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PREFACE

The NASA Historical Data Book Series provides a statistical summary of the
first 20 years of the National Aeronautics and Space Administration. NASA
finances, personnel, and installations, 1958-1968, are covered in the first volume;
while the second and third volumes provide information on the agency’s major pro-
grams and projects for 1958-1968 and 1969-1978, respectively.

Congress established the civilian space agency in July 1958, when it passed the
- National Aeronautics and Space Act. NASA opened its doors the following Oc-
tober. The new organization was charged not only with expanding man’s knowledge
of the universe, but also with such monumental tasks as sending man to the moon.
The story of NASA’s first decade is one of enthusiasm, competition, growth, and
success. Congress, the White House, and the public largely supported the young
agency fiscally and morally. But after Apollo I1I’s exciting lunar landing and Neil
Armstrong’s first steps onto the moon in 1969, the attention of many of NASA’s
supporters turned elsewhere. The space agency would survive its second decade, but
not with big budgets and large-scale programs.

President Richard M. Nixon urged NASA to build on the knowledge and ex-
perience of its first 10 years to develop programs that would lead to the solution of.
practical problems on earth. There would be no space spectaculars during the 1970s.
Personnel cuts, minimal budgets, and more sober objectives would flavor the
decade.

Like Volume II, this book covers NASA’s six major program areas: launch

vehicles, manned spaceflight, space science, space applications, tracking, and
“aeronautics and space research. Chapter 1 examines the expendable launch vehicle
technology inherited from the first decade and looks at plans for the reusable Space
Transportation System. The manned spaceflight story, chapter 2, starts with the suc-
cessful Apollo lunar program and its follow-on projects, Skylab and Apollo-Soyuz,
and likewise takes a look at the future of the Shuttle, whose approach and landing
tests ended the decade. In chapter 3, the researcher will be guided through the many
physics and astronomy and planetary projects of the 1970s that left investigators
with a wealth of data on our near-earth environment and that of more distant
worlds. Weather satellites, communications systems, and earth resources programs
are outlined in chapter 4. The story of the resurgence of aeronautics at NASA is told
in chapter 5. Tracking and data acquisition —its evolution on the ground and subse-
quent transformation into a satellite system —is the subject of chapter 6.

Each of the six chapters is divided into three sections. A narrative introduction,
which includes information on the management of the program, is followed by

iii
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budget tables. These tables provide a fiscal history. The bulk of each chapter is
devoted to describing the programs and flight projects. Major programs are sub-
divided into projects; for each flight a data sheet provides a physical description of
the spacecraft and information on scientific experiments, participants, and contrac-
tors.

The authors of the series have made no attempt to interpret the events; instead
they have provided only facts and figures. We do not expect you to read the entire
series or even an entire volume, but we do hope that students, managers, and other
users will find this series to be a quick reference to the first two decades of NPASA ac-
tivities, and that it will help them answer their specific questions. ;

Volumes II and III were prepared under contract, sponsored by the NASA
History Office. The author is indebted to the staff of that office for their assistance,
patience, and criticism.

T
)
3

Linda Neuman Ezell
Fall 1985
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CHAPTER ONE

LAUNCH VEHICLES

INTRODUCTION

The stable of launch vehicles assembled by the National Aeronautics and Space
Administration during its first decade, 1958-1968, was necessarily a mixture of
military boosters, which were readily available when the agency was established in
October 1958; and custom-designed vehicles developed by NASA and by private in-
dustry for NASA during the 1960s. The space agency used 22 different launch
vehicles during its first 10 years of operations, but only 9 during the second 10
years.* The early days of experimenting were over, and NASA settled down with a
small number of reliable configurations (figs. 1-1 and 1-2). Advanced planners had
hoped to pare that number even further with the introduction of a reusable
spacecraft-launch vehicle system during the late 1970s. However, a declining na-
tional interest in the civilian space program as well as a declining economy forced a
delay in the development of NASA’s reusable Space Transportation System and a
continued dependence on “expendable” launch vehicles.

_ Through 1975, NASA’s manned space program continued to depend on the
Saturn family of vehicles (Saturn IB and Saturn V), developed during the 1960s to
support the Apollo lunar exploration venture. The three Apollo astronauts who par-
ticipated in the joint U.S.-USSR Apollo-Soyuz Test Project in 1975 were the last
Americans scheduled to ride conventional “rockets” into space. The next generation
would wait for the reusable Shuttle. The agency’s unmanned satellites and in-
terplanetary probes relied on three proven vehicles — Atlas-Centaur, Scout, and
Thor-Delta—and one new hybrid, Titan IIIE-Centaur. **

But many of the payloads sent to orbit by NASA’s launchers were not sponsored
by the agency. During the 1970s, other government agencies, private firms, and
foreign countries came to depend increasingly on NASA as a launching service. Dur-
ing 1969-1978, NASA successfully orbited 96 payloads for other organizations: 61

* These numbers do not include the several variations of Thor boosters and Delta upper stages with
which NASA experimented during this time.

** The three other vehicles used were Atlas F (one time in 1978), Thorad-Agena D (four times in
1969-1970), and Titan IIIC (one time in 1973).

ORECEDING PAGE BLANK NOT F
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Figure 1-1. Expendable Launch Vehicles, 1974

Source: NASA Headquarters, SV75-15217, Nov. 13, 1974.

with Thor-Delta (68.5% of the spacecraft successfully launched by that vehicle); 17
with Scout (63%); 16 with Atlas—Centaur (57%); and 2 with Titan IIIE-Centaur
(28.6%). The users included the U.S. Navy, the U.S. Air Force, the National
Oceanic and Atmospheric Administration (NOAA), Western Union, RCA, France,
Japan, Indonesia, Italy, the United Kingdom, the Netherlands, West Germany,
Spain, the European Space Agency (ESA), and Intelsat. The most common
payloads were communications and weather satellites. NASA provided launching
services on a reimbursable basis, the other organizations being responsible for all
“reasonable costs and charges related to launch vehicles and other equipment,
materials, and services.”*!

This chapter will provide the researcher with information on the management of
NASA'’s launch vehicle program, the agency’s launch vehicle budget (including a
general introduction to the budget process), and the characteristics of each launch
vehicle family used by NASA during 1969-1978. For data on those vehicles used
before 1969, consult Linda Neuman Ezell, NASA Historical Data Book, 1958-1968,
Vol. 2, Programs and Projects, NASA SP-4013 (Washington, D.C., 1986), chap-
ter 1.

* Consult chapters 3 and 4 for more information on space science and applications payloads.
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Figure 1-2. NASA Space Transportation Systems, 1978. At the end of NASA’s second decade,
the agency was looking at these four vehicles to provide most of the civilian launches during
the 1980s. Advanced planners were predicting that the reusable Shuttle would eventually make
conventional expendable boosters obsolete.

Managing the Launch Vehicle Program

Launch vehicle management during NASA’s second decade was led by Joseph
B. Mahon, who became director of the launch vehicle and propulsion program in
the Office of Space Science and Applications in 1967. Until 1976, Mahon had
authority for only those vehicles used to launch unmanned payloads (table 1-1,
Phase I). Saturn came under the purview of the Office of Manned Space Flight, but
NASA’s largest launchers were not assigned a single manager at Headquarters. In-
stead, authority for the Apollo program was divided five ways: program control,
‘systems engineering, testing, flight operations, and reliability and quality. For exam-
ple, the director for testing was concerned with all components of the spacecraft and .
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Table 1-1. Three Phases of Launch
Vehicle Management, NASA Headquarters*

Phase 1
January 1969-September 27, 1975

Administrator/Deputy Administrator
Associate Administrator, Office of Space Science and Applications (John E. Naugle; Noel W. Hinners,
June 1974)

Director, Launch Vehicle and Propulsion Program (Joseph B. Mahon)
Chief, Program Review and Resource Management (Edward J. Kunec)
Technical Assistant (Jay A. Salmanson); added 1972
Manager, Medium Launch Vehicles Program (Theodrick B. Norris; vacant, mid-1974-1975)

Manager, Improved Centaur (William L. Lovejoy; vacant, fall-winter 1973); added 1970;
dropped early 1974
Manager, Altas-Centaur (Norris, acting, 1969; F. Robert Schmidt, 1970)
Manager, Titan III (Norris, acting, 1970-1973; Roger Mattson, 1974; vacant, mid-1975); added
1970
Manager, Small Launch Vehicles and International Program (Robert W. Manville; Isaac T.
Gillam, IV, June 1973)
Manager, Agena (Lovejoy; Manville, acting, 1970-1973); dropped fall 1973
Manager, Delta (Gillam; Peter Eaton, June 1973)
Manager, Scout (Paul E. Goozh)
Manager, Advanced Program and Technology Program (Joseph E. McGolrick)
Manager, Advanced Planning (B. C. Lam); added 1971
Manager, Supporting Research and Technology (Joseph W. Haughey); added 1971

a

Phase II
September 28, 1975-Fall 1976

Administrator/Deputy Administrator
Associate Administrator, Office of Space Flight (John F. Yardley)
Director, Expendable Launch Vehicles Program (Mahon)

Chief, Program Review and Resource Management (Kunec)

Technical Assistant (Salmanson)

Manager, Interim Upper Stage (Jack W. Wild); added early 1976

Manager, Medium Launch Vehicle Progam (Mahon, acting)
Manager, Atlas—Centaur (Schmidt)
Manager, Titan III (vacant, 1975; Lam, early 1976)

Manager, Small Launch Vehicles and International Program (Gillam; Mahon, acting, early 1976)
Manager, Delta (Eaton)
Manager, Scout (Goozh)
Manager, Atlas F (Salmanson); added early 1976

Manager, Advanced Program and Technology Program (McGolrick)
Manager, Advanced Planning (Lam); dropped early 1976
Manager, Supporting Research and Technology (Haughey); dropped early 1976

Director, Advanced Studies (Wild); added mid-1976

t
4

?
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Table 1-1. Three Phases of Launch
Vehicle Management, NASA Headquarters (Continued)

Phase 111
Fall 1976-December 1978

Administrator/Deputy Administrator
Associate Administrator, Office of Space Flight; changed to Office of Space Transportation Systems,
November 1977 (Yardley)
Director, Expendable Launch Vehicles Program (Mahon)
Deputy Director, Expendable Launch Vehicles Program (Robert O. Aller); added 1978
Chief, Program Review and Resource Management (Kunec)
Director, Small and Medium Launch Vehicles Program (McGolrick)
Manager, Atlas—-Centaur (Schmidt)
Manager, Titan III (Lam)
Manager, Delta (Eaton)
Manager, Scout (Goozh)
Manager, Atlas F (Salmanson)
Director, Upper Stages (Wild)
Chief, Space Transportation Systems Support Projects (Aller, acting, mid-1978; William D.
Goldsby, winter 1978); added mid-1978

4

* See also table 2-1 for details on Apollo, Skylab, and Shuttle management; and table 5-1 for details
on the management of advanced propulsion programs (chemical and nuclear).

launch vehicle that required testing. Since the early 1960s, the Office of Advanced
Research and Technology (OART) had been charged with managing advanced
chemical propulsion research, but this responsibility was dropped from OART’s
mission in late 1970. During the 1970s, NASA managers began making the distinc-
tion between “expendable” boosters (traditional vehicles designed for one-time use)
and reusable space transportation systems (a shuttle orbiter and some reusable
booster vehicle). This trend toward reusability at the end of the Apollo era prompted
a reorganization of the launch vehicle program.

In late September 1975, Mahon and his launch vehicle managers were moved
from the Office of Space Science and Applications, where they had been since 1961,
to the newly formed Office of Space Flight, which was under the direction of
Associate Administrator John F. Yardley (table 1-1, Phase II). Mahon had several
vehicle managers to help him oversee NASA’s expendable launch vehicle program:
F. Robert Schmidt (Atlas—-Centaur), B. C. Lam (Titan III), Peter Eaton (Delta),
Paul E. Goozh (Scout), and Jay A. Salmanson (Atlas F). In 1976, Jack W. Wild was
given responsibility for managing studies and proposals for Shuttle interim upper
stages. Also assisting Mahon during the 1970s were Edward J. Kunec (program
review and resource management) and Joseph E. McGolrick (advanced programs, .
1969-1976). In the fall of 1976, the management of the expendable launch vehicle
program was tightened (table 1-1, Phase III). McGolrick became director of small
and medium boosters, with the five vehicle managers reporting to him. In 1978,
Mahon was assigned a deputy director, Robert O. Aller, and a chief for space
transportation systems support projects, William D. Goldsby. The Office of Space
Flight was renamed the Office of Space Transportation Systems in November 1977,
but the change did not affect the launch vehicle directorate.
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NASA’S BUDGET: AN INTRODUCTION

Congress reacted generously to President John F. Kennedy’s declaration in 1961
that the U.S. would land a manned spacecraft on the moon before the end of the
decade. For six consecutive years, the legislators approved budgets for NASA that
surpassed the previous year’s funding level (table 1-2). In 1966, however, the trend
reversed. With major Apollo research and development tasks completed and with
much of the hardware needed for the lunar missions already procured, Congress
started chipping away at the space agency’s annual budget requests. One journalist
predicted in 1968 that NASA’s “seven fat years” were behind it; “seven lean Yyears”
loomed ahead.?

Unfortunately for the supporters of an aggressive program of space exploration
and exploitation, NASA had to make do with meager appropriations throughout
its second decade. Funds for the civilian space program dropped steadily from 1966
to 1972, increased slightly in 1973, fell again in 1974, and then began slowly building
in 1975. By the end of the second 10 years, NASA’s budget had risen to the point
where it was equivalent to 77 percent of its fattest year’s budget (1965). But deflated
1978 dollars did not buy an equal percentage of goods and services for the agency.

- Minimal funding necessarily led to austere programs. The number of Apollo
flights to the moon was reduced; plans for manned missions to Mars were scrapped;
the schedule for an advanced reusable launch vehic’e and spacecraft was stretched.
None of the presidents who occupied the White House during the 1970s was com-
mitted to an ambitious space policy. And on Capitol Hill, some lawmakers became
critical of the Apollo “moondoggle” once it became clear that there was no race to
the moon against the USSR. Tax dollars, they reasoned, could be more wisely spent
on war materiel going to southeast Asia, on rebuilding cities left battered by riots,
on healing wounds left by racial unrest and poverty. In their budget messages to
Congress, Presidents Lyndon B. Johnson (FY 1969-70), Richard M. Nixon (FY
1971-74), and Gerald R. Ford (FY 1975-78)* expressed the need for a continued
strong defense program (through 1972 the war in Vietnam was the biggest single
drain on the defense budget), for a renewed emphasis on human resources programs
(health, education, and welfare), and for a stable economy.

Science and technology projects were not ranked highly on any of the chief ex-
ecutives’ priority lists.? Until the FY 1976 budget message was issued, however, space
research and technology at least stood alone as an item on the Office of Manage-
ment and Budget’s (OMB) “outlays-by-function” list. In FY 1976, it was included in
a new budget category: general science, space, and technology. In addition to
NASA'’s programs, the National Science Foundation and the Energy Research and
Development Administration (ERDA)/Department of Energy’s (DOE) budget re-
quests were included under this new rubric. During the 1970s, the U.S. spent on the
average $90.35 billion each year on national defense. $174.13 billion on human

resources**, and $4.51 billion on general science, space, and technology (table
1-3).4

* The president’s budget request for a fiscal year was usually delivered to Congress at least a full
calendar year in advance. Therefore, it was not uncommon for a new chief executive to inherit a budget
from his predecessor.

** Included in this category were community and regional development; education, training,
employment, and social services; health; income security; and veteran’s benefits and services.

A
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Table 1-2. Summary of NASA Authorizations and Appropriations, FY 1959-1979
(in thousands of dollars)

Fiscal Year Budget Request Authorization Appropriation
1959 426 674 405 807 369 406
1960 508 300 490 300 485 075
1961 967 337 972 731 966 731
1962 1 940 300 1 855 300 1 825 250
1963 3 787 276 3744 115 3674 115
1964 5 712 000 5 350 820 5 100 000
1965 5 445 000 5 227 506 5250 000 ,
1966 5 260 000 5 190 396 5 175 000
1967 5 012 000 5 000 419 4 968 000
1968 5 100 000 4 865 751 4 588 900
1969 4 370 400 4 013 073 3 995 273
1970 3771 877 3768 110 3749 216
1971 3 376 944 3 454 822 3 312 619
1972 3312722 3 396 322 3310 122
1973 3 407 650 3 444 150 3 407 650
1974 3 053 786 3102 100 3 039 700
1975 3 267 104 3 286 904 3 231 145
1976 3 558 986 3579110 3 551 822
Transition Quarter 966 017 932 267 932 145
1977 3 728 777 3 821 745 3 819 090
1978 4 080 989 4 095 190 4 063 701
1979 4 371 600 4 401 600 4 350 200
Total 75 425 739 74 398 538 73 165 160

Source: NASA Comptroller, “Chronological History, Fiscal Year 1959-1979 Budget Submissions,”
n.d.

Because of the complexity of the budget process, federal agencies were obliged
to make their fiscal plans as much as two years in advance. In any one year, NASA’s
resource management personnel were working with three fiscal year budgets —the

_current operating budget; the ensuing year’s budget, which was somewhere in the
Bureau of the Budget/Office of Management and Budget-presidential-congressional
approval cycle; and the preliminary budget for the next year, which was being drawn
up at NASA Headquarters based on requests for programs and projects submitted
by the agency’s several field centers. Because of the fierce competition for a shrink-
ing number of dollars, NASA managers at all levels worked hard to justify their re-
quests —internally and externally. For some NASA managers, fighting to preserve
minimum funding and keeping members of Congress informed and sympathetic to
the agency’s needs was a full-time job (table 1-4).

NASA’s budget was divided into three accounts: research and development
(R&D), research and program management* (called administrative operations in FY

* Research and program management (RPM) funds were used for necessary expenses of research in
laboratories, management of programs and other activities not otherwise provided for, including
uniforms or allowances, minor construction, awards, hire, maintenance, and operation of administrative
aircraft, purchase and hire of passenger motor vehicles, and maintenance, repair, and alteration of real
and personal property. The construction of facilities account provided for advance planning, design, and
construction of facilities and for the acquisition or condemnation of real property.
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1969), and construction of facilities. R&D and construction of facilities were funded
on a no-year basis; that is, the funds were made available over an undefined
multiyear period until they were expended. Research and program management
could not exceed 5 percent of the total appropriation. NASA was permitted to
reprogram internally among the three accounts, with transfer authority limited to
0.5% of the total R&D authorization. This volume will consider R&D funds only.
For budget purposes, R&D was defined to include “research, development, opera-
tions, services, minor construction, . . . maintenance, repair, and alteration of real
and personal property; and purchase, hire, maintenance, and operation of’ other
than administrative aircraft necessary for the conduct and support of aeronautical
and space research and development activities. . . .””*

The Bureau of the Budget/Office of Management and Budget (the Bureau of

Table 1-3. U.S. Government Budget Outlays by Function, FY 1969-1979
(in billions of dollars)

Outlays by Function 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979
National defense $79.4 $78.6 $75.8 $76.6 $74.5 $77.8 $85.6 $89.4 $22.3 $97.5 $105.2
International affairs 4.6 4.3 4.1 4.7 4.1 5.7 6.9 5.6 2.2 4.8 5.9
General science, space

and technology 5.0 4.5 4.2 4.2 4.0 4.0 4.0 4.4 1.2 4.7 4.7
Energy 1.0 1.0 1.0 1.3 1.2 0.8 2.2 3.1 0.8 4.2 5.9
Natural resources and

environment 2.8 3.0 3.9 4.2 4.8 5.7 7.3 8.1 2.5 10.0 10.9
Agriculture 5.8 5.2 4.3 5.3 4.9 2.2 1.7 2 0.6 5.5 7.7
Commerce and housing

credit 0.5 2.1 2.4 2.2 0.9 3.9 5.6 3.8 1.4 * 3.3
Transportation 6.5 7.0 8.1 8.4 9.1 9.2 104 134 3.3 14.6 15.4
Community and regional

development 1.5 2.4 2.9 3.4 4.6 4.1 3.7 4.8 1.3 6.3 11.0
Education, training,

employment, and

social services 7.5 8.6 9.8 12.5 12.7 12.3 159 18.7 5.2 21.0 26.5
Health 11.8 13.1 14.7 17.5 18.8 22.1 27.6 33.4 8.7 38.8 43.7
Income security 37.3 43.1 554 639 73.0 84.4 108.6 127.4 32.8 137.9 146.2
Veteran’s benefits and

services 7.6 8.7 9.8 10.7 12.0 13.4 16.6 18.4 4.0 18.0 19.0
Administration of

justice 0.8 1.0 1.3 1.6 2.1 2.5 2.9 3.3 0.9 3.6 3.8
General government 1.6 1.9 2.0 2.6 3.2 3.1 2.9 0.9 3.3 3.7
General purpose fiscal

assistance 0.4 0.5 0.5 0.7 7.4 6.9 7.2 7.2 2.1 9.5 9.6
Interest 15.8 18.3 19.6 20.6 22.8 28.0 30.9 34.5 7.2 38.0 44.0
Undistributed offsetting .

receipts —-55 —6.6 —84 —8.1—-12.3-16.7—-14.1 —-14.7 —2.6 —15.1 —15.8
Total budget outlays 184.5 196.6 211.4 232.0 247.1 269.6 326.2 366.4 94.7 402.7 450.8

* $50 million or less.

Source: Executive Off. of the President, Off. of Management and Budget, The United States
Budget in Brief, Fiscal Year 1979, Washington, 1978), pp. 74-75; and Executive Off. of the President,
Off. of Management and Budget, The United States Budget in Brief, Fiscal Year 1981 (Washington,
1980), p. 71.
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Table 1-4. Simplified Steps of the NASA Budget Process*

1. Program Operating Plans submitted quarterly to NASA Headquarters program offices by field
installation project-program offices.
First draft of preliminary budget prepared by NASA Headquarters.
First internal NASA semiannual budget review (March).
4. Preliminary budget review by Bureau of the Budget/Office of Management and Budget
(BoB/OMB), which led to NASA-BoB/OMB negotiations and BoB/OMB targets (summer).
Second internal NASA semiannual budget review (fall).
Formal submission of requests to BoB/OMB (September 30).
Formal submission of the President’s budget to Congress; requests readied and justified for‘review
by congressional authorization and appropriation committees (January). i
8. Initial hearing before House and Senate authorization committees, including testimony by NASA
officials, followed by reporting out of an authorization bill.
9. Similar review by House and Senate appropriations subcommittees.
10. Debate on floor of House and Senate, followed by passage of NASA authorization and appropria-
tion acts.
11. Act signed into law by President.

W N

Now

* The Congressional Budget Act of 1974 established October 1 as the start of the fiscal year, as of FY
1977. Prior to FY 1977, the fiscal calendar began with the month of July. The shift gave the lawmakers
time to implement the expanded buget-making procedures called for by the Act. To meet budgetary
obligations for the period between the end of FY 1976 and the beginning of FY 1977, the Act called for a
three-month transition quarter. The new congressional schedule did not greatly disrupt NASA'’s internal
budget preparation schedule for FY 1977-1978.

the Budget was renamed the Office of Management and Budget in 1971) was respon-
sible for most of the cuts suffered by NASA budgets months before Congress acted
on the requests.¢ In the tables that follow, the “request” column represents the
amounts agreed to by NASA and BoB/OMB, not necessarily the initial request
NASA made to the president’s budget officer. Data on submissions (requests) for
this volume are taken from the yearly budget estimates prepared by NASA’s Office
of Administration, Budget Operations Division, and from chronological histories
prepared for each fiscal year by that same office. In Congress, the authorization
committees and their several subcommittees intensely examined NASA’s requests
and the programs for which the funds would be spent.* The authorization commit-
tees, which had the authority to increase or decrease budget requests, set a maximum
for appropriation of funds; they imposed limitations or preconditions on how funds
could be spent; and they determined how the agency could reprogram or transfer its
monies among accounts. The “authorization” column in the following tables is the
ceiling set by the authorization committees. Authorizations were not always listed
for individual projects in the chronological histories. To determine the total amount
authorized for the general category or program for a specific project, consult the
chronological histories.

* Along with many other agency and office requests, NASA’s budget submissions were considered by
Congress under the title: Independent Offices and Department of Housing and Urban Development. Ex-
amples of other “independent offices” include the National Science Foundation, the General Services Ad-
ministration, the Federal Home Loan Bank Board, and the Federal Trade Commission.
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The appropriations committees had the power to make further adjustments to
budget requests. Generally, however, the appropriations committees did not
scrutinize NASA’s budgets as closely as did the authorization subcommittees and
made few substantive changes to the amounts authorized. There are no appropria-
tions columns in the project and program budget tables in this volume. However,
table 1-5 provides a summary of appropriations for the three general NASA ac-
counts. Data on authorizations and appropriations for this volume are taken from
the annual chronological histories mentioned above. The last column in the project-
program budget tables, “programmed,” represents the funds spent during the fiscal
year as reported in the NASA budget estimates. (For example, funds programnred in
FY 1974 were reported as “actual” figures in the FY 1976 estimate volume). To ac-
count for every dollar expended for a NASA research and development project, one
would also have to consider special facilities built to support a particular project,
support activities, and the like.”

Table 1-5. NASA Appropriations, 1969-1978
(in thousands of dollars)

Fiscal Research & Construction Research &
Year Development of Facilities Program Management?
1969 3 370 300 21 800 603 173
1970 , 3 006 000 53 233 637 400
1971 2 565 000 24 950 678 725
1972 2 522 700 52 700 722 635
1973 2 600 900 77 300 729 450
1974 2 194 000 101 100 707 000
1975 2 326 580 140 155 759 975
1976 2 677 380 82 130 792 312
1977 2 761 425 118 090 813 000
1978 3 013 000 160 940 889 761

a Called administrative operations in FY 1969.

Table 1-6. NASA Research and Development Funds, 1969-1978
(in thousands of dollars)

Fiscal Year Request Authorization Appropriation Programmed
1969 3 677 200 3 370 300 3 370 300 3 068 782
1970 3 051 427 3 019 927 3 006 000 3 090 772
1971 2 606 100 2 693 100 2 565 000 2 542 362
1972 2 517 700 2 603 200 2 522 700 2 508 386
1973 2 600 900 2 637 400 2 600 900 2 488 475
1974 2 197 000 2 245 500 2 194 000 2 310 882
1975 2 346 015 2 372 815 2 326 580 2 323 563
1976 2 678 380 2 687 180 2 677 380 2 677 380
1977 2 758 925 2 761 425 2 761 425 2 883 425

1978 3 026 000 3 041 500 3 013 000 2 754 100
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Money for Launch Vehicles

Following a pattern set during the 1960s, NASA purchased the launch vehicles
(Saturn IB and Saturn V) it needed for manned missions (Apollo and Skylab) with
manned spaceflight funds. All others were obtained through the Office of Space
Science and Applications’ (or Office of Space Science’s) Launch Vehicle Procure-
ment Office through FY 1976.

In FY 1973, funds for Shuttle came from the Office of Manned Space Flight’s
(OMSF) spaceflight operations budget. Because of the growing importance of Shut-
tle, in FY 1974 a separate OMSF Shuttle account (distinct from spaceflight opera-
tions) was adopted. In FY 1977, the Office of Space Flight replaced OMSF. This
new office assumed the management of expendable launch vehicles as well as the
Space Transportation System (Shuttle).

- Table 1-7 summarizes the programmed costs of the launch vehicles NASA used
during its second decade of operations, followed by tables detailing the budget
history of each vehicle and of supporting research and technology/advanced studies.
Only the engine-booster components (main engine, solid rocket booster, and exter-
nal tank) have been included in the Space Shuttle table (table 1-16); for more on the
Space Transportation System see chapter 2. Refer to the footnotes for each table
before drawing conclusions about totals for any one vehicle or one year.
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Table 1-7. Programmed Costs by Launch Vehicle
(in thousands of dollars)

Vehicle 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978
Agena 11 300 5 000 ——— ——= — - - - ——= -
Atlas F - - - - -— -—- - 3 400 11 800 6 300
Centaur 44 200 46 019 66 000 82 200 120 700 106 000 75 400 134 500° 84 000 41 458
Delta 24 300 32 400 37 500 41 000 76 000 60 200 51 800 51 100® 44 900 70 400
Saturn 1B 42 276° --d 25,659¢ 39 582°¢ - 13 000 --.h —— — -—-
Saturn V 535 710° 486 691 189 059 162 096/ -k - -— —-— — =
Scout 12 600 13 700 13 200 15 100 15 700 7 800 12 300 14 000™ 10 700 16 342 !
Space Shuttle engine/ ‘
booster components -_— — 20 900" 58 900° 40 543 108 9749 150 4437 373 040° 371 600 P 402 988"
Titan 111D 3 100 6 700 4100 9 000 5 500 _— _— -_— - c -

Supporting research and
technology/advanced R
studies 4 400 4 000 4 100 4 000 3100 4 000 - -—= - -

aIncludes $24 400 000 from the transition quarter.

bincludes $9 300 000 from the transition quarter. :

°From the Apollo budget. $52 645 000 was programmed for Apollo applications space vehicles, in-
cluding Saturn IB; the FY 1971 budget estimate does not indicate the exact amount programmed for
launch vehicles.

dg63 330 000 was programmed for Skylab space vehicles, including Saturn 1B; the FY 1972 budget
estimate does not indicate the exact amount programmed for launch vehicles.

°From the Skylab budget.

fThe FY 1975 budget estimate does not indicate how Skylab funds were programmed in FY 1973. It
was estimated in the FY 1974 budget estimate that $65 300 000 would be programmed in FY 1973 for
Saturn IB.

gFrom the ASTP budget. The FY 1975 and 1976 budget estimates do not indicate how Skylab funds
were programmed in FY 1974.

bThe FY 1977 budget estimate does not indicate how ASTP funds were programmed in FY 1975; the
FY 1976 budget estimate predicts that $32 500 000 would be programmed for Saturn IB in FY 1975.

iFrom the Apollo budget.

JIncludes $157 996 000 from the Apollo budget and $4 100 000 from Skylab.

kThe FY 1975 budget estimate does not indicate how Apollo and Skylab funds were programmed in
FY 1973; the FY 1974 budget estimate predicts that $26 300 000 would be programmed for Saturn V from
the Apollo budget and $56 600 000 from the Skylab budget.

I'The FY 1975 and 1976 budget requests do not indicate how Skylab funds were programmed in FY
1974.

MIncludes $3 400 000 from the transition quarter.

"For engine definition.

°Includes $45 100 000 for main engine development and $13 800 000 for definition studies.

PFor main engine development.

aIncludes $82 307 000 for main engine development; $8 567 000 for solid rocket booster develop-
ment; and $18 100 000 for external tank development.

