capability. Furthermore, the total
development costs to achieve the full Mark 11 system actually increased.

Additional studies indicated that further reductions in orbiter development costs
could only be achieved at the expense of compromising the objectives of providing the
required flexible orbital capability at low operational costs. The possibility of reducing
total systems costs through reducing the size of the payload bay in the orbiter from 4.6 x
18 meters (15 x 60 feet) to 4.3 x 14 meters (14 x 45 feet) and reducing the payload capa-
bity [sic] for a due east launch from 29,500 kilograms (65,000 pounds) to 20,400 kilo-
grams (45,000 pounds) was considered. The additional cost savings were estimated to be
only about $70 million in the development program. Furthermore, the orbiter with the
smaller payload compartment was unable to accommodate about 10 percent of the pro-
jected civil missions and about 37 percent of the projected military missions for a typical
mission model for the period 1979-1990. Therefore, the smaller shuttle would have
required retention of large expendable boosters in the U.S. launch vehicle inventory to
handle the larger payloads[,] thus incurring higher costs than were achievable with the
base-line shuttle system.

[4] The Mark I/Mark Il Concept which was studied would have used Saturn F-1 engines
but nevertheless would have been a costly and relatively high risk undertaking since again,
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two manned returnable vehicles were required to be developed. Its development cost is
estimated at between $6B and $7B with a cost per flight of approximately $7M. In a fur-
ther attempt to reduce the development cost, studies were initiated to examine a shuttle
configuration utilizing an unmanned ballistic booster.

EVOLUTION TO THE CURRENT SHUTTLE CONFIGURATION

The introduction of the external tank orbiter had a major impact on the booster ele-
ment of the shuttle system. Since the orbiter became much more efficient, it became pos-
sible to let it take even more of the burden of propelling the shuttle into orbit. Staging
could therefore occur at about 5,000 feet per second. An important advantage from the
use of the external tank orbiter was the opportunity to utilize ballistic liquid boosters or
solid rocket motor boosters that are efficient at the lower staging velocities. Their use
promised the greatest reduction in development costs.

The ballistic unmanned boosters studied included both pressure-fed and pump-fed lig-
uid propellant boosters and solid propellant boosters. The two liquids compared as follows:

e In the pressure-fed system, the engine would have been a major new develop-
ment. In the pump-fed system, it would have been a modified F-1 engine (the
engines used in the Saturn V booster).

e New manufacturing techniques would be required for the pressure-fed booster;
conventional techniques developed for Saturn would be used for the pump-fed.

[5] = Major modification of facilities would be required for the pressure-fed booster; to
a large extent, existing facilities could be used for the pump-fed booster with
minor modifications.

e The stiff, thick walls of the pressure-fed booster could withstand a moderately
high impact velocity, and thus it lent itself to booster recovery. Recovery of the
thin-walled pump-fed booster appeared to be of much higher risk.

It was concluded that the pump-fed system had cost advantages and lower technical
risk in all aspects except the recovery risk, which appeared large. Of the two liquids, the
pump-fed concept was deemed more advantageous in spite of the need to develop com-
plex recovery systems.

Having examined the liquid booster class, a comparison was then made against solid
rocket motor configuration. Conventional expendable pump-fed systems currently exist
in the series burn configuration where the orbiter engines are ignited after booster shut-
down and separation. However, a parallel burn configuration where booster and orbiter
engines are both ignited at lift-off takes maximum advantage of the high performance
orbiter engines. This parallel burn configuration is particularly attractive for the solids
where it is desirable to stage at a low velocity and to minimize the size of solids for opera-
tional cost reasons. The pump-fed liquid booster in the series configuration was therefore
compared with the parallel burn solid rocket motor booster.

Due to the high cost for each pump-fed booster, recovery refurbishment and reusabil-
ity are essential[,] while for the [solid rocket motor] this is not so critical. Essentially, the
net cost of losing a liquid [6] booster would be much greater than losing a solid, jeopar-
dizing the ability of the shuttle to attain the low costs of recurrent operations. In addition,
providing recovery would entail major developmental risks for the liquid but would be
simpler for the solids.

Development costs of the solid booster are estimated to be about $700 million lower
than those of the liquid booster. Environmental effects for both liquid and solid systems
were about the same with one exception—propellants and their exhaust products. The
liquid booster would use RP, a kerosene-like rocket propellant, and liquid oxygen, and its
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exhaust products would be chiefly carbon monoxide, water vapor, and carbon dioxide,
along with smaller quantities of hydrocarbons and ammonia. The chief emissions from
the solid rocket motors are hydrogen chloride, carbon monoxide, water vapor, and alu-
minum oxide.

It was finally determined that, of the unmanned ballistic boosters, the solid booster
recoverable system with parallel orbiter burn would give the lowest development cost
($5.15B), least capital risk per flight, and lowest technical risk of development. In addition,
economic studies have shown that this system will provide the highest rate of return on
investment. Environmental effects would be minor, although it would be necessary to impose
additional but acceptable constraints on launch associated with the likelihood of rain.

SUMMARY

Preliminary design studies of the initial two-stage fully reusable concept showed that the
size of the system and its development cost could be greatly reduced through the use of an
external expendable liquid-hydrogen tank for the orbiter, [7] with a small increase in operat-
ing costs per launch. Further study showed that additional cost savings and technical advan-
tages in the development program would accrue if both the liquid-oxygen and liquid-hydrogen
for the orbiter were carried in an external tank jettisoned from orbit. This change permitted
the orbiter vehicle to be significantly smaller and more efficient[,] thereby simplifying the
booster development and reducing substantially the development and procurement costs at
the expense of some additional increase in the recurring cost per flight. Consideration of all
factors led to the selection of the solid rocket motor booster, parallel burn system for the Space
Shuttle. All configuration comparative issues have been studied in great detail both in and out-
side of NASA, to evolve this most cost-effective space transportation system.

[no page number]

Space Shuttle Space Shuttle Comparison

)i

-

=
i Y e

Fully Reusable External LH2 Tanks

Series Parallel Parallel Solid
F-1 Flyback Liquid Liquid Rocket Motor



EXPLORING THE UNKNOWN 215

Document 11-6

Document title: Maxime A. Faget and Milton A. Silveira, NASA Manned Spacecraft
Center, “Fundamental Design Considerations for an Earth-Surface-to-Orbit Shuttle,” pre-
sented at the XXIst International Congress of the International Astronautical Federation,
Constance, German Federal Republic, October 4-10, 1970.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In 1970, Maxime Faget was the head of engineering at NASA's Manned Spacecraft Center, and
Milton Silveira was one of his associates. Faget had played a key role in the design of the Mercury,
Gemini, and Apollo spacecraft. His concept for a two-stage fully reusable Space Shuttle was the NASA
baseline for the program until the combination of Department of Defense requirements for cross-range
capability and White House budget constraints forced NASA to investigate alternative Shuttle con-
figurations. Note that only the first five of the seventeen figures appear here.

[1] Fundamental Design Considerations for an
Earth-Surface-to-Orbit Shuttle

By Maxime A. Faget and Milton A. Silveira
NASA Manned Spacecraft Center
Houston, Texas 77058

The design of a reusable earth-surface-to-orbit shuttle is receiving an ever-increasing
amount of study. A complete discussion of only the most significant design considerations
would be more than sufficient to occupy the entire time available at this conference.
Therefore, | plan only to discuss those aspects that should greatly affect the cost or per-
formance of the vehicle and to limit this discussion to fundamentals and basic trade-offs.
Although this approach may not be very rewarding to those who are already deeply
involved in the shuttle program, | believe it may provide others with some understanding
of the more interesting design considerations.

Although single-stage and stage-and-a-half arrangements are also being studied, the
most promising configuration appears to be a fully reusable vehicle with two stages—a boost-
er and an orbiter. Such a vehicle not only has the advantage of complete reusability, but
would also perform quite well. Several arrangements that may be used to join the two stages
during launch are shown in figure 1. Although the tandem arrangement is the most con-
ventional, it is undesirable because the interstage structure must be jettisoned. More impor-
tantly, the tandem [2] arrangement suffers a penalty in structural weight to counteract the
effect of increased bending moments between stages. In the other two arrangements, “belly
to belly” and “back to back,” the weights are approximately the same. The choice between
these two systems depends upon factors such as aerodynamics, control, detailed mechanical-
interface design, and separation dynamics (including orbiter-plume effects).

During a mission, both stages will undergo three distinct flight phases that will signif-
icantly affect their design. These flight phases are launch, entry, and landing. During
launch, the vehicle is the most heavily loaded and undergoes the greatest dynamic pres-
sure and noise levels. During entry, the heating rates and total heat load are the primary
considerations; while, during the landing phase, good subsonic flying characteristics are
the most important considerations. The task of the designer is to define a vehicle that can
suitably accommodate these flight phases and that will at the same time be of reasonable
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size and cost. That this is no simple task is illustrated in figure 2, which shows a typical dis-
tribution between inert weight and propellant weight for the booster and orbiter. The
gross weight of the booster is approximately five times that of the orbiter. The payload is
also shown to be a very small portion of the orbiter weight. In fact, for most designs, the
payload usually varies between 0.5 and 1 percent of the gross lift-off weight.

A better understanding of weight apportionment may be obtained from figure 3,
which shows a breakdown of the inert weight for a typical [3] booster and orbiter. It can
readily be seen that the heaviest items are the structure, the propellant tanks, the thermal-
protection system, the cruise-capability and the propulsion system. Thus, significant
improvements in performance must be obtained by lowering the weight of one or more
of these major weight items. For instance, the propulsion-system weight might be reduced
by using lighter weight engines or by reducing the requirements for gimbal actuation. A
major reduction in weight could be obtained by completely eliminating the gimbals. In
this case, steering might be accomplished by differentially throttling opposing engines
and by taking advantage of the aerodynamic control surfaces.

The requirement for cruise capability of the orbiter could be eliminated completely if
its subsonic flying characteristics were adequate for an unpowered landing. Numerous
flight tests, including some with aircraft of the same landing weight as the orbiter, have
been conducted using this technique at the NASA Flight Research Center. These tests indi-
cate that this technique should be completely acceptable. In the case of the booster, sub-
stantial savings in the cruise-fuel weight can be achieved if landings are made down range.

A basic consideration in the structural design of both the booster and the orbiter is
the load-carrying ability of the propellant tanks. Historically, launch-vehicle tanks have
been used to carry the acceleration and bending loads. In fact, it is quite clear that the
inert weight would [4] otherwise have been substantially greater. It should not be surpris-
ing, therefore, to find that the tank structure can be advantageously used to carry loads
during entry and landing maneuvers as well as during launch. The direct application of
the tank structure to primary fuselage loads in the booster is shown in figure 4.

The payload compartment on the orbiter becomes a major consideration in the
arrangement of tanks. Three of the most straightforward arrangements that might be con-
sidered are shown in figure 5. If the payload is of sufficiently low fineness ratio, it can be
located immediately ahead of the propellant tanks, which would be arranged in a con-
ventional tandem manner. This arrangement would not only result in maximum volu-
metric efficiency in fuselage packaging but also in benefits from the ideal use of the tank
walls for carrying fuselage loads. This arrangement is best suited for low-fineness-ratio pay-
load compartments for which many potential payloads are too long. This arrangement
also brings about a very large variation in center of mass with payload weight, which ham-
pers aerodynamic balance.

For very long payloads, a high fineness-ratio payload compartment can be located

above a twin-lobe tank. With this arrangement, the payload can be carried directly above
the vehicle center of mass, and any special aerodynamic balance considerations can there-
by be avoided. The shortcomings of this arrangement would be the large cross-sectional
area and skin area of the fuselage brought about by any attempt to accommodate large-
diameter payloads.
[5] A third arrangement that is well suited to intermediate-fineness-ratio payload com-
partments is also shown in figure 5. In this arrangement, the liquid oxygen is carried in
two tanks directly under the payload and the hydrogen is carried in a single tank at the
rear. The vehicle center of mass would vary slightly with payload weight. In this case, it is
not clear whether there would be an advantage in using the liquid-oxygen tanks as a load
path. During the launch phase, the liquid oxygen in these tanks accounts for 60 percent
of the weight of the orbiter. Therefore, the heavy structural paths that must be provided
to support the tanks might also contribute to the transmission of other loads, such as
fuselage bending.



EXPLORING THE UNKNOWN 217

The thermal-protection system accounts for an appreciable portion of the weight of
the booster and orbiter. It is also usually the most expensive part of the spacecraft struc-
ture to build. One way to reduce the requirements for the thermal-protection system is to
reduce the thermal load. This reduction can be accomplished by using a lower lift-to-drag
ratio (L/D) for the entry trajectory. As shown in figure 6, the total heat load is significantly
lower for a trajectory with an L/D of 0.5. The L/D of 0.5 provides sufficient cross range
for the majority of the missions yet does not exceed acceptable passenger and crew decel-
eration load factors.

An L/D of 0.5 can be obtained by entering the atmosphere at an angle of attack near
60°. At this angle of attack, the flight of the vehicle is governed by essentially the same con-
sideration as are semi-ballistic [6] entry vehicles such as the Apollo command module.
This concept is illustrated in figure 7. The vehicle is not only easy to stabilize in this atti-
tude, but it is easily controlled using reaction control jets, as has been done in the past.
Computer-driven flight simulations using wind-tunnel-derived aerodynamic-stability coef-
ficients have shown that such entries are well within the reaction control system capabili-
ty and, in fact, require very little propellant.

A benefit almost equal to the thermal advantage of this type of entry lies in the fact
that the vehicle need only be designed to fly subsonically. Thus, the cost of numerous
hours of wind-tunnel testing and various aerodynamic and stability augmentation system
“fixes” can be avoided because vehicles of the type shown remain stable in the high-angle-
of-attack attitude through entry and descent over the entire speed range down to low sub-
sonic speeds.

Once subsonic speeds and a sufficiently low altitude for conventional flight have been
achieved, a transitional maneuver must be made. This maneuver would be accomplished
by depressing the elevator, diving until sufficient aerodynamic pressure is obtained, and
then pulling out of the dive. A computer simulation of such a maneuver is shown in fig-
ure 8. In addition to computer confirmation, the feasibility of this maneuver has been
proven in tests using a 0.1-scale radio-controlled model dropped from a helicopter. To
obtain the most effective subsonic aerodynamic vehicle after transition, a straight-wing
configuration has a considerable [7] advantage over a delta-wing configuration, as shown
in figure 9. Not only will the straight-wing vehicle produce a higher L/D, but it will also
produce a higher lift coefficient. Furthermore, the lift for a straight--wing vehicle can be
increased by the use of flaps. On the other hand, the straight-wing vehicle must be
equipped with a tail to provide trim and control moments. However, for the type of vehi-
cle shown, a delta wing would have to have approximately four times as much area as a
straight wing to achieve the same landing speed as vehicles of comparable size and weight.
The L/D operating range during approach and landing for typical space shuttles using
straight and delta wings is shown in figure 10. It should be noted that, during the termi-
nal phase of the landing when the lift coefficient is increased as velocity is decreased, the
delta-wing vehicle would experience a decreasing L/D—a highly undesirable flight char-
acteristic, if unpowered vehicles are to be seriously considered.

Although both the orbiter and booster would undergo aerodynamic heating during
entry, the primary concern is the thermal environment of the orbiter. The heating rates
predicted for one orbiter design are illustrated in figure 11, which shows the heating-rate
history for the stagnation point of a reference sphere of a radius of 30.48 centimeters
(1 foot). It should be noted that the heating rate is reasonably low and that duration of
the significant portion of the heat pulse is slightly longer than 10 minutes. The equilibri-
um-temperature distribution on the lower surface of the orbiter at the time of peak heat-
ing rate is shown on figure 12. [8] The temperatures shown are those that would be
obtained if the heat were being reradiated from a skin with an emissivity value of 0.85.

Although an entry strategy can be adopted that will minimize the heating rate and
load, the cost and weight of the thermal-protection system will still be major
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considerations in the program. There are several ways to design for hot surfaces. The use
of hot structure may be feasible for certain places; however, if the temperature exceeds the
working range of titanium, the structure may become quite heavy. Thus, it would be
advantageous to look for ways of insulating the structure from the hot skin. The method
given the most attention to date is the use of shingles made of an appropriate refractory
material. In such a scheme, insulation and structural standoffs would be required to sup-
port the hot skin as shown in figure 13.

A scheme that shows promise of reducing both weight and cost is the use of external
insulation. In the simplest application, this insulation would be bonded in sufficient thick-
ness to a “cold” structural skin. This material, of relatively recent development, exhibits
the capability of withstanding repeated temperature cycling up to 1400° C (2500° F).
Coatings to prevent material abrasion and water absorption have also been tested on two
different external-insulation materials. Samples of the materials were fastened under the
fuselage of a transport airplane behind the nose wheel; these materials showed no adverse
effects from numerous landings and other flight conditions. The application of [9] exter-
nal insulation is shown schematically in figure 14.

Perhaps one of the best methods for dealing with entry heating in certain areas is the
use of replaceable ablative panels. Regions such as wing and tail leading edges (fig. 14),
which would require expensive and complex treatment, can be protected quite easily with
ablators.