"Includes $95 300 000 for main engine development; $21 143 000 for solid rocket booster develop-
ment; and $34 000 000 for external tank development.

sIncludes $140 800 000 (plus $37 900 000 from the transition quarter) for main engine development;
$82 240 000 (plus $26 000 000) for external tank development; and $65 700 000 (plus $20 400 000) for
solid rocket booster development.

tIncludes $182 200 000 for main engine development; $84 000 000 for external tank development;
$100 400 000 for solid rocket booster development; and $5 000 000 for main engine production.

Uincludes $197 400 000 for main engine development; $88 030 000 for external tank development;
$104 998 000 for solid rocket booster development; and $12 560 000 for main engine production.

VSupporting research and technology/advanced studies was dropped as a line item in the FY 1977
budget estimate; in the FY 1976 budget estimate it was predicted that $4 000 000 would be programmed
in FY 1975. Tasks formerly funded by supporting research and technology/advanced studies monies were
assumed by the spaceflight operations program.

wSupporting research and technology/advanced studies was dropped as a line item in the FY 1977

budget estirnate. Tasks formerly funded by supporting research and technology/advanced studies monies
were assumed by the spaceflight operations program.
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Table 1-8. Launch Vehicle Supporting Research and Technology/Advanced Studies
Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 4 000 -2 4,400
1970 4 000 4 000 4 000
1971 3 000 3 000 4 100
1972 4 000 4 000 4 000
1973 4 000 4 000 3 100
1974 4 000 4 000 4000 o
1975 4 000 4 000 ---b
1976 1 000 1 000 ——=C

a0f the $128 300 000 request for launch vehicle procurement (excluding Saturn), $115 700 000 was

authorized; the chronological history does not indicate from which line item(s) the $12 600 000 was
deducted.

bSupporting research and technology/advanced studies was dropped as a line item in the FY 1977
budget estimate; in the FY 1976 budget estimate it was predicted that $4 000 000 would be programmed
in FY 1975. Tasks formerly funded by supporting research and technology/advanced studies monies were
assumed by the spaceflight operations program.

°Supporting research and technology/advanced studies was dropped as a line item in the FY 1977
budget estimate; tasks formerly funded by supporting research and technology/advanced studies monies
were assumed by the spaceflight operations program.

Table 1-9. Agena Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 14 0007 ---b 11 300
1970 6 300°¢ 6 300 5 000

a%4 400 000 of which was requested for Thor boosters.
bOf the $128 300 000 request for launch vehicle procurement (excluding Saturn), $115 700 OOO was
authorized; the chronological history does not indicate from which line item(s) the $12 600 000 was

- deducted.

*NASA'’s initial budget request for Agena was $7 300 000.

Table 1-10. Atlas F Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1976 3 400 3 400 3 400
1977 6 200 6 200 11 800

1978 9 300 9 300 6 300
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Table 1-11. Centaur Funding History
(in thousands of dollars)
Year Request Authorization Programmed
1969 63 000* ---b 44 200
1970 52 600° 52 600 46 019
1971 68 100 68 100 66 000
1972 75 900 75 900 82 200
1973 106 500 106 500 120 700
1974 115 000 115 000 106 0004
1975 75 000 75 000 75 400 ,
1976 140 200°¢ 140 200 134 500f
1977 90 700 90 700 84 000
1978 55 900 55 900 41 458

ag7 000 000 of which was requested for Atlas boosters.

®Of the $128 300 000 request for launch vehicle procurement (excluding Saturn), $115 700 000 was
authorized; the chronological history does not indicate from which line item(s) the $12 600 000 was
deducted.

°NASA’s initial request for Centaur was $57 600 000.

dAs of the FY 1976 estimate, the Centaur program provided for the procurement of Atlas and Titan
III E booster stages.

®Includes $26 400 000 for the transition quarter.

fincludes $24 400 000 from the transition quarter.

Table 1-12. Delta Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 30 8002 — 24 300
1970 32 100° 32 100 32 400
1971 34 000 34 000 37 500
1972 37 200 37 200 41 000
1973 41 900 41 900 76 000
1974 46 000 47 000 60 200
" 1975 47 700 50 700 51 800
1976 46 9004 46 900 51 100°
1977 43 800 43 800 44 900
1978 55 300 55 300 70 400

29 500 000 of which was requested for Thor boosters.

bOf the $128 300 000 request for launch vehicle procurement (excluding Saturn), $115 700 000 was
authorized; the chronological history does not indicate from which line item(s) the $12 600 000 was
deducted. However, the House committee recommended a $6 600 000 deduction from the Delta request
on March 19, 1968. It was also recommended that Delta’s budget be cut further by an unspecified reduc-
tion in sustaining engineering and maintenance.

°NASA'’s initial budget request for Delta was $33 700 000.

dIncludes $10 300 000 for the transition quarter.

®Includes $9 300 000 from the transition quarter.
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Table 1-13. Saturn IB Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 104 5002 —_b 42 276°
1970 S _— S
1971 - —_— 25 6598
1972 ---h —_— 39 5828
1973 65 9008 65 900 —
1974 74 000} 74 000} 13 000
1975 32 500 —m ",

Includes $69 100 000 from the Apollo request and $35 400 000 from Apollo applications.

bOf the $2 038 800 000 Apollo request, $2 025 000 000 was authorized; the chronological history
does not indicate from which Apollo line item(s) the $13 800 000 was deducted. Of the $439 600 000 re-
quest for Apollo applications, $253 200 000 was authorized; the chronological history does not indicate
from which Apollo applications line item(s) the $186 400 000 was deducted.

‘From the Apollo budget. $52 645 000 was programmed for Apollo applications space vehicles, in-
cluding Saturn IB; the FY 1971 budget estimate does not indicate the exact amount programmed for
launch vehicles.

4$138 400 000 was requested for Apollo application space vehicles, including Saturn IB; the FY 1970
budget estimate does not indicate the exact amount requested for launch vehicles.

°$63 330 000 was programmed for Skylab space vehicles, including Saturn IB; the FY 1972 budget
estimate does not indicate the exact amount programmed for launch vehicles.

$89 600 000 was requested for Skylab space vehicles, including Saturn IB; the FY 1971 budget
estimate does not indicate the exact amount requested for launch vehicles.

EFrom the Skylab budget/request.

h$194 000 000 was requested for Skylab space vehicles, including Saturn IB; the FY 1972 budget
estimate does not indicate the exact amount requested for launch vehicles.

iThe FY 1975 budget estimate does not indicate how Skylab funds were programmed in FY 1973: it
was estimated in the FY 1974 budget estimate that $65 300 000 would be programmed in FY 1973 for
Saturn IB.

iIncludes $64 500 000 for Skylab and $9 500 000 for ASTP.

kFrom the ASTP budget. The FY 1975 and 1976 budget estimates do not indicate how Skylab funds
were programmed in FY 1974,

'From the ASTP request.

TOf the $114 600 000 request for ASTP, $109 600 000 was authorized; the chronological history
does not indicate how the $5 000 000 was deducted.

"The FY 1977 budget estimate does not indicate how ASTP funds were programmed in FY 1975; the
FY 1976 budget estimate predicts that $32 500 000 would be programmed for Saturn IB in FY 1975.
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Table 1-14, Saturn V Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 879 500 —--b 535 710°¢
1970 542 7004 542 7004 486 691°¢
1971 231 000° 231 000° 189 059¢
1972 186 003¢ 186 003° 162 096¢
1973 124 300f 124 300f ——-8
1974 29 700" 29 700" —

a[pcludes $818 200 000 from the Apollo request and $61 300 000 from Apollo applications. *

bOf the $2 038 800 000 Apollo request, $2 025 000 000 was authorized; the chronological history
does not indicate from which Apollo line item(s) the $13 800 000 was deducted. Of the $439 600 000 re-
quest for Apollo applications, $253 200 000 was authorized; the chronological history does not indicate
from which Apollo applications line item(s) the $186 400 000 was deducted.

‘From the Apollo budget/request.

dincludes $496 700 000 from the Apollo request and $46 000 000 for Saturn V production; the pro-
duction request was included in NASA’s amended budget submission.

¢Includes $157 996 000 from the Apollo budget and $4 100 000 from Skylab.

fincludes $49 200 000 from the Apollo request and $75 100 000 from Skylab.

£The FY 1975 budget estimate does not indicate how Apollo and Skylab funds were programmed in
FY 1973; the FY 1974 budget estimate predicts that $26 300 000 would be programmed for Saturn V from
the Apollo budget and $56 600 000 from the Skylab budget.

hErom the Skylab request.

iThe FY 1975 and 1976 budget requests do not indicate how Skylab funds were programmed in FY
1974.

Table 1-15. Scout Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 16 500 ~—-a 12 600
1970 11 700° 11 700 13 700
1971 15 100 15 100 13 200
1972 16 500 16 500 15 100
1973 21 000 21 000 15 700
1974 12 000 12 000 7 800
1975 13 800 13 800 12 300
1976 15 500° 15 500 14 000°¢
1977 10 700 10 700 10 700
1978 16 000 16 000 16 342

20f the $128 300 000 requested for launch vehicle procurement (excluding Saturn), $115 700 000
was authorized; the chronological history does not indicate from which line item(s) the $12 600 000 was
deducted.

PN ASA’s initial budget request for Scout was $15 700 000.

°Includes $3 400 000 for the transition quarter.
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Table 1-16. Space Transportation System Main Engine and Solid Rocket Boosters
Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1971 _— — 20 9002
1972 _— _— 58 900P
1973 90 000¢ 90 000 40 5434
1974 97 900° 97 900 108 974f
1975 140 9008 145 900" 150 443!
1976 346 900 346 900 373 040% ¢
1977 340 400! 340 400 371 600™
1978 383 500" 383 500 402 988°

aFor engine definition.

PIncludes $45 100 000 for main engine development and $13 800 000 for definition studies.

“Includes $50 000 000 for engine design and development and $40 000 000 for booster design and
development.

dFor main engine development.

®Includes $55 500 000 for main engine development; $18 100 000 for solid rocket booster develop-
ment; and $24 300 000 for external tank development.

fincludes $82 307 000 for main engine development; $8 567 000 for solid rocket booster develop-
ment; and $18 100 000 for external tank development.

gIncludes $92 300 000 for main engine development; $22 600 000 for solid rocket booster develop-
ment; and $26 000 000 for external tank development.

hAn additional $5 000 000 was authorized for main engine development.

iIncludes $95 300 000 for main engine development; $21 143 00 for solid rocket booster develop-
ment; and $34 000 000 for external tank development.

iIncludes $135 500 000 (plus $36 000 000 from the transition quarter) for main engine development;
$76 200 000 (plus $18 000 000) for solid rocket booster development; and $66 100 000 (plus $15 100 000)
for external tank development.

kIncludes $140 800 000 (plus $37 900 000 from the transition quarter) for main engine development;
$82 240 000 (plus $26 000 000) for external tank development; and $65 700 000 (plus $20 400 000) for
solid rocket booster development.

Tncludes $193 800 000 for main engine development; $82 600 000 for solid rocket booster develop-
ment; and $64 000 000 for external tank development.

MIncludes $182 200 000 for main engine development; $84 000 000 for external tank development;

" $100 400 000 for solid rocket booster development; and $5 000 000 for main engine production.

"Includes $219 900 000 for main engine development; $80 000 000 for external tank development;
and $83 600 000 for solid rocket booster development. An additional $141 700 000 was requested for the
production of the space transportation system.

°Includes $197 400 000 for main engine development; $88 030 000 for external tank development;
$104 998 000 for solid rocket booster development; and $12 560 000 for main engine production.

Table 1-17. Titan IIIC Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 —— - 3100
1970 5 900 5 900 6 700
1971 4 700 4 700 4 100
1972 12 500 12 500 9 000

1973 18 200 18 200 5 500
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CHARACTERISTICS

The launch vehicles used by NASA during the agency’s second 10 years are
described in the tables that follow. Every launch vehicle NASA put on the pad dur-
ing the decade was either in use or under development in the 1960s. Atlas, which had
been employed in several configurations for manned and unmanned missions during
the early years of the space age, was paired with the high-power Centaur upper stage
in 1969-1978 to launch payloads destined for earth orbit or interplanetary spacg. In
1978, a new model, Atlas F, was tested by NASA for the first time. The agency con-
tinued to rely on Thor-Delta, in a variety of models, and the small but ever-
improving Scout to launch most of its applications and scientific satellites, as well as
the payloads of other government agencies and foreign governments. Saturn V con-
tinued its role in the Apollo program, delivering crews to the moon. The Skylab or-
biting workshop, built from spare Saturn hardware, was launched by a Saturn V,
and visiting astronaut-scientists were escorted to the laboratory by Saturn IBs. Titan
II1, greatly enhanced over the Titan of Project Gemini by strap-on motors and
powerful upper stages, was capable of boosting large payloads to the planets. By the
end of the decade, however, a launch system was being readied that promised to
make these expendable vehicles obsolete. The Space Transportation System — Shut-
tle orbiter with external tank and two reusable solid rocket boosters —was being
tested in the late 1970s. NASA officials hoped this new system would be more flexi-
ble and more economical than the traditional boosters they had relied on for 20
years.

In some cases, finding the “official” figures for the height, weight, or thrust of a
launch vehicle was difficult. It was not uncommon to find NASA, contractor, and
media sources with conflicting data. Measurements, therefore, may be approximate.
Height may be measured several different ways, and there was some disagreement in
the source materials over where an upper stage begins and ends for measuring pur-
poses. The height of a launch vehicle stack does not always include the payload

_(spacecraft); weight, however, does. Weight of the individual stages includes pro-
pellant (wet weight). Diameter does not take into consideration the addition of fins
or strap-on engines to the base of the booster stage.

Engine number changes may not always be noted if only minor modifications
were made to the engines. The following abbreviations for propellants were used
throughout the tables: LH;=1liquid hydrogen, LOX=Iliquid oxygen,
N,H, =hydrazine, N,O,4 =nitrogen tetroxide, RP-1=kerosene, and UDMH =un-
symmetrical dimethlhydrazine. Thrust was expressed in newtons thrust (pounds of
thrust X 4.448 = newtons). Payload capacity was measured by the number of
kilograms that could be delivered to a certain orbit (measured in nautical miles con-
verted to kilometers).

When available, a listing by launch vehicle number (serial number or production
number) was provided with information on how the vehicles were used. Consult
table 1-18 and figure 1-3 for a summary of the success rates of NASA’s launch
vehicles during the 1970s.

A chronology of each vehicle’s development and operation also has been in-
cluded. Consult volume two for pre-1969 events. Launch dates and times were based
on local time at the launch site.
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1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 TOTAL
LAUNCH ATTEMPTS 22 14 18 18 15 16 21 16 15 20 175
SUCCESSFUL LAUNCHES 20 12 15 18 14 14 19 16 13 20 161
% SUCCESSFUL 90.9 85.7 83.3 100 93.3 87.5 90.5 100 86.7 100 92

Figure 1-3. Launch Vehicle Success

Table 1-18. Launch Vehicle Summary (successes/attempts)

Vehicle 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 Total % of
Vehicle
Success*
Atlas F 1/1 1/1 100.00
Atlas-Centaur 3/3 0/1 3/4 4/4 3/3 1/1 2/3 3/3 2/3 7/7 28/32 87.50
Saturn IB 3/3 — 1/1 4/4 100.00
Saturn V 4/4 1/1 2/2 2/2 1/1 10/10 100.00
"Scout 2/2 3/3 7/7 5/5 1/1 5/6 2/3 3/3 1/1 1/1  30/32 93.75
Thorad-Agena D 2/2 2/2 4/4 100.00
Thor-Delta 9/11 6/7 3/5 7/7 5/6 7/7 12/12 9/9 8/9 11/11 77/84 91.60
Titan IIIC 1/1 1/1 100.00
" Titan IIIE-

Centaur ——— 172 2/2 171 2/2 ——- 6/7 85.70

*Complete success of all stages.

The Atlas Family

The Air Force Atlas booster, designed as an intercontinental ballistic missile by
Consolidated Vultee Aircraft Corporation (later the Convair Division of General
Dynamics) in the 1950s, was used by NASA in several configurations in the agency’s
early years. Alone, the stage-and-a-half rocket served as one of the manned Mercury
spacecraft launch vehicles in 1960-1963. To boost science and applications
payloads, it was paired with Able, Agena B and D, Antares, and Centaur upper
stages. During NASA’s second decade, Atlas-Centaur was the only combination to
survive.

Atlas and Centaur, a high-energy, liquid-propellant stage developed for NASA
by General Dynamics, were both uprated over the years to provide even more
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boosting power. The Atlas SLV-3C, first used in a research and development test
launch of Centaur in 1966, was replaced by the SLV-3D model in 1973. An Atlas F
vehicle, which was paired with an apogee kick motor manufactured by Thiokol Cor-
poration, showed promise in late 1978 as a NASA satellite launcher. Centaur’s
engines in the improved D-1A model (and the D-1T version used with Titan) could
burn longer and be restarted after a longer interval of shutdown time, making it
especially suitable for launching interplanetary spacecraft. The improved Atlas-
Centaur was also supplemented by a third-stage solid rocket motor during four mis-
sions. During the 1970s, Atlas-Centaur was put on the launch pad at the Eastern
Test Range 32 times to boost intermediate-weight payloads to earth orbit and fo the
planets; the vehicle suffered only 4 failures.

NASA planners hoped that the reusable Shuttle would be ready for operations
in the late 1970s, rendering expendable vehicles such as Atlas-Centaur obsolete.
When budget cuts forced the agency to stretch out the Shuttle research and develop-
ment schedule, Atlas-Centaur was assured several more years of frequent use. In ad-
dition, propulsion experts at the Lewis Research Center, General Dynamics, and
elsewhere were proposing that Centaur be given a new role for the 1980s: as a Shuttle
interim upper stage in the Space Transportation System.

Table 1-19. Atlas F Characteristics

Atlas Apogee Total
Stage Kick
Motor
Height (m): 21.26 (with payload) 29.3
Diameter (m): 3.05 (fairing: 2.1)
Launch weight (kg): 120 849 714 121 563
Propulsion system: MA-3
Powerplant: (2) LR89-NA-5 TE 364-15

(1) LR105-NA-5
(2) LR101-NA-7

Thrust (newtons): 1 722 000 650 800 2 372 800
Burn time (sec.): 770 44
Propellant: LOX/RP-1 solid
Payload capacity: 2091 kg to 185 km earth orbit
1500 kg to circular sun orbit
Origin: U.S. Air Force missile system
Contractor: Rocketdyne Div., Thiokol Corp.

Rockwell Corp.:
propulsion system
Convair Div.,
General Dynamics:

prime
How utilized: Tiros N (Atlas 29F), Oct. 13, 1978
Remarks: The Atlas stage (often referred to as 1Yz stages) contained two booster

engines, one sustainer engine, and two vernier engines. The apogee kick
motor was used to put the payload into a precise orbit 10 minutes after lift-
off.
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Table 1-20. Atlas-Centaur Characteristics
1st Stage 2d Stage Optional Total
Atlas SLV-3D Centaur D-1A 3d Stage
TE-M-364-4
Height (m): 22.9 14.6 (with (included 39.8
payload fairing) with payload)
Diameter (m): 3.05 3.05
Launch weight (kg): 128 736 17 674 146 914
Propulsion system: MA-5
Powerplant: 2 booster engines Pratt & Whitney (2) Thiokol P
1 sustainer engine RL-10A-3-3 TE-M-364-4
2 vernier engines
Thrust
(newtons): 1 919 300 131 200 65 866 2 050 500
(2 116 366
with third
stage)
Burn time (sec.): 230 450 (max.) 44
Propellant: LOX/RP-1 LOX/LH. solid

Payload capacity:

Origin:

Contractors:

Program manager:
Project managers:

How utilized:

Remarks:

See also:

4500 kg to earth orbit/1800 to synchronous orbit
900 kg to Venus or Mars

Air Force NASA-General NASA-Thiokol

missile system Dynamics design design
Rocketdyne Div., Pratt & Whitney: Thiokol Corp.:
Rockwell Corp.: engines engine

propulsion system
Convair Div.,
General Dynamics:
prime

F. Robert Schmidt, NASA Hgq.

Daniel J. Schramo, Henry O. Slone, Lawrence J. Ross, Lewis
Research Center

Mariner, Pioneer, Intelsat, Pioneer Venus, ATS, OAO, Com-
star, HEAOQO, Fltsatcom

The Atlas and the Centaur stages were both upgraded during
NASA'’s second 10 years. The Atlas SLV-3D model was in-
troduced in 1973, as was the Centaur D-1A. The optional third
stage motor was used with the Atlas-Centaur combination four
times: Pioneer 10, Pioneer 11, Intelsat I'V F-7, and Mariner 10.
It was attached to the aft of the spacecraft.

Volume 2.

Convair Div.,
General Dynamics:
prime

McDonnell Douglas
Astronautics Co.
airframe
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Table 1-21. Listing of Atlas-Centaur Vehicles
Atlas-Centaur
Vehicle Date Mission Atlas-Centaur*
Serial # Successful
5403C/AC-20 Feb. 24, 1969 Mariner 6 Yes
5105C/AC-19 Mar. 27, 1969 Mariner 7 Yes
5402C/AC-18 Aug. 12, 1969 ATS 5 Yes
5003C/AC-21 Nov. 30, 1970 OAOB No; nose fairing failed to

5005C/AC-25
5405C/AC-24

5404C/AC-23
5006C/AC-26
5008C/AC-28
5007C/AC-27
5009C/AC-29
5004C/AC-22
5011D/AC-30
5010D/AC-31
5014D/AC-34
5012D/AC-32
5015D/AC-33

5018D/AC-35
5016D/AC-36
5017D/AC-37
5020D/AC-38
5022D/AC-40
5019D/AC-39

. 5025D/AC-45

5701D/AC-43

5026D/AC-46
5024D/AC-44
5028D/AC-48
5030D/AC-50
5021D/AC-41
5031D/AC-51
5032D/AC-52

Jan. 25, 1971
May 8, 1971

May 30, 1971
Dec. 19, 1971
Jan. 22, 1972
Mar. 2, 1972

June 13, 1972
Aug. 21, 1972
Apr. 5, 1973

Aug. 23, 1973
Nov. 3, 1973

Nov. 21, 1974
Feb. 20, 1975

May 22, 1975
Sept. 26, 1975
Jan. 29, 1976
May 13, 1976
July 22, 1976
May 26, 1977
Aug. 12, 1977
Sept. 29, 1977

Jan. 7, 1978
Feb. 9, 1978
Mar. 31, 1978
May 20, 1978
June 29, 1978
Aug. 8, 1978
Nov. 13, 1978

Intelsat IV F-2
Mariner 8

Mariner 9
Intelsat IV F-3
Intelsat 1V F-4
Pioneer 10
Intelsat IV F-5
OAO 3
Pioneer 11
Intelsat IV F-7
Mariner 10
Intelsat IV F-8
Intelsat IV F-6

Intelsat IV F-1
Intelsat IVA F-1
Intelsat IVA F-2
Comstar 1
Comstar 2
Intelsat IVA F-4
HEAO 1
Intelsat IVA F-5

Intelsat IVA F-3
Fltsatcom 1
Intelsat IVA F-6
Pioneer Venus 1
Comstar 3

Pioneer Venus 2
HEAO 2

separate from vehicle, pre-
venting the Centaur stagé
from reaching orbital velocity

Yes

No; Centaur’s main engine
failed to start properly

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No; several malfunctions in-
cluding an electrical problem
caused the range officer to
destroy the vehicle 415 sec.

after liftoff
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No; Atlas booster high-
pressure gas generator system

malfunctioned
Yes
Yes
Yes
Yes
Yes
Yes
Yes

* 4 failures out of 32 attempts (87.5% successful).
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Chronology of Atlas-Centaur Development and Operations

Date

Event

Feb. 24, 1969
March 27, 1969
June 26, 1969

Aug. 12, 1969
Sept. 29, 1969
Oct. 15, 1969

Nov. 10, 1969

June 26, 1970
Nov. 30, 1970

Jan. 25, 1971
May 8, 1971

May 30, 1971
Dec, 19, 1971
Jan. 22, 1972
March 2, 1972

June 13, 1972
Aug. 21, 1972
April 5, 1973
July 17, 1973

Aug. 3, 1973

Aug. 23, 1973
Sept. 24, 1973

Nov. 3, 1973
Nov. 21, 1974
Feb. 20, 1975

May 22, 1975
Spring 1975

Sept. 26, 1975

Atlas-Centaur successfully launched Mariner 6 to Mars.

Atlas-Centaur successfully launched Mariner 7 to Mars.

NASA’s Marshall Space Flight Center issued a request for proposals for an eight-
month study of six launch vehicle configurations that would utilize a Centaur upper
stage on a Saturn S-IVB stage. McDonnell Douglas was awarded the contract.
Atlas-Centaur successfully launched A7S 5 to earth orbit.

NASA executed a contract with General Dynamics for the development of an im-
proved Centaur (D-1) stage.

NASA'’s Lewis Research Center awarded General Dynamics a contract for the
manufacture of six Atlas stages to be used with Centaur.

Pratt & Whitney and NASA officials signed a letter contract calling for 18 RL-10
engines for Centaur; a definitive contract was executed on April 10, 1970. An addi-
tional 12 engines were requested in May.

Lewis announced that Lockheed Missiles & Space Co. had been awarded a contract
to develop an improved Centaur shroud.

Atlas-Centaur failed to launch OAO B into earth orbit because the nose fairing
failed to separate from the vehicle.

Atlas-Centaur launched Intelsat I'V F-2 to earth orbit for ComSat Corp.
Atlas-Centaur failed to launch Mariner 8 to Mars because the Centaur’s engines
malfunctioned.

Atlas-Centaur successfully launched Mariner 9 to Mars.

Atlas-Centaur launched Intelsat IV F-3 to earth orbit for ComSat Corp.
Atlas-Centaur launched Intelsat IV F-4 to earth orbit for ComSat Corp.
Atlas-Centaur successfully launched Pioneer 10. The probe was scheduled to
journey through the Asteroid Belt, past the planet Jupiter, and eventually out of the
solar system. A third-stage motor, the TE-M-364-4, was added to the Atlas-Centaur
configuration for the first time.

Atlas-Centaur launched Intelsat IV F-5 to earth orbit for ComSat Corp.
Atlas-Centaur successfully launched OAO 3 to earth orbit.

Atlas-Centaur successfully launched Pioneer 11 on its way to Jupiter. This was the
first use of the upgraded Atlas-Centaur configuration (Atlas SLV-3D-Centaur
D-1A).

Marshall awarded General Dynamics a contract to study a reusable Centaur stage,
which would also have potential as an interim space tug.

General Dynamics officials briefed NASA Headquarters personnel on the results of
their Centaur-Shuttle integration study.

Atlas-Centaur launched Intelsat IV F-7 to earth orbit for ComSat Corp.

It was announced that NASA awarded a contract to General Dynamics for the pro-
duction of nine Centaur stages.

Atlas-Centaur successfully launched Mariner 10 on its way to Venus and Mercury.
Atlas-Centaur launched Intelsat IV F-8 to earth orbit for ComSat Corp.
Atlas-Centaur failed to launch Intelsat IV F-6 to earth orbit for ComSat Corp.
because of several vehicle malfunctions.

Atlas-Centaur launched Intelsat IV F-1 to earth orbit for ComSat Corp.

NASA officials were conducting in-house studies of the possibility of using Centaur
as a Shuttle interim upper stage (IUS). These studies and debate among NASA,
Congress, and the Air Force over which vehicle, if any, would serve as the best IUS,
would continue through the early 1980s.

Atlas-Centaur launched Intelsat IVA F-1 to earth orbit for ComSat Corp.
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Table 1-22. Chronology of Atlas-Centaur Development and Operations (Continued)
Date Event
Jan. 29, 1976 Atlas-Centaur launched Inrelsat IVA F-2 to earth orbit for ComSat Corp.
May 13, 1976 Atlas-Centaur launched ComStar 1 to earth orbit for ComSat Corp. and American

July 22, 1976
Sept. 8, 1976

May 26, 1977
Aug. 12, 1977
Sept. 29, 1977

Jan. 7, 1978
Feb. 9, 1978

March 31, 1978
May 20, 1978

June 29, 1978
Aug. 8, 1978
Nov. 13, 1978

Telephone and Telegraph Co.

Atlas-Centaur launched ComStar 2 to earth orbit for ComSat Corp. and American
Telephone and Telegraph Co.

Lewis awarded General Dynamics a contract to produce eight Atlas-Centaur
vehicles. E
Atlas-Centaur launched Intelsat IVA F-4 to earth orbit for ComSat Corp.
Atlas-Centaur successfully launched HEAO [ to earth orbit.

Atlas-Centaur failed to launch Intelsat IVA F-5 into orbit for ComSat Corp.
because the high-pressure gas generator system on the Atlas booster failed.
Atlas-Centaur launched Intelsat IVA F-3 to earth orbit for ComSat Corp.
NASA’s Atlas-Centaur launched Fitsatcom 1 to earth orbit for the Navy and the
Department of Defense.

Atlas-Centaur launched Intelsat IVA F-6 to earth orbit for ComSat Corp.
Atlas-Centaur successfully launched Pioneer Venus 1 onto its interplanetary trajec-
tory.

Atlas-Centaur launched Comstar 3 to earth orbit for ComSat Corp. and AT&T.
Atlas-Centaur successfully launched Pioneer Venus 2 to the planets.
Atlas-Centaur successfully launched HEAO 2 to earth orbit.

The Saturn Family

The clustered-engine Saturn launch vehicles were developed during the 1960s
under the direction of Wernher von Braun at the Marshall Space Flight Center,
Huntsville, Alabama. Their primary role was to support NASA’s program of
manned expeditions to the moon. Saturn I and Saturn IB helped qualify the Apollo
spacecraft in earth-orbital maneuvers (1963-1968). The task of boosting a crew of
three astronauts and their command and service module and lunar module to the

‘moon fell to the three-stage Saturn V. The first manned landing (Apollo 11) took
place in 1969, preceded by two lunar-orbital missions (Apollo 8 and 10), and one
earth-orbital mission (Apollo 9) also launched by Saturn Vs.

The powerful Saturn V sent six crews to the lunar surface (a seventh, Apollo 13,
was forced to return because of a spacecraft malfunction) in 1969-1972. Powered by
five Rocketdyne F-1 and six Rocketdyne J-2 engines. Saturn V’s total thrust was 39.4
million newtons, enough power to lift 45 000 kilograms to an escape trajectory or
129 000 kilograms to earth orbit. It stood 111 meters tall and weighed 2.6 million
kilograms. North American Rockwell Corporation, the Boeing Company, and
Douglas Aircraft Company served as the primary contractors.

The budget cuts of the late 1960s and early 1970s left NASA with Apollo and
Saturn hardware, but no lunar missions for which to use it. Congress had forced the
agency to scrap its last Apollo flights to the moon. To make use of the spacecraft
and launch vehicles already procured, NASA’s manned spaceflight officials sought
approval for an Apollo applications program. Skylab was the flight project that
evolved from this attempt to utilize Apollo surplus. In May 1973, NASA’s last
Saturn V launched the Skylab Orbital Workshop to earth orbit. Three three-man
crews were sent to visit the laboratory by Saturn IB vehicles later that year.

Saturn IB was used one more time by the space agency. In July 1975, it launched
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an Apollo crew to earth orbit, where they met and docked with a Soviet Soyuz
spacecraft. The Apollo-Soyuz Test Project marked the last use of Apollo hardware
(see table 1-25 for a listing of Saturn flights).

Table 1-23. Saturn IB Characteristics

Ist Stage 2d Stage Instrument Total with
(S-1B) (S-1VB) Unit Spacecraft
and Tower
Height (m): 24.5 17.8 0.9 68.3
Diameter (m): 6.5 6.6 6.6
Launch weight (kg): 401 348 103 852 1859 589 550
Propulsion system
Powerplant: 8 1
Rocketdyne Rocketdyne
H-1s J-2
Thrust (newtons): 7 116 800 1 000 800 8 117 600
Propellant: LOX/RP-1 LOX-LH,

Payload capacity:

Origin:
Contractors:

Program managers:

How utilized:

16 598 kg to 195 km earth orbit

Uprated Saturn I

North American Rockwell Corp.: 1st- and 2d-stage propulsion
Chrysler Corp.: 1st stage

Douglas Aircraft Co.: 2d stage

Richard G. Smith, Ellery B. May, Marshall Space Flight Center
Skylab, Apollo-Soyuz Test Project

Remarks: Called Uprated Saturn I from May 1966 through 1967; development
completed during the 1960s as part of the Apollo program; used to
qualify the Apollo spacecraft in 1966-68.
See also: Volume 2.
Table 1-24. Saturn V Characteristics
1st Stage 2d Stage 3d Stage Instrument  Total with
(S-1C) (S-11) (S-1VB) Unit Spacecraft
) and Tower
Height (m): 42.1 24.9 17.9 0.9 111
Diameter (m): 10.1 10.1 6.6 6.6
Launch weight (kg): 2 076 123 437 628 105 212 2041 2 621 004
Propulsion system
Powerplant: 5 5 1
Rocketdyne Rocketdyne Rocketdyne
F-1s J-2s J-2
Thrust (newtons): 33 360 000 5 004 000 1 023 040 39 387 040

Propellant:

Payload capacity:

Origin:
Contractors:

Program manager:
How utilized:
Remarks:

See also:

LOX/RP-1 LOX-LH, LOX-LH-
129 248 kg to 195 km earth orbit
45 350 kg to escape trajectory
Uprated Saturn IB
North American Rockwell Corp.: 1st-, 2d-, and 3d-stage propulsion,
2d stage
Boeing Co.: 1st stage
Douglas Aircraft Co.: 3d stage
Richard C. Smith, Ellery B. May, Marshall Space Flight Center
Apollo lunar missions.
Called Saturn C-5 in 1961-62; development completed during the
1960s as part of the Apollo program.
Volume 2.
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Table 1-25. Listing of Saturn IB/Saturn V Vehicles

Vehicle Date Mission Saturn Vehicle
Serial # Successful?®
SA-504 March 3, 1969 Apollo 9, earth orbit (§8V) Yes
SA-505 May 18, 1969 Apolio 10, lunar orbit (SV) Yes
SA-506 July 16, 1969 Apollo 11, lunar orbit (SV) Yes
SA-507 Nov. 14, 1969 Apollo 12, lunar landing(SV) Yes
SA-508 April 11, 1970 Apollo 13, lunar landing(SV) Yes
SA-509 Jan. 31, 1971 Apollo 14, lunar landing(SV) Yes
SA-510 July 26, 1971 Apolio 15, lunar landing(SV) Yes
SA-511 April 16, 1972 Apollo 16, lunar landing(SV) Yes
SA-512 Dec. 7, 1972 Apollo 17, lunar landing(SV) Yes
SA-513 May 14, 1973 Skylab 1, earth orbit (SV) YesP
SA-206 May 25, 1973 Skylab 2, earth orbit (SIB) Yes
SA-207 July 28, 1973 Skylab 3, earth orbit (SIB) Yes
SA-208 Nov. 16, 1973 Skylab 4, earth orbit (SIB) Yes
SA-210 July 15, 1975 Apollo-Soyuz Test Project, earth orbit (SIB) Yes

aSaturn IB: O failures out of 4 attempts (100% successful)
Saturn V: 0 failures out of 10 attempts (100% successful)
bAt 63 seconds after liftoff, the meteoroid shield protecting Skylab was torn off by vibrations suf-
fered by the launch vehicle, damaging the laboratory’s solar array system. Subsequent analyses revealed
that the shield separation straps had failed. The workshop was positioned in the correct orbit and the
damage repaired by the first crew to visit it.

Scout

The four-stage solid propellant Scout served as NASA’s small-payload launch
vehicle for both the first and second decades of the space agency’s existence. NASA
inherited specifications for the rocket from the National Advisory Committee for
Aeronautics (NACA) and awarded contracts for its development in 1959. The first
successful research and development launch took place the next year. From 1960
through 1978, NASA used the Scout vehicle 71 times to launch Explorer-class
satellites and a variety of international payloads.

Under the direction of the Langley Research Center and the Ling Temco Vought
Corporation (later Vought Corporation), the prime contractor, the Scout configura-
tion evolved. The rocket motors of all four stages were either upgraded or replaced
by a new model at least three times (see table 1-27; and volume 2, table 1-70). With
each major improvemment, Scout’s payload capacity increased —from 59 to 193
kilograms (to a 555-kilometer orbit). The Air Force also employed a Scout con-
figuration in its satellite program. Scout vehicles were launched from Wallops
Island, Vandenberg Air Force Base, and the San Marco mobile platforms off the
Kenya coast.
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Table 1-26. Scout Characteristics (as of 1978)
1st Stage 2d Stage 3d Stage 4th stage Total
Algol IIIA  Castor IIA Antares IIB _ Altair IIIA
Height (m): 9.1 6.2 2.9 1.5 21.9
Diameter (m): 1.14 0.8 0.76 0.5
Weight (kg): 14 195 4429 1270 300 20 194
Propulsion system
Powerplant: uTC Thiokol ABL uTC
TX 354 X-259 FW-4S y)
Thrust (newtons): 481 700 271 328 93 050 25 798 871 876
Burn time (sec.): 82 41 37 35
Propellant: solid solid solid solid
Payload capacity: 193 kg to 555 km earth orbit
Origin: Pilotless Aircraft Research Div., Langley Memorial Aeronautical
Laboratory, National Advisory Committee for Aeronautics
Contractors: Vought Corp.: prime

Program manager:
Project manager:
How utilized:

United Technology Center: 1st- and 4th-stage propulsion

Thiokol Chemical Corp.: 2d-stage propulsion

Alleghany Ballistics Laboratory, Hercules Powder Co.: 3d-stage pro-
pulsion

Paul E. Goozh, NASA Hg.

Roland D. English, Langley Research Center

To launch small scientific and applications payloads, including a
number of international and U.S. Navy satellites.

Remarks: A larger diameter payload shroud (increased from 0.86 to 1.07 meters)
was introduced in 1972, providing a payload volume of 1.01m3
(roughly doubling the capacity). As indicated in table 1-27, the Scout
vehicle was upgraded periodically. The models in use in 1978 were the
D-1 and F-1.
See also: Volume 2.
Table 1-27. Scout Stage Development, 1969-1978
1969 1970 1971 1972 1973 1974 1975 1976 1977 1978
Stage
Ist Algol Algol
IIB > IIIA -
(Aerojet- (UTC)
General)
2d Castor
IIA E
(Thiokol
TX-354 3)
3d Antares Antares
1IA _ IIB
(ABL » (ABL e
X-259) X-259)
4th Altair
IIIA
(UTC -
FW-4S)
Total weight (kg): 16 780 21 545 20 194
Payload capacity (kg to
555 km earth orbit): 142 186 193
Model designation:* B-1 D-1 F-1

* An additional model, the Scout E, was used in 1974 to launch Explorer 52. This special five-stage Scout
had an additional Alcyone 1A motor.
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Table 1-28. Listing of Scout Vehicles

Vehicle Date Mission Successful*

Serial #

S-172C Oct. 1, 1969 ESRO IB Yes

S-169C Nov. 7, 1969 Azur (GRS-1) Yes

S-171C Sept. 30, 1970 RAM C-3 Yes

S-174C Nov. 9, 1970 Orbiting Frog Otolith-Radiation Meteoroid Yes

Satellite

S-175C Dec. 12, 1970 Explorer 42 Yes e

S-173C April 24, 1971 San Marco 3 Yes

S-144CR June 20, 1971 Planetary Atmosphere Experiments Test Yes

S-177C July 8, 1971 Explorer 43 Yes

S-180C Aug. 16, 1971 FEole Yes

S-166CR Sept. 20, 1971 Barium-ion cloud probe Yes

S-163CR Nov. 15, 1971 Explorer 45 Yes

S-183C Dec. 11, 1971 Ariel 4 Yes

S-184C Aug. 13, 1972 Explorer 46 Yes

S-182C Sept. 2, 1972 Triad OI-1X Yes

S-170CR Nov. 15, 1972 Explorer 48 Yes

S-185C Nov. 21, 1972 ESRO 4 Yes

S-181C Dec. 16, 1972 Aeros 1 Yes

S-178C Oct. 29, 1973 Nnss 0-20 Yes

S-190C Feb 18, 1974 San Marco 4 Yes

S-188C March 8, 1974 Miranda Yes

S-191C June 3, 1974 Explorer 52 Yes

S-186C July 16, 1974 Aeros 2 Yes

S-189C Aug. 30, 1974 Ans 1 Partial; due to
1st-stage
guidance system
malfunction,
payload was not
inserted into
planned orbit

S-187C Oct. 15, 1974 Ariel 5 Yes

S-194C May 7, 1975 Explorer 53 Yes

S-195C Oct. 12, 1975 Triad 2 Yes

S-196C Dec. 5, 1975 Dual Air Density Satellite No; due to
3d-stage mal-
function

S-179CR May 22, 1976 P76-5 Wideband Yes

S-193C June 18, 1976 Gravity Probe 1 Yes

S-197C Sept. 1, 1976 Triad 3 Yes

S-200C Oct. 28, 1977 TRANSIT Yes

S-201C April 26, 1978 Heat Capacity Mapping Mission Yes

*2 failures-partial failures out of 32 attempts (93.7% successful).
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Table 1-29. Chronology of Scout Development and Operations

Date Event

Aug. 26, 1969 NASA’s Langley Research Center awarded Ling Temco Vought Aerospace Corporation
(later Vought Corp.) an 18-month contract to develop a larger first-stage (Algol I11A)
motor for Scout.

Oct. 13, 1969 It was announced that United Technology Center would develop and qualify the Algol
IIIA stage for Vought, the prime contractor for the Scout vehicle.

March 1972 Vought, under the direction of NASA’s Lewis Research Center, initiated a Scout-
Shuttle integration study. s

May 31, 1972 Langley ordered 15 Scouts from Vought (10 of which were to be the new D model with
the Algol IIIA first stage).

Aug. 13, 1972 The model D scout with a new first-stage motor was used for the first time to launch Ex-
plorer 46.

Oct. 26, 1973 NASA awarded a three-year contract to Vought for Scout systems management.

June 3, 1974 A five-stage Model E Scout launched Explorer 52 from the Western Test Range. This
experimental Scout configuration had an additional Alcyone 1A motor and a fifth-stage
transition section.

Spring 1976 Langley proposed that an improved third stage (Antares I1IA) be developed for Scout;
NASA Headquarters concurred that fall.

Feb. 11, 1977 Langley awarded Vought a two-year contract to design, develop, and qualify a new
guidance system for Scout.

July 14, 1978 Looking forward to the operational use of Shuttle, NASA Administrator Robert A.
Frosch advised the space transportation system directorate that the use of Scout vehicles
should be terminated in 1981.

Thor Family

During NASA'’s first 10 years, the Thor booster, an intermediate range ballistic
missile developed for the Air Force by the Douglas Aircraft Company (later McDon-
nell Douglas Corporation), was used alone for suborbital communications satellite,
tests and with Able, Agena B and D, and Delta upper stages to orbit medium-weight
payloads. Thor’s power was increased during the 1960s by lengthening its tank and
by adding strap-on solid rocket motors to its base. The 1970s saw Thor grow even
taller and adopt a new booster propulsion system. Delta, a two-part upper stage (ac-
tually two stages) also manufactured by McDonnell Douglas, and Lockheed’s Agena
were the only stages paired with Thor during the 1970s. Like Thor, Delta was
uprated to provide more power and more sophisticated guidance capabilities. The
Thor-Agena D configuration, used only four times in the second decade, retained its
original characteristics (see table 1-30).

NASA put eight different Thor-Delta combinations on the launch pad in
1969-1978. The “Standard Delta” C model’s MB-3 block II engine was uprated to a
block III in 1965; and RS-27 (H-1) engine powered the booster in the 2000 series,
which was first used in 1974. Thor’s tank was extended further in the 1000 series
(1972). Solid motors to augment the booster stage were first strapped to Thor in the
1960s, growing in number from three to nine by 1972. The Castor I strap-on was
replaced by Castor II on the Thor-Delta L, M, and N models (1968), and the much
larger Castor IV made its debut on the 3914 model in 1975. Delta’s engine was
uprated with the introduction of the E model (1965) and again with the 904 (1972).
An entirely new engine, the TR 201, was incorporated into the second stage of the
2000 series in 1974. During the 1970s, Thiokol Corporation’s TE 364-3 or 364-4
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solid-propellant motors were used in the small but powerful Delta third stage to
position a payload into precise orbit. See table 1-31 and figure 1-4 for more infor-
mation on Thor-Delta models.

Thor-Delta 3914 was the most powerful of the five models introduced in
1969-1978. It differed from the much-used 2000 series only in its substitution of the
larger Castor IV strap-ons. Delivering 4.69 million newtons thrust, model 3914
stood over 35 meters tall. It could send 900 kilograms to a synchronous transfer or-
bit. The 2000 series routinely put 1800-kilogram payloads into 370- kllometer orbits
and 700 kilograms into synchronous transfer orbits. -

Thor-Delta was NASA’s most popular launcher. It was rolled out to the launch
site 84 times in 1969-1978 (Scout was the second most used vehicle with 32
launches). But NASA was not its most frequent user. Instead, the agency put Thor-
Delta to work launching satellites for other government agencies and foreign
governments on a cost reimbursable basis. NASA attempted to launch 63 satellites .
provided by other parties, the bulk of these being communications satellites (see
table 1-32 for a listing of Thor-Delta launches).* Agency-sponsored payloads in-

*Seven of these payloads were launched with only three launch vehicles; two others were launched
with NASA payloads, for a total of 55 launches that were completely sponsored by organizations other
than NASA. Five of these launch attempts experienced some degree of vehicle failure.

Table 1-30. Long-Tank Thrust-Augmented Thor-Agena D (Thorad-Agena D)

Characteristics
1st Stage Strap-on 2d Stage Total with
Thor Solid Rocket Agena D Spacecraft
Motors Fairing
Height (m): 21.6 6.1 6.2 35.5
Diameter (m): 2.4 0.79 1.5
Launch weight (kg): 70 000 12 653 7250 90 000
Propulsion system:
Powerplant: MB-3 Block 3) TX-354-5 XLR-81-Ba-11
111 Castor 11
Thrust (newtons): 868 561 695 623 71 168 1 635 352
Burn time (sec.): 218 37 237
Propellant: RP-1/LOX solid UDMH/N,O,
Payload capacity: 1400 kg to 185 km earth orbit
Origin: Air Force Air Force-
IRBM Lockheed design
Program manager: Robert W. Manville, NASA Hgq.
Project manager: William R. Schindler, Goddard Space Flight Center
Contractors: McDonnell Thiokol Corp. Lockheed Missiles
Douglas: prime and Space Co.: prime
Rocketdyne Div., Bell Aerospace, Textron:
Rockwell Corp.: propulsion
propulsion
How utilized: Nimbus 3 and 4, OGO 6, SERT 2
Remarks: The booster engine and strap-ons were improved over the original
' configuration.

See also: Volume 2.
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cluded the Orbiting Solar Observatory, Explorer, Biosatellite, Landsat, and Nim-

bus.

A special Package Attitude Control (Pac) system was carried piggyback on a
Delta second stage during the August 9, 1969, launch of the OSO 6 satellite. Pac was
inserted into orbit (547 X 483 km) to flight test a long-life, low-power, three-axis,
earth-stabilized control system for the Delta second stage and to demonstrate the
feasibility of using this stage as a platform for experimental payloads.

Table 1-31. Thor-Delta 3914 Characteristics

1st Stage Strap-on 2d Stage 3d Stage Total
Thor Solid Rocket Delta with
Motors Spacecraft
Height (m): 21.3 11.3 6.4 1.4 35.4
Diameter (m): 2.4 1.02 1.5 1.0
Launch weight (kg): 93 200 6180 1160 190 630
Propulsion system
Powerplant: RS-27 (9) TX-526 TR 201 TE 364-4
Castor IV
Thrust (newtons): 920 736 3 633 000 42 923 61 858 4 688 517
(total)
Burn time (sec.): 209 58.2 335 44
Propellant: RP-1/LOX solid Aerozene solid
50/N,O,
Payload capacity: 907 kg to synchronous transfer orbit
Origin: Air Force NASA-McDonnell Douglas
IRBM design

Program manager:
Project manager:
Contractors:

How utilized:
Remarks:

See also:

Isaac Gillam, IV, Peter T. Eaton, NASA Hgq.
William Schindler, Goddard Space Flight Center

McDonnell Thiokol Corp. McDonnell Thiokol Corp.
Douglas: prime Douglas: prime

Rocketdyne Div., TRW:

Rockwell Corp.: propulsion

propulsion

medium-weight payloads, primarily commercial communications satellites
From a continuing effort to increase the launch capacity of the Thor-Delta
configuration, the 3914 model emerged as the most powerful Thor-Delta of
the 1970s. As shown in fig. 1-4, the only major alteration to the 2000 Series
that was made to produce the 3914 was the substitution of the larger Castor
IV strap-ons for the long-used Castor IIls. NASA was using the Delta 1000,
2000, and 3000 models simultaneously during the late 1970s.

The RS-27 booster propulsion system was made of one main engine and two
vernier engines. Five of the nine strap-ons ignited at liftoff, the remaining
four at 64 seconds after liftoff.

Volume 2.




MODEL
DESIGNATION:  DELTA")
STAGES

18T (THOR):  MB-3 BLOCK II

STRAP-ON N/A
SOLID ROCKET

MOTORS:

2d (DELTA):  AJ-10-118D
LONG-TANK

3d: X-258

PAYLOAD

CAPACITY {kg)

370 km EARTH 408

ORBIT:

SYNCHRONOUS 82

TRANSFER

ORBIT:

YEARS IN USE:  1963-69

C (""STANDARD E (“THRUST-

L, M, N ("LONG- M, N-6
AUGMENTED IM- TANK DELTA"")
PROVED DELTA,”

904 1000 SERIES** 2000 SERIES 3914

(""STRAIGHT 8")

OR TAID}*
MB-3 BLOCK I =3 RS-27 (H-1) e
EXTENDED LONG TANK
(3} TX 33-52 (3) TX 354-5 (6) TX 354-5 (9) TX 354-5 > > (9) TX-526
CASTOR | CASTOR I CASTOR HI CASTOR i CASTOR IV
AJ-10-118E 5 AJ-10-118 F s TR 201 —-
LARGE-DIAMETER
FW-4 L=FW-4D TE 364-4 o TE 364-3 OR TE 364-4
M=TE 364-3 > TE 364-4
N=NO 3d STAGE
735 998 1293 1683 1837 1887 -
204 356 454 635 680 703 907
1965-71 1968-72 1970-71 1972-73 1972- 1974- 1975-

* Two other models that built on the Delta E configuration were the Delta G (two stages only) and the Delta J (TE 364-3 third stage). The Delta E
model was the most popular of the 12 Delta configurations.
** The 1904 Delta had a 1.65-meter fairing; the 1914 Delta a 2.44-meter fairing.

Figure 1-4. Thor-Delta Development, 1969-1978

Source: NASA News Release 75-151, May 16, 1975, p. 5.
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Table 1-32. Listing of Thor-Delta Vehicles

Date Mission Thor-Delta
Successful*
1969
1-22 0OSO 5 Yes
1-20 Isis 1 Yes
2-5 Intelsat III F-3 Yes
2-26 ESSA 9 Yes
5-21 Intelsat 111 F-4 Yes s
6-21 Explorer 41 Yes
6-28 Biosatellite 3 Yes
7-25 Intelsat II1 F-5 No; 3d stage malfunctioned (motor
case ruptured or nozzle failed)
8-9 OSO 6/Pac Yes
8-27 Pioneer E/TETR C No; 3d stage malfunctioned
(vibrating relief valve caused
hydraulic oil leak)
11-21 Skynet 1 Yes
1970
1-14 Intelsat III F-6 Yes
1-23 Itos 1/Oscar 5 Yes
3-20 NATO 1 Yes
4-22 Intelsat I1I F-7 Partial; booster underperformed but
spacecraft thrusters helped put
payload into proper orbit
7-23 Intelsat 111 F-8 Yes
8-19 Skynet 2 Yes
12-11 NOAA 1/Cepe Yes
1971
2-2 NATO 2 Yes
3-13 Explorer 43 Yes
3-31 Isis 2 Yes
9-29 OSO 7/TETR 3 Partial; 2d stage anomaly led to
spacecraft separation at wrong pitch
angle
10-21 Itos B No; 2d stage malfunctioned (oxidizer
system leak)
1972
1-31 HEOS 2 Yes
3-11 TD—1A Yes
7-23 ERTS 1 Yes
9-22 Explorer 47 Yes
10-15 NOAA2/Oscar 6 Yes
11-9 Anik 1 Yes
12-10 Nimbus 5 Yes
1973
4-20 Anik 2 Yes
6-10 Explorer 49 Yes
7-16 Itos E No; 2d stage malfunctioned
(hydraulic pump failure)
10-25 Explorer 50 Yes
11-6 NOAA 3 Yes
12-15 Explorer 51 Yes
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Table 1-32. Listing of Thor-Delta Vehicles (Continued)
o Thor-Delta
Date Mission Successful*
1974
1-18 Skynet 11 A Yes
4-13 Westar 1 Yes
5-17 SMS 1 Yes
10-10 Westar 2 Yes ‘
11-15 NOAA 4/Intesat/ Yes
Amsat Oscar 7
11-22 Skynet II B Yes
12-18 Symphonie 1 Yes
1975
1-22 Landsat 2 Yes
2-6 SMS 2 Yes
4-9 GEOS 3 Yes
5-7 Anik 3 Yes
6-12 Nimbus 6 Yes
8-8 COS B Yes
8-27 Symphonie 2 Yes
10-6 Explorer 54 Yes
10-16 GOES 1 Yes
11-20 Explorer 55 Yes
12-13 Satcom 1 Yes
1976
1-17 CTS 1 Yes
2-19 Marisat 1 Yes
3-26 Satcom 2 Yes
4-22 NATO 111 A Yes
5-4 Lageos Yes
6-10 Marisat 2 Yes
7-8 Palapa 1 Yes
g 7-29 NOAA 5 Yes
10-14 Marisat 3 Yes
1977
1-28 NATO III B Yes
3-10 Palapa 2 Yes
4-20 GEOS No; 3d stage malfunctioned;
spacecraft apogee motor placed
spacecraft into alternate orbit after
3d stage failed to put payload into
transfer orbit
6-16 GOES 2 Yes
7-14 GMS Yes
8-25 Sirio Yes
10-22 ISEE 1/ISEE 2 Yes
11-23 Meteosat Yes
12-15 CS (Sakura) Yes
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Table 1-32. Listing of Thor-Delta vehicles (Continued)

Date Mission Thor-Delta
Successful*

1978

1-26 IUE Yes

3-5 Landsat 3/Oscar 8 Yes

4-7 BSE Yes

5-11 OTS 2 Yes

6-16 GOES 3 Yes P
7-14 GEOS 2 Yes

8-12 ISEE 3 Yes
10-24 Nimbus 7/Cameo Yes

11-13 HEAO 2 Yes

11-19 NATO III C Yes

12-16 Anik 4 Yes

* 7 failures-partial failures out of 84 attempts (91.6% successful).

Table 1-33. Chronology of Thor-Delta Development and Operations

Date

Event

June 26, 1970
Oct. 13, 1971
March 11, 1972
July 23, 1972

Sept. 22, 1972
Nov. 15, 1974

May 7, 1975
Spring 1976

May 1976

Nov. 23, 1976

NASA awarded McDonnell Douglas a contract to incorporate the new Delta inertial
guidance system into the Thor-Delta vehicle.

Details of the improved 2000 series Thor-Delta were discussed with representatives of
potential user organizations.

The first Thor-Delta with a Universal Boat Tail was launched (7D-1A4); the boat tail
allowed the addition of up to nine strap-on solid rocket motors.

The launch of Landsat 1 marked the first use of nine strap-ons and the new uprated
second-stage engine (AJ 10-118F). This Thor-Delta model was designated the 904.
With the launch of Explorer 47, the first 1000 series Thor-Delta was proven successful,
For the first time, a Thor-Delta launched three satellites simultaneously (NOAA 4, In-
tesat, and Amsat Oscar 7).

The launch of Anik 3 marked the 100th successful Delta liftoff.

NASA officials studied the possibility of using a Delta-class (TE 364) stage instead of
the Air Force-sponsored Interim Upper Stage for use with Shuttle payloads.

The U.S. Aeronautics and Astronautics Control Board, made up of NASA and Depart-
ment of Defense personnel, approved the Delta 3914 model for government use.
NASA Headquarters plans called for Delta to be phased out at the Kennedy Space
Center during 1980 in anticipation of the Space Transportation System becoming opera-
tional.
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The Titan III Family

The Titan I1I concept, which dates from the early 1960s, was the product of the
Space and Missile Systems Organization (SAMSO) of the Air Force Systems Com-
mand. From three classes of components (liquid rocket cores, solid rocket motors,
and upper stages, a variety of launch vehicles could be assembled. Martin Marietta
(formerly the Martin Company), the manufacturer, offered the Air Force and
NASA a standard and a stretched core (the two Titan stages), five- and seven-
segment strap-on solid motors, as well as the small Algol strap-ons, and six upper
stages (the Transtage and Centaur being the most commonly used). The Air*Force
conducted its first test flight (Titan IIIA) in September 1964 and by the spring of the
following year was trying to sell the idea of the versatile Titan to NASA.

NASA’s long-range planners of the mid-1960s did not foresee the agency’s adop-
tion of the Titan III. Atlas-Centaur would serve their needs until a reusable launch
vehicle was ready. What the NASA officials failed to predict were the severe budget
reductions Congress would impose on the civilian space program, reductions that
forced the scrapping of a nuclear-powered upper stage and stretching of the schedule
for the development of a reusable Shuttle. NASA needed a vehicle more powerful
than Atlas-Centaur to launch interplanetary payloads (Viking and Voyager) it had
planned for the 1970s. In 1967, NASA began to study seriously the possibility of
adapting to its needs the Titan III paired with the Centaur upper stage. By early
1968, the space agency had decided to add the Air Force launch vehicle to its
table. Lewis Research Center managed NASA’s participation in the Titan III pro-
gram (see table 1-37 for a more detailed chronology of events).

NASA used the Titan IIIC (with the Transtage) only once (table 1-34). In May
1973, it launched A T'S 6 into earth orbit. It was the Titan IIID-Centaur combination
that most attracted the agency’s attention (table 1-35). As modified and improved to
suit NASA’s payloads, the vehicle was renamed Titan IIIE-Centaur D-1T. NASA’s
first test of this powerful duo (13.55 million newtons thrust) on February 1974 ended
in failure because of the malfunction of a proven Centaur component, but the first
satellite launch 10 months later (Helios 1) was an unqualified success. The bulbous
launch vehicle with its two strap-on booster rockets performed equally well in
1975-1977 for Viking 1 and 2, Helios 2 and Voyager 1 and 2 (table 1-36).
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Table 1-34. Titan IIIC Characteristics
Stage O 1st Stage 2d Stage 3d Stage Total
Solid Titan Titan Transtage
Rocket
Motors (2)
Height (m): 25.9 22.2 7.1 9.4 38.7
Diameter (m): 3.05 3.05 3.05 3.05
Launch weight (kg): 226 800 123 830 33112 16 500 400 242
each
Propulsion system ‘
Powerplant: United Aerojet Aerojet Aerojet
Technology YLR87- YLR91- AJ-10-118F
1205 AJ-11 AJ-11
Thrust (newtons): 10.45 mill 2.16 mill 456 570 35 600 13.1 mill
(combined)
Burn time (sec.): 110 150 108 420
Propellant: powdered N:H.,- N:Hs- N:>Has-
aluminum/ UDMH/ UDMH/ UDMH/
ammonium N,O, N.O. N>O.
perchlorate

Payload capacity:

Origin:
Contractors:

Program manager:
Project manager:
How utilized:
Remarks:

10 443 kg to earth orbit
1202 kg to Mars

Air Force Titan missile
Martin Marietta Corp.

Chemical

Systems Div.,

United

Technologies

Theodrick B. Norris, NASA Hgq.

Andrew J. Stofan, Lewis Research Center

ATS

NASA and the Air Force signed a memorandum of understanding allowing
NASA to use this Air Force vehicle for the ATS project on Feb. 6-7, 1970.
The second ATS mission (ATS G) was cancelled in Jan. 1973. ATS 6 was

launched successfully on May 30, 1973.
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Table 1-35. Titan IIIE-Centaur Characteristics
Stage O 1st Stage 2d Stage 3d Stage Centaur Total
Solid Titan Titan Centaur Standard
Rocket D-IT Shroud
Motors (2)
Height (m): 25.9 22.2 7.1 9.7 17.7) 48.8
Diameter (m): 3.05 3.05 3.05 3.05 4.3
Launch weight 226 800 123 830 33 112 17 700 3092 631 334
(kg): each
Propulsion system ‘
Powerplant: United Aerojet Aerojet Pratt &
Technology YLR87-AJ-11 YLR91-AJ-11 Whitney (2)
1205 RL-10A-3-
Thrust
10.68 mill 2.31 mill 449 248 133 440 13.55 mill
(newtons): (combined)
Burn time
(sec.): 110 150 208 450 918
Propellant: powdered N.H.,-UDHM/ N,H,-UDHM/ LH,/LOX
aluminum/ N.O, N,O,
ammonium
perchlorate
Payload
capacity: 15 000 kg to earth orbit
3000 kg to synchronous orbit
3402 kg to Mars
Origin: Air Force Titan 111D modified to NASA design
NASA’s requirements
Contractors: Chemical Martin Marietta Corp. General
Systems Div., Dynamics/
United Technologies Convair

Program manager:
Project manager:

How utilized:

Remarks:

R.A. Mattson, NASA Hgqg.
Andrew J. Stofan, Lewis Research

Center

Viking, Voyager

In this configuration, the Centaur upper
stage replaced the standard Titan third
stage, called the transtage; Centaur was
capable of restarting its two engines, a
desirable characteristic for planetary
missions. During Centaur’s coast phase,
attitude control was accomplished by 14
small hydrogen peroxide thrusters.
When the two five-segment solid rocket
motors, together known as “stage O,”
were jettisoned, the Titan first stage ig-
nited. These strap-on motors provided
more than four times the thrust of the
Atlas booster at liftoff. For two mis-
sions (Helios 1 and Helios 2), a fourth-
stage solid-propellant motor (Thiokol
TE-M-364-4) added to the spacecraft

package.
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Table 1-36. Listing of Titan IIIC/Titan IIIE-Centaur Vehicles
Titan Centaur
Vehicle # Date Mission Stage Stage
Successful Successful*

————— May 30, 1973 ATS 6 (111C) Yes N/A

TC-1 Feb. 11, 1974 TC-1 proof test Yes No (liquid oxygen

(I11E) boost pump failure)

TC-2 Dec. 10, 1974 Helios I (111E) Yes Yes

TC-4 Aug. 20, 1975 Viking 1 (111E) Yes Yes

TC-3 Sept. 9, 1975 Viking 2 (I11E) Yes Yes ’
TC-5 Jan. 15, 1976 Helios 2 (111E) Yes Yes

TC-7 Aug. 20, 1977 Voyager 2 (111E) Yes Yes

TC-6 Sept. 5, 1977 Voyager 1 (111E) Yes Yes

* Titan I1IC: O failures out of 1 attempt (100% successful).
Titan IHIE-Centaur: 1 failure out of 7 attempts (85.7% successful).