Although the booster will encounter a far less severe thermal environment during
entry than the orbiter, its thermal-protection system may represent a significant portion of
the program cost, because extensive surface areas will be exposed to entry heating. It may
be possible to avoid much of the thermal-protection-system cost by relying on the heat
capacity of the skin as a thermal sink. The heating histories of the upper and lower sur-
faces of a piggy-back booster fuselage are shown in figure 15. During launch, the upper
surface receives higher heating rates as a result of orbiter interference with the flow in this
region. During entry, however, the lower surface receives appreciably higher heating. The
required aluminum-skin thicknesses for structural loads and thermal capacity about the
fuselage cross section are indicated in figure 16. The maximum temperature of the skin
is limited to 300° F to avoid changing the material properties. In the diagrams on the left-
hand side of figure 16, the flat-bottomed fuselage cross section is left unmodified. It can
be seen that the exposed skin of the aluminum tank is more than sufficiently thick to
absorb the flight heat load without modification. This skin thickness of the fairing on the
lower surface is determined by the thermal load, however. [10] In this case, the booster
was found to weigh approximately 6800 kilograms (15,000 pounds) more than one with a
thin refractory metal skin and under-surface insulation. However, if the aerodynamic fair-
ing were removed, leaving the tank skin exposed around the entire section, as shown in
the right-hand side of figure 16, the weight would be approximately the same as with the
high-temperature skin. In this case, the lower-temperature skin must be made consider-
ably thicker than necessary for structural loads. Although no weight advantage would
result, a considerable cost savings might be realized as a result of design and manufactur-
ing simplification. In a similar manner, both aluminum and magnesium wings and tails
using load-carrying skins might greatly reduce the cost with little or no weight penalty.

Numerous important design considerations have been discussed. However, the cost
and performance of the shuttle are more likely functions of the various operating require-
ments than of the skill of the designers. The effect of some of the more important opera-
tional requirements on the gross lift-off weight or payload is illustrated on figure 17 for
one shuttle design. The basic vehicle would carry a 11[,]340-kilogram (25,000-pound)
payload at a gross lift-off weight of 1,590,000 kilograms (3,500,000 pounds). It would have
a 370-kilometer (200-nautical-mile) cross range capability with a payload compartment
4.6 meters (15 feet) in diameter by 18.3 meters (60 feet) in length. The orbiter landing
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would be made with air-breathing engines with sufficient thrust and fuel for a “wave-off,
go around” [11] maneuver. Sufficient fuel would be carried in the booster to cruise back
to the launch site after entry. Also shown in figure 17 are the amount the size of the vehi-
cle could be decreased or the amount the payload could be increased if each of the above
operational requirements were deleted and the savings that could be accomplished by
halving the volume of the payload compartment. Also shown is the weight penalty associ-
ated with increasing the cross-range capability to 2780 kilometers (1500 nautical miles).

[12]

Staging Arrangement

Piggy-Back

Belly-to-Belly

Tanden [sic]

Figure 1
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Document II-7

Document title: Office of Management and Budget, “Documentation of the Space Shuttle
Decision Process,” February 4, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The decision process leading to approval of Space Shuttle development was extremely complex. It
involved intense, often conflict-filled interactions among NASA, the Bureau of the Budget (BOB),
which became the Office of Management and Budget (OMB) in 1970, the Office of Science and
Technology (OST) and its President’s Science Advisory Committee (PSAC), and other White House
staff. This chronology of the Shuttle decision process was prepared by OMB staff in the Economics,
Science, and Technology Program Division (ESTPD) a month after the positive presidential decision
to proceed with the Shuttle.

[1] 2/4/72

Documentation of the Space Shuttle Decision Process

Reference Date Description

1. Telephone call BOB 1/7/70 BOB staff alterted [sic] NASA staff to forthcoming
(Earl Rhode) to NASA request for economic analy-
sis of shuttle compared with alternatives; analysis
was to include life cycle costs of meeting specific
NASA/DOD mission requirements.

2. Letter, Director Mayo 1/20/70 BOB identified space shuttle as a major policy issue
to Dr. Paine for FY 1972.

3. Memo, Tom Newman 2/17/70 NASA proposed to analyze one alternative to the
(NASA) to Earl Rhode fully reusable shuttle, i.e. the current expendable.

4. Letter, Director Mayo 3/18/70 BOB requested Major Program Issue study,

to Dr. Paine “Analysis of Alternative Systems for Reducing the
Cost of Payload in Orbit.” Requested use of 10%
discount rate with sensitivity tests. Enclosure
referred to NASA in-house studies and suggested
they be integrated into a systems study which would
include total non-recurring and recurring costs of
launch vehicles (fully reusable shuttle, partially
reusable shuttle, current expendables, and new
low-cost expendable) and payloads. Due dates:
Interim Report - 5/1/70; Final - 7/1/70.
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Reference Date

Description

5. NASA Interim Report 4/24/70

[2] 6. Memo, Robert 6/18/70
Lindlay [sic] (NASA) to
Earl Rhode

7. Letter, John Youngto 6/29/70
William Lilly (NASA)

8. NASA study contracts June
1970

9. Memo, Earl Rhode to 7/23/70
John Young

10. NASA Second 8/15/70
Report to OMB

11. Letter, Dr. Low to 9/30/70
Director

NASA submitted Interim Report, “Alternative
Systems for Reducing the Cost of Payloads in Orbit,
an Economic Analysis,” to OMB. Report concludes
that internal rate of return analysis ranks alterna-
tives as follows:

e fully reusable shuttle

e new low-cost expendable

e partially reusable shuttle

e current expendable

Economics of space tug not addressed

NASA suggested that comparing present values is
more meaningful than comparing internal rates-of-
return of alternatives.

BOB commented on in-house NASA interim report
(4/24/70) and requested final report by August 15,
1970. Attachment requested that final report hold
[Office of Space Science and Applications] annual
budget to $750 M and examine sensitivity of space
station 10C.

NASA issued contracts to Mathematica (economic
analysis), Aerospace Corp. (cost estimating), and
Lockheed (payload effects) for 11 month studies
(7/70 to 6/71) of space shuttle. Robert Lindley of
NASA designated to be project monitor.

Mathematica meeting (7/9/70)—described initial
meeting of OMB, NASA, and Mathematica repre-
sentatives. Pending further study, Mathematica’s
analysis agreed with those of NASA interim report
of 4/24/70.

NASA submitted second report, “Economic
Analysis, Alternative Systems for Reducing the Cost
of Payloads in Orbit” to OMB. Relative ranking of
alternatives unchanged. Report stated that ultimate
goal is fully reusable and therefore the “hybrid
(partially reusable shuttle) has been dropped from
contention. . . .” Payload effects more important
than launch cost effects. Space tug economics not
addressed.

Recommended $180 M for proceeding with detailed
design and development in FY 1972.
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Reference

[3] 12. Letter, Mr. Rice
to Dr. Low

13. NASA briefing to
Taft) on

14. Letter, Director to
Dr. Low

15. NASA baseline
design

16. Memo, Dan Taft to
John Young

17. Director Shultz letter

to Dr. Low

18. Robert Lindley
briefing to Dan Taft

19. Letter, Robert
Lindley to Dan Taft
20. John Sullivan on-
board

21. NASA briefing to
OMB

[4]

22. Meeting, Dr. Low
and Dan Taft

23. Letter, Mr. Rice to
Dr. Fletcher
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Date

Description

12/17/70

12/15/70

2/19/71

1/25/71

1/22/71

2/27/71

3/10/71

3/729/71

5/5/71

5/7/71

5/14/71

5/17/71

Contained language describing shuttle decision—
develop engine; design airframe (FY 1972 budget).

Robert Lindly [sic] briefed new OMB staff (Dan
OMB results of economic studies.

Allowance of $100 M (BA) reiterating shuttle decision
and requesting opportunity to review shuttle studies.

NASA defined baseline requirements (65,000 pounds
payload; 1100 [nautical mile] cross range; 550,000
pounds main engine thrust).

Suggests three-tier approach to evaluation of shuttle
economic studies, including that OMB encourage
OST to convene a PSAC space shuttle panel.

Reiterates need for final economic analysis of shuttle.

NASA explained rationale for baseline design
requirements.

Mathematica interim report “Benefit Cost Analysis of
New Space Transportation Systems”—3/15/71 sub-
mitted to OMB.

Economist hired by OMB to review analysis of shuttle
economics.

Subject: Current status of space shuttle. NASA
planned to release vehicle RFP for fully reusable
shuttle in Aug. 1971. Stage 1 1/2 shuttle discarded
because:

e not technically feasible

e potential drop-tank solution

e didn’t meet requirement of all-azimuth capability

Arranged at Dr. Low’s request prior to FY 1973
Preview. Dr. Low expressed belief that annual
NASA funding levels of $4.5-5.0 B were reasonable
to expect. Fully reusable system desired. Some
concern about peak shuttle funding.

OMB suggested 5-year NASA plan with Base Plan peak
of $3.2 B per year.



Reference

24. 1973 Preview,
Science and Space
Program

25. Memo, EST[PD]
staff to NASA staff

26. Letter, John Sullivan
to Dr. Klaus Heiss
(Mathematica)

[5] 27. Material. Provided
to Robert Lindley by John
Sullivan

28. Letter, Dr. Fletcher
to Mr. Rice

29. Meeting, William
Lilly (NASA) and Dan
Taft

30. Memo, John Sullivan
to John Young

31. Memo, John Sullivan
to John Young
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Date

Description

5/17/71

5/24/71

5/27/71

6/71

6/1/71

6/7/71

6/9/71

6/23/71

ESTPD analysis indicated that fully reusable Shuttle not
cost-effective when compared with Titans. Guidance
was to continue study of alter-native configurations
including stage 1 1/2.

Commented (primarily directed at Mathematica Report)
on NASA briefing of 5/7/71. Questioned whether
the then postulated due dates of Mathematica final
report (June 1971) and Aerospace final report
(August 1971) weren’t reversed (Aerospace provided
input to Mathematica). Asked whether Mathematica
final report would include:

e partially reusable (stage and one half)

e reusable tug IOC in 1985 rather than 1979

Sent with NASA concurrence. Commented on
Mathematica Interim Report (March 1971) on page-by-
page basis. Suggested more sensitivity analysis of the
mission model. Enumerated weaknesses in the input
data from Aerospace (cost estimates) and Lockheed
(payload study).

Informal OMB comments on Aerospace interim report
4/12/71 (e.g., no dispersions presented for cost
estimates), and Lockheed interim report—12/22/70
(costs of payload refurbishment and maintenance
were assumed rather than estimated) sent to NASA.

Informed OMB that NASA was examining phased
approach (orbiter first) with interim expendable
booster. NASA preferred 2 1/2 stage system.

Discussed schedule for shuttle decisions and alternatives
being examined.

Mathematica meeting (6/2/7)—OMB, NASA, and
Mathematica to discuss inadequacies of Mathematica
Interim Report, “Benefit Cost Analysis of New Space
Transportation Systems”—3/71). Specific OMB criti-
cisms (e.g., lack of alternatives, unrealistic IOC dates for
space tug and space station, and additional sensitivity
analysis required) provided in advance of meeting.

Presented proposed game plan for staff analysis of
shuttle studies, e.g., a staff paper to be completed
September 1971.
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Reference

32. Letter, Mr. Rice to
Dr. David

33. Letter, Klaus Heiss
(Mathematica) to John
Sullivan

[6] 34. Letter, Mr. Rice

to Dr. Fletcher

35. Meeting with NASA
Budget Office

36. Mathematica Follow-
up Report

37. Meeting with Shuttle
Program Manager

[7]1 38. Meeting with
Advanced Missions—
OMSF
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Date

Description

7/14/71

7/15/71

7/20/71

7/21/71

7/23/71

7/26/71

8/2/71

Prepared by ESTPD—detailed specific questions
regarding alternatives to the 2 1/2 stage shuttle which
the PSAC shuttle panel might address.

Detailed replies to OMB written comments (5/27/71) on
Mathematica Interim Report.

Prepared by ESTPD—stated emphasis should be
placed

on substantially reducing overall investment cost;
requested additional information on economics of
alternative lower-cost systems. Referred to follow-on
letter at staff level (see meeting 7/21/71 below—
Reference 35).

Discussed draft of staff letter requesting (substantial)

additional analysis be submitted by 8/16/70 including:

« alternative configurations: 1 1/2 stage, 2 1/2 stage.

e brief report on feasibility of designing recoverable
satellites with an expendable launch system.

« analysis of a shuttle (35,000 Ib. payload capability,
12 x 40’ payload bay, low cross range) in context of
specific mission model (smaller than NASA base-
line model).

(Results: EST[PD] staff worked with NASA staff on eco-

nomics of alternative configurations of full sized shut-

tle. Budget Office organized several meetings between

EST[PD] staff and staff from Shuttle Program Office.

NASA Budget Office felt that workload was too heavy

to allow analyses of 12 x 40’ shuttle.)

OMB received Mathematica follow-up report—5/31/71.
Report further refined analysis of fully reusable shuttle.

Discussed the 29 shuttle performance and technical
requirements (as detailed in NASA document—
2/12/71) including their interactions, tradeoffs, and
alternatives. (NASA comments: No alternatives to any
requirement)

Discussed the reusable space tug. Learned that there
were many versions of the tug and that analysis of the
tug was assigned low priority by NASA (e.g., Phase A
studies hadn’t started; tug economic studies just
underway (more in Ref. 60)).



Reference

39. Letter, Mr.
Weinberger to Dr.
Fletcher

40. First meeting PSAC
Shuttle Panel

41. FY 1972
Apportionment action

42. Subsequent meetings
of PSAC

(el

43. Letter, Dr. Fletcher
to Director Shultz

44. OMB Staff Paper
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Date
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Description

8/2/71

August
13-15,
1971

9/20/71

9/23-
11/18/71

9/30/71

10/74/71

OMB informed NASA of FY 1973 Planning Ceiling of
$2,835 M BA and $2,975 M outlays.

Presentations by NASA, Airframe Contractors,
Aerospace Corp., Mathematica, Inc., Lockheed, and Air
Force. Contractors concentrated on fully reusable
and included limited discussion of the 2 1/2 stage
and the thrust augmented 1 1/2 stage. NASA pushed
2 1/2 stage, but indicated serious peak funding prob-
lem (more in Ref. 42).

$25 M held in reserve pending decisions in context of
FY 1973 budget.

Presentations (Selective list)
e Several by Air Force, both projecting lower launch
rates than that used in Mathematica Reports.
e Sept. 24, 1971 NASA (Dale Myers) presentation
— Mark 1711 approach outlined, but mentioned
would study several booster options including
flyback (S-1-C), T IlI-L, solids, and pressure-
fed.

— Revised economic analysis (by Lindley of
NASA): if feasible, 1 1/2 stage is preferred to
2 1/2 stage and Mark I/11.

e October 15, 1971—Panel Chairmen’s analysis of
gliders and 3 stage vehicles (reusable 1st stage,
expendable 2nd, powered orbiter).

* November 17, 1971—NASA presented report of
studies including first definition of pressure-fed
booster.

e November 18, 1971—Dr. Low emphasized latest
NASA thinking (pressure-fed booster) would result
in loss [with] future peaking problem than design
on which FY 73 budget based. Runout costs of
NASA budget placed at about $3.6 B with new starts.

Transmittal letter for FY 1973 budget. NASA
recommended Mark 1/11 phased technology
approach with flyback booster as baseline but refer-
ence to ballistic booster study.

Final draft of “The Future Space Transportation
System—An Economic Analysis of the Options”
which concluded that the new expendable (Titans
plus Big Gemini) was more cost-effective than shuttle.
Also concluded that shuttle with non-flyback booster
(current configuration) was more cost-effective than
one with baseline flyback booster (see Ref. 43).
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Reference

45. 1973 Budget Hearing

46. OMB Staff Paper

[9] 47. Memo, John
Sullivan to Mr. Rice

48. 1973 Director’s
Review—Session on
Space and General
Research

49. Memo, Dan Taft to
Mr. Rice

50. Meeting with NASA

51. Memo, NASA unit
to Mr. Rice

52. Meeting with NASA

[10] 53. Memorandum

for the President

54. Aerospace Report

55. Talking Paper
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Date

Description

10/7/71

10/14/71

10/19/71

10/22/71

11/3/71

11/23/71

11/29/71

11/30/71

12/2/71

12/72/71

12/7/71

Manned Space Flight hearing for FY 1973 budget.

Final draft of “The U.S. Civilian Space Program—A
Look at the Options” which discussed post-
Apollo/Skylab plan. Included an analysis of the shut-
tle (see Ref. 44).

Discussed PSAC Shuttle Planel [sic] meeting of
10/15/71. Majority of members concluded that large
shuttle not cost-effective but that alternatives must
preserve option for manned space flight.

ESTP[D] recommended that shuttle program be cancelled
or if this not feasible that decision be defined to FY
1974. Various options identified by PSAC Panel
Chairmen were discussed (including small glider).
Guidance was that lower cost alternative to NASA
shuttle (large orbiter with flyback booster) be devel-
oped by NASA.

Discussed NASA FY 1973 Budget decisions in light of
Director’s Review. Suggested that rather than define
a particular shuttle design, OMB provide NASA with
program criteria. Criteria for initiating reduced--cost
shuttle definition were attached.

OMB staff reviewed with NASA project staff the latest
data on all design options.

Analyzed effect of reducing orbiter size on shuttle
payload benefits. Conclusion based on available data:
large shuttle not cost-effective; 10 x 20" or 20 x 40’
shuttle would provide intangible benefits such as
national prestige.

Dr. Low presented interim comparison of costs of
booster options.

Presented options for future manned space program.
Recommended that OMB and OST work with NASA
on the reorientation of shuttle effort to define a
reduced-cost shuttle (investment $4-5 B).

OMB receives 4 volumes (of 5) of Aerospace Final
Report, dated August 1971, but apparently printed in
early November (one volume was still in draft).

Presented to NASA 12/10/71. Discussed guidance on
15 items. Stated that no decision had been made on
whether to develop the shuttle.