Table 1-37.

Chronology of Titan I1I Family Development and Operations

Date

Event

Sept. 15, 1961

Dec. 1961

May 1962
Aug. 11, 1962
Feb. 25, 1963

June 30, 1964
Sept. 1, 1964

Nov. 1964

Dec. 10, 1964
Feb. 1965

April 1965

April-May 1965

June 18, 1965
Sept. 1965

June 16, 1966
July 29, 1966
Aug. 29, 1966.
June 26, 1967

The Department of Defense (DoD) Research and Engineering Office requested the
preliminary study of a standardized space booster.

The Air Force was given permission by the administration to proceed with the
development of a powerful booster to be built on the technology of the Titan II vehi-
cle (Program 624A).

The Air Force completed its Titan I11 preliminary design effort and submitted a plan
to DoD.

The development of Titan III was authorized by DoD; the Air Force awarded Mar-
tin Marietta a systems integration contract for the new vehicle. )
The Air Force awarded Martin Marietta a contract to develop and manufacture the
Titan III.

The Air Force accepted the first Titan II1A from the manufacturer.

The launch of the first Titan IIIA was not successful due to a third-stage malfunc-
tion.

It was revealed by an Air Force official that studies conducted by the Jet Propulsion
Laboratory (JPL) and General Electric (GE) indicated that the Titan IIIC vehicle
would enhance Surveyor, Mariner, and Voyager Mars landing missions.

The first completely successful launch of the Titan IITA took place.

The Air Force announced its plans to pair the Titan IIIC with the Centaur upper
stage.

DoD announced that it had awarded Martin Marietta a contract for a “Titan I11-X”
series vehicle. The standard Titan 111 would be redesigned to accept a variety of up-
per stages.

The Air Force and the House of Representatives, Committee on Science and
Astronautics, requested NASA to consider using the Titan IIIC as a backup for its
Surveyor project, but NASA officials replied that current plans did not include the
Air Force vehicle.

The first launch of a Titan IIIC took place at the Eastern Test Range.

Air Force officials considered a Titan I1ID concept for the first time.

A Titan IIIC launched eight Air Force satellites successfully.

The first launch of a Titan IIIB, paired with an Agena D upper stage, took place.
The Air Force awarded a study contract for a Titan I1ID to Martin Marietta.
NASA awarded a study contract to Martin Marietta to determine the feasibility of
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Table 1-37. Chronology of Titan III Family Development and Operations (Continued)
Date Event

using a Titan-Centaur combination vehicle for agency missions.

Nov. 1967 DoD announced that it would begin procuring Titan IIID vehicles from Martin
Marietta.

Jan. 26, 1968 Air Force and contractor officials briefed high-ranking NASA officials on the Titan
III family.

Feb. 1968 Because of budget cuts that precluded the development of a more powerful genera-

June 11, 1968
Nov. 20, 1968
March 1969

March 6, 1969

May 23, 1969
Sept. 1969

Oct. 30, 1969
Feb. 6-7, 1970
July 10, 1970
June 15, 1971
Nov. 30, 1971

May 30, 1973

Sept. 24, 1973

Feb. 11, 1974
Dec. 10, 1974
Aug. 20, 1975
Sept. 9, 1975
Jan. 15, 1976
Aug. 20, 1977
Sept. 5, 1977

tion of vehicles or the speedy development of a reusable launch vehicle, NASA of-
ficials decided to use the Titan IIIC for sending probes to the near planets. *
NASA’s Lewis Research Center awarded Martin Marietta a contract for a Titan-
Centaur integration study.

NASA awarded Martin Marietta a follow-on (nine-month) Titan-Centaur study
contract.

Management of NASA'’s Titan IIIC and Titan-Centaur projects was assigned to
Lewis.

A project approval document (PAD) was signed for the procurement of Titan I1IC for
the Applications Technology Satellite (ATS) project.

The last (17th) research and development launch of the Titan III took place.

Lewis contracted with Martin Marietta for a systems definition study for Titan-
Centaur.

Lewis awarded General Dynamics/Convair a contract to design and build an improved
Centaur stage.

A memorandum of understanding was signed by NASA and the Air Force regarding
NASA’s -use of the Titan IIIC vehicle for ATS F and G.

A contract was awarded to General Dynamics/Convair by NASA for the reconfigura-
tion of the D-1 Centaur so that it would be compatible with the Titan IIIE, NASA’s ver-
sion of the IIID.

The first launch of the Titan IIID took place at Vandenberg Air Force Base.

A follow-on Centaur management and support contract was awarded to General
Dynamics/Convair to provide engineering support to mate Centaur with Titan IIIE.
NASA used Titan IIIC to launch A7S 6. The Space & Missile Systems Organization
(SAMSO) of the Air Force Systems Command served as the launch agency for the mis-
sion. (ATS G, the other mission scheduled to use the Titan II1IC, was cancelled on Jan.
5, 1973 because of budgetary restraints placed on the agency.)

Titan ITIE-Centaur was rolled out on the pad at the Kennedy Space Center for the first
time. The initial test flight was scheduled for Jan. 24, 1974, but that date was later
changed.

The first test launch of Titan IIIE-Centaur (7C-1) was a partial failure due to the
malfunction of a liquid oxygen boost pump on the Centaur stage. The upper stage was
destroyed less than 13 minutes after liftoff. Other objectives associated with the integra-
tion of the two vehicles were accomplished. A dynamic model of the Viking spacecraft
and a Space Plasma High Voltage Interaction Experiment were carried as payload dur-
ing the test. It was determined that a second proof flight was not required.

The successful launch of Helios I by Titan IIIE-Centaur took place.

The successful launch of Viking 1 by Titan IIIE-Centaur took place.

The successful launch of Viking 2 by Titan IHIE-Centaur took place.

The successful launch of Helios 2 by Titan IIIE-Centaur took place.

The successful launch of Voyager 2 by Titan IIIE-Centaur took place.

The successful launch of Voyager 1 by Titan IIIE-Centaur took place.
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Space Transportation System Solid Rocket Boosters

When NASA officials were asked in 1969 by President Richard M. Nixon’s
Space Task Group what goals the agency had for the future, a reusable spacecraft
was high on their “want list.” NASA planned to develop a new system for operations
in earth orbit “with emphasis upon the critical factors of: (1) commonality, (2)
reusability, and (3) economy.” Space station modules large enough to accommodate
a crew of 6 to 12 each, and an earth-to-orbit Shuttle that could support the orbiting
stations were two major components of this new system. A Space Transportation
System would “carry passengers, supplies, rocket fuel, other spacecraft, equipm’ent,
or additional rocket stages to and from orbit on a routine aircraft-like basis.”®

In their attempt to reduce the number of throwaway elements in any mission,
NASA engineers sought to design an orbital spacecraft that could be boosted by
reusable launch vehicle and returned like an airplane, ready to be used again with
some refurbishing. For reasons of economy, early drawings of a delta-wing craft
perched on a much larger winged launch vehicle capable of flying back to the launch
site were replaced by visions of a more modest Shuttle craft sent to orbit by expend-
able or partly expendable vehicles. Titan and Saturn were the two most popular can-
didates for the interim expendable booster role in the early 1970s. An alternative to
an enhanced Titan or Saturn, which were liquid-propellant vehicles, was a large
solid-propellant booster that could work with the Shuttle’s main engine to launch the
spacecraft. In the fall of 1971, NASA directed its contractors to determine the
feasibility of recovering and reusing traditional ballistic boosters.* Satisfied that an
interim launch system could be at least partly reusable, the agency set four com-
panies to work in January 1972 studying the practicality of using 3- and 4-meter
(120- and 156-inch) solid motors as part of the booster package.** In mid-March,
NASA Headquarters announced its decision: the Shuttle orbiter (75 000 kilograms),
which would be mounted to the side of a large external fuel tank (719 000
kilograms), would be launched by its own liquid-propellant main engine and two
solid rocket boosters (SRBs). It would be more economical and faster to produce a
satisfactory solid booster than to develop a new or to substantially rework an ex-
isting liquid-fueled system. Keeping the total price of the Space Transportation
System to a minimum had become a pervasive concern when the President approved
the program on January 5, 1972.

NASA selected Thiokol Chemical Company to develop the Shuttle solid rocket
boosters in November 1973. Designed to produce more than 12.5 million newtons
thrust each, the new motors were static fired for the first time in 1977. The SRBs,
made of 11 individual segments, were 45.4 meters tall and weighed 569 000
kilograms. The largest solid stages ever built, they were designed as the Space
Transportation Systems’ “primary propulsive element providing impulse and thrust

*Shuttle studies were conducted by North American Rockwell Corporation with General Dynamics
Corporation, by McDonnell Douglas Astronautics Company with Martin Marietta Corporation, by
Grumman Aerospace Corporation with Boeing Company, and by Lockheed Missiles and Space Com-
pany.

**Jnder the direction of the Marshall Space Flight Center, Aerojet-General Corporation, Lockheed
Propulsion Company, Thiokol Chemical Company, and United Technology Center conducted the solid
motor studies.
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vector control . . . from ignition to SRB staging.”® The two boosters would be
strapped to either side of the external tank (figure 1-5). At approximately two
minutes after launch, their fuel supply expended, the SRBs would be jettisoned,
their fall to the Atlantic Ocean (and later the Pacific Ocean) being checked by a trio
of parachutes. From the ocean, they would be retrieved, refurbished, and
reused —up to 20 times. NASA’s Marshall Space Flight Center, Huntsville,

Alabama, was charged with monitoring the contractors working on the new
boosters.

Figure 1-5. The Shuttle orbiter was designed to be attached to the large external tank, which
supplied liquid propellant to the orbiter’s engines. The two SRBs fired in parallel along with
the Shuttle main engine at liftoff.
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Table 1-38. Shuttle Solid Rocket Booster Characteristics

Height (m):
Diameter (m)
Launch weight (kg):
Inert weight (kg):
Number used:
Thrust (newtons):
Burn time (sec.):
Propellant:

Recovery system:

Contractors:

How utilized:

See also:

45.4 (38.2, motor only)
3.65

569 282.6 each

79 406 each

2 fired in parallel

12 596 736 each

122.4
Composite made of polybutadiene acrylic acid acrylonitrile terpolymer binder,
ammonium perchorlate, and aluminum powder (TP-H1148) 2

1 drogue chute (16.5 m diam.; 430 kg)

3 main chutes (35 m diam.; 2159.6 kg total)

Thiokol Chemical Corp.: prime

McDonnell Douglas Corp.: structures

United Space Booster, Inc.: assembly, recovery

Denver Div., Martin Marietta Corp.: decelerator subsystem

United Technology Corp.: booster separation motors

The SRBs were designed to work in concert with the Shuttle main engine to boost
the 75 000 kilogram reusable Shuttle orbiter plus 719 000 kilograms of liquid
hydrogen and liquid oxygen stored in the external tank. At an altitude of 1.24
kilometers after the SRBs had expended their fuel, the boosters would be jet-
tisoned. Their fall to the ocean some 250 kilometers from the launch site would
be checked by a parachute system (deceleration 26 meters per second at impact).
Thiokol designed the boosters to be recovered, refurbished, and reused (up to 20
times). The solid rocket motor was static fired successfully three times in
1977-78. The first Shuttle launch was scheduled for the early 1980s.

Chapter 2.
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Chronology of Shuttle Solid Rocket Booster Development

Date

Event

Jan. 31, 1969

Nov. 1969

Dec. 10, 1969

Feb. 18, 1970

May 9, 1970

June 15, 1970

Aug. 26, 1970

Sept. 28, 1970

Nov. 19, 1970

June 10, 1971

June 16, 1971

July 1, 1971

Summer 1971
Sept. 1971

Oct. 7, 1971

Dec. 6, 1971

Jan. 27, 1972

NASA awarded integral launch and reentry vehicle (ILRV) study contract to
Lockheed Missile & Space Company (clustered or modular reusable flyback stages),
North American Rockwell Corporation (expendable tank configurations), General
Dynamics Corporation (expendable tank concept and modularized solid propulsion
stages), and McDonnell Douglas Astronautics Company (“triamese” configurations
and reusable flyback stages). Studies were to be concluded in September. In June,
however, these “phase A” studies were extended and redirected at NASA’s request
toward a more fully reusable system. 4
NASA received phase A ILRV studies from its four contractors and an in-house-
funded report from Martin Marietta Corporation.

A joint NASA-Department of Defense Space Shuttle Task Group submitted a
“Summary Report of Recoverable versus Expendable Booster Space Shuttle
Studies,” in which the group recommended a fully reusable system.

NASA issued a request for proposals for phase B definition studies of a fully
reusable Shuttle system (proposals due March 30).

NASA awarded a North American Rockwell-General Dynamics team an 11-month
contract (phase B) to define more fully their Shuttle concept. NASA also selected
McDonnell Douglas-Martin Marietta to produce a competitive design.

NASA chose four firms to conduct 11-month feasibility studies on alternative Shut-
tle designs: Grumman Aerospace Corp.-Boeing Company (stage-and-a-half Shuttle
with expendable propulsion tanks, reusable orbiter with expendable booster,
reusable booster with solid propulsion auxiliary boosters), Lockheed (expendable
tank ‘orbiter), and Chrysler Corp. (single-stage reusable orbiter).

NASA announced that Convair Div., General Dynamics, would conduct an-eight-
month design study for a high-energy upper stage that could be used as an expend-
able upper stage with Shuttle.

NASA’s Marshall Space Flight Center chose McDonnell Douglas to conduct a study
of an expendable second stage for a reusable Shuttle booster.

Marshall awarded a one-year modification to its Shuttle study contract with
McDonnell Douglas; the contractor would also be responsible for testing the struc-
tural components of its proposed Shuttle booster.

Marshall was officially assigned the role of manager of the Shuttle main engine and
booster.

NASA Administrator James C. Fletcher indicated that the agency may take a
“phased approach” to Shuttle development. Hardware for the orbiter would be
developed first, which could be used with an expendable booster. Development of a
reusable booster would follow.

Phase B definition contracts with North American Rockwell-General Dynamics and
McDonnell Douglas-Martin Marietta, and study contracts with Grumman-Boeing
and Lockheed were extended through October to consider the phased approach to
Shuttle design and the use of existing liquid or solid propulsion boosters as interim
Shuttle launch vehicles.

Martin Marietta engineers concluded that the Titan launch vehicle could be used as
an interim expendable booster for Shuttle.

Grumman-Boeing officials suggested that Saturn IC could serve as an interim Shut-
tle booster and that a winged Saturn reusable booster was feasible.

Studies being conducted by North American Rockwell-General Dynamics, McDon-
nell Douglas-Martin Marietta, Grumman-Boeing, and Lockheed were extended
again to examine ballistic recoverable boosters.

NASA awarded contracts for feasibility studies of pressure-fed engines for a water-
recoverable Shuttle booster to TRW, Inc., and Aerojet-General Corporation.
Marshall chose Aerojet-General, Lockheed Propulsion Company, Thiokol
Chemical Company, and United Technology Center to study the use of 120-inch and
156-inch solid motors as part of the Shuttle booster package.
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Chronology of Shuttle Solid Rocket Booster Development (Continued)

Date

Event

March 15, 1972

June 21, 1972

Sept. 7-8, 1972

Dec. 12-13, 1972

Feb. 10-
March 10, 1973
July 16, 1973
Nov. 1973

Nov. 20, 1973

Jan. 1974

June 1974

June 26, 1974

May 15, 1975

August-7, 1975

Aug. 22, 1975
Nov. 1975

Jan. 8, 1976

May 28, 1976

Sept.-Oct. 1976
Dec. 21, 1976

For economic reasons, NASA Headquarters officials chose the solid booster con-
figuration for Shuttle over the development of a new liquid fueled system. Two
156-inch-diameter, 140-foot-tall solid rocket boosters (SRBs) paired with the
orbiter’s liquid fueled main engines would boost the Shuttle to orbit. At an altitude
of 1.24 kilometers, the boosters would be jettisoned, and their descent to the Atlan-
tic slowed by parachutes. The two boosters would be recovered from the ocean and
refurbished for another mission. The two solid boosters would be mounted on either
side of a larger external propulsion tank that would feed the orbiter’s main efgines.
The orbiter would be mounted to the tank (see fig. 1-5).

Six firms submitted proposals to Marshall for a parachute system for the Shuttle
solid boosters.

" NASA held a review at Marshall to advise industry on its plans for Shuttle’s external

propulsion tank and solid rocket boosters.

A second review session was held at Marshall for 350 industry and government
representatives interested in the external tank and SRB. A similar meeting took place
on March 6, 1973.

Water impact and towing tests of a Shuttle SRB-type motor were conducted by the
U.S. Navy at Long Beach, California, for Marshall.

Marshall issued a request for proposals for Shuttle solid rocket motor development
to Aerojet-General Solid Propulsion Company, Lockheed, Thiokol, and United
Technology Center (proposals due Aug. 27.).

Marshall conducted drop tests of a solid rocket motor scale model and a three-
parachute recovery system.

NASA selected Thiokol to design, develop, and test the Shuttle SRB. This six-year
contract was scheduled to run through September 1979.

Lockheed protested to the General Accounting Office (GAO) NASA’s selection of
Thiokol as designer of the SRB. Because of the protest, NASA issued Thiokol a
90-day study contract on February 13 so the firm could continue its work while
GAO studied the situation. The study contract was extended again on May 20 for 45
days.

United Technology Center submitted an unsolicited proposal to be a backup con-
tractor to Thiokol in the solid rocket motor program.

A letter contract was awarded to Thiokol by Marshall for the development of the
SRB. GAO had completed its investigation of the agency’s procedures in evaluating
the SRB proposals and on June 24 recommended that NASA decide whether or not
the selection of Thiokol should be reconsidered.

NASA issued Thiokol a contract for solid rocket motor design, development,
testing, and engineering for the period July 26, 1974 through June 30, 1980.
Marshall chose the Chemical Systems Division, United Technology Corporation, to
supply the SRB separation motors. Each booster would require eight separation
motors.

Marshall chose McDonnell Douglas to procure SRB structures (aft skirts, rings,
struts, frustrums, nose caps).

NASA officials decided to use the vehicle assembly building at launch complex 39 at
the Kennedy Space Center to assemble the SRBs.

Marshall issued a request for proposals for an SRB decelerator (parachute) sub-
system. The 36.5-meter-diameter chutes would be tested at Marshall and at NASA’s
Dryden Flight Research Center.

Martin Marietta was chosen by Marshall to produce the SRB decelerator subsystem.
Pioneer Parachute Company would serve as a subcontractor to Martin Marietta.
Engineers at Marshall tested the thrust vector control system for the SRB.
Marshall selected United Space Boosters, Incorporated, as the assembly contractor
for the SRB.



50

Table 1-39.

NASA HISTORICAL DATA BOOK

Chronology of Shuttle Solid Rocket Booster Development (Continued)

Date

Event

June 1977
July 18, 1977

Jan. 19, 1978
April 1978

Sept. 12, 1978
Oct. 19, 1978

The SRB recovery system was tested at the National Paracnute Test Range, El Cen-
tro, California. One drogue and three main chutes made up the system.

The Shuttle solid rocket motor was test fired for the first time (DM-1). In two
minutes, the motor produced more than 12 million newtons thrust.

The Shuttle booster solid rocket motor was fired successfully a second time (DM-2).
The first full-design-limit tests of the SRB recovery system were conducted at the
National Parachute Test Range. Further tests were held in July. Y

The Shuttle SRB parachute drop test program was completed. ’

The Shuttle solid rocket motor was successfuly fired a third time (DM-3).
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CHAPTER TWO

MANNED SPACEFLIGHT

INTRODUCTION
The First Decade Reviewed

When the National Aeronautics and Space Administration was established in
October 1958, its managers and engineers were still three years away from putting
man into space. Despite the early enthusiasm for lunar colonies and large orbiting
space stations, Americans did not explore the moon until 1969. Furthermore, Con-
gress did not approve the funds NASA required for an orbiting laboratory larger
than the three-man Skylab, which was launched in 1973. The evolution of
spaceflight hardware was necessarily slow and incremental, each spacecraft and mis-
sion building on the experiences of its predecessors.

Project Mercury (1961-1963) proved that one man could orbit the earth and
return safely in a blunt-shaped vehicle. John J. Glenn, Jr., became the first
American to be placed in orbit on February 20, 1962. The next step in NASA’s
manned space program was Project Gemini (1965-1966). Large enough to accom-
modate a crew of two, Gemini spacecraft were used to perfect the rendezvous and
docking maneuvers that would be required for a mission to the moon. A manned
lunar landing by the end of the decade was the ambitious goal given the young agen-
cy in 1961 by President John F. Kennedy. It was a feat designed to exhibit the
technical prowess of the United States at a time when the USSR was capturing all the
“space firsts.” The Apollo program (1968-1972) was NASA’s largest, most expensive
venture —and a highly successful one. An Apollo crew first circled the moon in 1968;
the first landing would follow the next year.

Manned Spaceflight, 1969-1978

NASA'’s second decade began with the successful landing of the first Apollo
crew on the moon. The Eagle touched down on the surface on July 20, 1969, with
Neil A. Armstrong and Edwin E. Aldrin, Jr., on board. Apollo 11 crewman Michael
Collins remained in the orbiting command and service module (CSM) while his two
mates completed their cursory exploration of the Sea of Tranquility. After 21.5
hours, Armstrong and Aldrin rejoined Collins for the three-day voyage back to
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earth. Apollo 9 (March 1969) and Apollo 10 (May 1969) had helped pave the way for
this historic mission, and six more crews would prepare for flights to the moon.

The crew of the second landing mission, Apollo 12 (November 1969), spent 31.5
hours on the surface in the vicinity of the Ocean of Storms near the Surveyor 3
spacecraft. The men devoted more than seven hours to excursions on foot, collecting
rock and soil samples, setting up scientific experiments, and photographing this new
domain. Apollo 13 (April 1970) never made it to the moon. An onboard power
failure led to mission’s failure. On each of the next four flights, Apollo 14 (January
1971), Apollo 15 (July 1971), Apollo 16 (April 1972), and Apollo 17 (December
1972), the astronauts spent more time on the surface, collected additional samples,
explored new regions of the moon, and extended their mobility by means of lunar
roving vehicles. Enthusiasm and excitement in Washington over lunar exploration
gave way to increased concern over the agency’s budget. Even the general public, if
not quite bored with it all, was taking “moon shots” in stride. The program ended
prematurely in the eyes of some NASA managers and scientists in 1972.

Taking advantage of hardware developed during the Apollo program, the agen-
cy’s advanced planners in the mid-1960s suggested that an orbiting laboratory could
be assembled using components of the Saturn launch vehicle and visited by crews in
Apollo spacecraft. The result was Skylab, an orbital workshop constructed from a
Saturn IVB stage. It was launched in May 1973 and visited by three crews over the
next nine months. The Skylab missions not only contributed to life scientists’
understanding of man’s ability to adapt to the space environment, but also gave
scientists in other disciplines the opportunity to send experiments aloft for extended
periods of time.

Another flight project that profitted from Apollo hardware aevelopment was
the Apollo-Soyuz Test Project (ASTP), the joint U.S.-USSR mission flown in July
1975. After many months of preparation and training, a three-man Apollo crew met
two Soviet cosmonauts in orbit above the earth. Apollo and Soyuz spent 44 hours
joined in space. Although this project was a technical success, political realities did
not allow the engineers, technicians, crews, and managers of the two countries to
continue working together.

NASA'’s post-Apollo plans called for a radical change for manned spaceflight —
from small, expendable, cone-shaped spacecraft launched on top of expendable
rockets to larger, sleeker, reusable vehicles designed to be launched by their own
main engines and reusable solid rocket boosters. The new space Shuttle, part of
what NASA labeled the Space Transportation System, would perform a variety of
tasks in earth orbit, including delivering, retrieving, and repairing satellites, taking
scientific laboratories and experiments to a specific orbit, and ferrying crews and
supplies to space stations. Approval to proceed with the development of a shuttle
came from the White House in August 1972. Four years later, Rockwell Interna-
tional personnel rolled the first orbiter, Enterprise, out the factory doors. Perched
atop a modified Boeing 747, Enterprise took to the air for the first time in February
1977. These approach and landing tests were completed in July. Rockwell would
manufacture the next orbiter as an actual flight vehicle, which would be used in the
orbital flight test program scheduled to begin in 1981.

For supporters of manned flight in space, the decade may have been a disap-
pointing one. The promise and excitement of the early Apollo years was replaced by
the sober realization that there would be no big-budget high-priority manned pro-
gram for the remainder of the 1970s. Shuttle had been approved, but its develop-




MANNED SPACEFLIGHT 55

ment would be slow and methodical. Plans for manned expeditions to Mars and
beyond were cast aside in favor of the unmanned exploration of the solar system.
Money, not the state of the art or the need to exhibit technical superiority, paced
NASA’s activities during the second 10 years.

Managing the Manned Spaceflight Program

4

The Office of Manned Space Flight (OMSF) was first organized in 1961. Along
with the Office of Space Science and Applications, the Office of Tracking and Data
Acquisition, and the Office of Advanced Research and Technology, OMSF was
under the direct control of the NASA administrator. George E. Mueller, associate
administrator for manned spaceflight from September 1963 through 1969, and his
three deputies built the complex management structure NASA Headquarters re-
quired to conduct the Apollo program. In addition to Apollo, OMSF established
directorates for advanced missions, Skylab (formerly Apollo applications), a Space
Station Task Force (added in May 1969), and a Space Shuttle Task Force (see table
2-1, Phase I). Mueller’s team carried the manned program through the first year of
the agency’s second decade.

Taking over from Mueller in January 1970, Dale D. Myers kept his
predecessor’s organization intact until 1971, when several changes were made (see
table 2-1, Phase II). With the completion of the lunar exploration program, the
Apollo program office, under the leadership of Rocco A. Petrone, was dropped in
early 1973. The Apollo-Soyuz Test Project was assigned to Chester M. Lee. Ad-
vanced missions remained under Phillip E. Culbertson until 1974, when John H.
Disher was assigned the task. Skylab operations were overseen by William C.
Schneider until July 1974, when Thomas E. Hanes became director. Director
Douglas R. Lord saw the Space Station Task Force renamed the Sortie Lab Task
Force in 1972 and then the Spacelab Program in 1973. Myron S. Malkin became the
first director of the Space Shuttle Program in April 1973. These management
changes and those that would follow reflected the transition from experimental to
more routine operations in space. Commenting on this subject in 1972, Myers said:

It is important to recognize that we no longer fly space missions just to get men into or-
bit. In the future, man’s role in space will be to perform those tasks that can be done
more efficiently manned than automated. He will be there to provide judgment and
flexibility to deal with unexpected events. . . . Looking at orbital operations this way,
you lose the manned/unmanned distinction and can better concentrate on how to do a
total space program in a less expensive manner.!

Myers returned to the Rockwell International Corporation in March 1974, and John
F. Yardley took OMSF’s reins two months later. Yardley would see the program
through the remainder of the second decade.

The Office of Manned Space Flight became the Office of Space Flight in
February 1976 (see table 2-1, Phase III). Yardley’s group was charged with pro-
viding the transportation and related services necessary to conduct both manned and
unmanned operations in space. Manned activities, however, would be restricted to
Shuttle hardware development and tests; Americans faced a six-year hiatus in
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manned spaceflight after the Apollo-Soyuz Test Project crew returned from the sor-
tie with the Soviets in 1975. Also coming to the associate administrator’s desk from
private industry, Yardley recognized the importance of Shuttle:

The whole thrust of our total space program is to take advantage of everything that we
have learned, and then take the next step and make space really and truly operational.
We have to lower the cost of space activity and join the manned and unmanned efforts.
The space Shuttle is the key to this.?

4

Reemphasizing Shuttle’s planned role for manned and unmanned spaceflight,
NASA renamed Yardley’s operation the Office of Space Transportation Systems in
1977.

John Disher continued to oversee advanced programs under Yardley, just as
Doug Lord and Myron Malkin stayed on as directors of the Spacelab and Shuttle
programs. The Skylab and Apollo-Soyuz Test Project offices were closed after the
successful completion of those projects. Chet Lee became the director for Space
Transportation Systems operations, an office added in 1975. The major addition to
Yardley’s organization was the Expendable Launch Vehicle Program, transferred to
the Office of Space Transportation Systems in September 1975. Under the direction:
of Joseph B. Mahon, the traditional launch vehicle program had been managed by
the Office of Space Science and Applications since 1961.

The following table (table 2-1) traces the organization of manned spacefhght
management at NASA Headquarters during the years 1969-1978. Only the major
offices are included and only major changes noted. The three phases represented in
the table are composites for each time period. Refer to appendix A and other NASA
historical publications for complete organization charts. The reader may also wish
to consult volume 2 of the Data Book series, table 2-2, for information on OMSF’s
organization during NASA’s first 10 years.

In addition to overseeing the paperwork in Washington, Mueller, Myers, and
Yardley also had management authority over related activities at the Johnson Space

"Center (formerly the Manned Spacecraft Center), the Marshall Space Flight Center,
and the Kennedy Space Center. The Johnson Space Center in Houston was responsi-
ble for the Apollo lunar exploration program and the study of the program’s
returns, astronaut training, mission control, development of the Shuttle orbiter, and
other activities related to man’s use of space. At the Marshall Space Flight Center in
Huntsville, Alabama, the production of the Saturn family of launch vehicles was:
directed, and the propulsion components that would support Shuttle were being
developed and tested. Launches took place from the Kennedy Space Center in
Florida.
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Table 2-1. Three Phases of Manned Spaceflight Management, NASA Headquarters

Phase I
1969-1970

Administrator/Deputy Administrator
Associate Administrator, Manned Space Flight (George E. Mueller; Dale D. Myers, Jan. 1970)
Deputy Associate Administrator, Manned Space Flight (Charles W. Mathews)

Executive Secretary, Manned Space Flight Experiments Board (William O. Armstrong; Douglas R.
Lord, mid-1969; Abram S. Bass, early 1970) )

Director, Manned Space Flight Safety (Jerome F. Lederer); moved to Office of Organization and
Management, March 1970

Deputy Associate Administrator, Manned Space Flight (Management) (Frank A. Bogart; Harry H.
Gorman, June 1970)

Director, Manned Space Flight Program Control (Jerald R. Kubat; Bogart, acting, June 1969;
Charles E. Koenig, Nov. 1969); moved to Office of Institutional Operations, early 1970 (see below)

Director, Manned Space Flight Field Center Development (Robert F. Freitag)

Director, Manned Space Flight Management Operations/Manned Space Flight Institutional Opera-
tions (Maynard E. White; Bogart, acting, fall 1969; Gorman, acting, early 1970)

Deputy Associate Administrator, Manned Space Flight (Technical) (Charles J. Donlan)
Director, Space Medicine (James W. Humphreys, Jr.)
Director, NASA Life Sciences (Humphreys); added Dec. 1970
Director, Mission Operations (John D. Stevensbn)
Director, Technical and Management Support (James Costantino, acting); added fall 1969
Director, Advanced Manned Missions Program (Donlan, acting; Philip E. Culbertson, Feb. 1970)
Deputy Director, Advanced Manned Missions Program (L.ord); dropped early 1970
Director, Program Control (Merle G. Waugh); dropped early 1970
Director, Manned Spacecraft (Robert L. Lohman, acting); dropped early 1970
Director, Systems Engineering (Brian T. Howard; J. W. Timco, late 1970)
Director, Mission Planning and Operations/Program Studies (Jack W. Wild)
Director, Payloads (Armstrong)
Director, Transportation Systems (Daniel Schnyer); dropped early 1970
Director, Supporting Development/Advanced Development (Eldon W. Hall)
Director, Apollo Applications/Skylab Program (William C. Schneider)
Deputy Director, Apollo Applications/Skylab Program (John H. Disher)
Director, Project Integration (Culbertson; Thomas E. Harris, Feb. 1970)
Director, Program Control (J. Pemble Field, Jr.)
Director, Test (Melvyn Savage)
Director, Reliability, Quality, and Safety (Haggai Cohen)
Director, Systems Engineering (Donald R. Hagner)
Director, Operations (John E. Edwards; Wyendell B. Evans, July 1969)
Director, Apollo Program (Samuel C. Phillips; Rocco A. Petrone, Aug. 1969)
Deputy Director, Apollo Program (George H. Hage); dropped Aug. 1969
Director, Engineering (William E. Stoney)
Director, Management (Thomas E. Jenkins; John S. Potate, late 1969)
Director, Missions (Hage; Chester M. Lee, Aug. 1969)
Director, Program Control (James B. Skaggs; Potate, May 1970)
Director, Test (LeRoy E. Day; Charles H. King, Jr., April 1970)
Director, Operations (John K. Holcomb)
Director, Quality and Reliability (George C. White, Jr.)



58 NASA HISTORICAL DATA BOOK

Table 2-1. Three Phases of Manned Spaceflight Management, NASA Headquarters
(Continued)

Director, Systems Engineering (Robert L. Wagner)
Director, Apollo Lunar Exploration (Lee R. Scherer)
Deputy Director, Apollo Lunar Exploration (Donald U. Wise); added mid-1969
Assistant Director, Automated Spacecraft (Benjamin Milwitky)
Assistant Director, Flight Systems Development (William T. O’Bryant)
Assistant Director, Lunar Science (R. J. Allenby)
Assistant Director, Lunar Sample Program (Verl R. Wilmarth; John Pomeroy, early 19;0)
Director, Space Station Task Force (Mathews, acting); added May 1969
Deputy Director, Space Station Task Force (Lord)
Leader, Technical Integration Group (Lohman)
Leader, Operations Group (Robert O. Aller)
Leader, Experiment Payloads Group (Rodney W. Johnson)
Director, Space Shuttle Task Force (Mathews, acting; Donlan, acting, Nov. 1970).
Deputy Director, Space Shﬁttle Task Force (Day)
Director, Vehicle Development (William A. Summerfelt)
Director, Systems Engineering (Clarence C. Gay, Jr.)
Director, Program Development (Joseph M. Clemente, acting; Richard J. Allen, late 1970)

Phase 11
1971-mid-1975
Administrator/Deputy Administrator

Associate Administrator, Manned Space Flight (Myers; Schneider, acting, March 1974; John F.
Yardley, May 1974)

Deputy Associate Administrator, Manned Space Flight (Mathews; position temporarily dropped,
Dec. 1971; Schneider, July 1974)

Executive Secretary, Manned Space Flight Experiments Board (Bass); moved to Office of Mission
and Payload Integration, late 1973

Deputy Associate Administrator, Manned Space Flight (Management) (Gorman); dropped Sept.
1974

Director, Resources Management/Administration (James L. Vance)

Director, Administration (M. Keith Wible); moved to Office of Resources Management, mid-1975
(see above)

Director, Budget and Program Analyses (Gorman, acting, early 1971; Schneider, acting, late 1974)
Deputy Associate Administrator, Manned Space Flight (Technical) (Donlan)

Director, Engineering and Operations (Robert N. Lindley); dropped late 1972

Director, Mission and Payload Integration (Culbertson); added April 1973

Director, NASA Life Sciences (Humphreys; Charles A. Berry, Sept. 1971; David Winter, May
1974)

Director, Advanced Missions Programs (Culbertson; Disher, March 1974)
Deputy Director, Advanced Missions Programs (Freitag); added April 1973
Director, Advanced Development (Hall; Freitag, acting, fall 1973; Savage, early 1974)
Director, Special Projects (Lester K. Fero); ad8ied mid-1973
Director, Payload Planning (Armstrong); dropped late 1972
Director, Program Studies/Advanced Studies (Wild)
Director, Systems Engineering (Timco); dropped late 1972
Director, Skylab Program (Schneider; Hanes, July 1974)
Deputy Director, Skylab Program (Disher); dropped early 1974
Director, Program Budget and Control (Field); dropped early 1974
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Table 2-1. Three Phases of Manned Spaceflight Management, NASA Headquarters
(Continued)

Director, Project Integration (Hanes); dropped early 1974

Director, Engineering (Savage); dropped early 1974

Director, Operations (Evans; Aller, 1973); dropped early 1974

Director, Systems Engineering (Hagner; George M. Anderson); dropped early 1974

Director, Apollo Program (Petrone); combined with Apollo-Soyuz Test Project late 1972; dropped
early 1973

Director, Apollo-Soyuz Test Project (Lee); independent office, Jan. 1973
Deputy Director, ASTP (Aller); added March 1974
Director, Apollo Missions (Lee); dropped Jan. 1973

Director, Apollo/ASTP Program Budget and Control (Potate; John J. Kelly, 1972); moved to Of-
fice of Resources Management, mid-1975 (see above)

Director, Apollo/ASTP Engineering (Stoney; King, Jan. 1973)

Director, Apollo/ASTP Operations (Holcomb)

Director, Apollo Lunar Exploration (Scherer; O’Bryant, acting, late 1971); dropped 1973
Assistant Director, Flight Systems Development (O’Bryant); dropped 1973
Assistant Director, Lunar Science (Allenby); dropped 1973
Assistant Director, Lunar Sample Program (Pomeroy); dropped 1973

Director, Apollo Systems Engineering (Wagner); dropped 1972

Director, Space Station Task Force/Sortie Lab Task Force (Nov. 1972)/Spacelab Program (Oct. 1973)
(Lord)

Director, Program Integration/Engineering and Operations (Lohman)

Director, Program Budget and Control (William J. Hamon; Lord, acting, April 1973; Anthony L. Lic-
cardi, mid-1973); moved to Office of Resources Management, mid-1975 (see above)

Leader, Operations Group (Aller); dropped late 1971
Leader, Experiment Payloads Group (Johnson); dropped late 1971
Director, Concept Verification Test (William E. Miller, Jr.); added 1973
Director, Experiment Accommodations (Johnson); added 1973
Director, Space Shuttle Program (Donlan, acting; Myron S. Malkin, April 1973)
Deputy Director, Space Shuttle Program (Day)

Director, Program Budget and Control (Allen); moved to Office of Resources Management,
mid-1975 (see above)

Director, Vehicle Development/Engineering (Summerfelt; R. L. Wetherington, acting, mid-1974;
James T. Rose, fall 1974)

Director, Systems Operations (Gay; Day, acting, late 1971; Edward P. Andrews, April 1972)
Director, Environmental Effects (James King); aded July 1974
Director, Payloads (Day, acting); added mid-1971; dropped mid-1973

Phase III
Fall 1975-1978
Administrator/Deputy Administrator

Associate Administrator, Manned Space Flight/Space Flight (Feb. 1976)/Space Transportation
Systems (Nov. 1977) (Yardley)

Deputy Associate Administrator, Manned Space Flight/Space Flight/Space Transportation Systems
(Schneider; Glynn S. Lunney, Nov. 1976; Schneider, Aug. 1977; Richard G. Smith, Aug. 1978)
Director, Resources Administration (Vance; C. Ronald Hovell, Jan. 1978)

Deputy Associate Administrator, Manned Space Flight/Space Flight/Space Transportation Systems
(Technical) (Donlan; position temporarily dropped, June 1976; Culbertson, Nov. 1977)

Director, Mission and Payload Integration (Culbertson); moved to Office of Planning and Pro-
gram Integration, Jan. 1976
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Table 2—-1. Three Phases of Manned Spaceflight Management, NASA Headquarters
(Continued)

Director, Life Sciences (Winter); moved to Office of Space Science, Oct. 1975
Director, Reliability, Quality, and Safety (Cohen)

Deputy Associate Administrator, Manned Space Flight/Space Flight (Operations) (Gerald D. Grif-
fin); dropped May 1976

Director, Advanced Programs (Disher)
Deputy Director, Advanced Programs (Freitag)
Director, Advanced Development (Savage)
Director, Advanced Studies (Wild; Freitag, acting, early 1976); Johnson, late 1976)
Director, Advanced Concepts (Ivan Bekey); added Nov. 1978

Director, Spacelab Program (Lord)
Deputy Director, Spacelab Program (James C. Harrington); added 1976
Director, Experiment Accommodations (Johnson); dropped 1976
Director, Engineering and Operations (Lohman)
Director, Integration and Test (Alfred L. Ryan); added 1976

Director, Space Shuttle Program (Malkin)
Deputy Director, Space Shuttle Program (Day)

Director, Engineering (Rose; L. K. Edwards, 1976; Malkin, acting, early 1978; Sidney C. Jones,
Jr., mid-1978)

Director, Systems Operations (E. W. Land)
Director, Space Transportation System Operations (Lee)
Deputy Director, Space Transportation Systems Operations (Aller; Andrews, Sept. 1977)
Director, Mission Analysis and Integration (Armstrong); added Jan. 1976
Director, Systems Engineering and Logistics (C. H. King); added early 1976

Director, Planning and Requirements/Pricing, Launch Agreements, and Customer Service (Jon
M. Smith); added early 1976

Director, Flight Operations (Aller, acting); added early 1976; combined with Ground Operations
to form Integrated Operations, early 1977 (see below)

Director, Integrated Operations (Edgar L. Harkleroad; added early 1977
Director, Expendable Launch Vehicles Program (Joseph B. Mahon)

Deputy Director, Expendable Launch Vehicles Program (Aller)
Chief, Program Review and Resource Management (Edward J. Kunec)
Director, Small and Medium Launch Vehicles Program (Joseph E. McGolrick)

Manager, Atlas-Centaur (F. R. Schmidt)

- Manager, Titan III (B. C. Lam)

Manager, Delta (Peter Eaton)

Manager, Scout (Paul E. Goozh)

Manager, Atlas F (Jay A. Salmanson)
Director, Interim Upper Stage/Upper Stages (Wild)

Chief, Space Transportation Systems Support Projects (Aller, acting; William D. Goldsby, winter
1978); added mid-1978
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BUDGET

For a general introduction to the NASA budget process and to the budget tables
in this volume, consult chapter 1. Other data that may assist the researcher in-
terested in the cost of NASA’s manned spaceflight program include budget tables in
chapter 1 for Saturn IB, Saturn V, and the Space Transportation System solid rocket
boosters. Chapter 6 provides budget data on the manned flight tracking network.
For a more detailed breakdown on the flight project budgets, see the NASA anhual
budget estimates referred to in chapter 1. Review the bottom notes of all tables
carefully before making conclusions about totals for any particular project or year.

Money for Manned Spaceflight

As did NASA'’s overall budget, the manned spaceflight budget declined almost
yearly from FY 1969 through FY 1974, when it dropped below $1 billion for the first
time since FY 1962 (see table 2-2). Apollo, NASA’s largest budget item for many
years, saw funding for the last time in FY 1973.

Totals for any one program are hard to define, but NASA issued the following
figures for its major manned ventures: Mercury, $392.6 million; Gemini, $1.283
billion; and Apollo, $25 billion ($21.35 billion through the first lunar landing in July
1969). The grand total for the “expendable-generation” manned spaceflight program
came to $29.5 billion, with $2.6 billion for Skylab and $250 million for the Apollo-
Soyuz Test Project.? These totals include expenditures for facilities, salaries,
research and development, operations, and hardware (spacecraft and launch
vehicles). The following tables are concerned with only research and development
monies: spacecraft, launch vehicle costs, operations, and supporting development.

In addition to Apollo, Skylab, and the Apollo-Soyuz Test Project, the space
‘Shuttle program was a major item in the manned spaceflight budget. Funds for
Shuttle studies were first programmed in FY 1970. After presidential approval of the
reusable Space Transportation System was granted in 1972, the budget requests for
Shuttle increased steadily, almost doubling the previous year’s request each year, FY
1973 through 1976. Funds for hardware production for the orbiter and the main
engine were first programmed in FY 1977-1978.

When the Office of Manned Space Flight was renamed the Office of Space
Flight in the fall of 1975, the newly organized office assumed management of “ex-
pendable launch vehicles,” a budget category associated with the Office of Space
Science and Applications since 1961. Table 2-35 summarizes the expendable launch
vehicle funding history from the FY 1977 request only; for data on FY 1969-1976
consult chapter 1.
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Table 2-2. Total Manned Spaceflight Funding History
(in thousands of dollars)?

Year Request Authorization Programmed
1969 2 483 400 2 280 700 2 177 500
1970 1 919 227° 1 919 227 2 029 967
1971 1 474 200 1 561 200 1 422 469
1972 1 286 475 1 320 475 1 285 475
1973 1 224 400 1 224 400 1 135 775
1974 1 032 000°¢ 1 032 000 999 900 ,
1975 1 124 800 1 119 800 1 235 800"
1976 1 791 200° 1 411 100f 1 560 574
1977 1 644 7004 1 642 200 1 763 700
1978 1 753 500 1 756 500 1 751 500

aThe Office of Manned Space Flight was renamed the Office of Space Flight during FY 1977 and the
Office of Space Transportation Systems during FY 1979.

b$117 473 000 of the request was reserved from apportionment pursuant to the Expenditure Control
Act of 1968; the original request was for $1 890 227 000.

“The original request was for $1 057 000 000; final budget submission was reduced to
$1 032 000 000; the remaining $25 000 000 was supplied by FY 1973 funds.

dincludes funds for expendable launch vehicles, an item previously funded by the Office of Space
Science and Applications.

¢Includes $376 600 000 for the transition quarter.

fAuthorization figures do not include transition quarter funds.

Table 2-3. Programmed Costs of Manned Spaceflight Programs
(in thousands of dollars)

Program 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978
Spaceflight operations 150 000 343 100 507 300 582775 879 000 523400 298 800 188 674 199200 267 800
Space transportation system -— —— -—— 100000 198 575 475000 797 500 1206 000 1 412 100 1 349 200
Apollo lunar exploration 2025000 1684367 913669 601 200 56 700 — J—— ——— - N
Advanced missions 2500 2500 1500 1500 1500 1500 16 000 12 074 12 000 10 000

- Expendable launch vehicles ——— —_— —_

—-~- 139 500 165 900 151 400 134 500
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Table 2-4. Spaceflight Operations Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 439 600°? 253 200° 150 000
1970 225 627° 225 627° 343 100
1971 515 200° 565 200¢ 507 300
1972 672 7754 702 7754 582 775
1973 094 2004 1 094 2004 879 000
1974 555 500° 555 500¢ 523 400
1975 323 300 313 300 298 800
1976 262 200f 203 1008 188 674
1977 205 200 202 700 199 200
1978 267 800 267 800 267 800

aFor Apollo applications (Skylab); the spaceflight operations category was established in FY 1970.

bThe original request was for $236 627 000; an additional $117 473 000 from FY 1969 funds were
applied to the request and authorization. See table 2-24 for spaceflight operations—space station.
$46 000 000 was added to the amended budget submission and authorization for Saturn V production.

See table 2-24 for spaceflight operations —Space Shuttle and station.

dSee table 2-23 for spaceflight operations — Space Shuttle.

°The original request was for $580 500 000; an additional $25 000 000 from FY 1973 funds were ap-
plied to the request and authorization.

finctudes $55 100 000 for the transition quarter.

gAuthorization figures do not include transition quarter funds.

Table 2-5. Spaceflight Operations —Skylab Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 439 6002 253 2002 150 000
1970 251 800b 251 800 324 600
1971 364 300 364 300 405 200
1972 535 400 550 400 538 500
1973 540 500 540 500 502 000
"1974 233 800 233 800 176 700

aFor Apollo applications.

bThe original request for Apollo applications was $308 800 000.

Table 2-6. Spaceflight Operations —Skylab —Experiments Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 190 3002 -—-b 97 355
1970 141 400 - 243 120
1971 306 900 —_— 58 565
1972 — — 49 742
1973 23 400 -—-b =€
1974 18 400 -—-b -—-d

aFor Apollo applications.

bAuthorization figures were not broken down to include this category.

°It was estimated in the FY 1974 budget estimate that $35 800 000 would be programmed in FY 1973,
dThe Skylab budget was not broken down by categories in the FY 1975 budget estimate; the total

programmed was $176 700 000.
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Table 2-7. Spaceflight Operations — Skylab —Mission and Program Support
Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 48 0002 ——-b —_—
1970 — —— —_—
1971 —— ——— 15 050
1972 —— — 31 823
1973 31 000 — -—c .,
1974 13 400 ---b _—

aFor Apollo applications.

bAuthorization figures were not broken down to include this category.

°It was estimated in the FY 1974 budget estimate that $39 300 000 would be programmed in FY 1973.

dThe Skylab budget was not broken down by categories in the FY 1975 budget estimate; the total
programmed was $176 700 000.

Table 2-8. Spaceflight Operations — Skylab —Space Vehicles Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 201 3007 -—-b 52 645
1970 110 400 o 63 330
1971 89 600 - 67 699
1972 194 000 —_— 136 388
1973 309 100 ---b —
1974 146 300 b __.d

2For Apollo applications.

bAuthorization figures were not broken down to include this category.

°It was estimated in the FY 1974 budget estimate that $228 800 000 would be programmed in FY
1973.

dThe Skylab budget was not broken by categories in the FY 1975 budget estimate; the total pro-
~grammed was $176 700 000.

Table 2-9. Spaceflight Operations -~ Skylab — Workshop Cluster Funding History
: (in thousands of dollars)

Year Request Authorizat.ion Programmed
1971 —_— — 223 566
1972 -— - 278 401
1973 154 200 -—-b -—-b
1974 45 700 -3 ——-c

2Authorization figures were not broken down to include this category.
PIt was estimated in the FY 1974 budget estimate that $174 600 000 would be programmed in FY
1973.

“The Skylab budget was not broken down by categories in the FY 1975 budget estimate; the total pro-
grammed was $176 700 000.
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Table 2-10. Spaceflight Operations — Skylab —Payload Integration Funding History
(in thousands of dollars)

Year Request Authorization Programmed

1971 — -— 27 803

1972 —_— - 32 591

1973 22 800 -2 ---b

1974 10 000 ——-a —-—=c
aAuthorization figures were not broken down to include this category. P

PIt was estimated in the FY 1974 budget estimate that $23 500 000 would be programmed in FY
1973.

°The Skylab budget was not broken down by categories in the FY 1975 budget estimate; the total pro-
grammed was $176 700 000.

Table 2-11. Spaceflight Operations — Skylab —Operations Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1970 - - 18 150
1971 —— —_— 12 517
1972 34 500 - 9 555
1973 —-a -— -

2As of FY 1973, Skylab operations were included in spaceflight operations—operations; see table
2-18.

Table 2-12. Spaceflight Operations — Apollo Soyuz Test Project Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1972 —_ — 6 900

- 1973 —_— _— 38 500
1974 90 000 90 000 90 000
1975 114 600 109 600 109 600

Table 2-13. Spaceflight Operations — Apollo Soyuz Test Project —
Command and Service Module Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1972 —_— — 2900
1973 —_— — 12 600
1974 28 300 -2 18 300
1975 8 000 .2 ___b

aAuthorization figures were not broken down to include this category.
bIt was estimated in the FY 1976 budget estimate that $6 000 000 would be programmed in FY 1975.



66 NASA HISTORICAL DATA BOOK

Table 2-14. Spaceflight Operations —Apollo Soyuz Test Project —Docking Module and
Docking System Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1972 - — 3800
1973 —_— - 21 000
1974 25 700 ——-2 16 000
1975 3400 —3 --b

4
aAuthorization figures were not broken down to include this category. ’
bt was estimated in the FY 1976 budget estimate that $4 400 000 would be programmed in FY 1975.

Table 2-15. Spaceflight Operations — Apollo Soyuz Test Project —
Operations and Flight Support Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1972 -— —_— 200
1973 - — 4900
1974 21 900 -2 30 700
1975 65 700 ——-2 ---b
1976

1977

1978

aAuthorization figures were not broken down to include this category.
bIt was estimated in the FY 1976 budget estimate that $62 700 000 would be programmed in FY
1975.

Table 2-16. Spaceflight Operations — Apollo Soyuz Test Project — Experiments
Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1974 4600 ——-2 12 000
1975 5000 -2 b

aAuthorization figures were not broken down to include this category.
bIt was estimated in the FY 1976 budget estimate that $4 000 000 would be programmed in FY 1975.
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Table 2-17. Spaceflight Operations — Apollo Soyuz Test Project —
Launch Vehicle Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1974 9500 -2 13 000
1975 32 500 ——-a __b

aAuthorization figures were not broken down to include this category.
bIt was estimated in the FY 1976 budget estimate that $32 500 000 would be programmed in EY

1975.
Table 2-18. Spaceflight Operations — Development, Test, and
Mission Operations Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1970 36 300% 36 3002 ——-b
1971 40 9002 40 9002 €
1972 - - ——=c
1973 305 2004 305 200 294 000
1974 220 200 220 200 220 200
1975 175 200 170 200 170 200
1976 209 300° 161 100f 161 100
1977 169 900 e 166 900
1978 173 000 173 000 171 900

aFor spaceflight operations —operations.

b[t was estimated in the FY 1971 budget estimate that $24 548 000 would be programmed for FY
1970.

¢Funded in FY 1971-1972 by the Apollo program; see table 2-31.

dDevelopment, test, and mission operations funds were distributed among the following categories:,
research and test operations, crew and flight operations, operations support, launch systems operations,
and data systems. For budget data, consult the yearly budget estimates.

¢Includes $43 200 000 for the transition quarter.

f Authorization figures do not include transition quarter funds.

gA total of $2 500 000 was subtracted from the authorization for development, test, and mission
operations and space transportation system operations capability development.
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Table 2-19. Spaceflight Operations —Mission Systems and Integration Funding History
(in thousands of dollars)
Year Request Authorization Programmed
1970 -— —_— 60002
1971 - —_— 23 6002
1972 37 3752 37 3752 17 600°
1973 23 0002 23 0002 21 000¢
1974 15 5009 15 500¢ 15 500¢
1975 15 500° 15 500° 3000f
1976 28 4008 23 000" 11 300"
1977 17 3000 R 16 800'
1978 63 000™ 61 000 65 400"

aFor spaceflight operations — orbital systems and experiments/payloads.
®Includes $7 100 000 for space station studies.

“Includes $6 000 000 for spacelab concept verification testing.
dIncludes $2 500 000 for spacelab concept verification testing.
®Includes $2 500 000 for spacelab concept verification testing, and $1 500 000 for space tug studies.
fin FY 1977, this category was renamed spaceflight operations —space transportation system opera-
‘tions capability development. The total programmed for FY 1975 included $2 000 000 for spacelab
studies and $1 000 000 for Shuttle interim upper stage studies.
8Includes $6 400 000 for the transition quarter; the total includes $6 100 000 (plus $1 900 000 for the
transition quarter) for spacelab concept verification testing and $3 400 000 (plus $700 000 for the transi-
tion quarter) for Shuttle interim upper stage/space tug studies.
hAuthorization figures do not include transition quarter funds.
Includes $6 100 000 for spacelab studies and $2 625 000 for space transportation system upper stage

studies.

iIncludes $10 500 000 for spacelab studies and $3 800 000 for space transportation system upper

stage studies.

kA total of $2 500 000 was subtracted from the authorization for space transportation system opera-

tions capability development, and development, test, and mission operations.

'Includes $8 600 000 for spacelab studies and $1 800 000 for space transportation system upper stage

studies.

MIncludes $24 500 000 for spacelab studies and $13 500 000 for space transportation system upper

stage studies.

"Includes $21 600 000 for spacelab studies and $8 400 000 for space transportation system upper

stage studies.

Table 2-20.

Spaceflight Operations — Space Life Sciences Funding History
(in thousands of dollars)?

Year Request Authorization Programmed
1972 _ —_— 19 775
1973 25 500 25 500 23 500
1974 21 000 21 000 21 000
1975 18 000 18 000 —
1976 24 500° 19 000° —

2In FY 1972, most of the life sciences activities of the agency were transferred from the Office of
Space Science to the Office of Manned Space Flight. In FY 1977, the life sciences program was moved
back to OSS. See tables 3-35 through 3-43 for further data on funding.

PIncludes $5 500 000 for the transition quarter.

“Authorization figures do not include transition quarter funds.
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Table 2-21. Spaceflight Operations — Planning and Program Integration Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1976 - - 4200
1977 - - 3500
1978 4000 4000 4000

Table 2-22. Spaceflight Operations —Space Transportation System Operations “
Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1978 17 800 17 800 16 500

Table 2-23. Space Shuttle Funding History
(in thousands of dollars)?

Year Request Authorization Programmed
1970 9000° 9000V 12 500
1971 110 000° 160 000 78 500
1972 100 000 115 000 100 000
1973 200 000 200 000 198 575
1974 475 000 475 000 475 000
1975 800 000 805 000 797 500
1976 1 527 000 1 206 000 1 206 000
1977 1 288 100 1 288 100 1413 100
1978 1 349 200 1 354 200 1 349 200

aghuttle was funded as part of the spaceflight operations program through FY 1973.
bFor a space station only.
¢For Shuttle and station; $6 000 000 requested for station definition.

Table 2-24. Space Shuttle — Orbiter Design and Development Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1970 - —— 8300
1971 22 5002 -— —---b
1972 42 000° —_— 15 000
1973 90 000 ~--d 139 480
1974 377 100 377 100 363 125
1975 647 500 647 500 634 757
1976 1 108 200° 877 300f 867 335
1977 842 500 842 500 899 4008
1978 690 500 695 500 813 060%

aFor airframe development.

bg47 000 000 was programmed for vehicle definition.

¢For vehicle definition.

dAuthorization figures were not broken down to include this category.
eIncludes $230 900 000 for the transition quarter.

fAuthorization figures do not include transition quarter funds.

gSee also table 2-29 for orbiter production.
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Table 2-25. Space Shuttle —Main Engine Design and Development Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1970 —_— - 4200
1971 48 500 —_— ——-a
1972 58 000 - 45 100
1973 50 000 b 40 543
1974 55 500 55 500 82 307
1975 92 300 97 300 95 300 ,
1976 171 500¢ 135 500¢ 140 800 -
1977 193 800 193 800 182 200°
1978 219 900 219 900 197 400°

2§20 900 000 was programmed for engine definition.

b Authorization figures were not broken down to include this category.
°Includes $36 000 000 for the transition quarter.

dAuthorization figures do not include transition quarter funds.

®See also table 2-29 for main engine production.

Table 2-26. Space Shuttle — Solid Rocket Booster Design and Development Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1973 40 0002 -—-b -
1974 18 100 18 100 8567
1975 22 600 22 600 21 143
1976 94 2004 76 200 82 240
1977 82 600 82 600 100 400
1978 80 000 83 600 104 998

aFor definition studies and configuration selection, initiation of detailed design, and start of booster
engine or rocket motor development.

bAuthorization figures were not broken down to include this category.

°It was estimated in the FY 1973 budget estimate that $1 700 000 would be programmed in FY 1972;
see also note a above.

dfncludes $18 000 000 for the transition quarter.

®Authorization figures do not include transition quarter funds.

Table 2-27. Space Shuttle — External Tank Design and Development Funding History
(in thousands of dollars)

Year Request o Authorization Programmed
1974 24 300 24 300 18 100
1975 26 000 26 000 34 000
1976 81 2002 66 100° 65 700
1977 64 000 64 000 84 000
1978 83 600 80 000 88 030

aIncludes $15 100 000 for the transition quarter.
bAuthorization figures do not include transition quarter funds.
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Table 2-28. Space Shuttle —Launch and Landing Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1974 - - 2901
1975 11 600 11 600 12 300
1976 71 9002 50 900° 49 925
1977 105 200 105 200 77 100
1978 133 500 133 500 104 012

aIncludes $21 000 000 for the transition quarter.
bAuthorization figures do not include transition quarter funds.

Table 2-29. Space Shuttle — Other Categories Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1971 33 0002 -— 78 500°
1972 — —— 39 900°
1973 20 0004 — 18 5524
1974 —_— —_— —
1975 _— _— _—
1976 —_— _— —
1977 _— —_— 70 000f
1978 141 7008 141 7008 41 700"

aIncludes $12 000 000 for experiments definition and $21 000 000 for Shuttle-station preliminary

design verification.

bIncludes $10 600 000 for technology and related development; $20 900 000 for engine definition;

and $47 000 000 for vehicle definition.

°Includes $26 100 000 for technology and related development; and $13 800 000 for vehicle and

engine definition.

dFor technology and related development.

eAuthorization figures were not broken down to include this category.

fFor production: $65 000 000 for the orbiter; and $5 000 000 for the main engine.
gFor production.

hFor production: $29 140 000 for the orbiter; and $12 560 000 for the main engine.