Reference

56. Draft Memo from
John Sullivan

57. Meeting with NASA

58. Memo, Dan Taft for
Mr. Weinberger

59. Draft Memorandum
for the President

[11] 60. Meeting with
Advanced Missions—
OMSF

61. Memo, John Sullivan
to Mr. Rice

62. Memo, John Sullivan
to Mr. Rice

63. Talking paper for
Mr. Rice

64. Letter, Dr. Fletcher
to Mr. Weinberger

65. OMB Meeting with
NASA

EXPLORING THE UNKNOWN

Date
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Description

12/9/71

12/11/71

12/16/71

12/16/71

12/16/71

12/17/71

12/28/71

12/29/71

12/29/71

12/29/71

Delivered to Mr. Rice. Described latest NASA mission
model and concluded that manned missions account-
ed for 50% of NASA’s shuttle benefits.

OMB (Mr. Rice) presented to NASA a series of gen-
eral concepts, specific assumptions, and guidelines
for the Shuttle program including 10 x 30’ orbiter
and $4 B [research, development, test, and evalua-
tion]. NASA agreed to study various sized shuttle
options.

Discussed FY 1973 NASA appeal and attached draft
Memo for President on space shuttle decision.
Suggested understanding be reached about closure
of a manned space flight center.

Discussed capabilities, size, and cost of the space shuttle
as a Presidential issue remaining in the NASA FY 1973
budget. Recommended that NASA be directed to
define a shuttle system subject to certain constraints,
including $5 B for R&D plus investment.

Discussed status of economics of reusable tug studies.
No progress had been made since contract issued in
August 1971 (see Reference 38).

Presented partial analysis (e.g., didn’t discount dollars)
of economics of reducing orbiter size. Concluded
that DOD was primary loser if payload-bay length
were reduced to 40" and that roughly 60% of shuttle
savings accrued to NASA. (This memo superseded
that of 11/29/71—reference in light of recently
acquired data.)

Updates staff economic analysis of large shuttle.
Concluded that neither configuration (pressure-fed,
solid motor) was cost-effective when compared with
Titan plus Big [Gemini].

Prepared by EST[PD] staff. Included breakdown of
investment cost for large orbiter with pressure-fed or
solid-rocket booster.

Reported results of study of options and concluded that
15 x 60" orbiter a “best buy” and 14 x 45’ the mini-
mum acceptable size.

Meeting with Dr. Fletcher and Low on NASA’s study of
options.
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Reference

66. Memo, Dr. David
(OST) to Director

[12] 67. Memo, NASA
unit to Mr. Rice

68. OMB Questions for
NASA

69. Letter, Dr. Fletcher
to Mr. Weinberger

70. Memo, Dr. David
(OST) to Director OMB

71. Memo, Mr. Rice
to Director

72. Meeting with NASA

[13] 73. Letter, Dr.
Fletcher to Mr.
Weinberger

74. Statement by the
President

75. Letter, Dr. Low to
Mr. Rice
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Date

Description

12/30/71

12/30/71

12/31/71

1/3/72

1/3/72

1/3/72

1/3/72

1/4/72

1/5/72

1/11/72

Strongly recommended that smaller shuttle (12 x 40’ or
10 x 20%) be selected to preserve a balanced space
program.

Analyzed NASA’s position on shuttle as stated in letter
of 12/29/71 (see Ref. 62). Suggested NASA cost esti-
mates were very uncertain. Noted that investment
costs should be kept in mind and inclusion would
bring estimated cost of large orbiter plus pressure-fed
booster to $9 B. Presented brief analysis of smaller
shuttle (e.g., lower launch costs of substantial payload
capture).

List of questions provided to Dr. Low concerning overall
fiscal constraints, payload requirements, and cost esti-
mates.

Reiterated previous conclusion that 15 x 60’ orbiter a
“best buy.” Answers to OMB questions (see Ref. 68) were
vague, e.g., smaller orbiter would lose many missions.

Urged that decision on specific characteristics of space
shuttle be delayed for several months pending review
by NASA of lower cost alternatives. Noted that shuttle
decision will commit R&D funds until early 19807s.

Prepared by ESTP[D]. Recommended that proposals in
Dr. David’s memo of 1/3/72 be adopted.
Recommended that NASA be directed to design a
shuttle within total investment cost (including facili-
ties[,] vehicles, and contingency of $5 B and peak
annual funding of $3.2 B).

Decided to develop shuttle (up to 15 x 607); study
14 x 45’; and decide booster later (pressure-fed vs.
solid rocket motors).

Documented decision on shuttle.

President announced decision to develop Shuttle.

Described NASA further study of orbiter size (15 x 60’
vs. 14 x 45”) and booster (pressure-fed vs. solid-
rocket) in order to make decisions by March 1, 1972.
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Reference Date Description

76. Memo, Dan Taft to 1/27/72 Summarized draft letter, Director to Dr. Fletcher

Mr. Rice prepared by EST[PD] staff. Attached was an OMB
staff analysis of shuttle options, which recommended
that OMB concerns be transmitted informally to
NASA management. Stressed the risks associated with
particular choices.

Document 11-8

Document title: George M. Low, Deputy Administrator, NASA, to Donald B. Rice,
Assistant Director, Office of Management and Budget, November 22, 1971, with attached:
“Space Shuttle Configurations.”

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

During the final months of the White House-NASA debate over whether to develop a reusable space
transportation system, as well as what kind of system to develop, the White House, supported by a
panel of the President’s Science Advisory Committee, suggested that NASA consider an unpowered
glider launched on top of an expendable launch vehicle. This concept would have been rather similar
to the Air Force Dyna-Soar program, which had been cancelled in 1963. NASA resisted this sugges-
tion, arguing that the development savings of such a concept would be outweighed by its operating
costs at the flight rate NASA was anticipating. NASA Deputy Administrator George Low used the
tradeoff curve contained in this document to argue that both development costs and cost per flight
needed to be taken into consideration in the decision over what system to develop.

NOV 22 1971
Mr. Donald Rice
Assistant Director
Office of Management and Budget
Executive Office of the President
Washington, D.C. 20503

Dear Don:

In accordance with your request, | am sending you a reconstruction of the diagram
that I sketched on your blackboard the other day, together with a discussion of the mate-
rial represented on the diagram.

We also discussed comparative information for small and large shuttles and small and
large gliders. The earliest we will be able to provide this information is Monday, November
29. I was unable to push this to an even earlier date, although I would have liked to have
done so.

Please let me know if | can provide any additional information.

Sincerely yours,

George M. Low
Deputy Administrator
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Enclosures

cc:  Jack Young, OMB

bce:  A/Fletcher AAD/von Braun
ADA/Shapley D/McCurdy
M/Myers
B/Lilly

AD/GML:rej:11-19-71

*khkkhkhkkhkhkhhkx

[1] Space Shuttle Configurations

For the past 18 months, seven aerospace companies and NASA have studied and
evolved various designs of the space shuttle.

As a result of these design efforts, and as a result of tradeoffs between development
costs and operating costs, the shuttle system efficiency has been greatly improved. The
result is a class of configurations that costs much less to develop than earlier configura-
tions, is much smaller but can carry the required payload, and is still “productive” in terms
of operating costs.

Definitions

The following configurations have been considered.

1. Two-stage Fully Reusable. This was the preferred configuration at the beginning of the
“Phase B” design effort. The “orbiter” carried all of its propellant (hydrogen and oxygen) inter-
nally, and was very large (larger than a 707). The “booster” was huge (like a 747), also used
hydrogen and oxygen propellants, and used the same high pressure engines as the orbiter.
[2] 2. Two-stage Reusable with External Hydrogen Tanks. (sometimes called “baseline”)
Midway through the “Phase B” studies, it became apparent that by carrying the hydrogen
in tanks external to the orbiter, the size of the orbiter could be reduced, and the devel-
opment cost could be reduced somewhat as well. A secondary effect also resulted: since
the orbiter became more efficient, it became possible to let it take more of the burden of
propelling the shuttle into orbit (lower staging velocity). The booster requirements were
thereby lessened, resulting in further savings in complexity and cost.

3. Mark I/Mark 11 (MKI/ZII). In this step, further advantage was taken of the evolu-
tion started in the previous step. For the orbiter, oxygen[,] as well as hydrogen, would be
carried in external tanks, leading to an even smaller orbiter (smaller than a DC 9). Some
of the subsystems would be phased, starting out in the Mark | model with more nearly
existing technology in areas such as the heat shield and avionics, and phasing in more
advanced versions later in Mark 11.

Four different booster configurations are being considered in conjunction with the same
Mark I/Mark 1l orbiter. They are the Flyback Booster, the Pressure-fed Ballistic Booster, the
[3] Parallel-staged Pressure-fed Booster, and the Parallel-staged Solid Rocket Booster.

3a. MkI/II - Flyback Booster. This booster is evolved from the first stage of the Saturn
V. It uses conventional propellants, and the Saturn F-I engines, but has wings so that it can
fly back to the launch site.

3b. MkI/II - Pressure-fed Ballistic Booster. With the compact, efficient MKkI/I1 orbiter,
it became possible to take another step in reducing booster complexity: take off the wings,
make it unmanned, let it fly ballistically, and recover it with parachutes. At the same time,
simplify the propulsion system by using gas pressure to force the propellants through the
engines, instead of pumps and turbines. in this configuration, the booster still propels the
orbiter to a velocity of 5,000-6,000 feet per second, at which time it is jettisoned and the
orbiter takes over.
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3c. MklI/11 - Parallel-staged Pressure-fed Booster. In this configuration, the booster
and orbiter are mounted side-by-side—for example, twin boosters mounted under the
orbiter’s wings. All booster and orbiter engines are ignited before takeoff. The boosters
are jettisoned after their propellant [4] is depleted, and then recovered. The orbiter con-
tinues to burn into orbit. This further simplifies the booster propulsion system, since the
booster engines now no longer need to be steerable: all of the steering is done with the
orbiter engines.

3d. MkI/II - Parallel-staged Solid Rocket Booster. In this configuration, the booster
described in the previous paragraph is replaced with solid rocket motors. These, however,
would not be recoverable.

4. Glider. This vehicle requires two propulsive stages to put a winged recoverable pay-
load carrier into orbit. It could make use of a recoverable or a non-recoverable first stage.
The second stage would be non-recoverable. It differs from the Mark 1/Mark 11 orbiter in
one significant way: the engines and the electronics to go with the propulsion system are
placed into the external tank, thus making it into a stage, and then thrown away during
each flight; in the orbiter the engines and electronics are recovered and reused.

Comparison of Configurations

The various shuttle configurations are best compared on a plot of Cost Per Flight ver-
sus Development Cost (see attached [5] figure). For the purpose of this comparison, the
Development Cost is defined to include all Design, Development, Test and Evaluation
(DDT&E) costs. It does not include costs for operational hardware, facilities, or flight
operations.

On this plot, the two-stage fully reusable configuration shows a development cost of near-
ly $10 billion, at a cost per flight of less than $5 million. The “baseline” configuration has a
development cost of $8 billion, with about the same cost per flight as the first configuration.

The Mark 1/Mark 11 orbiter with all four booster configurations falls within a range of

development costs between $4.5 and $6.5 billion, with operating costs ranging from $6 to
$12 million per flight. The parallel-staged solid rocket configuration is the cheapest to devel-
op, and the most expensive to operate within that range. The flyback-booster version is at
the opposite end of the range. The two pressure-fed booster configurations fall in between,
with the parallel staged one being closer to the left of the box, and the series staged one clos-
er to the right. (Mark Il will cost somewhat more to develop, but less to operate than Mark
I. Development costs shown in the figure are for the full Mark 1l capability.)
[6] All of these configurations carry the same payload: 65,000 pounds due east, or 40,000
pounds into polar orbit, in a 15 ft. by 60 ft. bay. The only glider for which information is
now available is smaller: it carries a payload of less than half that weight and volume. It was
designed to fit on a Titan 111 L (a new booster 4 times as heavy as the largest existing Titan
I11) and a new second stage. Very preliminary estimates give a development cost of around
$3 billion, and a cost per flight of $30 million.

A glider with the same payload capacity as the orbiter, together with its booster stages,
would probably cost as much to develop as the low-cost configurations of the shuttle, since
there is little difference in complexity. However, operating costs would remain high as
long as one or more stages are thrown away. Conversely, a smaller shuttle (with a payload
of the size now considered for the glider) would cost less to develop and operate than the
present shuttle configurations.

Conclusions

NASA has not yet made a final configuration selection. However, for practical pur-
poses, the two-stage fully reusable and the baseline configurations can be discarded
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because of [7] their high development cost. At the other extreme, the glider, as presently
proposed, also does not appear to be promising. When compared on the basis of the same
payload, it will probably not offer a significant saving in development cost, but will be expen-
sive to operate. (Definitive numbers on this tentative conclusion are not yet available.)

This leaves the Mark 1/Mark 11 configurations with four booster options: flyback, pres-
sure-fed, parallel-staged pressure-fed, and parallel-staged solid rocket boosters. The
MkI/11 orbiter has been studied extensively and is well defined. Booster studies are not yet
as complete, but the pressure-fed options look very promising.

The most promising candidate configuration today is the Mark 1/Mark 11 orbiter with
the parallel-staged pressure-fed booster.

[no page number]
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Document 11-9

Document title: Charles J. Donlan, Acting Director, Space Shuttle Program, to Deputy
Administrator, “Additional Space Shuttle Information,” December 5, 1971.

Source: George Low Papers, Rensselaer Polytechnic Institute Library, Troy, New York.

As NASA struggled to gain White House approval for Space Shuttle development in December 1971,
there was a constant need for information to support the particular Shuttle concept NASA was pro-
moting. Charles Donlan, a career NACA/NASA engineer, was Acting Director of the Space Shuttle
program at NASA Headquarters. He provided this memorandum on Shuttle design choices and costs
to NASA Deputy Administrator George M. Low, the NASA “point man” in dealing with the White
House on the Shuttle decision. A particular item of controversy between NASA and the White House
was whether there were significant cost savings associated if a smaller Space Shuttle orbiter, rather
than the one with the fifteen-foot by sixty-foot payload bay that NASA was advocating, were to be
approved. Donlan’s memo suggests why NASA thought that such savings would not be substantial.
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[no page number]
December 5, 1971

TO: AD/Deputy Administrator

FROM: MH/Acting Director, Space Shuttle Program

SUBJECT: Additional Space Shuttle Information

The attached information is in response to your request for additional rationale and
analysis in support of the shuttle selection. Should you need any additional information
over the weekend, please feel free to call me at my home on 765-4625.

Charles J. Donlan

None of this information has been transmitted to OMB.

CID

12/77
This is a rewritten version less the Incremental Cost-Benefit Analysis Section.

[1] Selection of the Delta Wing Configuration

The delta wing orbiter configuration was selected on two accounts: (1) to obtain the oper-
ational benefits of cross range and (2) in recognition of the fundamental aerodynamic
superiority of the delta configuration in the supersonic/hypersonic flight regime.

1. Cross Range Consideration

The cross range requirement for the shuttle has been subjected to many critical
reviews. Whereas the initial request for a 1500n.m. [nautical mile] cross range capability
originated as an Air Force requirement, it became evident with increased depth of study
that a substantial degree of aerodynamic maneuvering capability at hypersonic and super-
sonic speeds is fundamental to the operation of the orbiter. It is a requisite to safe abort
being required to turn hypersonically for the immediate return to base for selected abort
modes. It is also required to fly the cross range to the launch site from once-around abort
or to an off-track landing site for a down-range abort. It affords frequent normal oppor-
tunities to return to base from orbit on a due east mission from [the Eastern Test Range].
The ground tracks for these returns vary greatly[,] enabling selection of reentry routes
over sparsely populated land mass or water in the event that sonic boom over pressures
are judged to be of objectionable levels for densely populated areas. The minimum cross
range performance compatible with these operational needs, as determined by once-
around abort, is 1100n.m. This requirement also serves to satisfy an important Air Force
mission requiring one orbit return. The 1100n.m. cross range capability can most effec-
tively be supplied with a highly swept or delta wing configuration. A straight wing config-
uration cannot satisfy this cross range requirement. Technical rationale in support of this
thesis are contained in sections 2 and 3.

2. Aerothermodynamic Considerations

Apart from operational requirements for cross range, the selection of a delta wing
configuration in preference to a straight wing is strongly influenced by basic aerodynam-
ic considerations. The critical periods during reentry of the shuttle are the
hypersonic/supersonic flight regime and the accomplishment of transition.
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[2] The delta wing configuration is stable throughout a wide range of angles of attack in
this regime and by modulating angle of attack and bank angle can take full advantage of
trajectory shaping, cross range and high altitude, supersonic transition options. The flow
field over the delta vehicle tends to be relatively smooth[,] producing uniform, pre-
dictable, aerodynamic heating gradients. Also the delta vehicle experiences relatively low
and uniform temperatures, 600-800°F, over the sides and upper surfaces of the vehicle.
The flow over the sides of the fuselage is smoothly blended; there are no shock interac-
tions and few, if any, hot spots. These conditions are favorable to straightforward, accurate
heating prediction and confidence in the design of the thermal protection system.

The straight wing configuration suffers from unsteady flow and buffeting in the tran-
sonic regime. In the hypersonic regime the flow fields are complex with strong bow and
wing shock interactions with the vehicle. The strong interference flow field results in high
local temperatures and severe temperature gradients on the wing, body and tail. Vortex
flows in wing-body and tail-body junctures tend to result in local hot spots on the fuselage.
Fuselage side temperatures range from 900-1300°F making the analysis and design of the
[thermal protection system] a complex problem. For these reasons, the delta configuration
lends itself more readily to solution of the critical aerodynamic problems of the shuttle.