Table 2-30. Apollo Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 2 038 800 2 025 000 2 025 000
1970 1 691 1002 1 691 100 1 684 367
1971 956 500 994 500 913 669
1972 612 200 612 200 601 200
1973 128 700 128 700 56 700

aThe initial request was for $1 651 100 000.
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Table 2-31. Apollo —Spacecraft Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 820 1002 ---b 913 127¢
1970 653 8004 653 800 775 608°
1971 402 500f 440 500 398 147
1972 164 152 164 152 120 006
1973 79 500 79 500 -8

4

aIncludes $340 200 000 for the command and service module (CSM) and $278 200 000 for the lunar
module (LM).

bA’uthorization figures were not broken down to include this category.

“Includes $356 902 000 for the CSM and $299 240 000 for the LM.

dIncludes $217 900 000 for the CSM and $270 900 000 for the LM.

°It was estimated in the FY 1971 budget estimate that $282 821 000 would be programmed for the
CSM and $231 433 000 for the LM in FY 1970.

fIncludes $95 500 000 for the CSM and $102 900 000 for the LM. The FY 1972-1973 budget
estimates do not break down the spacecraft category.

2]t was estimated in the FY 1974 budget estimate that $50 400 000 would be programmed in FY 1973.

Table 2-32. Apollo—Saturn Launch Vehicles Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 887 300 ——-b 577 986
1970 496 700 496 700 486 691
1971 231 000 231 000 189 059
1972 186 003 186 003 157 996
1973 49 200 49 200 ———C

aFor more data on Saturn launch vehicle budgets, see tables 1-13 through 1-14.
b Authorization figures were not broken down to include this category.
°It was estimated in the FY 1974 budget estimate that $26 300 000 would be programmed in FY 1973.

Table 2-33. Apollo —Mission Support/Operations Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 331 400 -2 533 887
1970 540 600° 540 600° 422 068
1971 323 000 323 000 326 463¢
1972 262 045 262 045 323 198¢
1973 —-f — —_—

aAuthorization figures were not broken down to include this category.

bIncludes $90 000 000 for lunar exploration; the original request was for $11 000 000.
°Includes $90 000 000 for lunar exploration.

dIncludes $11 500 000 for advanced development.

¢Includes $12 872 000 for advanced development.

fFunded under space flight operations.
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Table 2-34. Advanced Missions/Programs Funding History
(in thousands of dollars)

Year Request Authorization Programmed
1969 5000 2500 2500
1970 2500 2500 2500
1971 2500 1500 1500
1972 1500 5500 1500
1973 1500 1500 1500
1974 1500 1500 1500
1975 1500 1500 16 0002 s
1976 2000° 2000°¢ 12 074
1977 18 0004 18 500 12 000
1978 10 000 12 000 10 000

aln FY 1977, this category became part of space flight operations; the total programmed includes
$11 000 000 for advanced systems and $5 000 000 for payload integration and mission analysis.

bIncludes $500 000 for the transition quarter.

cAuthorization figures do not include transition quarter funds; the original request for $1 500 000
was increased to $2 000 000 by the conference committee on June 4, 1975.

dIncludes $13 000 000 for advanced systems and $5 000 000 for payload integration and mission
analysis.

Table 2-35. Expendable Launch Vehicles Funding History
' (in thousands of dollars)?

Year Request Authorization Programmed
1975 —_— - 139 500
1976 _— —_— 165 900
1977 151 400 151 400 151 400
1978 136 500 134 500 134 500

aSee chapter 1 for funding data for FY 1969-1977. Expendable launch vehicles were procured with,
Office of Space Science and Applications funds prior to FY 1977.

MISSION CHARACTERISTICS

This section of the chapter is divided into four parts, each addressing a major
manned spaceflight program for which there were missions flown or major hard-
ware developed: Apollo, Skylab, the Apollo-Soyuz Test Project, and the Space
Transportation System.

Apollo Spacecraft and Lunar Exploration

The close of NASA'’s first decade is associated by many with photographs taken
by Apollo 8 (December 1968) astronauts of the blue earth rising over the moon’s
horizon. For the first time, man saw earth from the vicinity of its natural satellite.
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Seven months later, two members of an Apollo crew began to explore the lunar sur-
face on foot.

The Apollo lunar expeditions built upon the hardware and mission experiences
of Mercury, Gemini, and Apollo earth-orbital flights. From one astronaut to two, to
three; from suborbital, to orbital, to cislunar, NASA engineers, scientists, and crews
gained confidence in and expertise with hardware and mission operations (see table
2-36 for a chronology of development and operations, 1969-1973).

Apollo 9 (March 1969), launched by Saturn V, which would send crews to the
moon, demonstrated in earth orbit the feasibility of lunar orbit rendezvous and
command and service module-lunar module (CSM-LM) docking in a 10-day fhission
(see table 2-37). Apollo 10 (May 1969) was the last rehearsal before the actual lunar
landing, during which the lunar module’s performance was evaluated in cislunar and
lunar environments. It was found satisfactory during the 8-day flight (see table
2-38). All systems were ready for the first manned lunar landing.

Apollo 11, with Commander Neil A. Armstrong, Command Module Pilot
Michael Collins, and Lunar Module Pilot Edwin E. Aldrin aboard, was launched
from the Kennedy Space Center’s Launch Complex 39A the morning of July 16,
1969. After 1.5 orbits, the spacecraft was sent into a lunar trajectory by the launch

~vehicle’s S-IVB stage, with CSM-LM docking taking place shortly thereafter. After a
three-day cruise, the crew reached the vicinity of the moon on the 19th and went into
lunar orbit (see figs. 2-3 and 2-4). The commander and the lunar module pilot made
their way safely to the moon’s surface on board Eagle, the name they had given their
lunar module, on the afternoon of the 20th. Neil Armstrong took the first step on
the lunar surface at 9:56 p.m., July 20. The mission’s primary objective, of course,
was the landing, but the crew also came prepared to conduct a series of scientific ex-
periments, including the gathering of soil and rock samples (see table 2-46 for a
complete list of lunar mission experiments) and to photograph the extraterrestrial
scenery. This first crew of lunar explorers spent only 21.5 hours on the moon, all the
time the mission planners had scheduled for this first cursory look at earth’s satellite.
The ascent stage of the lunar module lifted off the surface on the 21st and mated
with the orbiting command and service module. After jettisoning the LM, Apollo 11

-began its journey back home, splashing down in the Pacific Ocean on July 24 (see
table 2-39).

The Apollo 11 astronauts left behind them a plaque on the leg of the LM’s de-
scent module that read: “Here Man from the planet Earth first set foot upon the
Moon, July 1969 A.D. We came in peace for all mankind.” The crew brought back
to earth 21 kilograms of lunar surface material for analysis, still and television im-
ages of this new world, data on the moon’s composition and activity, and a decided
sense of accomplishment.

There were five more Apollo lunar landing missions, each lasting longer than
the previous mission, each carrying increasingly complex scientific experiments. In
November 1969, Apollo 12’s lunar module, Intrepid, landed near Surveyor 3, an un-
manned lunar lander launched by NASA in 1967. The crew performed a
selenological inspection, survey and sampling and deployed the first Apollo Lunar
Surface Experiments Package (ALSEP), a portable unit containing the hardware for
six experiments (see fig. 2-5 and table 2-40).*

* The number and type of experiments varied with each mission.
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Figure 2-1. Apolilo Spacecraft. The launch escape system (left), which consisted of three solid-
" propellani motors, was designed to propel the command module to safety in the event of an aborted
launch. If it were not required, the 10.06-meter-tall LES was jettisoned shortly after launch. The
joined command and service modules are shown on the left. The command module (3.63 meters
long), equipped with couches, served as the crew compartment and control center, and could
accommodate all three astronauts. A forward docking ring and hatch allowed the spacecraft to
dock with the lunar module, which was stowed in the spacecraft LM adapter during launch aft
of the service module. The command module was capable of attitude control about three axes
by using its 10 reaction control engines and some lateral lift translation in the atmosphere. Made
from aluminum by Rockwell International, the Apollo spacecraft prime contractor, the command
module had two hatches and five windows. Thermal protection during reentry was provided by
ablative shields of varying thicknesses. The service module (6.88 meters long) provided the primary
propulsion and maneuvering capability of the spacecraft. Most of the consumables (oxygen,
hydrogen, propellant) were also stored in this module. Prior to reentry, the crew jettisoned the
service module. (See volume 2, tables 2-54 and 2-55, for information on major spacecraft sub-
systems and spacecraft characteristics.)

Source: JSC, ‘““‘Apollo Program Summary Report,”” JSC-09423, Apr. 1975, p. 4-14.
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Source: JSC, “Apollo Program Summary Report,”” JSC-09423, Apr. 1975, p. 4-58.
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Figure 2-3. Typical Apollo Lunar Landing Flight Profile

earth’s atmosphere. This ungainly looking vehicle operated only in space. The two-stage spacecrafft, -
carried to the vicinity of the moon docked to the Apollo command module, was designed to land
two Apollo astronauts on the moon’s surface. From lunar orbit, where it was released by the
Apollo cormmand and service module (CSM), the LM’s descent and ascent stages functioned as
one spacecraft. During their time on the surface, the crew lived in the LM’s ascent stage. When
it was time to return to the waiting CSM, the descent stage provided a launch platform for the
ascent half of the lunar module.

It took more than two years to design the LM, with its makers, led by Grumman Aircraft Engineer-
ing Corporation, fighting weight gain long after a configuration was approved. The most
troublesome, critical, and heavy of the LM’s components were its 18 engines—descent propulsion
(43 900 newtons); ascent propulsion (15 500 newtons); and 16 small attitude control engines clustered
in quads around the ascent stage. Propellant for these engines accounted for more than 70 percent
of the spacecraft’s total weight of 1500 kilograms.

The ascent stage was basically cylindrical (4.29-meter diameter, 3.75-meter height), but with angular
Jfaces. Its aluminum skin was encased by a mylar thermal-micrometeorite shield. The cruciform
structure of the descent stage supported the descent engine and its 4 fuel tanks. Four legs (max-

imum diameter 9.45 meters), the struts of which were filled with crushable aluminum honeycomb

_for absorbing the shock of landing, were capped by footpads. The descent stage (3.23 meters high):
was also constructed of aluminum alloy. A ladder attached to one of the legs gave the crew access

to the surface. A docking tunnel (0.81-meter diameter) was provided for crew transfer between

the command module and the LM ascent stage. After the surface operations were completed and
the crew returned via the ascent stage to the CSM, the LM was jettisoned. A LM was included

on a manned Apollo mission for the first time in March 1969 (Apollo 9). For more information

on spacecraft systems, see volume 2, table 2-55.
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Figure 2-4. After the S-IVB stage had placed the Apollo spacecraft on its proper trajectory to
the moon, the Apollo command and service module-lunar module adapter panels blossomed out-
ward. The CSM separated from the launch vehicle stage, puled away, turned around, docked with
the lunar module, and then pulled the LM away from the S-IVB. In this docked configuration,
the spacecraft made its way to the moon.

Source: Rockwell International, ““The Apollo Program,” 1968, p. 121.

The next Apollo mission, in April 1970, was the only one that failed to reach its
objective. After only 56 hours, Apollo 13’s mission was aborted when the crew was
forced to leave the CSM and depend on the LM for emergency life support. A short
was indicated in the current from one of the fuel cells on the service module, which
was supplying power to cryogenic oxygen tank fans. Within seconds, there were two
other electrical shorts on the spacecraft. The shorts ignited the wire insulation,
which caused temperature and pressure increases within the oxygen tank; a tank line
in the vacuum jacket burst and caused the blow-out plug on the vacuum jacket to
burst. The pressure in the service module bay rose rapidly. The crew reported their
problem to mission control in Houston and began to power down the CSM. Using
the LM descent engine, the Apollo astronauts placed their spacecraft on a free-
return trajectory to earth and spent the remainder of the return journey in the
modified LM. When the service module was jettisoned a few hours before
splashdown, the crew observed that the outer skin on the affected bay was badly
damaged and that a large portion was missing. An hour before reentry into the
earth’s atmosphere, the lunar module life boat was abandoned, and the crew settled
into the command module for the final stage of the flight. While Apolio 13 failed to
land on the moon or accomplish any of its scientific tasks, the mission proved that
the crew and support teams at mission control could work together to solve un-
anticipated problems (see table 2-41).

Apollo 14 through 17 were accomplished without critical anomalies. Apolio 14,
with redesigned cryogenic oxygen tanks in the service module, made its way to the
moon in January 1971 for a lunar surface stay of 33 hours (see table 2-42). The crew
had a Mobile Equipment Transporter (MET), a two-wheeled cart, to help them
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carry their gear on the lunar surface. In July 1971, Apollo 15’s crew took its turn, ex-
tending the stay to nearly 67 hours. Astronauts David R. Scott and James B. Irwin
also extended the range of lunar area explored by using a Lunar Roving Vehicle
(LRV), a four-wheeled, battery-powered buggy that could accommodate two
astronauts and 127 kilograms of equipment. To further enhance the scientific
capabilities of Apollo 15, a Scientific Instrument Module (SIM) with a door that
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could be jettisoned was added to the service module. Housed in the SIM bay were
several cameras, spectrometers, and a particles and field subsatellite, which was
launched into lunar orbit before the spacecraft left the vicinity of the moon (see
table 2-43). Apollo 16’s commander and LM pilot reached the moon in April 1972.
As had two crews before them, they drilled into the lunar core to retrieve samples
and conducted a variety of tasks associated with scientific investigations. With the
assistance of their LRV, the astronauts gathered 95 kilograms of samples in a
27-kilometer tour. A subsatellite carried in the Apollo SIM bay was not inserted into
the correct orbit and impacted on the surface the next month (see table 2—442. The
crew of Apollo 17, the last of the Apollo explorers, reached the moon in December
1972 with scientist-astronaut Harrison H. Schmitt and commander Eugene A.
Cernan taking to the surface. On this last mission, the crew stayed longer, gathered
more samples, performed more experiments, and traversed the greatest distance on
the surface than any of the other Apollo crews (see table 2-45).

These seven lunar missions, of which six were successful, represented the final
phase of the Apollo program. There were a total of 33 Apollo missions, 11 of which
were manned. The unmanned flights qualified the launch vehicle and the two
spacecraft —the CMS and the LM —for manned flight. Four of the manned flights
conducted before Apollo 11 man-rated the vehicle for lunar exploration. During
Apollo there were no major launch vehicle failures of the Saturn IB or Saturn V and
only one spacecraft failure that prevented the completion of a proposed mission.*
The tables that follow describe in detail the seven Apollo lunar missions.

Astronauts. All of the Apollo astronauts who flew missions during NASA’s sec-
ond decade were selected during the agency’s first 10 years. Six major astronaut
groups were chosen, starting with the original seven Mercury astronauts and ending
with two groups of scientist-astronauts, many of whom were civilians (see volume 2
for more information on the astronauts chosen in 1958-1967). A seventh group was
transferred to NASA from the Department of Defense when the military’s Manned
Orbiting Laboratory (MOL) program was cancelled in 1969.* Until 1978, only these
73 men had been allowed to join the astronaut corps. But in 1978, 35 more astronaut
candidates were approved to expand the ranks for the coming Shuttle flights.**

The selection criteria by which NASA chose its astronauts changed constantly.
For the newest group of astronauts picked in 1978, the criteria differed for two
categories: mission specialists and pilots. Mission specialists were required only to
have a bachelor’s degree in engineering, physical or biological science, or

* The astronauts transferred from the MOL program were Maj. Karol J. Bobko, USAF; Lt. Comdr.
Robe;t L. Crippen, USN; Maj. Charles G. Fullerton, USAF; Maj. Henry W. Hartsfield, USAF; Maj.
Robert F. Overmyer, USMC; Maj. Donald H. Peterson, USAF; and Lt. Comdr. Richard H. Truly, USN.

** The 35 candidates chosen in 1978 were Maj. Guion S. Bluford, USAF; Lt. Comdr. Daniel C.
Brandenstein, USN; Capt. James F. Buchli, USMC; Lt. Comdr. Michael L. Coats, USN; Maj. Richard
O. Covey, USAF; Lt. Comdr. John O. Creighton, USN; Maj. John M. Fabian, USAF; Anna L. Fisher;
Lt. Dale A. Gardner, USN; Lt. Robert L. Gibson, USN; Maj. Frederick D. Gregory, USAF; Stanley D.
Griggs; Terry J. Hart; Comdr. Frederick H. Hauck, USN; Steven A. Hawley; Jeffrey A. Hoffman;
Shannon W. Lucid; Lt. Comdr. Jon A. McBride, USN; Ronald E. McNair; Capt. Richard M. Mullane,
USAF; Capt. Steven R. Nagel, USAF; George D. Nelson; Capt. Ellison S. Onizuka, USAF; Judith A.
Resnik; Sally K. Ride; Maj. Francis R. Scobee, USAF; Margaret R. Seddon; Capt. Brewster H. Shaw,
Jr., USAF; Capt. Loren J. Shriver, USAF; Maj. Robert L. Stewart, USA; Kathryn D. Sullivan; Norman
E. Thagard; James D. A. van Hoften; Lt. Comdr. David M. Walker, USN; and Lt. Comdr. Donald E.
Williams, USN.
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mathematics and to meet physical standards that were more relaxed than those re-
quired of pilot-astronauts. Pilots were required to have a bachelor’s degree in
engineering, physical science, or mathematics and 1000 hours of first-pilot time and
they had to pass a Class I physical. In this first group of Shuttle astronaut candidates
were the first female and minority personnel to be admitted to the corps. Ten of the
candidates were never in the military, and 25 of them held graduate degrees.

Of special interest is the career of astronaut Donald “Deke” K. Slayton, who
was one of the original seven Mercury astronauts chosen in 1958. He was assigned to
pilot Mercury-Atlas 7 but removed from the active list because a flight surgeon
detected a heart murmur during one of Slayton’s routine physical examination$. He
resigned his Air Force commission in 1963 but continued as an active member of the
astronaut team as director of flight crew operations. In 1972, Slayton was returned
to flight status and took the role of docking module pilot during the Apollo-Soyuz
Test Project in 1975.3

Table 2-36. Chronology of Apollo Development and Operations, 1969-1973*

Date Event
Jan. 19-22, 1969 The Apollo 9 flight readiness test was completed successfully.
Feb. 3, 1969 In a published schedule of proposed launches, NASA Headquarters announced

that there would be five Apollo flights in 1969: one manned earth-orbital, one
manned lunar-orbital, and three manned lunar landings.

Mar. 3-13, 1969 Apolio 9 was launched successfully at 11:00 a.m. (all times EST) on Mar. 3. Four
days later in earth orbit, the crew performed command and service module-lunar
module (CSM-LM) separation maneuvers. On the 13th, the command module
(CM) splashed down in the Atlantic Ocean at 12:01 p.m. James A. McDivitt,
David R. Scott, and Russell L.. Schweikart made up the crew.

Mar. 24, 1969 It was announced that the Apolio 10 crew would take the LM from lunar orbit to
within 15 240 meters of the surface to test the LM further in preparation for the
first manned landing. :

Mar. 25, 1969 The first flight model of the Apollo Lunar Science Experiments Package
3 (ALSEP) arrived at the Kennedy Space Center (KSC).
Apr. 7, 1969 A Lunar Roving Vehicle Task Team was established at the Marshall Space Flight

Center (MSFCQC) to coordinate that center’s lunar rover development activities;
the team’s name was changed to Lunar Mobility Task Team on Aug. 18.

Apr. 7-11, 1969 The Apolio 10 flight readiness test was completed successfully.

May 18-26, 1969 Apollo 10 was launched successfully at 12:49 p.m. (all times EDT) on May 18
and was placed in a lunar trajectory. On the 21st, the spacecraft was inserted into
lunar orbit. The next day the crew performed the required LM low-level descent
exercises, the CSM and the LM being separated for eight hours. Splashdown in
the Pacific occurred at 12:52 p.m. on the 26th. Thomas P. Stafford, John W.
Young, and Eugene A. Cernan made up the crew.

May 27, 1969 MSFC was authorized to proceed with the development of a lunar roving vehicle.

June 11, 1969 It was stated by Samuel C. Phillips, director of the Apollo Program at NASA
Headquarters, that missions had been approved through Apollo 20.

July 16-24, 1969 Apollo 11 was launched successfully at 9:22 a.m. (all times EDT) on July 16.

Three days later the spacecraft entered lunar orbit. On the 20th, Astronauts Neil
A. Armstrong and Edwin E. Aldrin, Jr., took the LM to the surface, leaving
Michael Collins in the CSM. Armstrong became the first man to set foot on the
moon at 10:56 p.m. After 21 + hours on the surface, the LM ascent stage re-
turned to the orbiting CSM. Splashdown took place in the Pacific on the 24th at
12:15 p.m.
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Table 2-36. Chronology of Apollo Development and Operations, 1969-1973* (Continued)
Date Event
Oct. 28, 1969 NASA awarded a contract to the Boeing Co. for the development and produc-

Nov. 14-24, 1969

Jan. 4, 1970
Feb. 6, 1970

Apr. 11-17, 1970

June 15, 1970
Sept. 2, 1970

Jan. 31-Feb. 9, 1971

Apr. 1, 1971

July 26-Aug. 7, 1971

Apr. 16-27, 1972

Dec. 7-19, 1972

Mar. 15, 1973

tion of a lunar roving vehicle. MSFC would manage the project.

Apollo 12 was launched on Nov. 14 at 11:22 a.m. (all times EST). Lightning
struck the vehicle twice within a minute of liftoff without inflicting damage. On
the 17th, the crew inserted their spacecraft into lunar orbit. Two days later,
Astronauts Charles Conrad and Alan L. Bean took the LM to the surface for a
31 +-hour visit. They returned to the waiting CSM piloted by Richard F. Gordon
on the 20th. Splashdown took place on the 24th in the Pacific at 3:58 p.m.
Because of budget cuts, NASA cancelled its plans for an Apollo 20 mission and
stretched out the scheduling for the remaining 7 missions to 6-month intervals.
NASA Headquarters and the field centers reached an agreement concerning the
requirements for a lunar roving vehicle.

Apollo 13 was launched successfully on Apr. 11 at 2:13 p.m. (all times EST). On
the 13th during their translunar coast, the crew reported that they were experi-
encing loss of oxygen and primary power in the service module, which demanded
that the mission be aborted. Astronauts James A. Lovell, Jr., John L. Swigert,
Jr., and Fred W. Haise, Jr., adapted the LM to serve as their living quarters for
the return trip to earth. On Apr. 17 at 1:07 p.m., the CM splashed down in the
Pacific. That same day an Apollo 13 Review Board was established to investigate
the hardware failures.

The Apollo 13 Review Board delivered its final report.

NASA officials announced that budget cuts had forced them to cancel the
original Apollo 15 and 19 missions; the remaining flights were designated Apollo
14 through 17.

Astronauts Alan B. Shepard, Jr., Stuart A. Roosa, and Edgar D. Mitchell
aboard Apollo 14 were launched successfully on their way to the moon on Jan.
31 at 4:03 p.m. (all times EST). On Feb. 4, the spacecraft was put into lunar or-
bit, from which Shepard and Mitchell left in the LM on the 5th for the surface.
They returned to the CSM on the 6th. The crew splashed down in the Pacific
three days later at 4:05 p.m.

The first lunar roving vehicle, to be included on Apollo 15, was delivered to
KSC.

Apollo 15 was launched with David R. Scott, Alfred M. Worden, and James B.
Irwin aboard on July 26 at 9:34 a.m. (all times EDT). Lunar orbit was achieved
on the 29th, with Scott and Irwin reaching the surface the next day. On Aug. 2,
the crew returned to the CSM. Splashdown in the Pacific was on Aug. 7 at 4:47
p.m.

Astronauts John W. Young, Thomas K. Mattingly II, and Charles M. Duke, Jr.,
were launched on their way to the moon on Apollo 16 on Apr. 16 at 12:54 p.m.
EST. Three days later the crew attained lunar orbit, with landing taking place on
the 20th. Young and Duke left the surface on April 23. Splashdown in the Pacific
was at 2:44 p.m. on the 27th.

Apollo 17, the last Apollo manned lunar mission, was launched at 12:33 a.m. (all
times EST) on Dec. 7. Astronauts Eugene A. Cernan, Ronald E. Evans, and
Harrison H. Schmitt reached lunar orbit on the 10th. The next day Cernan and
Schmitt landed on the moon’s surface for three days of activities. Splashdown in
the Pacific was at 2:25 p.m. on the 19th.

At NASA Headquarters within the Office of Space Science, a Lunar Programs
Office was established, under which the Lunar Data Analysis and Synthesis Pro-
gram would be conducted.

*For a chronology of pre-1969 events, see table 2-50, vol. 2.




MANNED SPACEFLIGHT &3

Table 2-37. .Apollo 9 Characteristics

Date of launch (ETR launch complex #): March 3, 1969 (39A)
Official mission designation: AS-504
Spacecraft designation (name): SM-104
CM-104 (Gumdrop)
LM-3 (Spider)
Launch vehicle designation (class): SA-504 (Saturn V)
Spacecraft weight (kg): 43 196
Spacecraft shape, dimensions (m): Command module: truncated cone
length, 3.63
diameter of base, 3.9
Service module: cylindrical with extended engine nozzle
length, 6.88
diameter, 3.9
Lunar module,
ascent stage: roughly cylindrical with angular faces
height, 3.75
diameter, 4.29
Lunar module,
descent stage: cruciform platform supported by 4 legs
height, 3.23
width from opposite legs, 9.45

Crew: James A. McDivitt, Commander; David R. Scott, CM pilot; Russell L. Schweikart, LM pilot
Backup crew: Charles Conrad, Jr, Commander; Alan L. Bean, CM pilot; Richard F. Gordon, LM pilot
Apogee/perigee at insertion (km): 189.5 x 192.4

No. of earth orbits: 151

Period: approx. 90 min.

Length of mission: 241:00:54 (10 + days)

Mission events (date, time, ground elapsed time):

launch March 3 11:00:00 a.m. EST 00:00:00
S-IC engine cutoff 11:02:43 00:02:43
S-II engine cutoff 11:08:56 00:08:56
earth orbit insertion 11:11:15 00:11:15
CSM/LM docking 2:01:59 p.m. 03:01:59
CSM-S-1VB separation 3:08:06 04:08:06
LM descent propulsion system burn March 5 12:41:35 p.m. 49:41:35
CSM-LM separation March 7 8:02:54 a.m. 93:02:54
LM ascent propulsion system burn 11:58:15 96:58:15
CSM-LM docking 2:02:26 p.m. 99:02:26
CM-SM separation March 13 11:36:04 a.m. 240:36:04
splashdown 12:00:54 p.m. 241:00:54

EVA time: 00:37:00 (Schweickart)
Earth landing coordinates: 67°56'W, 23°15'N (Atlantic O.)
Recovery ship: USS Guadalcanal (crew onboard in 49 min.)

Mission objectives: Demonstrate crew-space vehicle-mission support facilities performance during a
manned Saturn V mission with the CSM and LM in earth orbit; demonstrate LM-
crew performance; demonstrate performance of nominal and selected backup lunar
orbit rendezvous mission activities; CSM-LM consulables assessment.

Results: All objectives were achieved; first active docking of the LM and CSM. The LM’s ascent and de-
scent propulsion systems checked out satisfactorily. Launch was originally set for Feb. 28, but
all crew members were suffering from a mild virus respiratory illness, and the mission was
rescheduled.

Reference: NASA Hgq., “Apollo 9 Post-launch Mission Operation Report,” M-932, 69-09, May 6, 1969.
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Table 2-38. Apollo 10 Characteristics

Date of launch (ETR launch complex #): May 18, 1969 (39B)
Official mission designation: AS-505

Spacecraft designation (Name): SM-106
CM-106 (Charlie Brown)
LM-4 (Snoopy)

Launch vehicle designation (class): SA-505 (Saturn V)

Spacecraft weight (kg): 44 576

Spacecraft shape, dimensions (m): see table 2-37 .
Crew: Thomas P. Stafford, Commander; John W. Young, CM pilot; Eugene A. Cernan, LM pilot
Backup crew: L. Gordon Cooper, Commander; Donn F. Eisele, CM pilot; Edgar D. Mitchell, LM pilot
Apogee/perigee at insertion (km): 190 x 184.5

No. of earth orbits: 1.5

Period: approx. 90 min.

Lunar orbit parameters (km): 111.1 x 316.7 at insertion; 111.1 x 111.1, circularized

No. of lunar orbits: 31

Length of mission: 192:03:23 (8 + days)

Mission events (date, time, ground elapsed time):

launch May 18 11:49:00 a.m. EST 00:00:00
S-IC engine cutoff 11:51:42 00:02:42
S-II engine cutoff 11:58:13 00:09:13
earth orbit insertion 12:00:54 p.m. 00:11:54
translunar injection 2:28:21 02:39:21
CSM-S-1VB separation 2:51:42 03:02:42
CSM-LM docking 3:06:37 03:17:37
lunar oribit insertion May 21 3:44:54 p.m. 75:55:54
separation maneuver May 22 2:36:17 p.m. 98:47:17
transearth injection May 24 5:25:29 a.m. 137:36:29
CM-SM separation May 26 11:22:26 a.m. 191:33:26
splashdown 11:52:23 192:03:23

EVA time: N/A
Earth landing coordinates: 15°2'S, 164°39'W (Pacific O.)
_ Recovery ship: USS Princeton (crew onboard in 39 min.)
Mission objectives: Demonstrate crew-vehicle support facilities performance during a manned lunar or-
bit mission; evaluate LM performance in cislunar-lunar environments.
Results: All objectives were achieved, confirming all aspects of a lunar landing mission except for the ac-
tual descent. In a low altitude pass, the LM came within 14 000 meters of the moon.

Reference: MSC, “Apollo 10 Mission Report,” MSC-00126, Aug. 1969.
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Table 2-39. _Apollo 11 Characteristics

Date of launch (ETR launch complex #): July 16, 1969 (39A)
Official mission designation: AS-506
Spacecraft designation (name): SM-107
CM-107 (Columbia)
LM-5 (Eagle)
Launch vehicle designation (class): SA-506 (Saturn V)
Spacecraft weight (kg): 45 702
Spacecraft shape, dimensions (m): see table 2-37 p
Crew: Neil A. Armstrong, Commander; Michael Collins, CM pilot; Edward E. Aldrin, Jr., LM pilot
Backup crew: James A. Lovell, Commander; William A. Anders, CM pilot; Fred W. Haise, LM pilot
Apogee/perigee at insertion (km): 190.6 x 192.1
No. of earth orbits: 1.5
Period: approx. 90 min.
Lunar orbit parameters (km): 312.1 x 113.4 at insertion; 121.7 x 99.6, circularized
No. of lunar orbits: 30
Lunar landing coordinates: 0°39'N, 23°30'E (Sea of Tranquility)

Time on surface: 21:36:21
Lunar EVA time (# of excursions): 02:31:40 (1)

Length of mission: 195:18:35 (8 + days)
Mission events (date, time, ground elapsed time):

launch July 16 8:32:00 a.m. EST 00:00:00
S-IC engine cutoff 8:34:42 00:02:42
S-II engine cutoff 8:41:08 00:09:08
earth orbit insertion 8:43:50 00:11:50
translunar injection 11:16:16 02:44:16
CSM-S-IVB separation 11:49:05 03:17:05
CSM-LM docking 11:56:03 03:24:03
lunar orbit insertion July 19 12:21:50 p.m. 75:49:50
CSM-LM separation July 20 1:11:53 p.m. 100:39:53
lunar landing 3:17:40 102:45:40 °
begin EVA 9:39:33 109:07:33
first step on surface 9:56:15 109:24:15
end EVA July 21 12:11:13 a.m. 111:39:13
lunar liftoff 12:54:01 p.m. 124:22:01
LM-CSM docking 4:34:00 128:03:00
LM jettison 7:01:01 130:30:01
transearth injection 11:54:42 135:23:42
CM-SM separation July 24 11:21:13 a.m. . 194:49:13
splashdown 11:50:35 195:18:35

Earth landing coordinates: 13°19'N, 169°09'W (Pacific O.)

Recovery ship: USS Hornet (crew onboard in 63 min.)

Mission objectives: Perform a manned lunar landing and return; conduct scientific experiments; collect
soil and rock samples for return to earth.

Results: All mission objectives were achieved. Armstrong became the first man to set foot on the moon
on July 20, followed by Aldrin; Collins remained in the orbiting CSM. The crew collected 21 kg
of lunar surface material to be returned for analysis and conducted other scientific and
photographic tasks on the surface during their 2-hour EVA period.

Reference: MSC, “Apollo 11 Mission Report,” MSC-00171, Nov. 1969.
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Table 2-40. Apollo 12 Characteristics

Date of launch (ETR launch complex #): Nov. 14, 1969 (39A)
Official mission designation: AS-507
Spacecraft designation (name): SM-108
CM-108 (Yankee Clipper)
LM-6 (Intrepid)
Launch vehicle designation (class): SA-507 (Saturn V)
Spacecraft weight (kg): 45 870
Spacecraft shape, dimensions (m): see table 2-37 P
Crew: Charles Conrad, Jr., Commander; Richard F. Gordon, Jr., CM Pilot; Alan L. Bean, LM Pilot
Backup crew: David R. Scott, Commander; Alfred M. Worden, CM Pilot; James B. Irwin, LM Pilot
Apogee/perigee at insertion (km): 189.8 x 185
No. of earth orbits: 1.5
Period: approx. 90 min.
Lunar orbit parameters (km): 257.1 X 115.9 at insertion; 122.4 X 100.6 circularized
No. of lunar orbits: 45
Lunar landing coordinates: 3°12'S, 23°24'W (Ocean of Storms)

Time on surface: 31:31:12
Lunar EVA time (# of excursions): 7:45:18 (2)

Length of mission: 244:36:24 (10 + days)
Mission events (date, time, ground elapsed time):

launch Nov. 14 11:22:00 a.m. EDT 00:00:00
S-IC engine cutoff 11:24:42 00:02:42
S-II engine cutoff 11:31:12 00:11:44
earth orbit insertion 11:33:44 00:11:44
translunar injection 2:15:14 p-m. 02:53:14
CSM-S-IVB separation 2:40:19 03:18:19
CSM-LM docking 2:48:53 03:26:53
lunar orbit insertion Nov. 17 10:47:23 p.m. 83:25:23
CSM-LM separation Nov. 18 11:16:03 p.m. 107:54:03
lunar landing Nov. 19 1:54:35 a.m. 110:32:35
begin 1st EVA 6:32:35 115:10:35
end 1st EVA 10:28:38 119:06:38
begin 2d EVA 10:54:45 p.m. 131:32:45
end 2d EVA Nov. 20 2:44:00 a.m. 135:22:00
lunar liftoff 9:25:47 142:03:47
LM-CSM docking 12:58:22 p.m. 145:30:22
LM jettison Nov. 20 3:21:30 p.m. 147:59:30
transearth injection Nov. 21 3:49:16 p.m. 172:27:16
CM-SM separation Nov. 24 3:29:21 p.m. 244:07:21
splashdown 3:58:24 244:36:24

Earth landing coordinates: 15°47'S, 165°9'W (Pacific O.)
Recovery ship: USS Hornet (crew onboard in 50 min.)

Mission objectives: Lunar landing mission to perform selenological inspection, survey, and sampling of
a mare area; deploy an ALSEP; develop techniques for point landing capability;
develop capability to work in the lunar environment; photograph candidate explora-
tion sites.

Results: All objectives were achieved. The crew brought back 34 kg of lunar samples collected during two

EVA periods. The LM touched down just 182 meters from the Surveyor 3 spacecraft from which
the Apollo 12 crew removed the soil scoop.

Reference: MSC, “Apollo 12 Mission Report,” MSC-01855, March 1970; and NASA Hgq., “Apollo
12 Mission Post-launch Mission Operation Report #1,” M-932-69-12, Nov. 25, 1969.
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Table 2-41. .Apollo 13 Characteristics

Date of launch (ETR launch complex #): April 11, 1970 (39A)
Official mission designation: AS-508
Spacecraft designation (name): SM-109
CM-109 (Odyssey)
LM-7 (Aquarius)
Launch vehicle designation (class): SA-508 (Saturn V)
Spacecraft weight (kg): 45 931°
Spacecraft shape, dimensions (m): see table 2-37 p)
Crew: James A. Lovell, Jr., Commander; John L. Swigert, Jr., CM Pilot; Fred W. Haise, LM Pilot

Backup crew: John W. Young, Commander; John L. Swigert, Jr., CM Pilot; Charles M. Duke, Jr., LM
Pilot

Apogee/perigee at insertion (km): 185.6 x 181.5

No. of earth orbits: 1.5

Period: approx. 90 min.

Lunar orbit parameters (km): N/A

No. of lunar orbits: N/A

Lunar landing coordinates: N/A (Fra Mauro intended region)
Time on surface: N/A

Lunar EVA time (# of excursions): N/A

Length of mission: 142:54:41 (5 + days)

Mission events (date, time, ground elapsed time):

launch Apr. 11 2:13:00 p.m. EST 00:00:00
S-IC engine cutoff 2:15:44 00:02:44
S-II engine cutoff 2:22:53 00:09:53
earth orbit insertion 2:25:40 00:12:40
translunar injection 4:54:47 02:41:47
CSM-S-IVB separation 5:19:39 03:06:39
CSM-LM docking 5:32:09 03:19:09
LO; tank anomaly Apr. 13 10:07:53 p.m. 55:54:53
pericynthion maneuver Apr. 14 9:40:39 p.m. 79:27:39
SM jettison Apr. 17 8:15:06 a.m. 138:02:06
LM jettison 11:43:02 141:30:02
splashdown 1:07:41 p.m. 142:54:41

Earth landing coordinates: 21°38'S, 165°22'W (Pacific 0.)
Recovery ship: USS Iwo Jima (crew onboard in 46 min.)

Mission objectives: Lunar landing mission to conduct selenological inspection, survey, and sampling of
the Imbrium basin; deploy an ALSEP; further develop man’s capability to work in
the lunar environment; photograph candidate exploration sites.

Results: None of the mission objectives was accomplished. The mission was aborted after nearly 56
hours of flight due to loss of service module cryogenic oxygen and consequent loss of capability
to generate electrical power to provide oxygen and to produce water in the CSM. The command
module was powered down at 58:40:00 into the flight and the lunar module configured to supply
the necessary power and other consumables for the trip back to earth.

Reference: MSC, “Apollo 13 Mission Report,” MSC-02680, Sept. 1970; and NASA Hq., “Apollo
13 Mission Pre-launch Mission Operation Report, M-932-70-13, March 13, 1970.
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Table 2-42. Apollo 14 Characteristics

Date of launch (ETR launch complex #): Jan. 31, 1971 (39A)
Official mission designation: AS-509
Spacecraft designation (name): SM-110
SM-110 (Kitty Hawk)
LM-8 (Antares)
Launch vehicle designation (class): SA-509 (Saturn V)
Spacecraft weight (kg): 45 305
Spacecraft shape, dimensions (m): see table 2-37 .
Crew: Alan B. Shepard, Jr., Commander; Stuart A. Roosa, CM Pilot; Edgar D. Mitchell, LM Pilot
Backup crew: Eugene A. Cernan, Commander; Ronald E. Evans, CM Pilot; Joe H. Engle, LM Pilot
Apogee/perigee at insertion (km): 183.2 x 189.9
No. of earth orbits: 1.5
Period: approx. 90 min.
Lunar orbit parameters (km): 314.1 X 108.2 at insertion; 118.3 x 103.7 circularized
No. of lunar orbits: 34
Lunar landing coordinates: 3°40'S, 17°29'W (Fra Mauro)
Time on surface: 33:30:31
Lunar EVA time (# of excursions): 9:22:31 (2)
Length of mission: 216:01:58 (9 + days)
Mission events (date, time, ground elapsed time):*

launch Jan. 31 4:03:02 p.m. EST 00:00:00
S-IC engine cutoff 4:05:45 00:02:43
S-II engine cutoff 4:12:20 00:09:18
earth orbit insertion 4:14:51 00:11:49
translunar injection 6:37:34 02:34:32
CSM-S-IVB separation 7:05:31 03:02:29
CSM-LM docking 9:00:02 04:56:56
lunar oribit insertion Feb. 4 1:59:43 a.m. 81:56:41
CSM-LM separation 11:50:44 p.m. 103:47:42
lunar landing Feb. 5 4:18:11 a.m. 108:15:09
begin 1st EVA 9:42:13 113:39:11
4 end 1st EVA 2:30:03 p.m. 118:27:01
begin 2d EVA Feb. 6 3:11:15 p.m. 131:08:13
end 2d EVA 7:45:56 135:42:54
lunar liftoff Feb. 7 1:48:42 a.m. 141:45:40
LM-CSM docking 3:35:53 143:32:51
LM jettison 5:48:00 145:44:58
transearth injection 8:39:04 148:36:02
CM-SM separation Feb. 9 3:35:44 p.m. 215:32:42
splashdown 4:05:00 216:01:58

Earth landing coordinates: 27°1'S, 172°39'W (Pacific O.)
Recovery ship: USS New Orleans (crew onboard in 48 min.)

Mission objectives: Lunar landing mission to perform selenological inspection, survey, and sampling of
the Fra Mauro region; deploy an ALSEP; further develop man’s capability to work
in the lunar environment; photograph candidate exploration sites.

Results: All objectives were achieved. The crew brought 43 kg of lunar samples to earth with them.

*There is a discrepancy of approximately 40 minutes in the sequence-of-events tables presented in the
mission operation report and the mission report; the latter was used as the source for this table. '
Reference: MSC, “Apollo 14 Mission Report,” MSC-04112, May 1971; and NASA Hq., “Apollo 14 Post-
‘launch Mission Operation Report #1, M-933-71-14, Feb. 22, 1971.
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Table 2-43. Apollo 15 Characteristics

Date of launch (ETR launch complex #): July 26, 1971 (39A)
Official mission designation: AS-510

Spacecraft designation (name): SM-112
CM-112 (Endeavour)
LM-10 (Falcon)

Launch vehicle designation (class): SA-510 (Saturn V)

Spacecraft weight (kg): 48 599

Spacecraft shape, dimensions (m): see table 2-37 P
Crew: David R. Scott, Commander; Alfred M. Worden, Jr., CM Pilot; James B. Irwin, LM Pilot

Backup crew: Richard F. Gordon, Commander; Vance D. Brand, CM Pilot; Harrison H. Schmitt, LM
Pilot

Apogee/perigee at insertion (km): 169.5 x 171.3

- No. of earth orbits: 1.5

Period: approx. 90 min.

Lunar orbit parameters (km): 314.8 x 107.4 at insertion; 119.8 X 107.9 circularized
No. of lunar orbits: 74

Lunar landing coordinates: 26°6'N, 3°39'E (Hadley-Apennine)

Time on surface: 66:54:53

Lunar EVA time (# of excursions): 18:34:53 (3)

Length of mission: 295:11:53 (12 + days)

Mission events (date, time, ground elapsed time):

launch July 26 9:34:00 a.m. EDT 00:00:00
S-IC engine cutoff 9:36:39 00:02:39
S-II engine cutoff 9:43:08 00:09:08
earth orbit insertion 9:45:44 00:11:44
translunar injection 12:30:03 p.m. 02:56:03
CSM-S-IVB separation 12:56:24 03:22:24
CSM-LM docking 1:07:49 03:33:49
lunar orbit insertion July 29 4:05:46 p.m. 78:31:46
CSM-LM separation July 30 2:13:30 p.m. 100:39:30
lunar landing 6:16:29 104:42:29
begin 1st EVA July 31 9:13:10 a.m. 119:39:10
end 1st EVA 3:45:59 p.m. 126:11:59
begin 2d EVA Aug. 1 7:48:48 a.m. 142:14:48
end 2d EVA 3:01:02 p.m. 149:27:02
begin 3d EVA Aug. 2 4:52:14 a.m. 163:18:14
end 3d EVA 9:42:04 168:08:04
lunar liftoff Aug. 3 1:11:22 p.m. 171:37:22
LM-CSM docking 3:09:47 173:35:47
LM jettison 9:04:14 179:30:14
subsatellite launch Aug. 4 4:13:19 p.m. 222:39:19
transearth injection 5:22:45 223:48:45
CM-SM separation Aug. 7 4:18:00 p.m. 294:44:00
splashdown 4:45:53 295:11:53

Earth landing coordinates: 26°7'N, 158°8'W (Pacific O.)

Recovery ship: USS Okinawa (crew onboard in 40 min.)

Mission objectives: Lunar landing mission to perform selenological inspection, survey, and sampling in
the Hadley-Apennine region; deploy an ALSEP; evaluate durability of Apollo
equipment; evaluate longer EVAs; conduct in-flight experiments and photography;
evaluate the lunar roving vehicle.
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Table 2-43. Apollo 15 Characteristics (Continued)

Results: All objectives were achieved. The lunar roving vehicle (LRV-1) increased the range and scientific
return of lunar surface operations; during the three EVA periods the LRV traversed 27.9 km at
speeds of up to 12-13 kph. The vehicle’s controllability and climbing capability were
demonstrated. The crew collected 76.7 kg of lunar material. A satellite was released from the
CSM on Aug. 4, which was used for scientific experiments; its lunar orbit was 141.3 x 102 km.

Reference: MSC, “Apollo 15 Mission Report,” MSC-05161, Dec. 1971; and NASA Hgq., “Apolio
15 Mission Post-launch Mission Operation Report #1, M-933-71-15, Aug. 16, 1971.

Table 2-44. Apollo 16 Characteristics

Date of launch (ETR launch complex #): April 16, 1972 (39A)
Official mission designation: AS-511
Spacecraft designation (name): SM-113 ‘

CM-113 (Casper)

LM-11 (Orion)
Launch vehicle designation (class): SA-511 (Saturn V)
Spacecraft weight (kg): 48 606
Spacecraft shape, dimensions (m): see table 2-37

Crew: John W. Young, Commander; Thomas K. Mattingly 1I, CM Pilot; Charles M. Duke, Jr., LM
Pilot

Backup crew: Fred W. Haise, Jr., Commander; Stuart A. Roosa, CM Pilot; Edgar D. Mitchell, LM
Pilot

Apogee/perigee at insertion (km): 176 x 166.7

No. of earth orbits: 1.5

Period: approx. 90 min.

Lunar orbit parameters (km): 315.4 x 107.6 at insertion; 125.9 X 98.3 circularized
No. of lunar orbits: 64

Lunar landing coordinates: 9°S, 15°31'E (Descartes)

Time on lunar surface: 71:02:13

Lunar EVA time (# of excursions): 20:14:14 (3)

Length of mission: 265:51:05 (11 + days)

Mission events (date, time, ground elapsed time):

launch Apr. 16 12:54:00 p.m. EST 00:00:00
S-IC engine cutoff 12:56:41 00:02:41
S-II engine cutoff 1:03:19 00:09:19
earth orbit insertion 1:05:56 00:11:56
translunar injection 3:27:37 02:33:37
CSM-S-1VB separation 3:58:59 03:04:59
CSM-LM docking 4:15:53 03:21:53
lunar orbit insertion Apr. 19 3:22:28 p.m. 74:28:28
CSM-LM separation Apr. 20 1:08:00 p.m. 96:14:00
lunar landing 9:23:35 104:29:35
begin 1st EVA Apr. 21 11:47:38 a.m. 118:53:38
end 1st EVA 6:58:40 p.m. 126:04:40
begin 2d EVA Apr. 22 11:33:35 a.m. 142:39:35
end 2d EVA 6:56:44 p.m. 150:02:44
begin 3d EVA Apr. 23 10:25:28 a.m. 165:31:28
end 3d EVA 4:05:31 p.m. 171:11:31

lunar liftoff Apr. 23 8:25:48 p.m. 175:31:48
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Table 2-44. Apollo 16 Characteristics (Continued)

LM-CSM docking 10:35:18 177:41:18
LM jettison Apr. 24 3:54:12 p.m. 195:00:12
subsatellite launch 4:56:09 196:02:09
transearth injection 9:15:33 200:21:33
CM-SM separation Apr. 27 2:16:33 p.m. 265:22:33
splashdown 2:45:05 265:51:05

Earth landing coordinates: 0°43'S, 156°13'W (Pacific O.)

Recovery ship: USS Ticonderoga (crew onboard in 37 min.) 4
Mission objectives: Lunar landing mission to perform selenological inspection, survey, and sampling of

the Descartes region; deploy an ALSEP; photograph selected areas.

Results: All objectives were achieved. The crew traveled 27 km in LRV-2, collecting 95 kg of soil and
rock samples. Because of a problem with the CSM’s secondary yaw actuator servo loop, the mis-
sion was shortened by one day. The subsatellite, launched on the 24th, was not inserted into the
planned orbit (subsatellite impacted on May 29 during revolution 425).

Reference: MSC, “Apollo 16 Mission Report,” MSC-07230, Aug. 1972.

Table 2-45. _Apollo 17 Characteristics

Date of launch (ETR launch complex #): Dec. 7, 1972
Official mission designation: AS-512

Spacecraft designation (name): SM-114
CM-114 (America)
LM-12 (Challenger)

Launch vehicle designation (Class): SA-512 (Saturn V)

Spacecraft weight (kg): 48 622

Spacecraft shape, dimensions (m): see table 2-37 7
Crew: Eugene A. Cernan, Commander; Ronald E. Evans, CM Pilot; Harrison H. Schmitt, LM Pilot

Back‘up crew: John W. Young, Commander; Stuart A. Roosa, CM Pilot; Charles M. Duke, Jr., LM
Pilot

Apogee/perigee at insertion (km): 171.3 x 168.9

No. of earth orbits: 2

Period: approx. 90 min.

Lunar orbit parameters (km): 314.8 X 97.4 at insertion; 129.6 X 100 circularized
No. of lunar orbits: 75

Lunar landing coordinates: 20°13'N, 30°45'E (Taurus-Littrow)

Time on lunar surface: 74:59:40

Lunar EVA time (# of excursions): 22:03:57 (3)

Length of mission: 301:51:59 (12 + days)

Mission events (date, time, ground elapsed time):

launch Dec. 7 12:33:00 a.m. EST 00:00:00
S-IC engine cutoff 12:35:41 00:02:41
S-1I engine cutoff 12:42:19 00:09:19
earth orbit insertion 12:44:53 00:11:53
translunar injection 3:45:37 03:12:37
CSM-S-IVB separation 4:15:29 03:42:29
CSM-LM docking 4:39:45 03:56:45
lunar orbit insertion Dec. 10 2:47:23 p.m. 86:14:23

CSM-LM separation Dec. 11 12:20:56 p.m. 107:47:56
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Table 2-45. Apollo 17 Characteristics (Continued)

lunar landing 2:54:57 110:21:57
begin 1st EVA 6:54:49 114:21:49
end 1st EVA Dec. 12 2:06:42 a.m. 121:33:42
begin 2d EVA 6:28:06 p.m. 137:55:06
end 2d EVA Dec. 13 2:05:02 a.m. 145:32:02
begin 3d EVA 5:25:48 p.m. 160:52:48
end 3d EVA Dec. 14 12:40:56 a.m. 168:07:56
lunar liftoff Dec. 14 5:54:37 p.m. 185:21:37
LM-CSM docking 8:10:15 187:37:15
LM jettison 11:51:31 191:18:31
transearth injection Dec. 16 6:35:09 p.m. 234:02:09
CM-SM separation Dec. 19 1:56:49 p.m. 301:23:49
splashdown 2:24:59 301:51:59

Earth landing coordinates: 17°53'S, 166°7'W (Pacific O.)
Recovery ship: USS Ticonderoga (crew onboard in 52 min.)
Mission objectives: Lunar landing mission to perform selenological inspection, survey, and sampling of
the Taurus-Littrow region with a special emphasis on geological tasks; deploy an
ALSEP; conduct in-flight experiments and photography.
Results: All objectives were achieved. The crew traveled 35 km in LRV-3 and collected 117 kg of lunar
samples.

Reference: JSC, “Apollo 17 Mission Report,” JSC-07904, March 1973.




MANNED SPACEFLIGHT 93

Table 2-46. Apollo Lunar Mission Experiments

No. Experiment Apollo Mission
11 12 13 14 15 16 17

M 78 Bone Mineral Measurement X

M515 Lunar Dust Detector (ALSEP) X N X X

S 31 Passive Seismic (EASEP, ALSEP) X X N X X X

S 33 Lunar Active Seismology (ALSEP) X X

S 34 Lunar Surface Magnetometer (ALSEP) X X X

S 35 Solar Wind Spectrometer (ALSEP) X X

S 36 Suprathermal Ion Detector (ALSEP) X X X ‘

S 37 Lunar Heat Flow (ALSEP) N X N X
S 38 Charged Particle Lunar Environment (ALSEP) N X

S 58 Cold Cathode Ion Gauge (ALSEP) X N X X

S 59 Lunar Field Geology . P X N X X X X
S 78 Laser Ranging Retro-reflector (EASEP) X X X

S 80 Solar Wind Composition X N X X

S151 Cosmic Ray Detector X

S152 Cosmic Ray Detector (Sheets) X X
S158 Lunar Multispectral Photography X

S164 CSM/LM S-band Transponder N X

S170 Downlink Bistatic Radar N X

S176  Apollo Window Meteoroid X

S178 Gegenschein from Lunar Orbit N X

S184  Lunar Surface Closeup Photography N

S198 Portable Magnetometer X

S199  Traverse Gravimeter X
S200 Soil Mechanics X X X
S201 Far UV Camera/Spectroscope X
S202 Lunar Ejecta and Meteorites (ALSEP) X
S203 Lunar Seismic Profiling (ALSEP) X
S204  Surface Electrical Properties X
S205 Lunar Atmospheric Composition (ALSEP) X
S207 Lunar Surface Gravimeter (ALSEP) P
T 29 Pilot Describing Function X X

-EASEP =part of the Apollo 11 Early Apollo Scientific Experiments Package
ALSEP =part of the Apollo Lunar Surface Experiment Package

X =experiment performed successfully

P =experiment performed partially

N =experiment not performed successfully
Skylab

An orbital space station, from which man could launch spacecraft to the moon
and the planets or at which scientists could perform a variety of investigations and
observations for long periods of time, has been a goal of would-be spacefarers since
long before NASA was established in 1958. NASA'’s first serious study of a perma-
nent manned orbiting laboratory took place in the spring of 1959.

NASA’s advanced planners identified five basic methods for establishing a sta-
tion in earth orbit: erect an inflatable structure, which could be launched in a folded
configuration and deployed once in orbit; launch matching modules into orbit and
assemble them there, using a space ferry for manpower and supplies; convert a
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launch vehicle stage to a habitable environment once its fuel supply had been ex-
pended (the “wet” workshop); or outfit a launch vehicle stage as a station and launch
it into orbit by another vehicle (the “dry” workshop). The ideal station, of course,
would be permanent and large enough for many crewmen; the adoption of a launch
vehicle as a laboratory would serve as a worthy precursor to a larger, more elaborate
station.

As early as 1963, personnel at the Manned Spacecraft Center (MSC) were sug-
gesting that Apollo program hardware could be used to build a space station for 18
men. NASA Headquarters established a Saturn/Apollo Applications Offjce in
August 1965 within the Office of Manned Space Flight to investigate the many plans
that had been offered by its research centers and industry to modify Apollo era
hardware to form orbiting laboratories and to evaluate possible follow-on Apollo
missions.

At NASA’s Marshall Space Flight Center in 1965, designers began investigating
the conversion of a spent Saturn IVB stage into an orbital workshop by an Apollo
crew —the wet workshop concept. Headquarters supported the idea and directed
personnel at MSC and the Kennedy Space Center to cooperate with Marshall. By the
next year, the Apollo Applications Office was planning three S-IVB wet workshops,
three Saturn V dry orbital laboratories, and four Apollo Telescope Mounts for use
on the workshops (in late 1967 the estimate was down to two workshops, one Saturn
V lab, and three ATMs; in 1968 the goal was one workshop and one backup, one
Saturn V lab, and one ATM). _

The Saturn IVB workshop would be placed in orbit and converted to a suitable
environment by visiting Apollo crews. The astronauts would enter the laboratory
through a special airlock module, a contract for which was let to McDonnell
Douglas in August 1966. Power would be provided by large solar panels that would
unfold from the workshop.

In the spring of 1969, Wernher von Braun, who had had considerable input on
NASA’s original ideas for space stations in the 1950s and whose design the Saturn
launch vehicle family was, proposed, as director of Marshall, that the agency con-
sider substituting the “dry” workshop for the “wet” workshop configuration. The
" change was already being investigated at NASA Headquarters, where acting ad-
ministrator Tom Paine was getting little support from Congress and the President
for big-budget items. The evolution from Saturn IVB wet workshops to Saturn
V-launched dry orbital laboratories was not seen as a great technological step, but it
would be an expensive one. If a Saturn V vehicle could be earmarked for use in an
Apollo applications mission, it would be better for the agency’s shrinking budget if
the intermediate step was skipped. Paine signed a project approval document for the
change on July 18, 1969.6¢ The project now called for one dry workshop sporting an
Apollo Telescope Mount to be launched by a Saturn V, with three visits by Apollo
crews placed into orbit by Saturn IBs (see fig. 2-8). In March 1970, this program was
named Skylab, with the launch of the orbiting laboratory scheduled for November
1972; in April 1971 the schedule was pushed back to April 1973. The three crews
were announced in the early winter of 1972.*

* The members of the three Skylab prime crews announced in January 1972 were Charles Conrad,
Jr., Joseph P. Kerwin, and Paul J. Weitz on Skylab 2; Alan L. Bean, Owen K. Garriott, and Jack R.
Lousma on Skylab 3; and Geraid P. Carr, Edward G. Gibson, and William R. Pogue on Skylab 4.

< -
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Figure 2-6. Components of Skylab

Source: MSFC, “MSFC Sklylab Mission Report—Saturn Workshop,”” TMX-64814, Oct. 1974, p. 2-3.
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The launch of Skylab 1, the orbital workshop, took place on May 14, 1973, with
one major anomaly. The meteoroid shield failed to deploy properly, jamming one of
the two solar panels and tearing off the second. Skylab reached the desired near-
circular orbit, but without the necessary panels the internal temperature was too
high for the crews that were to follow. The launch of Skylab 2, scheduled for the
next day, was postponed while engineers designed a “parasol” of aluminized Mylar-
nylon laminate to protect the workshop from the sun. The first Skylab crew, parasol
stowed onboard, arrived at the basking workshop six hours after launch on May 25
and docked. The parasol was deployed in less than three hours, and the temperature
started decreasing immediately. Another major task was to free the undeployed
solar array, which the crew did on June 7 (see tables 2-49 through 2-51 for details on
the three crew visits to Skylab).

One of Skylab’s primary objectives was to study the long-term effects of
weightlessness on man. The first Skylab crew lived and worked in the orbiting lab
for 28 days, the second for 59 days, and the third for 84 days. The crews evaluated
exercise techniques, performed scientific investigations (solar astronomy, life
sciences, earth resources, astrophysics, engineering and technology, observing Com-
et Kohoutek, and materials processing), and learned to relax, eat, sleep, and keep
house in space day after day (see table 2-52 for a list of Skylab experiments).’

Most of the experiment data that were returned during the missions were
medical, allowing the flight physicians to continually monitor the health of the
crewmen. The other scientific investigators had to wait for much of the results from
the flown experiments, but for most the wait was worth it. Astronomers alone
received 103 000 photographs and spectra for their evaluation; earth resources
specialists were treated to thousands of images, many of which were multispectral.
The Apollo Telescope Mount proved to be revolutionary for the field of solar
physics. It was clear that “it was feasible to live for extended periods in orbit without
becoming disoriented or encountering major problems with the lack of a gravity
field. It was simply another work environment.”® A future space station crew would
not suffer from long stays and could obviously be kept busy with scientific,

engineering, and materials processing tasks. Skylab had proven that.
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Chronology of Skylab Development and Operations

Date

Event

Feb. 20, 1959

June 8, 1959

July 10, 1959

Apr. 20-22, 1960

Oct. 1961

Apr. 1962

May 10, 1962

July 31-Aug. 1
1962
Sept. 28, 1962

“Mar. 1, 1963
Mar. 28, 1963

Apr. 11, 1963

Aug. 17-Sept. 14,

1963

Dec. 10, 1963

Mar. 1964

Aug. 17, 1964

NASA Deputy Administrator Hugh L. Dryden told the Senate Committee on
Aeronautical and Space Sciences that one of the agency’s long-range goals was a per-
manent manned orbiting laboratory. During the following spring, several groups
within NASA studied the concept of an orbiting laboratory as one project that might
follow Project Mercury. (In its 1960 budget, NASA requested $2 million to study
methods of constructing a manned laboratory or converting the Mercury spacecraft
into a two-man laboratory.)

In a report prepared for the Army Ballistic Missile Agency, Wernher von Braun sug-
gested that a space station could be designed around a spent booster stage (a concept
that was later called the “wet workshop™).

A conference at Langley Research Center (LRC) considered the problems associated
with developing the technology to build, launch, and operate a manned space sta-
tion.

The Institute of the Aeronautical Sciences, NASA and RAND Corp. sponsored a
Manned Space Stations Symposium.

Emanuel Schnitzer of LRC suggested using Apollo hardware to build a space
laboratory. The “Apollo X” vehicle would consist of a standard command and ser-
vice module (CSM) with an added inflatable spheroid structure and transfer tunnel.
This suggestion led others within NASA to think about adapting Apollo-developed
hardware to laboratories and stations.

Manned Spacecraft Center (MSC) personnel prepared a preliminary document that
outlined areas of investigation for a space station study program.