3. Growth Potential

The problem of growth from a cargo bay of 12°X40’ to 15’X60’°, or even 12’X60’, is
not a straightforward change for either a straight wing or delta orbiter configuration.
Fuselage stretch of subsonic transport aircraft are not indicative of the problem of a hyper-
sonic/supersonic orbiter booster configuration. The stretch of an orbiter will significant-
ly alter the hypersonic flow field[,] resulting in greatly different stability and control and
thermal characteristics for the orbiter as well as the complex launch configuration of
orbiter and booster combined. Extensive aerodynamic, static and dynamic ground tests,
plus additional flight test development would be required, approaching that required for
another orbiter configuration.
[3] The question of reductions of orbiter weight and dimensions have been examined for
bay size of 15’X60’ down to 12'X40’. These reductions are limited to less than about
15%-20% of the vehicle dry weight for practical design reasons. For example, reduction
in payload bay diameter from 15’ to 12’ cannot be fully realized in orbiter weight saving
because of the necessity to provide a boat tail of approximately 15° diameter to accom-
modate the rocket engines.

In summary, the stretch of an orbiter accommodating 12’X40’ payloads to 15’X60’, or
12°X60’, payloads is not considered practical. The most cost effective system is one sized
properly at the outset for its intended use.

[no page number] PROGRAM COST DIFFERENCES FOR LARGE
AND SMALL ORBITER SYSTEMS

The following is an explanation as to why the cost differential for the program using the
large orbiter with the pressure fed booster [PFB] ($5.7 billion) and the small orbiter with
the pressure fed booster ($5.1 billion) is not greater than $600 million. In other words, what
elements in these two programs remain fixed and what elements are scaled with size?

The 65K twin RAO [rocket assisted orbiter] and the 30K twin RAO system dry weights
estimated by GAEC [Greenbelt Aerospace Engineering Corporation] and MSFC
[Marshall Space Flight Center] are listed in the attached Table 1. Although the system pay-
load capability decreases 54% (65K to 30K) the percentage decrease in system dry weight
is only 26% to 30%.

Utilizing cost estimating relationships (CER’s) and changes in orbiter dry weight,
GAEC estimates the delta DDT&E [design, development, test, and evaluation] cost and
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[sic “at” meant] $600M and MSFC at $400M. Attached Table Il details the MSFC estimates
and delta differences of the large and small orbiter DDT&E costs. The major changes in
the MSFC analysis (23%) is in the structures and thermal protection system. There would
be, realistically, little or no impact on avionics, environmental control and life support sys-
tems, and relatively minor changes in the electrical power system. Program functions such
as management, systems engineering and integration, and installation, assembly and
checkout are not directly related to orbiter size and therefore will not change appreciably.
Subsystem develop-ment testing and program support which includes such items as crew
equipment, simulators, and development propellants varies as a percentage of the
DDT&E effort. Basic tooling, jigs, test stands, handling equipment, dollys [sic], and some
[ground support equipment] would be less expensive due to sealing effects.

In summary, a cost savings of $500M in orbiter DDT&E would appear to be reason-
ably attainable in scaling a 65K orbiter system to a 30K orbiter system. In arriving at the
total delta of $0.6B between the configurations approximately $100M can be attributed to
the reduced weight of the twin pressure fed booster. There is no change in [Space Shuttle
main engine] HiPc cost estimates. The engine thrust size used by GAEC for both orbiters
was 350K (sea level thrust) and MSFC used 415K (sea level thrust) for both orbiters.

[no page number] TABLE |
DRY WEIGHT ESTIMATES

ORBITER HO TANK TWIN PEB SYSTEM _ %

65K 30K 65K 30K 65K 30K 65K 30K
MSFC 140K 116K 79K 67K 352K 216K 571K 399K 172K 30
GAEC 159K 118K 89K 63K 675K 500K 923K 681K 242K 26

[no page number] TABLE 11
MSEC ORBITER DDT&E (TWIN PEB)
FY 1971 DOLLARS INCLUDING FEE

65K ORB. 30K ORB. _ % OF TOTAL
STRUCTURE 641 539 102 23
PROPULSION 437 357 80 18

ME (116) (94)

OMS (43) (36)

ACPS (216) (176)

ABES (62) (51)
AVIONICS 511 499 12 3
POWER 348 299 49 11
ECLSS 174 171 3 1
INSTALL., ASSY., & C/O 58 54 4 1
SUBSYS. DEV. TESTING 310 249 61 14
SYSTEM ENG. &

INTEGRATION 236 214 22 5
PROGRAM SUPPORT 517 444 73 16
MANAGEMENT 123 106 17 4
TOOLING 150 130 20 4

TOTAL $3505M $3062M $443M 100%
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[no page number] Comparative Analysis of Cost Per Flight

The following discussion explains why it costs an incremental $4.1 million per flight
when solids are used instead of the pressure fed booster with a larger orbiter; and only
$800,000 per flight when solids are substituted for the pressure fed booster on the small-
er orbiter.

The difference is due to the differing cost of solid rocket motors (SRM’s). The 65K
orbiter utilizes 156” SRM’s at $6.2M per set while the small orbiter utilizes 120” SRM’s at
$2.9M per set. The following data indicates the reasons for this increase in SRM cost from
120" to 156”.

ITEM 156" 120"
Number of segments 3 7
Motor weight 1490K 705K
Propellant weight 1367K 644K
Burn-out weight 123K 61K
Prop. cost of $0.60/1b. 0.8M 0.386M
Case Cost 2.3M 1.061M

The attached table compares the cost per flight for both systems using pressure fed
boosters and SRM’s.

[no page number] Comparative Analysis of Cost Per Flight (Dollars in millions)

Large System Small System
65K East 30K East
13’ X 60’ 12’ X 40°
Twin PFB Twin SRM Twin PFB Twin SRM
(156") (120™)
Orbiter + HO tank 5.2 5.2 4.6 4.6
Booster 2.1* 6.2** 2.1* 2.9**
Cost per Flight 7.3 11.4 6.7 7.5
COST PER FLIGHT COST OF SRM SET
Twin PFB Twin SRM
65K Orbiter 7.3 11.4 (156" solids) 4.1 2 156" solids @ 3.1 6.2
30K 6.7 7.5 (120 solids) _8 2 120" solids @ 1.45 29
3.3 3.3

* No differential is shown for refurbishment/turnaround cost for the 65K twin PFB vs. the
30K twin PFB. The 30K twin PFB will probably be less expensive to refurbish and turn-
around; e.g., smaller recovery chutes, less surface area to clean and process. However, the
current definition and understanding of these costs precludes identifying quantitative dif-
ferentials between the two booster systems at this time.

** Expended hardware.



EXPLORING THE UNKNOWN 239

Document 11-10

Document title: Mathematica, “Economic Analysis of the Space Shuttle System,”
Executive Summary, prepared for NASA, January 31, 1972.

Source: Space Policy Institute, George Washington University, Washington, D.C.

In 1970, at the urging of the Office of Management and Budget, NASA, as it tried to gain approval
to begin Space Shuttle development, contracted with an independent economic analysis group,
Mathematica, Inc., to carry out an analysis of the economic benefits of such development. This was
the first time that NASA attempted in advance to project the economic benefits of a proposed develop-
ment effort. Mathematica was headed by the prestigious economist Oskar Morgenstern; in charge of
the NASA effort was his associate Klauss Heiss. Mathematica’s initial analysis was submitted to
NASA in May 1971; it compared a generic Space Shuttle concept with the use of existing expendable
launch vehicles as a means of providing space transportation over the 1978-90 period. This docu-
ment summarizes the results of a second round of analysis, which compared various Space Shuttle con-
cepts with the use of expendable vehicles (the four figures and table mentioned in this executive
summary do not appear here. Because this formal report would not have been completed by the time
that Space Shuttle decisions were anticipated in the November—December 1971 time period—while the
report is dated January 31, 1972, it actually was not submitted until May 1972—in October 1971,
Morgenstern and Heiss submitted to NASA Administrator James Fletcher a memorandum (see
Document 111-30 of Exploring the Unknown, Volume 1) summarizing their results.

Economic Analysis of the
Space Shuttle System

EXECUTIVE SUMMARY
[0-1] 0.1 CONCLUSIONS

The major conclusions of the Economic Analysis of the Space Shuttle System are:

e The development of a Space Shuttle System is economically feasible assuming a level of space
activity equal to the average of the United States unmanned program of the last eight years.

e A Thrust Assisted Orbiter Shuttle (TAOS) with external hydrogen/oxygen tanks is the eco-
nomically preferred choice among the many Space Shuttle configurations so far investigated.
Early examples of such concepts are RATO of McDonnell Douglas, TAHO of Grumman-
Boeing, and similar concepts studied by North American Rockwell and [Lockheed Missile
and Space Company]-Lockheed; these concepts are now commonly known as rocket assisted
orbiters (RAO).

e The choice of thrust assist for the orbiter Shuttle is still open. The main economic alterna-
tives are pressure fed boosters and solid rocket motors, either using parallel burn. A third eco-
nomic alternative to these versions is to use series burn boosters. [italics added for
emphasis; original was all capital letters]

These conclusions are based on the following results of the economic analysis:

[0-2] 0.2 THE ECONOMIC WORTH OF A SPACE SHUTTLE SYSTEM

0.2.1 Results of the May 31, 1971 Analysis

The major findings of the economic analysis of new Space Transportation Systems
reported on May 31, 1971, which were prepared for the National Aeronautics and Space
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Administration, are concerned with the analysis of the economic value of a reusable Space
Transportation System without any particular concern as to which, among the many alterna-
tive Space Shuttle Systems[,] would, in the end, be identified as the most economic system.
Figure 0.1 shows the summary of the major results of the May 31, 1971 analysis. In this
analysis we report only the results of the “Equal Capability” analyses, the most conserva-
tive approach to evaluate new technologies. “Equal Budget” analyses were also performed
and those calculations give even more favorable economic results (see also May 31, 1971
analysis). On the horizontal axis the numbers of Space Shuttle flights between 1978 and
1990 are shown as ranging between 450 and 900 flights for that period. On the vertical
axis the allowable non-recurring cost for the development of the launch vehicle—that is,
the Space Shuttle as well as the Space Tug and the required launch sites—are shown in
billions of undiscounted 1970 dollars. The benefit lines shown in this figure show how the
allowable non-recurring costs—that is, the benefits to be associated with a fully reusable
Space Transportation System—increase as the flight level expected for the 1980°s increas-
es between 450 and 900 flights. Overall, this is very much a function of the particular rate
of discount (or social rate of interest) chosen and applied to the analysis. Three sum-
maries are shown in Figure 0.1: the results of 5%, 10% and 15% social rates of discount
respectively. We may wish to use them interchangeably. Since all the costs as well as the cal-
culated cost savings were expressed in constant dollars, the interest rates applied are real
interest rates which do not include elements of inflation. As shown at a 10% rate of inter-
est, the allowable non-recurring cost would vary from about $12.8 billion (about
500 Space Shuttle flights in the 1980’s), up to $20 billion at a flight level of about
850 flights for the same period. The shaded vertical lines in Figure 0.1 show, first, the aver-
age U.S. flight level in terms of Shuttle flights between 1964 and 1969 (61 flights per year)
and reflect also the funding average between the years 1963 and 1971. Also shown are the
average USSR flights for the period 1965 to 1970 (65 flights per year). Furthermore, the
baseline mission model of 736 flights, at that time, is shown on the right side of the dark-
ly shaded area where the left boundary of that area is defined by a reduced mission model
of around 600 flights for Space Program 3 in that analysis. Since then, we have used in our
present analysis a reduced baseline mission model of 514 flights with a potential overall
level of 624 space flights. Thus, in the last six months, the analysis of the Space Shuttle
System has been extended downwards to cover substantially the region between 450 and
600 flights. Also shown in Figure 0.1 are the then estimated non-recurring costs of
$12.8 billion for a two-stage fully reusable Space Shuttle System* as well as the Space Tug
and the required installations. We show the estimated economic potential of a reusable
Space Transportation System in terms of allowable non-recurring costs as a function of sev-
eral economic variables, among them the expected space activity level, the social rate of
discount, and the type of cost-effectiveness analysis. The major findings of that effort are:
The major economic potential identified for Space Transportation Systems in the
1980’s is the lowering of space program costs due to the reuse, refurbishment, and updat-
ing of satellite payloads. The fully reusable, two-stage Shuttle is the major system consid-
ered in the May 31, 1971 report, but not the only system to achieve reuse, refurbishment
and updating of payloads. Payloads were assumed to be refurbished on the ground, with
refurbishment costs varying between 30% and 40%. The launch costs of the Space Shuttle
and Space Tug needed to recover and place the refurbished payloads are also allowed for.
We strongly recommended in May that other systems be studied to determine the extent
and the cost at which they can achieve reuse, refurbishment, and updating of payloads.

*  The selected Space Shuttle System is no longer a two-stage fully reusable system and
has substantially reduced non-recurring costs [see section 0.2].
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[pages 0-3 and 0-4, Figure 0.1, omitted]
[0-5] The cost reductions identified originate in three distinct areas:
(a) The research, development, test and evaluation (RDT&E) phase of new payloads
(satellites);

(b) The construction and operating costs of payloads (satellites) for different space

missions;

(c) The cost of launching payloads into orbit.

The projected non-recurring cost associated with developing the Space Shuttle and
Tug as configured in May, 1971, (a two-stage system) is shown by the economic analysis to
be covered by the identified benefits provided the United States intends to operate a
space program with the number of flights equal to the unmanned space program activi-
ties of the United States in the 1960’s. The direct costs (payload and transportation.) of
space activity carried out by a Space Shuttle System are expected to be about one-half of
the direct costs of the current expendable transportation system.

Manned space flight options—for example, a manned lunar option—are also ana-
lyzed. They show that a Space Shuttle System offers economic advantages also in terms of
transportation costs for some large lunar and planetary (or defense) space flight options
for the 1980’s. These advantages were not considered when formulating the basic conclu-
sions of the economic study, due to the great uncertainty of these options being adopted
by the United States.

The choice of the social discount rate has a major influence on the economics of a
new Space Transportation System. Differences in the rate applied to the analysis outweigh
many other important issues usually raissd—and analyzed—in the context of large scale
RDT&E projects, including uncertainties in the cost data. As shown in this report, the
social rate of discount influences not only the overall worth of a new Space Transportation
System, but also the choice of specific technical configurations in deciding among alter-
native technical approaches to bring about a reusable Space Transportation System.

The May 31, 1971 report concludes that the economic justification of a reusable Space
Transportation System is not tied to the question of [0-6] manned versus unmanned space
flight. Space programs used and analyzed are in line with the activity and funding levels
of the unmanned United States space program of the 1960’s (NASA, DoD, and commer-
cial users included). If a substantial number of manned space flights were to be under-
taken in the 1980’s, a Space Shuttle System would also contribute significantly to lowering
the costs of such missions and activities.

The May 31, 1971 report analyzes the economically allowable nonrecurring cost of a
reusable Space Transportation System. It is the task of the present report to identify the
economically best reusable Space Transportation System among all the possible required
alternatives.

A major point of the May 31st report is: any investment can only be justified by its
goals. This applies to business as well as to government, hence also to NASA. A new,
reusable Space Transportation System should only be introduced if it can be shown, con-
clusively, what it is to be used for and that the intended uses are meaningful to those who
have to appropriate the funds, and to those from whom the funds are raised, as well as to
the various government agencies that undertake space activities. The space goals can be
political (rivalry with the space programs of other countries), military (to meet military
space efforts of other countries who use the potential of space to meet needs of national
security), scientific (for example, astronomy), or commercial (for example, earth
resources applications). All these goals will, of course, be mixed into one national space
program, representing to various degrees a joint demand for space transportation with a
varying mix of payloads.
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0.2.2 Updated Economic Results on the Economic Worth of a Space Shuttle System

Since May 31, 1971 our efforts concentrated on two major questions: first, to what
extent is the overall economic worth of a Space Shuttle System modified by new inputs
given to our study; and, second, which of the many alternative Space Shuttle configura-
tions is the most economical.

The new inputs reflect a substantially modified NASA and DoD Baseline Mission
Model for the 1980’s, and make a new assessment of payload [0-7] effects for different mis-
sions; very importantly, new alternative Space Shuttle Systems that still promised the
achievement of most of the objectives of the Space Shuttle program[,] but at considerably
reduced non-recurring costs in the 1970’s, were considered.

Table 0.1 shows the estimated complete direct life-cycle costs for a NASA and DoD
U.S. space program from 1979 to 1990 (twelve years) of 514 Space Shuttle flights, or an
average of 43 Space Shuttle flights per year, in this period. This space program is based on
the NASA Baseline Mission Model, including scientific and application missions as well as
some manned space flight activity, and a modified DoD mission model.

As can be seen from Table 0.1, the same facts hold for the basis of the economic analy-
sis of the Space Shuttle System as in the May 31, 1971 report:

(1) The Space Shuttle System has substantially higher research, development and
investment costs (non-recurring costs) associated with it than any of the current
expendable or new expendable systems. This remains true, although the non-
recurring costs of the Thrust Assisted Orbiter Shuttle (TAOS) System are sub-
stantially lower than the corresponding fully reusable two-stage Shuttle System
costs of May, 1971.

(2) The TAOS Space Shuttle System promises reductions in the recurring launch
costs of Space Transportation.

(3) The Space Shuttle System promises a reduction in the costs of satellite payloads
through reuse, refurbishment, in-orbit checkout of payloads, and possible updat-
ing and maintenance of payloads in orbit or on the ground.

It is the combined reduction in launch costs and payload costs that underly [sic] the
economic justifications of the TAOS Space Shuttle System. These life-cycle costs are the
starting point and the basis of our economic analysis. A wide variety of alternative Space
Shuttle Systems was investigated by us with a wide variety of technical changes when com-
pared with the May, 1971 Space Shuttle configuration.

[page 0-8, Table 0.1, omitted]
[0-9] On each of these changes a substantial set of alternative calculations was made, in
keeping with the analyses and methodology already developed.

The results of the updated economic analysis are shown in the next three figures. In
Figure 0.2 the estimated non-recurring costs of alternative Space Shuttle Systems are
shown on the horizontal axis. These nonrecurring costs include the full non-recurring
costs of the Space Shuttle System with at least the same capabilities as those given by the
expendable Space Transportation System. Where the economic analysis of a space pro-
gram indicated the continued use of expendable rockets—e.g., Scout Rockets—then
these system costs have been included as Space Shuttle System costs. Similarly, in the time
of the Space Shuttle System phase-in—to replace expendable Space Transportation
Systems—the cost of expendable systems, as required, is also included as a Space Shuttle
cost. Most important, the non-recurring costs of the Space Tug, which gives the Space
Shuttle System the capability to deploy and bring back payloads from all earth orbits when
economically justified, are fully included. Finally, the non-recurring costs, as used in our
analysis, also include the costs of two launch sites ([Eastern Test Range] and [Western Test
Range]). It is on the basis of these non-recurring costs that the economic evaluation of the
Space Shuttle System has been carried out.
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The estimated non-recurring costs also include fleet investment. An estimated five
Space Shuttles will be required to fulfill the NASA and DoD Baseline Mission Models for
the 1980’s. Fleet investment includes the orbiter procurement cost for all configurations
considered, but reusable booster costs have been amortized as a recurring cost except for
the manned flyback booster case.

Not shown in Figure 0.2 are the RDT&E and investment costs to the First Manned
Orbited Flight (FMOF) of the Thrust Assisted Orbiter Shuttle (TAOS), estimated now by
NASA at $5.5 billion. The estimates of alternative Space Shuttle Systems in Figure 0.2 are
grouped into two classes: first, the modified two-stage reusable Space Shuttle Systems that
were investigated in the past months as alternatives to the two-stage fully reusable Space
Shuttle System of May 31, 1971. These systems all have associated [page 0-10, Figure 0.2,
omitted] [0-11] with them lower non-recurring costs than the estimate for the original
fully reusable Space Shuttle System. Considerable variation existed with regard to the non-
recurring costs of these modified two-stage (manned booster) systems. In addition, there-
fore, we show the mean of these estimates as well as the standard deviation (o) of the
non-recurring cost estimates of these systems. As shown in Figure 0.2, the mean of the
non-recurring costs of such modified two-stage Space Shuttle, Systems is $11.5 billion, the
standard deviation is $1.44 billion.

Similarly, also shown in Figure 0.2 are estimated total non-recurring costs of Thrust
Assisted Orbiter Space Shuttle Systems (TAOS) that include a wide variety of technical
choices, all having in common that only the orbiter is manned, with external hydro-
gen/oxygen tanks[,] and all are assisted at takeoff by either solid rocket motors or pres-
sure fed rocket systems. The mean of the non-recurring cost estimates of such systems is
$7.5 billion. These include about $1.6 billion for the non-recurring costs of the Space Tug
and the additional required launch site. They also include a fleet of 5 Space Shuttles, each
estimated at about $300 million. When Space Tug and [Western Test Range] costs are
excluded ($1.6 billion), as well as 3 Space Shuttle vehicles (about $900 million), then the
estimated non-recurring costs in the 1970’s (comparable, roughly, to FMOF costs) are esti-
mated to be $5.0 billion (1970 dollars). The standard deviation of this estimate is $900 mil-
lion, again in 1970 dollars.

Using these alternative Space Shuttle Systems, a comprehensive set of economic analy-
ses was performed along the lines of the May 31, 1971 report to determine the economic
benefits of a Space Shuttle System. In Figure 0.3 the results of the equal capability cost-
effectiveness analysis are shown, at a 10 percent social rate of discount, directly compara-
ble to the results of May 31, 1971 as shown in Figure 0.1. The benefits are expressed in
Allowable Non-Recurring Costs, thus making the benefits shown directly comparable to
the estimated non-recurring costs of Figure 0.2.

Major variations were introduced in the space program activities of the 1980s, con-
centrating on the lower role of expected space activities of the 1980’s and beyond. While
in the May 31st analysis the area of interest—based on historical, unmanned activities of
the United States (and the Soviet [page 0-12, Figure 0.3, omitted] [0-13] Union)—was
confined to between 500 and 900 Space Shuttle flights in the 1978 to 1990 period, the pre-
sent analysis was confined to look at the range of Space Shuttle flights between 400 and
650 Space Shuttle flights, with major variations in the analysis at 514 and 624 flights.

Two separate benefit lines were arrived at and are shown in Figure 0.3: first, the analy-
sis concentrating around 514 Space Shuttle flights shows the economic results with the
exclusion of some DoD missions that are particularly suited for Space Shuttle operations;
second, the analysis concentrating at around 624 Space Shuttle flights takes the same
NASA mission model, now, however, including on the DoD side the missions omitted in
the first analysis.

With regard to the lower benefit line, we conclude that at 514 flights in the 1979-1990
period, the estimated benefits of a Space Shuttle System are $10.2 billion in 1970 dollars
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with a variance of $940 million expressed in allowable non-recurring costs. The econom-
ic “break even” point is reached at an annual space activity level of about 30 Space Shuttle
flights, carrying satellite payloads. This annual level of NASA and DoD space activity in the
1980’s and beyond will justify the development of the TAOS Space Shuttle at a social rate
of discount of 10 percent.

When, on the other side, Space Shuttle related DoD missions are included, the eco-
nomic analysis shows, at 624 Space Shuttle flights in the 1979 to 1990 period, an estimated
benefit of $13.9 billion of allowable non-recurring costs, with a standard deviation of
+$1.45 billion. As activity levels are increased or decreased around these space programs, the
expected benefits of a Space Shuttle System increase or decrease as shown by the two bene-
fit lines in Figure 0.3. The TAOS Space Shuttle System will “break even” at an annual activi-
ty level of about 25 Space Shuttle flights, carrying satellite payloads, when the “624” mission
model is taken as representative of U.S. space activities in DoD and NASA for the 1980’s.

Again, we want to emphasize that these results reflect the benefits of a Space Shuttle

System when applying a 10 percent real social rate of discount to the complete economic

analysis.
[0-14] By combining Figures 0.2 and 0.3 we can directly judge the results of the econom-

ic analysis of a Space Shuttle System.

In Figure 0.4, we show on the vertical axis the estimated nonrecurring costs—as devel-
oped in Figure 0.2—and also the benefits of a Space Shuttle System in terms of “allowable
non-recurring costs” as developed in Figure 0.3. The estimated non-recurring costs of the
TAQOS Space Shuttle Systems are emphasized and the expected standard deviation of these
costs is shown by the shaded area around the non-recurring cost estimate of TAOS.
Similarly, the benefit lines as developed in Figure 0.3 are shown; the standard deviation
around these estimates is indicated again by the shaded areas.

From the results as shown in Figure 0.4, we conclude that the development of a TAOS Space
Shuttle System is economically justified, [italics added for emphasis; original was all capital let-
ters] within a level of space activities between 300 and 360 Shuttle flights in the 1979-1990
period, or about 25 to 30 Space Shuttle flights per year, well within the U.S. Space
Program including NASA and DoD. If the NASA and DoD mission models are taken at
face value (624 Space Shuttle flights in the 1979-1990 period), the estimated benefits of
a Space Shuttle are 13.9 billion with a standard deviation of +$1.45 billion expressed in
1970 dollars (at a 10% social rate of discount). If parts of the expected U.S. Space
Program are substantially modified (514 Space Shuttle flight level in the 1979-1990 peri-
od), the estimated benefits of a Space Shuttle System are $10.2 billion, with a standard
deviation of $940 million (at a 10% social rate of discount).

The estimated non-recurring costs directly comparable to the benefits expressed in
“allowable” non-recurring costs of a TAOS Space Shuttle System are $7.5 billion with a
standard deviation of $960 million.

Since the complete economic evaluation of the Space Shuttle System as summarized
here reflects the results when using a 10 percent real social rate of discount, the economic results in
support of the TAOS Space Shuttle development have to be regarded as very strong in the context of
United States national priorities. [italics added for emphasis; original was all capital letters]
[page 0-15, Figure 0.4, omitted]
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Document 11-11

Document title: James C. Fletcher, Administrator, NASA, to Caspar W. Weinberger, Deputy
Director, Office of Management and Budget, December 29, 1971.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Under continuing pressure from the White House Office of Management and Budget to lower the
development costs of a Space Shuttle, NASA in late December 1971 reluctantly changed its recom-
mended Shuttle configuration to one with a smaller payload capacity. In this letter, NASA
Administrator James Fletcher made what he believed to be NASA's final arguments for Shuttle
approval by the White House. The debate over which Shuttle configuration to approve continued over
the New Year’s weekend. On January 3, NASA learned that it had received presidential approval to
develop its “best buy” Shuttle, rather than the smaller system recommended in this letter. While the
development costs projected for the Shuttle in Fletcher’s letter were not greatly off the system’s final costs,
the cost-per-flight estimates proved to be much lower than the actual expense.

[1] NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington D.C. 20546

OFFICE OF THE ADMINISTRATOR December 29, 1971

Honorable Caspar W. Weinberger
Deputy Director

Office of Management and Budget
Executive Office of the President
Washington, D.C. 20503

Dear Cap:

The purpose of this letter is to report the results of recent studies of several space shut-
tle options, and to recommended a course of action to be taken in the FY 1973 budget.

SUMMARY

We have concluded that the full capability 15 x 60" — 65,000# payload shuttle still rep-
resents a “best buy,” and in ordinary times should be developed. However, in recognition
of the extremely severe near-term budgetary problems, we are recommending a somewhat
smaller vehicle—one with a 14 x 45’ — 45,000# payload capability, at a somewhat reduced
overall cost.

This is the smallest vehicle that we can still consider to be useful for manned flight as well
as a variety of unmanned payloads. However, it will not accommodate many DOD payloads
and some planetary payloads. [2] Also, it will not accommodate a space tug together with a
payload, and will therefore not provide an effective capability to return payloads or propul-
sive stages from high “synchronous” orbits, where most applications payloads are placed.
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BACKGROUND

Early in 1971, after completion of feasibility studies, NASA focused on a shuttle con-
figuration that would replace all of the existing launch vehicles (except the very small
Scout, and the very large Saturn V); would provide for a continuation of manned space
flight; and would have the lowest possible cost per flight. This configuration has a 15 x 60’
— 65,000# payload bay; a very large orbiter; and a huge fly-back booster. It would cost
$10 billion to develop, and $4.1 million per flight.

We then set out to optimize the configuration for the best balance between develop-
ment cost and operating cost, while retaining the full 15 x 60’ — 65,000# capability [3] that
is required to accommodate all NASA and DOD payloads. The result: a much smaller
orbiter with external jettisonable tanks; and a ballistic reusable booster. The development
cost was cut nearly in half, to $5.5 billion, while the cost per flight increased to $7.7 mil-
lion. Although the cost per pound of payload in orbit increased from $63 to $118, we felt
this to be worth the huge savings in development cost.

During the course of our studies as well as at the request of the “Flax Committee” we
also looked at smaller payload compartments. More recently in a meeting with Don Rice,
we were asked to examine shuttle costs with an even smaller performance capability.
Specifically, we were asked 2 1/2 weeks ago to look at a 10 x 30" — 30,000# payload capa-
bility, with the added guideline that the development cost should be less than $4 billion,
and the cost per flight less than $5 million. (We have not been able to meet these cost
objectives.) We have now compared costs and payload capabilities of five different shuttle
options, and have reached certain conclusions.

[4] RESULTS OF RECENT STUDIES

Payload Capabilities: We analyzed five different shuttle options, with different payload
bay sizes and payload weight carrying capabilities. There are:

Bay Size Payload Weight*
Case 1 10 x 30 30,000
Case 2 12 x 40 30,000
Case 2A 14 x 45 45,000
Case 3 14 x 50 65,000
Case 4 15 x 60 65,000

[* in equivalent “due east” orbits]

Case 4 is the basic shuttle configuration, and will accommodate all NASA and DOD pay-
loads. None of the other configurations will do this.

As the payload bay is decreased in length, many of the DOD payloads are eliminated
at the 50-foot length, as are some NASA planetary payloads. At the 50-foot length we also
lose the capability to fly a space-tug/payload combination for synchronous orbit applica-
tions payloads.

A 45-foot length appears to be the minimum practical size for many manned space
flight modules, as well as many [5] space science payloads, and applications payloads, with
a one-way delivery capability. The 30-foot length eliminates nearly all DOD payloads, some
important space science payloads, most applications payloads, all planetary payloads, and
useful manned nodules.

A similar analysis shows that the space shuttle bay diameter should be 14°. This
requirement stems primarily from manned flight considerations. The proposed 10-foot
diameter would lead to an outside module diameter of 9 feet (1-foot clearance require-
ment), and an inside diameter of 8 feet. By the time this is “squared off,” cabling and
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plumbing are added, as well as consoles, cabinets, and other accommodations, this size is
unacceptable. Note also that Skylab is 22 feet in diameter, and the Apollo Command
Module is 13 feet. Some science, applications and planetary payloads are also better
accommodated in a 14-foot diameter.

The payload weight requirement of 60,000 to 65,000 pounds was set by the space tug
as well as by DOD payloads. Without the tug, the manned modules establish a require-
ment [6] of 45,000 pounds. (Actually these modules will only weigh 15,000 to
20,000 pounds. However, they must be boosted to an orbit of 270 miles at a 55-degree
inclination; this requires an equivalent “due east” payload capability of 45,000 pounds).

In summary then, if a decision is made to develop a shuttle with less than full payload
capability, the 14 x 45’ — 45,000# option appears to be the minimum useful configuration.
It will not handle many DOD payloads; it will not handle some planetary payloads; and it
will not handle the space tug in combination with a payload. However, it will accommo-
date manned spaceflight modules, a one-way capability to synchronous orbit for civilian
applications payloads, most other NASA payloads, and some DOD payloads.

Cost Comparison: The results of the studies, in terms of costs, are shown in the
attached table. (The definitions of “development” and “operating” costs are the same as
used in previous studies and discussions. Amounts are in 1971 dollars.) The cost trends
shown were established [7] independently by NASA and by two contractors. The main
conclusion is that development costs do not vary sharply from one option to the next—
cost differences between adjacent options are about $200 million.

In other words, the most important cost reductions were achieved through the basic
configuration changes (with the same payload capability) undertaken by NASA during the
past year. A variation in payload size and weight has only smaller effects on development
cost. For this reason, the full capability shuttle must still be considered to be a “best buy.”

Development cost, for any given shuttle size, can be further reduced by using solid
rocket motors instead of the pressure-fed liquid reusable booster. For the 14 x 45’ —
45,000# shuttle we estimate that the development cost could be reduced from $5 billion
to $4.3 billion. However, this would be at the expense of increased operating costs: from
$7.5 million per flight to $10-$13 million per flight.

[8] RECOMMENDED SHUTTLE

On the basis of the studies just completed, NASA would ordinarily recommend pro-
ceeding with the full capability 15 x 60" payload shuttle. However, in recognition of severe
budgetary pressures we have concluded that a lesser capability still provides a useful vehicle,
and therefore recommend proceeding with the 14 x 45’ — 45,000# shuttle. With a pressure-
fed liquid booster, this shuttle is estimated to cost $5 billion to develop and $7.5 million per
flight.

BOOSTER OPTIONS

The question of a liquid as opposed to a solid booster is not yet completely settled.
There are some open technical questions concerning noise, interference effects, thrust-
vector-control requirements, and quality control requirements for manned flights. Also,
differences in operating costs have not yet been determined with accuracy. For these rea-
sons, we recommend that two booster options should be considered for the next two
months in conjunction with the recommended orbiter.

They are:
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[9] Option1 - Pressure-fed liquid booster
- Shuttle development cost $5 billion
—  Shuttle operating cost $7.5 million/flight
(There remain some uncertainties that might drive this as high as
$9 million/flight.)
Option 2 - Solid rocket motor booster

— Shuttle development cost $4.3 billion
- Shuttle operating cost $10-$13 million/flight

We would then select the appropriate booster on or about March 1, 1972, based on tech-
nical considerations, as well as the best balance between minimum development and min-
imum operating costs.

FUNDING CONTINGENCY

The cost figures mentioned so far represent NASA’s best estimate of the actual costs

expected during the course of the shuttle development. They are based on actual experi-
ence in NASA and DOD aircraft and space programs, and in addition contain a 15% fac-
tor for research and development changes. It is our intention to manage the program to
bring it in at those costs.
[10] Nevertheless, we believe that we should include a contingency against future cost
growths due to technical problems, in recognition of the very advanced nature of this
development. We believe a 20% contingency would be appropriate. Approval of a $5 bil-
lion program would thus constitute a commitment by NASA to make every effort to pro-
duce the desired system for under $5 billion, but in no case more than $6 billion.

DECISION TO PROCEED

The various shuttle studies have progressed to the point where a decision to proceed
with full shuttle development should now be made.

Further delays would not produce significant new results. The orbiter is fully defined.

Although a question of solid versus liquid boosters remains open, the range of variables
involved in the booster decision is not large, and a decision can be made at an early date.
No substantial cost savings can be realized by further studies. (All of the most recent cost
refinements for a given payload size have been less than the overall cost uncertainties
inherent in a large R&D undertaking.)
[11] On the other hand, additional delays would have many unsettling effects. In the aero-
space industry, the existing shuttle teams will soon be dissipated, unless fully funded by
the government. Last year’s strong Congressional support for the shuttle may be lost this
year if the Administration cannot present equally strong support. And within NASA, many
of the best people will be lost, with a resulting loss in overall morale.

In other words, there is a great deal to be gained, and nothing to be lost, by making
a decision to proceed now.

Elements of the Decision: The decision would entail the following elements:

1. A statement that shuttle development will proceed.

2. That the orbiter payload bay size should be 14 x 45’ — 45,000 pounds.

3. That NASA will commit to do the job for a development cost of $5 billion (plus a
maximum contingency of 1 billion) for the liquid booster option (less for the
solid booster option); and that NASA will select the proper booster on the
[12] basis of technical considerations as well as the best balance between mini-
mum development and operational costs.
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Required Actions: To implement this decision, the following actions are required:
1. By OMB: inclusion of $200 million R&D funds plus $28 million [Construction of
Facilities] funds, together with appropriate narrative, in the FY 1973 budget.
2. By NASA:
(a) Notification of contractor of intent to issue RFP in March, 1972.
(b) Selection of one of two booster options by March, 1972.
(c) Contractor selection in June or July, 1972.

I look forward to our meeting this afternoon, and will then be able to answer any ques-
tions you may have.

Sincerely,

James C. Fletcher
Administrator

[no page number] RESULTS OF STUDIES

CASE 1 2 2A 3 4

PAYLOAD BAY (FT.) 10 X 30 12 X 40 14 X 45 14 X 50 15 X 60

PAYLOAD WEIGHT (LBS.) 30,000 30,000 45,000 65,000 65,000

DEVELOPMENT COST 4.7 49 5.0 5.2 55
(BILLIONS)

OPERATING COST 6.6 7.0 7.5 7.6 7.7
($MILLION/FLT.)

PAYLOAD COSTS 220 223 167 115 118
($/POUND)

Document 11-12

Document title: Arnold R. Weber, Associate Director, Office of Management and Budget,
Memorandum for Peter Flanigan, “Space Shuttle Program,” June 10, 1971, with attached:
“NASA’s Internal Organization for the Space Shuttle Project” and “NASA’s Space Shuttle
Program.”

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

An issue of political interest to the White House during the debate over whether to approve Space
Shuttle development was the potential employment impact of the program. This was particularly the
case because, if approved, the program would begin during the 1972 presidential election year. Peter
Flanigan was President Nixon’s assistant with oversight responsibility for NASA.
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[no page number]  EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON, D.C. 20503

MEMORANDUM FOR PETER FLANIGAN
Subject: Space Shuttle Program

Attached are the two papers on the impact of the space shuttle on the aerospace
industry which you requested.

You should be aware that these employment estimates are preliminary. As the paper
indicates no decision on development has been made. The critical contractor selections
will not be made until the Administration has approved the project. NASA expects
approval in August, but it may be delayed until late 1971 when the 1973 Budget is decid-
ed. If the decision is delayed the employment impacts will also be delayed by approxi-
mately 6 months.

Arnold R. Weber
Associate Director

Attachments

*hkkhkkhkhkhkhkhkkx

[no page number] June 10, 1971

NASA’s Internal Organization for the Space Shuttle Project

NASA has decided that the responsibility for program manage-ment of the space shut-
tle (including systems engineering and coordination of field center activities) will be
assigned to the Manned Spacecraft Center (MSC), Houston, Texas. The major considera-
tion in this decision was the determination by NASA’s top management that a field center
should have this responsibility and that a large project management organization (like
that of the Apollo program) should not be established at NASA headquarters in
Washington. The NASA decision reflects a conclusion on the part of NASA management
that the responsibilities for integration and coordination of the shuttle program should
be directly carried out by a field center which has sufficient technical competence to run
the program.

Because of their technical capabilities and unique experience in the manned space
program, the only centers seriously considered for assignment of the shuttle management
responsibility were MSC, Houston, and Marshall Space Flight Center (MSFC), Huntsville,
Alabama. The decision to award the program management and coordination responsibil-
ity to MSC, Houston, was made on the basis that MSC had the most experience applica-
ble to the particular portion of the space shuttle program which is likely to be the most
difficult to accomplish, namely the orbiter. NASA also felt that with the assignment of
responsibility for the development of the shuttle engine and booster to MSFC, Huntsville,
together with continuing Skylab responsibilities at MSFC, that the workload balance
would be better if MSC received the overall program management assignment.

The employment impact of this decision is minimal because the responsibility will be ful-
filled by reassignments of personnel currently at MSC. Of course, this affects only the NASA
organization and management responsibilities. No decision had yet been made on which
contractors would be utilized for the shuttle, assuming the shuttle program is approved.
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NASA has two unmanned space flight centers in California. The Jet Propulsion Lab in
Pasadena and the Ames Research Center in the Bay area. These centers do not have the
capability to manage a manned space flight program of the magnitude of the space shuttle.

*hkkhkkhkhkhkhkhkkx

[1] NASA’s Space Shuttle Program

The space shuttle would be a reusable space transportation system, consisting of an
orbiter and a booster, which would carry NASA and DOD payloads to and from earth orbit
beginning in 1979. The shuttle would replace all but the very smallest and very largest
(Saturn V) expendable rockets. The investment costs (research and development, facili-
ties, and initial fleet) of the shuttle would be about $14 billion through FY 1979 when the
shuttle would, under NASA’s schedule, become operational.

Thus far, the Administration has not approved NASA’s plan for the fully reusable shut-
tle. The 1972 budget provides $100 million for initial development of the engine (the
longest lead-time item) and continuing design of the shuttle airframe. However, the initi-
ation of development of the airframe is contingent upon favorable assessment of techni-
cal and economic studies and a positive decision by the Administration that NASA can
proceed with fullscale development. NASA is now completing the various studies required
including an economic analysis.

1. Engines

NASA intends to announce a contractor selection on the engine near the end of June.
This is a firm date based on presently budgeted funds. There are three contractors cur-
rently competing for the engine contract:

a. Aerojet General . . . Sacramento, California

b. Rocketdyne (North American Rockwell) . .. Canoga Park, California
c. Pratt and Whitney . . . West Palm Beach, Florida

Anticipated Employment:

6/71 12/71 6/72 12/72
500 1500 2500 3500
2. Airframe

NASA’s current schedule calls for an Administration decision on the shuttle airframe
in August, followed by issuance of a Request for Proposals (RFP) in early September, and
contractor selection in December. However, in order to look at alternative phasing plans,
NASA is [2] seriously considering stretching out this schedule by several months. There
are currently two contractor teams competing for the major shuttle contract (airframe):

1. McDonnell Douglas . . . Los Angeles, California and St. Louis, Mo.
2. North American Rockwell . . . Los Angeles, California

If NASA received the go-ahead decision on the airframe in September, the following
contractor employment pattern would be likely:
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Anticipated Employment:

Decision Time 6/71 12/71 6/72 12/72
August 1971 500 1500 4000 7000
January 1971 500 500 1500 4000

Thus, although a peak of 70,000 jobs might ultimately result from the shuttle in the
mid-1970’s, the number of actual jobs by the end of CY 1972 would be relatively small.

3. Launch Site

A NASA evaluation group is reviewing alternative launch sites including Cape
Kennedy, Fla[.]; Edwards Air Force Base, Claifornia [sic]; White Sands, N.M.; and
Wendover Air Force Base, Utah. From a cost standpoint, Cape Kennedy has the advantage
(investment cost of $3-400 million vs. $800 million-$1 billion required elsewhere). A rec-
ommendation is expected in September.

There would be no employment impact at the launch site during 1972. Employment
would peak at about 6,000 in 1980.

Alternatives to NASA’s current plan which would decrease near-term costs and
employment include a phased development of the shuttle (orbiter first), a partially
reusable shuttle with expendable drop tanks, and improved fully expendable rockets. The
FY 1973 budget will be a key decision point for the shuttle alternatives.

Document 11-13

Document title: James C. Fletcher, Administrator, NASA, to Caspar W. Weinberger, Deputy
Director, Office of Management and Budget, January 4, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

On December 29, 1971, NASA provided the Office of Management and Budget (OMB) its recom-
mendation that a Space Shuttle with a smaller 14-foot-by-45-foot payload bay be developed. At a
January 3, 1972, meeting in the office of OMB Director George Shultz, NASA learned that the White
House, and perhaps President Richard Nixon himself, had decided to give NASA approval to devel-
op the “full-size” Shuttle that the space agency had been advocating prior to its December 29 recom-
mendation. There were a variety of programmatic reasons for this decision. In addition, there was a
desire among Nixon’s political advisors to begin a major aerospace project during the 1972 presiden-
tial election year. (Congress had canceled the Supersonic Transport program in 1971.) Such a project
would have important employment impacts in key electoral states, such as Texas, California, and
Washington.
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[1] NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

OFFICE OF THE ADMINISTRATOR January 4, 1972

Honorable Caspar W. Weinberger
Deputy Director

Office of Management and Budget
Washington, D. C. 20503

Dear Cap:

The purpose of this letter is to document the decision reached yesterday concerning
the space shuttle.

NASA will proceed with the development of the space shuttle. The shuttle orbiter will
have a 15x60-foot payload bay, and a 65,000-pound payload capability. It will be boosted
either by a pressure-fed liquid recoverable booster or by solid rocket motors. NASA will
make a decision between these two booster options before requests for proposals are
issued in the spring of 1972.

NASA and industry will also continue to study, for the next several weeks, a somewhat
smaller version of the orbiter, with a 14x45-foot, 45,000-pound payload capability, with the
pressure-fed liquid and solid rocket motor booster options. The main purpose of studying
this smaller shuttle is to determine whether or not significant savings in operational costs
can be realized, with solid rocket motors, at this smaller size. The decision between the
larger (15x60 — 65,000#) and smaller (14x45 - 45,000#) shuttle will also be reached by
NASA before requests for proposals are issued in the spring.

The basic decision to proceed with the shuttle development will be announced by the
White House. Following that announce-ment, NASA will inform the aerospace industry of
the details of the decision, as stated in this letter.

[2] Thank you for your support in bringing about the decision to go ahead with the
space shuttle.

Sincerely,

James C. Fletcher
Administrator

Document 11-14

Document title: James C. Fletcher, Administrator, NASA, to Caspar W. Weinberger, Deputy
Director, Office of Management and Budget, March 6, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington D.C.

With this letter, NASA informed the Office of Management and Budget (OMB) about its final choice
of a Space Shuttle configuration, as well as the reasoning behind that choice. The key was the desire
to hold down development costs, even if that meant higher per-flight costs for the Shuttle because of the
choice of solid-fueled rather than liquid-fueled boosters. The letter also reflected the continuing tension
between NASA and OMB with respect to the budget committed to the Shuttle program—an issue that
was to continue to constrain the program during its development.
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[1] NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

OFFICE OF THE ADMINISTRATOR MAR 6 1972

Honorable Caspar W. Weinberger
Deputy Director

Office of Management and Budget
Executive Office of the President
Washington, D.C. 20503

Dear Cap:

With regard to the space shuttle, we decided in George Shultz’ office on January 3
that we would develop a shuttle with a 15x60” — 65,000# payload capability. At that time |
urged that we look further at what kind of a booster to use—liquid or solid—and decide
that issue in the spring. In addition, | proposed at that time that we would continue to
look at a somewhat smaller size shuttle (14x45’ — 45,000# payload) for the sole purpose of
determining whether or not, if we choose the solid booster, substantial cost savings could
be obtained from the use of the smaller vehicle.

Our studies have now been completed, and we have reached the following conclusions:

1. The use of solid boosters in the parallel staged configuration represents the opti-
mum choice from combined technical and budgetary points of view.

2. Our prior decision to incorporate the larger payload capability is confirmed by our
subsequent analysis from an overall program point of view, notwithstanding our choice of
the solid rocket booster.

We plan to announce these conclusions shortly before or at a hearing before the
Manned Space Flight Subcommittee of the House Committee on Science and Astronautics,
scheduled for March 16, 1972. Issuance of the RFP will come as soon as [2] possible there-
after. As I told you earlier, the Committee has demanded a firm decision by the time of our
appearance regarding shuttle configuration and choice of booster. In order to assure time-
ly passage of the President’s shuttle program by the Congress, our legislative experts believe
it essential that the Committee’s firm deadline be met. Since we met last Friday, a schedul-
ing problem with our Senate Authorization Committee has also developed. This may
require an announcement of the decision on March 15, one day earlier.

The decision concerning liquid or solid boosters was a difficult one. It involves a
trade-off between future benefits (at the time the shuttle becomes operational) and earli-
er savings in the immediate years ahead: liquid boosters have lower potential operating
costs, while solid boosters have lower development costs. The decision concerns develop-
ment risk which is lower for the solids because the technical unknowns are less, and also
risks in operational costs which favor the solids because the economic exposure of failing
to recover a booster is much less.

Another approach in reaching this decision involved adding all costs together—devel-
opment, investment and operating. However, the conclusions here are heavily dependent
on the mission model, with the liquid booster favored if we assume a large number of
flights per year, and the solids if the number of flights per year is less.

Based on the results of our contractor studies and our inhouse estimates, and with our
great concern about holding down development costs in these years of tight fiscal con-
straint, our decision must be in favor of the solid booster. We feel quite confident of being
able to develop the solid-boosted shuttle for less than the $5.5 billion committed to you
last January and, hopefully, when we have developed the data more firmly we may be able
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to commit to a smaller overrun amount that the 20 percent mentioned in my January 23
letter. [underlined by hand]

[3] From the budgetary point of view, perhaps the most important consideration is that
we have selected the configuration which, for a given payload size and weight, entails the
lowest development cost. Thus there would seem to be no budgetary interest in further
delay.

Our reaffirmation of the payload size is based on the facts that the differences in
development and operational costs between the larger and smaller versions have been ver-
ified to be very small; that these savings would nowhere near compensate for the future
savings that would be lost because of the many important payloads which cannot be
accommodated in the smaller shuttle; and that the President’s expressed desire to make
the shuttle a useful vehicle for military space operations could not be fulfilled with the
smaller shuttle.

George Shultz’ letter of February 16 transmitted a number of detailed questions on
matters relating to the booster decision and payload size reaffirmation. We intend to pro-
vide answers to as many of these as possible before March 15 but, because of the short
timetable under which recent studies have been made, the bulk of the material needed
for proper response will not be finalized for submission to your office until March 13.
George Low has arranged to meet with Don Rice on March 7 to present and discuss the
material then available and to identify on a timely basis any matters of special concern.

We will present our plans, along with supporting data, to members of your staff, to
other members of the White House who have been involved with the shuttle, and to a staff
committee of outside experts which will convene after March 10 to review in depth our
conclusions and considerations which support them.

During our meeting of March 3, 1972, we also discussed another matter: that of an
expenditure ceiling of $3.2 billion of outlays during the time of shuttle development stat-
ed as a “previous understanding” in George Shultz’ letter of [4] February 16. | told you
that this had not been my understanding; instead | had planned on our new obligational
authority to remain essentially constant at the FY 1973 level—$3,379 billion—over the
next several years. You and | did not settle this matter, but you agreed that the issue is sep-
arate from the shuttle decision and should be considered later in the context of the FY
1974 budget, and not now.

In summary:

1. We plan to develop a shuttle making use of solid boosters in the parallel-staged
configuration. From the budgetary point of view, this is the lowest development cost
option.

2. Our analysis has reaffirmed the previous conclusion reached in January that the
shuttle should have a 15x60, 65,000# payload capability.

3. We need to iron out our differences concerning NASA’s constant budget—whether
this is based on FY 1973 outlays or [new obligational authority]. However, you have agreed
that this is not an issue involved in this immediate decision—it will be discussed in terms
of the FY 1974 budget preparations at a later date.

We look forward to working with you in the future as we have in the past toward the
success of this most important program.

Sincerely,

James C. Fletcher
Administrator
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Document 11-15

Document title: James C. Fletcher, Administrator, NASA, to Senator Walter F. Mondale,
April 25, 1972,

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Democratic Senator Walter Mondale of Minnesota was a skeptic with respect to the wisdom of devel-
oping the Space Shuttle from the time the program was first proposed in 1970. In this letter to
Mondale, NASA Administrator Fletcher provides a top-level overview of the expectations for the
Shuttle program shortly after it was approved by President Nixon, as well as a final configuration
selected. The March 15 Appendix to the Space Shuttle Fact Sheet to which Fletcher refers as an enclo-
sure does not appear here.

[1] NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D.C. 20546

April 25, 1972
OFFICE OF THE ADMINISTRATOR
Honorable Walter F. Mondale
United States Senate
Washington, D.C. 20510
Dear Senator Mondale:

This is in further response to your letter of February 23, 1972, on the space shuttle.
The answers to your 22 questions are numbered as in your letter; to save space | have given
a brief indication of the subject of each question in lieu of repeating the question in its
entirety. All cost estimates are stated in current dollars.

1. Projected Costs of the Space Shuttle

The estimated costs of the space shuttle program are as given below. These estimates
correspond to those in the Appendix to the Space Shuttle Fact Sheet, as revised
March 15, 1972 (copy enclosed).

a. Development and initial investment costs:

(1) Development cost, based on the use of the recoverable parallel-burn solid
rocket motor booster configuration now selected, and with prudent provision
for potential cost increases as development proceeds . . . $5.15 billion

(2) Facilities costs for development and initial operations, including launch and
landing facilities to be provided at the Kennedy Space Center . . . $.3 billion

[2] (3) Investment for initial operating inventory. This is subject to future decisions
based on requirements in the late 1970’s and early 1980’s. On the reasonable
assumption that 3 production and 2 refurbished orbiters will be needed, we
have allowed in our projections a total of . . . $1.0 billion

Total development and initial investment $6.45 billion

b. The later additional investment costs required at and after the end of this decade
to fly a reasonable mission model all through the 1980°s are estimated at $1.6 bil-
lion. This amount includes the $500 million estimated to be required for the sec-
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ond operational launch and landing site, to be located at Vandenberg AFB,
California, and provision for the development and investment costs of the reusable
space tug required for more economical operations at synchronous orbit.

c. Shuttle operating costs are estimated at $10.5 million per flight. These are not
costs of the space shuttle program but will be part of the cost of the space missions
to be flown, just as the cost of the Titan 111 C launch vehicles which will be used
in the Viking program is considered a part of the cost of the Viking program. For
each mission, the shuttle operating costs will replace the costs of the expendable
launch vehicles that would otherwise be used.

d. All of the costs of the space shuttle program, plus all of the development and
operating costs of a balanced total space program using the space shuttle, can be
accommodated within a total space budget (NASA, DOD, and other users) which
does not exceed the current total annual level (in current dollars). Approval of
the space shuttle program does not represent a “built-in” commitment to higher
space budgets in future years.

Future Budget Requests for Space Shuttle

The annual budget requests for the space shuttle for the next six years will rise from
the $228 million in the FY 1973 budget to a peak of about $1.2 billion in [3] FY 1976
and FY 1977 and then decline. As | have testified to the responsible Congressional
Committees in their review of NASA’s FY 1973 budget, all expenses of the space shut-
tle program and the other elements of a balanced total NASA program can be accom-
modated within a total annual NASA budget at the $3.4 bullion level recommended
by the President for FY 1973 (in current dollars). Again, approval of the space shuttle
does not represent a “built-in” commitment to higher NASA budgets in future years.

Costs of “Old” Shuttle and Letter to N.Y. Times

As | have testified on a number of occasions, our studies during the past year showed that
the development envisaged a year ago (fully reusable with fly-back booster) would have
been about $10 billion, almost twice the $5.15 billion cost of the configuration we are
now proceeding with. However, the figures of “$10 to $14 billion” mentioned in my let-
ter to the New York Times of January 28, 1972, were not NASA’s figures but were figures
which had been used erroneously in an article in the Times. The purpose of my letter
was to correct the misunderstanding evidenced by the use of these figures by the Times.

Space Shuttle Booster

The decisions on the shuttle booster configurations which were noted as open in the
statement issued January 5, 1972, have now been made and were announced on
March 15, 1972. A parallel burn configuration using two solid rocket motors designed
for water recovery, refurbishment, and subsequent reuse has been selected. In our
cost estimating we have assumed 20 reuses.

Cost of Shuttle Flights

The major elements of the cost-per-shuttle flight are the refurbishment of the orbiter
after each flight, the replacement of the orbiter’s hydrogen-oxygen tank that is
expended on each flight, and the recovery and refurbishment of the solid rocket
booster. The $10.5 million cost-per-shuttle flight is based on a careful assessment of
NASA and contractor studies of each of the principle elements of cost. Since some of
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these [4] elements are related to the industry competition for the shuttle develop-
ment contract now underway, we are following the policy of not making the details of
our estimates public at this time.

Lower Payload Capabilities

NASA and industry have made exhaustive studies of the effects of lowering the payload
capability of the space shuttle. The results established that savings in development cost
were relatively small and that the reduction in payload capability would result in a sub-
stantial net increase in the cost of the overall space program through 1990.

Requirement for 65.000 Pound Payload Capability

The requirement for a 65,000 pound payload capability for the shuttle results from
consideration of (1) the maximum single mission weight requirements that can rea-
sonably be expected in the 1980’s and beyond, and (2) the shuttle performance
required to place lighter payloads in higher altitude and higher inclination orbits.

Shuttle capability equivalent to 65,000 pounds launched due east in a 100 nautical
mile orbit will be required for a number of other missions. Examples are earth
resources types of satellites expected to be in use in the early 1980’s. These satellites
are expected to weigh about 6,000 pounds, but because of the high inclination and
high altitude of the orbits required, and the weight of the propulsion stage required
to reach these orbits, the shuttle capabilities required correspond approximately to
the 65,000 pound, 100 nautical mile due east capability that has been specified for the
space shuttle.

Cost per Pound in Orbit

Cost per pound in orbit when fully loaded is simply an index of the efficiency of a
launch vehicle. [5] This amount is computed by dividing the average cost per launch
into the total weight the launch vehicle can place in a standard reference 100 nautical
mile due east orbit. This index is one of many indicators which show the relative effi-
ciency of the space shuttle compared to current expendable launch vehicles. The index
of $160 per pound for the space shuttle compares to an updated estimate of $900 per
pound for the Titan 11l C, the most efficient current launch vehicle by this standard.

The shuttle does not have to be fully loaded to achieve economies, any more than a
230 horsepower car has to be operated at full power to be efficient, or a 150-passenger
airplane has to be fully loaded to show a profit. With the loadings required to carry
out the specific mission models studied, it was found that savings averaging one bil-
lion per year would result from use of the shuttle.

Savings in Space Transportation Expenses

The savings the shuttle will make possible are not related only to the cost of launch
vehicle procurement but to total transportation expense in the broadest sense of all
the costs necessary to accomplish useful missions in space. For the mission model dis-
cussed in the enclosed Fact Sheet Appendix, savings through the use of the shuttle
over the 12-year period 1979-1990 are estimated at $5.1 billion in launch and launch-
related costs and another $8.3 billion in payload development and procurement costs,
for a total savings over the period of $13.4 billion and an average savings of over
$1 billion per year.
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10. Space Station

11.

12.

NASA’s space station studies have been completed and there are no present plans for
development, production, or specific missions. The mission model study referred to
above assumes that a 6-man space station might be operational in the mid-1980’s. The
non-recurring costs of development and investment for a space station of this type has
been estimated at about $3 billion. An amount of this magnitude is compatible with
my earlier statement [6] that all costs of the space shuttle program and the other ele-
ments of a balanced total space program can be accommodated in an overall space
budget at about the present annual levels. The decision to proceed with the space
shuttle does not commit the Nation to proceed with a space station.

Mathematica Study

The Mathematica, Inc. study concludes that the space shuttle can be justified on eco-
nomic grounds for a wide range of possible mission models. Mathematica studied in
detail a range of discrete mission models calling for from 681 to 403 shuttle flights
over a 12-year period (1979-1990). When these results were extended to even lower
numbers of flights, Mathematica found that even with a 10% discount rate the break-
even point occurred at 360 flights over the 12-year period. Thus the shuttle would rep-
resent a good investment even if the total number of flights did not exceed an average
of 30 per year, or even less if a period longer than 12 years had been assumed for the
useful life of the shuttle. (It should be noted that both Atlas and Thor boosters have
been in use for over 13 years.) The Mathematica conclusions do not depend on the
weight of the payloads associated with the program. A copy of the final Mathematica,
Inc. report and related reports by Aerospace Corporation and Lockheed were sent to
you some time ago.

Assessment of Mathematica Study

The Mathematica, Inc. study has been subjected to review by NASA management and
within the Office of Management and Budget, and has been presented by Dr. Oskar
Morgenstern of Mathematica to a number of other professional economists and to
the Senate Committee on Aeronautical and Space Sciences. | am not aware of any
professionally competent adverse criticisms of either the methodology or the findings.
On the other hand, many of us, including myself, believe that the constraints placed
by Dr. Morgenstern and his people on the scope of the study, whereby they excluded
the benefits of any missions which would be beyond today’s state-of-the-art, or which
would not be possible of performance using expendable vehicles, represented an
extremely conservative approach which has resulted in an understatement of the real
advantages that will result from the introduction of the space shuttle.

[7] 13. Military Use of the Shuttle

The space shuttle can be used for both civil and military missions; in both cases the
number and nature of the missions to be flown are matters for future decision. In the
mission model referred to in the enclosed Fast Sheet Appendix, military missions rep-
resent substantially less than one-half of the total.

14 and 15. Cost per Pound of Payloads

The cost per pound of scientific and technical payloads is not particularly useful as a
general measure. First, it can vary greatly depending on the design and use of the



260

DEVELOPING THE SPACE SHUTTLE

payloads. Second, it cannot be directly related to launch vehicle capabilities because
the weights to be place[d] in orbit must also include the propulsion stages, fuel, and
the other equipment required for placing and deploying the scientific and technical
payloads in the proper orbits. Third, the unit cost of a given payload type varies sub-
stantially because the initial development cost is generally high compared to the cost
of producing additional payloads of the same type. Finally, the utility of the shuttle
does not depend on its being fully loaded.

For these reasons the cost per pound of payload cannot be used to estimate the cost
of a space program that would be required to utilize the space shuttle and our cost
studies have been based on the total estimated costs of specific missions in a variety of
specific mission models.

To validate the general studies which indicated that the shuttle will make possible sub-
stantial savings in payload development and production costs, the Lockheed
Company made an engineering analysis in depth of the Orbiting Astronomical
Observatory (OAOQ) satellites. This showed that the relaxation of the size and weight
constraints imposed by expendable launch vehicles would permit a reduction in
development cost from the actual cost of $168 million to about $85 million, and in
the unit production cost from $33 million to about $18 million. In this redesign the
“dry weight” of the satellite was increased from 4,800 pounds to about 7,700 pounds.
Thus, it can be calculated that in the case of OAQO the payload cost per pound when
designed for the shuttle wold be less than one-third of what it was for the expendable
launch vehicle.

[8] 16. Impact of Defense Requirements on Shuttle Costs

17.

18.

The basic design and performance characteristics of the space shuttle system are
essentially the same for both civil and military requirements. For example, the “cross
range” requirement, which permits the shuttle to land after one orbit at the same site
from which it was launched, is required by NASA and all users for safety reasons to
make it possible to abort a flight during the first orbit. No part of the development
cost of the basic space shuttle configuration is attributable solely to requirements of
the Department of Defense.

Estimated Launch Costs for 400 Missions

As indicated in the enclosed Fact Sheet Appendix, the total launch and launch relat-
ed costs for a 580 mission, 12-year mission module would be about $13.2 billion with
conventional launch vehicles and about $8.1 with the shuttle. For comparison, a sim-
ilar model with about 400 flights, also over a 12-year period, the corresponding costs
would be about $8.4 billion without the space shuttle and $6.0 billion with the space
shuttle. Of course, there is no reason to assume that space flights will stop after
12 years or after any particular number of flights. Regardless of the number of flights,
savings will continue to be generated as long as the shuttle is used.

Use of Titan Il C

In studying the comprehensive costs of future space programs with and without the
space shuttle, the Aerospace Corporation and Mathematica, Inc. worked out the low-
est possible cost program using expendable launch vehicles to compare with the cost
of a program accomplishing the same missions with the space shuttle. As indicated
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above in the answer to question 11, the results were that savings of over a billion dol-
lars a year could be expected from the use of the space shuttle with a realistic mission
model, and that the shuttle would still be a good investment at a 10% discount rate
with as few as 30 shuttle flights per year. The expendable launch vehicle program used
in these studies made optimum use of the capabilities of the Titan Il C as a “work-
horse” for NASA missions for which it would be appropriate.

Technological Unknowns

As stated above, the $5.15 billion estimate for development of the space shuttle
includes prudent provisions for unforeseen requirements requiring special attention
in research and development.

[9] 20. In-orbit Repair of Satellites

21.

22.

Repair and maintenance of satellites in orbit is technically and practically feasible
when the satellites have been designed with this in mind.

Retrieval of Satellites

While it is conceivable that in some cases the cost advantage of retrieval from orbit
and reuse of satellites might be offset by technological obsolescence, the trade-off
studies of this point by the Aerospace Corporation have clearly shown advantages of
satellite recovery and refurbishment as an operating mode in most cases. Actual deci-
sions on retrieval of particular satellites can be made on the basis of specific technical
and economic analyses on a case-by-case basis.

Space Tug

The space tug is an essential future element of the total space transportation system
of which the space shuttle is the cornerstone. It will be a reusable vehicle to place and,
if desired, retrieve satellites requiring synchronous or other high orbits. However,
until the tug is available, the shuttle can place satellites into these orbits by using
expendable energy stages like the present Agena or Centaur. The space tug is cur-
rently in the study phase. The mission model referred to in the enclosed Fact Sheet
Appendix assumes that the tug will become available in 1985. Development and
investment costs for the space tug are estimated at about $800 million. This amount
is included as a later investment cost in the economic analyses in the Fact Sheet
Appendix and in the answer to Question 1 above.

I trust that the foregoing answers are responsive to your questions.

Sincerely,

James C. Fletcher
Administrator

Enclosure
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Document 11-16

Document title: James C. Fletcher, Administrator, George M. Low, Deputy Administrator,
and Richard McCurdy, Associate Administrator for Organization and Management,
NASA, Memorandum for the Record, “Selection of Contractor for Space Shuttle
Program,” September 18, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Once it received White House and congressional approval to initiate Space Shuttle development,
NASA moved quickly to select the prime contractor for the program. This document, signed by the
NASA officials responsible for that selection, was initially prepared to explain the reasoning behind
the choice to the General Accounting Office and the losing industrial bidders. When NASA discovered
that the Wall Street Journal was about to run a story based on a leaked copy of the document, it
released the paper to the press on October 4, 1972.

[1] Selection of Contractor for
Space Shuttle Program

On July 19, 20, and 21, 1972, Dr. Low and I, along with other senior officials from
Headquarters, Manned Spacecraft Center, Marshall Space Flight Center, Kennedy Space
Center, and the U.S. Air Force, met with the Source Evaluation Board appointed to eval-
uate proposals for the design, development, and production of the Space Shuttle orbiter
vehicle and for integration of all elements and support of the Space Shuttle system. Mr.
McCurdy returned to NASA Headquarters on July 22, and received a full briefing from the
Board on July 22 and 23.

The Space Shuttle program will provide the United States a new space transportation
capability that will reduce substantially the cost of space operations and support a wide
range of scientific, defense, and commercial uses. The Space Shuttle system will consist of a
reusable orbiter vehicle capable of entry maneuvering and aerodynamic flight, reusable
solid rocket motors (SRM’s) which will burn during launch in parallel with the orbiter main
engines, and an expendable main propellant external tank. The Government will procure
the SRM’s, main engines, air breathing engines, and tanks separately and furnish them to
the contractor selected in this competition. Following a competitive solicitation, NASA ear-
lier this year awarded a contract to the Rocketdyne Division of North American Rockwell
Corporation for design, development, and production of the Shuttle main engines.

The Space Shuttle orbiter vehicle program as presently planned will consist of four
increments. The first is for initial design. The second is for completion of design, devel-
opment, test, and evaluation (DDT&E) including the delivery of two orbiter vehicles. The
third increment is for production of three orbiters and the upgrading and retrofit of the
two orbiters previously used for DDT&E.

[2] Increment four is the operational phase of the shuttle system. The proposed contract
will be for the initial design work compromising increment one, including preliminary
design review, covering a performance period of approximately two years. The proposed
contract will also contain an option provision which will provide to the Government the
right to require the contractor to perform through the completion of DDT&E, which will
constitute increment two of the contract. The contractor selected, upon completion of
increments one and two, will be expected to perform increments three and four.
Horizontal flight testing is expected to begin in 1976 and manned orbital flights in 1978.
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The Shuttle is to be operational by 1980. The contract will be awarded on a cost-plus-fixed-
fee basis with an award fee feature.

For several years preceding this procurement, NASA has conducted extensive studies
of the feasibility of a Space Shuttle system and the needs it would serve; the configuration
to be adopted; and the technology of components and materials to be used. All the com-
panies proposing for this procurement participated in such studies under NASA con-
tracts. The results of the studies were published and made available to all proposers.

The Source Evaluation Board solicited 8 firms for this procurement. Twenty-nine oth-
ers requested and received copies of the request for proposals. The following 4 companies
submitted proposals:

Grumman Aerospace Corporation

Lockheed Missiles and Space Company, Inc., Space Systems Division
McDonnell Douglas Corporation

North American Rockwell Corporation, Space Division

Prior to the issuance of the RFP, the Board established mission suitability evaluation
criteria consisting of technical criteria in the areas of manufacturing, test, and [3] flight
test support; system engineering and integration; and subsystem engineering; criteria in
the areas of organization, key personnel, and related experience; management approach-
es and techniques; and procurement approaches and techniques. The Board assigned
weights to these criteria and established a scoring system. A statement of the criteria and
a general indication of their relative importance were included in the RFP.

To assist it in the evaluation, the Board established technical, maintainability and
ground operations, management, and cost teams. Each team was supported by panels and
expert advisors. In all, 416 people representing seven NASA centers, NASA Headquarters,
and the Air Force participated in the evaluation.

With the assistance of the teams and panels, the Board conducted an initial evalua-
tion of the proposals prior to any written or oral discussion, and rated the proposals in the
following order of suitability to meet the Government’s requirement:

North American Rockwell
Grumman

McDonnell Douglas
Lockheed

N

The Board determined that all four proposals were within the competitive range. It
sent written questions to the competing firms and invited them to participate in oral dis-
cussions at the Manned Spacecraft Center concerning their proposals. Following the dis-
cussions, the Board received further responses and final revisions to the proposals. The
Board conducted its final evaluation and ranked the proposals in the following order of
suitability to meet the Government’s requirement:

North American Rockwell
Grumman

McDonnell Douglas
Lockheed

N

[4] North American received the highest score in mission suitability and an overall rating
in the good to very good range. The North American design provided the lightest dry
weight of any of the designs submitted. For guidance, navigation, and control, North
American used a triple-redundant single-string approach which the Board considered to



264 DEVELOPING THE SPACE SHUTTLE

be very good as a simple design with minimum interfaces. Its good understanding of all
electrical power subsystems reflected the very thorough studies that North American
made following the Apollo 13 accident, which had its origin in an electrical subsystem.
However, the Board considered North American’s choice of a male-female concept for
docking to be less advantageous than the androgynous method proposed by the other
companies.

North American presented an excellent analysis of maintainability from the stand-
point of design criteria and goals to achieve optimum turnaround conditions and timing
between flights. It designed its orbiter vehicle with very good overall accessibility for main-
tenance. North American’s requirement for a trolley to support the orbiter on the ground
was regarded as a weakness, since the trolley complicates the ground systems and causes
operational constraints.

North American’s greatest advantages over the other offerors, within the mission suit-
ability area, were in management. Its proposal showed efficient centralized control of the
program, with a readily identifiable chief engineer and deputy. While all the offerors had
well qualified key personnel, the Board reported that North American’s top project man-
agement team was the best overall, the individuals having very good experience and
demonstrated competence relevant to their assigned positions. As a company, North
American has strong experience in manned space flight, including especially the Apollo
command and service modules and the Saturn 1l second stage vehicle. A minor weakness
is the company’s lack of recent experience with large operational airframes.

Grumman received the second highest score, very close behind that of North
American, with an overall rating in the good to very good range. Grumman’s greatest
strengths were of [5] a technical nature. In general, Grumman’s design went to a greater
depth of detail than those of the other companies. Its detailed weight estimates were sub-
stantiated by the design details. It was rated very good in its design of primary structure
based on simple, straightforward, and reliable load paths, showing a thorough under-
standing of potential problems and positive solutions. On the other hand, it presented
complex designs for the guidance, navigation, and control system, and for data processing.

Grumman did a very good job in proposing design features to enhance maintainabil-
ity. The provisions it made for access throughout the vehicle were outstanding. The design
approach to the external tank also was strong; the tank does not require pressure stabi-
lization on the ground and can support the orbiter. The Board was concerned about
Grumman’s proposal to place the liquid oxygen and liquid hydrogen fill and drain cou-
plings in the same umbilical plate.

In the management area, Grumman presented a strong organization with well-
integrated assistance from its principal subcontractor, Martin-Marietta Corporation. The
Board reported that the team of key personnel was strong, but had limited experience in
large cryogenic systems. As a company, Grumman has good experience in manned space
flight, particularly the lunar module, and management of large programs involving space-
craft and aircraft. The Board reported that Grumman’s proposal showed evidence of
indepth comprehensive planning of its overall management approach; but concluded
that the program plan presented lacked balance. Grumman proposes to incorporate
detailed specifications and plans as baselines in the contract early in the program and to
build up its work force rapidly to an early manpower peak. This poses the risk of prema-
ture hardening of the specifications and premature commitment of resource[s] during
the course of the program.

McDonnell Douglas received the third highest score, with an overall rating of good.
It ranked third in most of the areas of the evaluation. Distinctive design features of the
McDonnell configuration included an underslung internal [6] air-breathing engine sys-
tem . .. package, which retains a full payload bay capability with the [air-breathing engine
system] installed; and the largest fuselage volume. McDonnell proposed a very good reac-
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tion control subsystem, with a plug nozzle to minimize re-entry heating effect. Its radiator
design for the payload by doors was the best presented. However, McDonnell’s external
tank design with a common bulkhead between the liquid oxygen and liquid hydrogen
tanks had undesirable operational and manufacturing characteristics and would require
insulation inside the hydrogen tank. McDonnell proposed horizontal flight testing at
Edwards Air Force Base, California, with an early shift to Kennedy Space Center, which
would require both sites to be equipped with full data handling capability.

In maintainability, the Board stated that the McDonnell proposal did not reflect ade-
quate application of the company’s experience in the design of the DC-10 for maintain-
ability. Furthermore, the ground operations portion of the proposal did not reflect
adequately the recent launch vehicle experience of McDonnell Douglas in the Apollo pro-
gram. McDonnell planned to vent its liquid hydrogen tank to the atmosphere during
ground operations, creating a risk of fire or explosion. On the positive side, it provided a
good recovery technique for the expended solid rocket motors.

McDonnell’s organization of the eastern and western segments of the company was
relatively complex. It proposed to carry out engineering functions at both locations
according to the category of work involved, thereby complicating the assignment of one
overall engineering responsibility. McDonnell presented a strong management team;
however, some of the managers were proposed in project assignments differing from the
areas of their main experience. As a corporation, McDonnell was considered to have supe-
rior related experience, including manned space programs, a wide range of major
Government projects, and experience with large commercial airframes. Its principal sub-
contractor, TRW, also had good experience in its assigned avionics area. The McDonnell
management approach was not specific in many areas and failed [7] to show integration
of computerized systems. Furthermore, different management systems in St. Louis and
California caused a loss of visibility and a likelihood of serial information flow from one
to the other.

Lockheed received the lowest score with an overall rating of fair. It designed a con-
figuration that was distinctive in adopting thrust vector control for the solid rocket boost-
ers for better ascent control, and in extending the solid rocket nozzles well aft of the
orbiter and external tank, so as to reduce nozzle cant angle, reduce thermal effects, and
reduce acoustic levels. Its design was the heaviest proposed. In general, the reason for the
relatively low Lockheed evaluation was its lack of consistent technical depth. Lockheed’s
proposal for aborting a mission leaves a 65 second gap during which there is no provision
for abort. Its proposed vehicle required a landing speed slightly higher than that specified
in the RFP. Lockheed introduced unnecessary complexity through the use of a wide vari-
ety of structural materials and advanced processes, and through the use of complex sub-
systems for mechanical power, environmental control, and avionics. Lockheed did a good
job in communications and tracking, and planned to phase in its automatic landing sys-
tem early in the program. It also produces a silica material which is considered to be very
good for the thermal protection system.

Lockheed enhanced the maintainability of its reaction control and orbit maneuvering
systems by proposing modular systems, but obstructed accessibility by burying the OMS
module in the main engine compartment. The vented honeycomb structure of
Lockheed’s vehicle was susceptible to moisture; the proposal did not discuss interstruc-
tural purging of it. Lockheed presented strengths in proposing two tail service masts to fill
and drain liquid oxygen and liquid hydrogen separately, and in providing a liquid hydro-
gen vent through the tail service mast.

Lockheed proposed to subcontract all the major components of the orbiter. Under
this arrangement, the major subcontractors would do the greater share of their own
design [8] work, with Lockheed doing the overall design and systems integration. The
Board expressed concern that this plan would generate complex organization interfaces,
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which Lockheed did not sufficiently address in its proposal. Within its own organization,
Lockheed placed the system engineering and orbiter vehicle engineering groups in sepa-
rate organizations, both reporting to the program manager. The key personnel proposed
for this job were rated as good, but lacking the overall strength and balance of the teams
proposed by their competitors. In general, the experience of the key personnel group is
in missile development and space design studies. The individuals lacked experience in
manned space flight; and relatively few of them reflect the broad aircraft experience of
the Lockheed organization. As a company, Lockheed similarly has relatively little manned
space flight experience, although it has wide experience in major Government programs,
commercial airframes, and space payloads.

All the proposals contained estimates of the costs to be incurred under the proposed
contract, as well as broader estimates of the cost to be incurred by the Government in car-
rying out the development program; estimates of production costs; and estimates of oper-
ational costs per flight. The Board conducted detailed analyses of the cost proposals and
of the supporting information furnished by the offerors to gain insight into the probable
cost of the program and into probable cost differences among the offerors. The costs as
estimated in the proposals differed widely, with North American the lowest, followed
closely by Lockheed, and with Grumman and McDonnell substantially higher.

The Board studied the cost implication of the designs proposed and concluded that
the design differences among the companies would not account for significant differences
in cost. The exception to this was Lockheed, whose design was heavier and more complex
than those of the other companies, so that its vehicle should cost more to build and oper-
ate. There were differences in salary and indirect rates among the companies, causing dif-
ferences [9] in the cost of a man-year’s work from one company to another; but such
differences were not large.

The wide differences in the cost estimates were due essentially to widely differing esti-
mates of the number of man-years required for the job. In turn, the widely varying man-
power estimates reflected different treatments of unknowns and contingencies for
program growth.

The Board made adjustments to the proposed costs of all the companies, reflecting its
view of the cost of correcting identified weaknesses, and its view of proposers’ estimates
thought to be in error for various portions of the work. However, these adjustments were
relatively small; the Board did not attempt to normalize the remaining large differentials
in manpower that the competitors had proposed. That is, the Board did not estimate the
different number of man-years required for the different companies to do the job because
the actual work will depend, to a considerable extent, on the management approaches
applied by each company.

The Board looked at management approaches and planning for the program to
gauge the effect of such approaches on the confidence that could be placed in the cost
estimates. This evaluation favored North American. The management techniques pro-
posed [by] North American should provide earlier identification of cost problems. Its
program planning lent conference to its ability to control costs, by planting a constrained
buildup of resources in the beginning of the program, so as to avoid the commitment of
large resources of manpower and other resources to the job during the early period when
problems were emerging and changes being made.

Grumman, and to a lesser extent McDonnell, proposed to build up their forces con-
siderably more rapidly at the beginning of the program than previous NASA experience
with large programs would indicate to be desirable. This approach increases the likeli-
hood of significant cost growth resulting from development problems, which typically
occur in early program phases. Also, Grumman’s approach did not appear to be support-
ed by the milestones it designated for program performance.
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[10] The Lockheed approach inspired less confidence than the others in its cost for a
number of reasons. Its design was more complex than the others, giving rise to a proba-
ble cost differential. Furthermore, its estimating techniques, its management plans, and
its technical approaches all were set forth in its proposal with a lack of depth which con-
tributed to an impression that many unforeseen problems might arise to jeopardize the
company’s control over its costs.

In answer to our questions, the Board said it was not able to assign dollar values to its
judgments of cost risk inherent in the program approaches of the competitors; but unan-
imously concluded that the North American proposal would result in the lowest final cost
to the Government. It believed that Grumman would probably be the second lowest in
cost, but that its rapid manpower buildup and its general emphasis on schedule over cost
involved greater risk of cost growth than North American’s slower buildup and more cost-
centered emphasis. McDonnell was believed to be the next in line, with higher cost result-
ing from its higher rate of cost per man-year and resulting from the risk of cost growth in
its program plan for a rapid buildup of its forces, though not so rapid as that of Grumman.
Lockheed was evaluated as having the highest probable cost because of its design and
because the uneven quality of its proposal impaired confidence in its ability to avoid cost-
ly problems during performance.

On July 24, we met separately with the chief executive officers of the four competitors,

together with their Shuttle program managers and other senior corporate representatives.
We scheduled these meeting[s] because of the unusual importance of this procurement,
in order to meet with the top management of each competing corporation and ascertain
its views on management of the Space Shuttle program and the extent of top level corpo-
rate interest in the program. These meetings were held in addition to our established
source selection procedures, and were held with the agreement of all four competing
companies.
[11] On July 25, we met with a small group of key NASA personnel who had heard the
presentation of the Source Evaluation Board and who carry responsibilities related to the
procurement. Their views on the presentation and findings were solicited and given. They
then withdrew.

Dr. Low, Mr. McCurdy, and | met again on July 26 and care-fully considered the pre-
sentation and the comments of the key personnel involved. It was apparent to us that the
competition had been keen and that the four companies involved were worthy competi-
tors offering impressive experience and capabilities for this major program. We noted at
the outset that McDonnell and Lockheed ranked significantly lower than the other two
companies in most areas of the Board’s technical and management evaluation. Since
these companies offered no probabl[e] cost savings in relation to the higher-ranked firms,
our deliberations tended to focus on North American and Grumman.

The mission suitability competition between these two companies was close, as reflect-
ed by a narrow differential in their point scores. Each company had its own areas of
strength in which it was superior to the other. On the basis of our careful review of the
Board report and its presentation, and the comments of the key personnel involved, we
concluded that the overall advantage did indeed lie with North American as indicated by
the final mission suitability scores.

In our view, the cost considerations led to the same result. North American’s cost pro-
posal was substantially below that of Grumman, based largely on a smaller number of man-
years. We kept in mind that estimates for cost reimbursement contracts do not carry as
much assurance as fixed price proposals. But, the lower North American proposal, which
was considered reasonable, will enable the Government to negotiate a lower dollar fee. It
also enhances the possibility that NASA and the contractor will give earlier and closer
attention to cost-generating problems and changes as they arise. More fundamentally, we
were impressed with [12] the orderly approach to the work planned by North American,
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with its special attention to cost control. This latter is indicated by its relatively restrained
buildup of forces during the early period of the program when problems can be expect-
ed to be encountered and changes made.

Because North American Rockwell attained the highest score from a mission suitabil-
ity standpoint, because its cost proposal was lowest and credible, and because its approach-
es to program performance gave high confidence to us, to the Board, and to the Manned
Space Flight Center Directors, that it will indeed produce the Shuttle at the lowest cost,
we selected North American Rockwell Corporation, Space Division, for the award.

[signature] 9/18/72
James C. Fletcher Date
Administrator

CONCUR:

[signature] 9-15-72
George M. Low Date

Deputy Administrator

[signature] Sept. 14, 1972
Richard C. McCurdy Date

Associate Administrator for
Organization and Management

Document 11-17

Document title: The Comptroller General of the United States, Decision in the Matter of
Protest by Lockheed Propulsion Company, File B-173677, June 24, 1974, pp. 1, 18-23.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In contrast to the 1972 selection of North American Rockwell as the prime contractor for the Space
Shuttle orbiter, which went relatively smoothly, the selection of Thiokol as the provider of Shuttle Solid
Rocket Motors (SRM) was more controversial. After NASA announced that it had selected Thiokol as
the SRM contractor in December 1973, Lockheed Propulsion filed a formal protest with the U.S. gov-
ernment. One of the responsibilities of the Comptroller General, who is appointed for a 15-year term
as head of the Congressional General Accounting Office (GAO) to ensure his independence, is to rule
on such protests. Although Comptroller General Elmer B. Staats recommended in this decision that
NASA should reconsider its selection of Thiokol, the space agency did not accept this nonbinding rec-
ommendation. The following are two excerpts from the decision.
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[1] DECISION THE COMPTROLLER GENERAL
OF THE UNITED STATES
Washington, D.C. 20549

FILE: B-173677 DATE: June 24, 1974

MATTER OF: Lockheed Propulsion Company
Thiokol Corporation

DIGEST: 1. On basis of GAO review of NASA evaluation of cost-plus-award-fee proposals
for Solid Rocket Motor Project of Space Shuttle Program covering 15-year
period in estimated price range of $800 million, it is recommended that NASA
determine whether, in view of substantial net decrease in probable cost
between two lowest proposers, selection decision should be reconsidered. . . .

[18] Chronology of Procurement and Selection

The RFP was issued on July 16, 1973, to four prospective sources—Thiokol, Lockheed,
UTC, and Aerojet. Technical and cost proposals were [19] submitted on August 27 and
30, 1973, respectively, by the four firms. From the latter date until October 20, 1973, the
SEB [Source Evaluation Board], according to the Source Evaluation Plan, evaluated and
scored the proposals and established preliminary rankings for the offerors. During the
period from September 24 through October 10, 1973, oral and written discussions were
conducted with all of the offerors. All offerors filed timely best and final offers by the cut-
off date of October 15, 1973. After the cutoff date, final reports of the SEB’s evaluation
teams were submitted to the SEB.

The four proposers were ranked and scored in mission suitability as follows:

Score Overall Adjective Rating
Lockheed 714 Very Good
Thiokol 710 Very Good
uTC 710 Very Good
Aerojet 655 Good

The SEB was of the opinion that all proposers had the requisite capability and expe-
rience to accomplish the SRM project. Furthermore, the SEB evaluated Thiokol as the
lowest most probable cost performer by $122 million ($RY) with Lockheed evaluated sec-
ond lowest. Both proposers estimated total program cost to be in the $800 million ($RY)
range. The SEB compiled a report of its findings which was presented to the SSO [Space
Shuttle Office] and was the basis of its oral presentation to the SSO on November 19,
1973. The SSO, after selecting Thiokol for final negotiations, issued a selection statement
on December 12, 1973, which states, in pertinent part, as follows:

“In considering the results of the Board’s evaluation, we first noted that in
Mission Suitability scoring the summation resulted essentially in a stand-off
amongst the top three scorers (Lockheed, Thiokol and UTC) though with a vary-
ing mix of advantages and disadvantages contributing to the total. Within this
group, Lockheed’s main strengths were in the technical categories of scoring,
while they trailed in the management areas. Thiokol led in the management
areas but trailed in the technical areas, and UTC fell generally between these two.
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We noted that Aerojet ranked significantly lower than the other three competi-
tors in the Mission Suitability evaluation, and the proposal offered no cost advan-
tages in relation to the higher ranked firms. Accordingly, we agreed that Aerojet
should no longer be considered in contention for selection.

[20] “We noted that the Board’s analysis of cost factors indicated that Thiokol could
do a more economical job than any of the other proposers in both the develop-
ment and the production phases of the program; and that, accordingly, the cost
per flight to be expected from a Thiokol-built motor would be the lowest. We
agreed with the Board’s conclusion that this would be the case. We noted also
that a choice of Thiokol would give the agency the lowest level of funding
requirements for SRM work not only in an overall sense but also in the first few
years of the program. We, therefore, concluded that any selection other than
Thiokol would give rise to an additional cost of appreciable size.

“We noted that within the project logic and the cost proposals, there was a sub-
stantial difference in basic approach caused by the varying amount of new facili-
ties needed by the several proposers. Their situations ranged from Thiokol, who
needed little new facilities investment to do the job, to Lockheed, who proposed
creation of a new facility complex on the Gulf Coast to handle the program,
commencing at an early date and building up to full size by the production
phase. The prospect of such a major new facility raises a question regarding the
basic operational economics involved, and also a question of what other impor-
tant benefits or drawbacks there might be to such a plan. In regard to the eco-
nomics proper, the Board’s evaluation made it clear that such an investment
could not at this time, under any reasonable view of the forecasted economic fac-
tors, be considered likely to pay its way as against Thiokol’s existing facility. As
regards other considerations, we recognized that it may well be advantageous,
when the major production phase arrives, to plan to have two or more suppliers
in the country capable of competing for the manufacture of SRM’s in quantity;
however, there is no need to embark upon the construction of a new major facil-
ity at this time in order to secure these benefits in 