John C. Fischer, Jr., of Lewis Research Center suggested a two-phase approach to a
space station program: first, a manned station that would operate for four to six
years, being resupplied and remanned by ferry craft, followed by an inflatable sta-
tion with artificial gravity.

LRC hosted a forum for NASA researchers interested in space station work.

At a meeting at NASA Headquarters, personnel from the Office of Manned Space
Flight (OMSF), the Office of Advanced Research and Technology (OART), MSC,
Marshall Space Flight Center (MSFC), and LRC agreed that the concept of a space
station was an important one for the future and that advanced technological work
should proceed at the centers.

MSC proposed constructing an 18-man station from hardware under development
for Apollo.

Abraham Hyatt of NASA Headquarters organized a task team to study the concept
of a manned earth-orbiting laboratory.

The leaders of MSC’s Flight Operations Division met with LRC personnel to discuss
the Virginia center’s proposed four-man Manned Orbital Research Laboratory. On
June 24, LRC announced that The Boeing Co. and Douglas Aircraft Co., Inc., had
been selected to study the concept.

NASA and the Department of Defense (DoD) signed a joint agreement to coor-
dinate their studies of advanced space exploration, including any manned space sta-
tion concepts.

DoD announced that funds that had been set aside for the X-20 Dyna Soar project,
which had been cancelled, would be rechanneled to the Air Force’s Manned Orbiting
Laboratory (MOL) project. NASA would provide technical support to this ex-
clusively military project.

The Lockheed-California Co. delivered the results of its study of a rotating manned
orbital research laboratory. The laboratory, which would be launched by a Saturn
V, would accommodate a crew of 24 and be operational for 1 to 5 years.

In a revival of the “Apollo X” concept, MSC’s Spacecraft Integration Branch of-
fered its proposal for an orbiting laboratory. The 2-man laboratory would be
launced by a Saturn IB for a 14- to 45-day mission. Other configurations included a
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Table 2-47. Chronology of Skylab Development and Operations (Continued)
Date Event
3-man, 45-day mission; a 3-man, 45-day mission in a double-laboratory module;
and a 3-man, 120-day mission in an independent systems module.
Dec. 11, 1964 LRC awarded Boeing a 10-month contract to study the feasibility of designing and

June 18, 1965

July 30, 1965

Aug. 6-10, 1965

Aug. 20, 1965

Aug. 25, 1965
Sept. 10, 1965

Oct. 20, 1965

Nov. 1965

Jan. 1966

Feb. 11, 1966

Mar. 21, 1966

Mar. 23, 1966
Apr. 18, 1966

May 20-21, 1966

June 1, 1966 '

launching a manned orbital telescope.

LRC awarded Douglas a follow-on study contract for the Manned Orbital Research
Laboratory, which would emphasize the Apollo Extension System effort (use of
Apollo-era technology). ‘
Lockheed-California delivered its report to MSC on a modular multipurpose space
station. Configurations included: 45-day, 3-man, l-compartment lab; 1l-year,
6-man, 2-compartment lab; 90-day, 3- to 6-man, 2-compartment lab; 1- to 5-year,
6-to 9-man, 6-compartment station; and 5- to 10-year, 24- to 36-man,
Y-configuration station.

NASA Headquarters established the Saturn/Apollo Applications Office within
OMSF. The new office would be responsible for the Apollo Extension System ef-
fort, among other projects. David M. Jones was acting director, John H. Disher
deputy director.

Designers at MSFC began seriously to investigate the concept of a Saturn IVB-stage
orbital workshop—the in-orbit conversion of a spent S-IVB stage to an orbital
laboratory by an Apollo crew launched separately. MSFC asked for the assistance of
MSC and Douglas, the manufacturer of the stage, in this four-month design study.
President Lyndon B. Johnson approved DoD’s development of the MOL.

The Apollo Extension System effort was renamed the Apollo Applications Pro-
gram. NASA Headquarters assigned MSC responsibility for spacecraft develop-
ment, crew activities, mission control and flight operations, and payload integra-
tion; MSFC responsibility for launch vehicle development; and the Kennedy Space
Center (KSC) responsibility for pre-launch and launch activities. William B. Taylor,
director of the Apollo Applications Program, named Joseph G. Lundholm manager
of Apollo applications experiments.

Officials from MSC and MSFC held their first orbital workshop coordination
meeting. In December, the orbital workshop (OWS) became a separate project at
MSFC, with the support of OMSF.

North American Aviation, Inc., delivered to MSC its technical proposal for the
Apollo applications-era CSM.

Douglas submitted its summary report on the Manned Orbital Research Laboratory
to LRC. The study demonstrated the feasibility of launching, operating, and main-
taining an orbital laboratory and examined how such a laboratory could be used.

MSFC submitted to NASA Headquarters a project management proposal for an
Apollo telescope mount (ATM) to be used with an Apollo-derived orbital laboratory
or an Apollo spacecraft (lunar module). The ATM was based on an engineering and
definition study completed by Ball Brothers Research Corp. (Sept. 1965-Apr. 1966).
The Military Operations Subcommittee of the House Committee on Government
Operations recommended combining NASA’s Apollo Applications Program with
the Air Force’s MOL. NASA and DoD created a Manned Space Flight Experiments
Board to coordinate their experiment programs.

In their first schedule, personnel in the Apollo Applications Program planned 26
Saturn IB and 19 Saturn V launches, including 3 S-IVB wet workshops, 3 S-V or-
bital laboratories, and 4 ATMs.

MSC granted study contracts to Douglas, Grumman Aircraft Engineering Corp.,
and McDonnell Douglas Corp. for definition studies on the OWS experiment sup-
port module (by Aug. called the airlock module).

Representatives from NASA and the Air Force met to discuss proposed medical ex-
periments for the Apollo Applications Program and MOL.

NASA Headquarters selected Martin Marietta Corp. and Lockheed to perform final
definition studies for the payload integration aspect of Apollo application missions.
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Table 2-47. Chronology of Skylab Development and Operations (Continued)
Date Event
July 6, 1966 George M. Low became acting manager of MSC’s new Apollo Applications Pro-

July 13, 1966

July 13, 1966
July 14, 1966

July 18, 1966

July 26, 1966

Aug. 19, 1966

Oct. 25, 1966
Nov. 8, 1966

Nov. 30, 1966

Apr. 18-19, 1967

July 26, 1967

Oct. 3, 1967

Nov. 18-19, 1967

Dec. 4, 1967
Jan. 9, 1968

Jan. 9, 1968

gram Office, Robert F. Thompson the assistant manager; Leland F. Belew became
MSFC’s Apollo applications manager. An Experiments Office was also established
at MSFC.

A Saturn/Apollo Applications Mission Planning Task Force led by William D.
Green, Jr., was created to oversee and coordinate the mission definition process for
proposed Apollo applications missions. ’
Program management for the ATM was assigned to MSFC.

NASA and DoD established a Joint Manned Space Flight Policy Committee to coor-
dinate their manned spaceflight activities.

David Jones assumed management responsibility at NASA Headquarters for the
development of the OWS and the experiment support module.

It was formally announced at NASA Headquarters that OMSF had full responsibili-
ty for Apollo and Apollo applications missions; the Office of Space Science and Ap-
plications would select experiments to be flown aboard these missions and analyze
the results; OART would be responsible for choosing technical experiments; the Of-
fice of Tracking and Data Acquisition would satisfy the communications re-
quirements for the experiments.

NASA selected McDonnell Douglas to manufacture an airlock module (formerly
called the spent stage experiment support module) for the Apollo Applications Pro-
gram by which astronauts would enter the empty hydrogen tank of a spent S-IVB
stage (OWS). A contract was approved on Dec. 6

MSFC distributed its research and development plan for the OWS.

NASA Headquarters announced plans for the first 4 Apollo applications missions:
SAA-209 —28-day manned test flight of the block II CSM; SAA-210—launch of an
unmanned OWS with airlock module and multiple docking adapter; SAA-211 —56-
day visit to the OWS by an Apollo crew; and SAA-212 —unmanned lunar module-
ATM flight.

Charles W. Mathews became director of Saturn/Apollo applications at NASA
Headquarters. :
Personnel from MSC and MSFC met to review the S-IVB stage for acceptability as a
habitable vehicle. This was followed in May by a preliminary design review to
evaluate the basic design approach the team was taking toward the spent-stage
OWS.

NASA selected Martin Marietta to perform payload (experiments and experiments
support equipment) integration tasks. This contract was definitized on Jan. 30,
1969. On the same day, the agency awarded Boeing a contract for long-lead-time
materials for two additional Saturn Vs.

In a revised schedule (see Mar. 23, 1966) that reflected budget cutbacks, NASA
Headquarters announced that it was planning 4 Apollo applications lunar-activity
missions, 17 Saturn IB launches, 7 Saturn V launches, 2 OWSs, 1 Saturn V
workshop, and 3 ATMs.

At meetings held at NASA Headquarters and at MSFC, representatives from MSC
proposed a dry workshop (also called the Saturn V workshop) as a better choice for
an Apollo applications laboratory; the adoption of the dry workshop concept would
solve the habitability problems they had been having with the spent-stage concept.
Thompson became manager of MSC’s Apollo Applications Program Office.

Additional budget cuts required another change to the Apollo applications mission
schedule (see Oct. 3, 1967): 3 Saturn IB launches, 3 Saturn V launches, 1 OWS, 1
Saturn V workshop, 1 ATM to be flown with a workshop and 2 lunar missions. The
first OWS launch was scheduled for Apr. 1970.

MSFC awarded Parker-Elmer Corp. a contract to develop the telescopes for the
ATM.
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Chronology of Skylab Development and Operations (Continued)

Date

Event

Jan. 16-17, 1968
Jan. 23, 1968

Apr. 3-15, 1968

June 4, 1968

Sept. 23-26,
1968

Dec. 1, 1968
Dec. 18, 1968
Jan. 8, 1969

Feb. 26, 1969

May 21, 1969

May 10-23, 1969

July 18, 1969

Aug. 4, 1969
] Aug. 8, 1969

Feb. 13, 1970
Feb. 17, 1970
Mar. 7, 1970

May 26, 1970
Aug. 10-14, 1970
Aug. 24-27, 1970
Aug. 28, 1970
Aug. 31, 1970
Sept. 14-18,
1970

Jan. 19-21, 1971
Apr. 13, 1971

May 9, 1971

A preliminary design review of the multiple docking adapter for the OWS was held
at MSFC.

The airlock module was given the additional task of housing the electrical power
conditioning, storage, and distribution system.

In response to increased budget cuts, NASA managers concluded that the most prac-
tical near-term Apollo applications mission was a simplified Saturn IB-launched
workshop. e

In another schedule revision (see Jan. 9, 1968), NASA announced that Apollo ap-
plications missions planning now called for 11 Saturn IB launches, 1 Saturn V
launch, 1 OWS, 1 backup OWS, 1 Saturn V workshop and 1 ATM. The first OWS
launch was scheduled for Nov. 1970.

A preliminary design review of the ATM was held at MSFC.

Technical management of the airlock module was transferred from MSC to MSFC.
William C. Schneider became director of the Apollo Applications Program.

An Apollo Applications Program baseline configuration review was held at NASA
Headquarters; a second review took place on May 22.

NASA announced it would negotiate with North American Rockwell for modifica-
tions to four Apollo spacecraft for Apollo applications missions.

At a meeting at MSC, NASA personnel from Headquarters and the centers dis-
cussed what options the Apollo Applications Program could recommend. Most of
the discussions concerned using a dry rather than a wet workshop. On the 23rd,
MSFC Director von Braun voted for a Saturn V-launched dry workshop. On the
26th, MSC Director Robert R. Gilruth also cast his center’s lot with the dry concept.
DoD cancelled its MOL program. NASA requested that the MOL food and diet con-
tract with Whirlpool Corp. and the spacesuit development contract with Hamilton
Standard Div., United Aircraft Corp., be transferred to it.

Based on information presented on July 8-9, NASA Administrator Thomas O.
Paine approved the shift from a wet to a dry OWS. The latest mission schedule (see
also June 4, 1968) left only four launches, the first of which would take place in July
1972. The change to the dry concept was announced to the public on the 22rd.
Seven MOL astronaut-trainees were transferred from the Air Force to NASA.
MSFC definitized its contract with McDonnell Douglas for two OWSs; the second
workshop would serve as a backup.

Kenneth S. Kleinknecht became manager of MSC’s Apollo Applications Program.
The Apollo Applications Program was renamed the Skylab Program.

In stating his proposed space goals for the 1970s, President Richard M. Nixon in-
cluded an experimental space station as one of his six objectives.

The ATM critical design review was completed at MSFC; this review gave formal
approval to the ATM design.

The airlock module critical design review was held at McDonnell Douglas.

The multiple docking adapter critical design review was held at Martin Marietta.
MSFC modified its contract with McDonnell Douglas to reflect the switch from the
wet to the dry workshop.

NASA’s latest launch schedule (see July 18, 1969) called for the launch of Skylab 1
on Nov. 1, 1972.

An OWS critical design review was conducted at McDonnell Douglas.

A solar array system critical design was held at TRW, Inc.

The most recent published launch schedule (see also Aug. 31, 1970) listed Apr. 30,
1973, as the date of the first Skylab launch.

A flight hardware meteoroid shield development test was performed on the OWS
flight article. Although the shield did not deploy fully and took longer than expected
to deploy, it was concluded that development would have been successful if per-
formed in orbit.
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Chronology of Skylab Development and Operations (Continued)

Sept. 24, 1971

Nov. 15, 1971

Jan. 1972

Apr. 6, 1972
June 7-8, 1972
‘June 21, 1972

July 18-19, 1972
Sept. 15, 1972

Sept. 22, 1972
Sept. 23, 1972

Oct. 2-3, 1972
Oct. 3-29, 1972

Jan. 29-30, 1973
Feb. 19, 1973

Feb. 27, 1973

Apr. 5, 1973
May 14, 1973

May 22, 1973

May 23-24, 1973

May 25, 1973
May 26, 1973

June 7, 1973
June 11, 1973

McDonnell Douglas delivered the Skylab payload shroud, the first major piece of
hardware to be completed, to KSC.

NASA Headquarters formed a Manned Space Flight Team to conduct a mid-term
review of Skylab; the team’s report, delivered in Jan. 1972, expressed confidence
that the Apr. 30, 1973, launch date could be met.

The prime crews for the Skylab missions were announced: Skylab 2—Charles
Conrad, Jr., Joseph P. Kerwin, and Paul J. Weitz; Skylab 3 —Alan L. Bean, ©wen
K. Garriott, and Jack R. Lousma; and Skylab 4—Gerald P. Carr, Edward G.
Gibson, and William R. Pogue (the launch of the workshop would be termed Skylab
1). '

NASA and the National Science Teachers Association announced the 25 finalists in
the Skylab Student project who had proposed feasible flight experiments for Skylab.
A launch vehicle design certification review was held at MSCF; launch vehicles for
Skylab 1 and 2 were found acceptable.

A CSM design certification review was held at MSC; the CSM was found accept-
able.

The first CSM for Skylab was delivered to KSC.

A mission operations design certification review was held at MSC; preparations for
all mission operations requirements were found to be satisfactory.

The ATM arrived at KSC.

The Skylab 1 OWS was moved inside the vehicle assembly building at KSC.

A modules and experiments design certification review was held at MSFC.

During tests of the meteoroid shield at KSC, problems were encountered with it
deploying properly. It was successfully deployed on the 22d and judged acceptable
for flight. o

Checkout of the airlock module, multiple docking adapter, and ATM flight units
was completed at KSC, and the units were mated to the OWS and the OWS to its
Saturn V launch vehicle.

Robert A. R. Parker was named Skylab program scientist.

Mated Apollo spacecraft and Saturn IB launch vehicle (Skylab 2) were transferred
from the vehicle assembly building to Launch Complex 39B.

The flight readiness test for Skylab 2 was completed.

During the launch of the Skylab OWS (Skylab I), the meteoroid shield failed to
deploy properly; as a result one of the solar panels was torn off and the second one
became jammed. The laboratory was placed in the desired near-circular orbit, but its
internal temperature increased beyond acceptable limits for habitability. The launch
of Skylab 2, scheduled for the 15th, was postponed.

A board of investigation was established to assess the anomalies that occurred dur-
ing the launch of Skylabl.

A design certification review was held for the revised Skylab 2 mission, during which
the crew would erect a “parasol” of ultraviolet-resistant material (aluminized
Mylar/nylon laminate) to protect the workshop from the heat of the sun. The
parasol was conceived, developed, and constructed in seven days at the Johnson
Space Center (JSC, formerly MSC).

Skylab 2 was launched successfully at 9:00 a.m. (all times EDT). Six hours later the
Apollo spacecraft was in position to rendezvous with Skylab; the crew soft-docked
at 5:56 p.m.

The Skylab 2 crew entered the OWS, finding a hot but habitable environment that
allowed them to work for 10- to 15-minute intervals. The parasol was deployed in
2V hours, leading to an immediate temperature decrease in the workshop.

The Skylab 2 crew freed the undeployed solar array.

The mated Skylab 3 spacecraft and launch vehicle were moved to Launch Complex
39B.
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Date

Event

June 22, 1973

June 29, 1973
July 28, 1973

Aug. 6, 1973
Aug. 13, 1973
Aug. 14, 1973

Sept. 5, 1973
Sept. 25, 1973

Nov. 6, 1973
Nov. 16, 1973

Dec. 25-29, 1973

Feb. 8, 1974

Mar. 5, 1974

1978

Jan. 1979

June 1979

Skylab 2 splashed down in the Pacific Ocean at 9:49 a.m. after a mission lasting
more than 28 days. The crew was found to be in good health.

The Skylab 3 flight readiness test was completed.

Skylab 3 was launched successfully at 7:11 a.m. The crew docked with the
laboratory 8%2 hours later.

A more refined thermal parasol developed at MSFC was erected over the orlgmal
one, lowering the cabin temperature even more.

NASA Headquarters officials moved to delete the backup Skylab workshop from
the program schedule.

The mated Skylab 4 spacecraft and launch vehicle were moved to Launch Complex
39B.

The Skylab 4 flight readiness test was completed.

Skylab 3 splashed down in the Pacific Ocean at 6:20 p.m. after a mission lasting
more than 59 days. The crew exhibited no adverse reactions to the lengthy visit.
Because hairline cracks were discovered in the fins of the S-IB launch vehicle, the
launch was postponed from 10 to 16 Nov. while the fins were replaced.

Skylab 4 was launched successfully at 10:01 a.m. Docking with the workshop took
place 8 hours later.

The Skylab 4 crew photographed the Comet Kohoutek prior to and after perihelion.
This photography assignment was added to the original experiments agenda when
the comet was discovered in March 1973.

Skylab 4 splashed down in the Pacific Ocean at 11:17 a.m. after a mission lasting
more than 84 days. The crew returned in good health. This mission concluded the
program.

Skylab program offices were closed down at NASA Headquarters and at the field
centers.

Although program officials had predicted that Skylab’s orbit would not start to
decay until 1983 when Shuttle would be available to assist it during reentry, data ex-
amined by NASA and the North American Air Defense Command (NORAD) in-
dicated that decay and reentry would take place much sooner. Active ground control
of Skylab in a low-drag attitude was initiated to extend the decay date.

NASA officials decided to attempt a form of drag modulation (the drag of the vehi-
cle and its flight duration would be altered by ground control) to control Skylab’s or-
bital decay and reentry position.

The vehicle, becoming difficult to control, was placed in a more suitable attitude.
Preparations for Skylab’s reentry were coordinated among NASA, the Department
of State, the Federal Preparedness Agency, DoD, and the Federal Aviation Ad-
ministration. Studies were made of population distribution between 50° north and
50° south latitude and the predicted reentry footprints. It was determined that the
ground controllers would lose their command of the spacecraft at an altitude of
130-139 kilometers, after which it would tumble and change its drag; to combat this
the controllers would intentionally tumble Skylab at 139 kilometers. By so doing,
the pieces of the vehicle left after reentry would have a better chance of landing in
the ocean and not impacting a continent. In late June, NORAD predicted the reen-
try date as July 11. Impact could possibly take place near such major cities as
Caracas, Lagos, Montreal, Rio de Janeiro, Tokyo, or Washington. But the trend in
predictions was generally that the last revolution would be over the lowest popula-
tion area of all.
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Table 2-47. Chronology of Skylab Development and Operations (Continued)

Date

Event

July 11, 1979 Because predictions made at NORAD and MSFC at 12 hours before reentry put the
impact point just off the east coast of North America, NASA delayed the reentry by
30 minutes by tumbling the spacecraft at 148 kilometers, which moved the target
area to a long stretch over the Atlantic and Indian Oceans. Skylab overshot the
target area, with pieces of debris falling into the Indian Ocean and Western
Australia. The reentry footprint was a narrow band (approximately 4° wide), begin-
ning at about 48° south, 87° east and ending at about 12° south, 144° east. No n-
juries or property damage was reported.

Table 2-48. Skylab I Characteristics

Date of launch (ETR launch complex): May 14, 1973 (39A)
Spacecraft/mission designation: Skylab 1
Launch vehicle designation (class): SA-513 (Saturn V)

Spacecraft weight (kg): Apollo Telescope Mount = 11 181
Airlock Module = 22 226
Multiple Docking Adapter = 6260
Orbital Workshop = 35 380
Instrument Unit = 2041
Total 77 088

Spacecraft shape, dimensions (m):Orbital Workshop: cylindrical with 2 rectangular

solar panels
diameter, 6.58
length, 14.6
habitable volume, 295.26 cu m
Airlock Module: cylindrical
diameter, 6.55
length, 5.36
Multiple Docking Adapter: cylindrical
diameter, 3.05
length, 5.27
habitable volume, 32.33 cu m
Apollo Telescope Mount: octagonal with 4 solar arrays
diameter, 3.35
height, 4.44
Instrument Unit: cylindrical
diameter, 6.6
height, .914

Apogee/perigee at insertion (km): 431.5 x 433.7

No. of orbits: 34 981
Period: approx. 93 min.
Reentry: July 11, 1979

Length of mission: actively used 8 mos., 24 days (until Feb. 8, 1974)
in orbit 6 yrs., 1 mo., 27 days (until July 11, 1979)

Mission calendar (date, time):
launch of Skylab workshop
launch of Skylab 2 crew
return of Skylab 2 crew
launch of Skylab 3 crew
return of Skylab 3 crew
launch of Skylab 4 crew
return of Skylab 4 crew
reentry of Skylab workshop

May 14, 1973 1:30 p.m. EDT

May 25, 1973 9:00 a.m. EDT

June 22, 1973 9:49:48 a.m. EDT
July 28, 1973 7:10:50 a.m. EDT
Sept. 25, 1973 6:19:54 p.m. EDT
Nov. 16, 1973 9:01:23 a.m. EST
Feb. 8, 1974 10:16:54 a.m. EST

July 11, 1979 11:37 a.m. EST
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‘Table 2-48. Skylab 1 Characteristics (Continued)

Distance traveled: 1.5 bill km

Earth reentry footprint: a narrow band (approx. 4° wide) beginning at about 48°S, 87°E and ending at
about 12°S, 144°E, over the Indian O. and Western Australia (debris found be-
tween Esperance and Rawlinna, 31-34°S, 122-126°E)

Mission objectives: To place in earth orbit a laboratory to be visited by three Apollo crews. The program
was established to determine man’s ability to live and work in space for extended
periods, to determine and evaluate man’s physiological responses and aptit}ldes ina
space environment and his. post-flight adaption to the terrestrial environment, to ex-
tend the science of solar astronomy beyond the limits of earth-based observations,
to develop improved techniques for surveying earth resources from space, and to ex-
pand knowledge in a variety of other scientific and technological regimes.

Results: The laboratory was placed in the desired orbit, but during launch the meteoroid shield was torn

off, which led to one of the workshop solar panels being torn off and the second one becoming
jammed. The result was an increased heat load inside the workshop. The first crew to visit
Skylab erected a parasol to protect the workshop’s exposed areas from direct sunlight. Three
crews (nine astronauts) visited Skylab over the next nine months, staying from 28 to 84 days and
conducting a wide range of scientific experiments. The crewmen did not suffer physically or
psychologically from their long visits. See also tables 2-49-through 2-51).

Table 2-49. Skylab 2 Characteristics

Date of launch (ETR launch complex): May 25, 1973 (39B)
Mission designation: Skylab 2
Spacecraft designation: SM-116
CM-116
Launch vehicle designation (class): SA-206 (Saturn 1B)
Spacecraft weight (kg): 19 982 (docked configuration, 88 054)
Spacecraft shape, dimensions (m): see tables 2-37 and 2-48 and fig. 2-6
Crew: Charles Conrad, Jr., Commander; Joseph P. Kerwin, Science Pilot; Paul J. Weitz, Pilot
Backup crew: Russell L. Schweikart, Commander; Story Musgrave, Science Pilot; Bruce McCandless,
Pilot
Apogee/perigee at insertion (km): 357 X 156
No. of orbits: 404
Period: approx. 93 min.
Length of mission: 28 days, 49 min., 49 sec. (splashdown: June 22, 1973, 9:49 a.m.)
Distance traveled: 18.5 mill km
EVA time: 5 hr., 41 min.
Earth landing coordinates: 24°45'N, 127°2'W (Pacific O.)
Recovery ship: USS Ticonderoga (crew onboard in 40 min.)
Objectives and results: see table 248,
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Table 2-50. Skylab 3 Characteristics

Date of launch (ETR launch complex): July 28, 1973 (39B)
Mission designation: Skylab 3
Spacecraft designation: SM-117
CM-117
Launch vehicle designation (class): SA-207 (Saturn IB)
Spacecraft weight (kg): 20 124 (docked configuration, 87 597)
Spacecraft shape, dimensions (m): see tables 2-37 and 2-48 and fig. 2-6
Crew: Alan L. Bean, Commander; Owen K. Garriott, Science Pilot; Jack R. Lousma, Pilot
Backup crew: Vance D. Brand, Commander; William E. Lenoir, Science Pilot; Don L. Lind, Pilot
Apogee/perigee at insertion (km): 231.3 x 154.7
No. of orbits: 858
Period: approx. 93 min.
Length of mission: 59 days, 11 hrs., 9 min., 4 sec. (splashdown: Sept. 25, 1973, 6:20 p.m.)
Distance traveled: 39.4 mill km
EVA time: 13 hr., 44 min.
Earth landing coordinates: 30°47'N, 120°29'W (Pacific O.)
Recovery ship: USS New Orleans (crew onboard in 42 min.)
Objectives and results: see table 2-48.

Table 2-51. Skylab 4 Characteristics

Date of launch (ETR launch complex): Nov. 16, 1973 (39B)
Mission designation: Skylab 4 o
Spacecraft designation: SM-118
CM-118
Launch vehicle designation (class): SA-208 (Saturn IB)
Spacecraft weight (kg): 20 850 (docked configuration, 87 126)
Spacecraft shape, dimensions (m): see tables 2-37 and 2-48 and fig. 2-6
Crew: Gerald P. Carr, Commander; Edward G. Gibson, Science Pilot; William R. Pogue, Pilot
Backup crew: Vance D. Brand, Commander; William E. Lenoir, Science Pilot; Don L. Land, Pilot
Apogee/perigee at insertion (km): 150.1 X 227.08
No. of orbits: 1214 '
Period: approx. 93 min.
Length of mission: 84 days, 1 hr., 16 min., (splashdown: Feb. 8, 1974, 11:17 a.m.)
Distance traveled: 55.5 mill km
EVA time: 22 hr., 21 min.
Earth landing coordinates: 31°18'N, 119°48'W (Pacific O.)
Recovery ship: USS New Orleans (crew onboard in 40 min.)
Objectives and results: see table 2-48.
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Table 2-52. Skylab Experiments
No. Experiment Successful Class Skylab
172 3 4
D 008 Radiation in Spacecraft X Technology/Materials X X X
Processing
D 024 Thermal Control Coatings (Airlock X Technology/Materials X X X
Module) processing
ED 011 Atmospheric Absorption of Heat X Student X
ED 012 Volcanic Study X Student %
ED 021 Libration Clouds X Student X
ED 022 Objects within Mercury’s Orbit X Student X
ED 023 Ultraviolet from Quasars X Student X
ED 024 X-Ray Stellar Classes X Student X
ED 025 X-Rays from Jupiter N Student X
ED 026 Ultraviolet from Pulsars X Student X
ED 031 Bacteria and Spores X Student X
ED 032 In-vitro Immunology X Student X
ED 041 Motor-Sensory Performance X Student X
ED 052 Web Formation X Student X
ED 061 Plant Growth X Student X
ED 062 Plant Phototropism X Student X
ED 063 Cytoplasmic Streaming N Student X
ED 072 Capillary Study P Student X
ED 074 Mass Measurement X Student X
ED 076 Neutron Analysis X Student X X X
ED 078 Liquid Motion in Zero-g N Student
M 071 Mineral Balance X Medical X X X
M 073 Bio-Assay of Body Fluids X Medical X X X
M 074 Specimen Mass Measurement X Medical X X X
M 078 Bone Mineral Measurement X Medical X X X
M 092 Lower Body Negative Pressure X Medical X X X
M 093 Vectorcardiogram X Medical X X X
M 111 Cytogenetic Studies of Blood X Medical X X X
M 112 Man’s Immunity In-vitro Aspects X Medical X X X
M 113 Blood Volume and Red Cell Life X Medical X X X
Span
M 114 Red Blood Cell Metabolism X Medical X X X
M 115 Special Hematologic Effects X Medical X X X
M 131 Human Vestibular Function X Medical X X
M 133 Sleep Monitoring Function X Medical X X X
M 151 Time and Motion Study X Medical X X X
M 171 Metabolic Activity X Medical X X X
M 172 Body Mass Measurement X Medical X X X
M 415 Thermal Control Coatings X Technology/Materials X
(Instrument Unit) Processing
M 479 Zero-g Flammability X Technology/Materials X
Processing
M 487 Habitability/Crew Quarters X Crew Operations X X X
M 509 Astronaut Maneuvering Equipment X Crew Operations X X X
M 512 Materials Processing Facility X Technology/Materials X X X
Processing
M’ 516 Crew Activities/Maintenance X Crew Operations X X X
Study
M 518 Multipurpose Furnace System X Technology/Materials X
Processing
M 551 Metals Melting X Technology/Materials X

Processing
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Table 2-52. Skylab Experiments (Continued)
No. Experiment Successful Class Skylab
172 3 4
M 552 Exothermic Brazing X Technology/Materials X
Processing
M 553 Sphere Forming P Technology/Materials X
Processing
M 555 Gallium Arsenide Crystal Growth X Technology/Materials X 4
Processing
M 556 Vapor Growth of II-VI Compounds X Technology/Materials X X
Processing
M 557 Immiscible Alloy Composition X Technology/Materials X X
Processing
M 558 Radioactive Tracer Diffusion X Technology/Materials X
Processing
M 559 Microsegregation in Germanium X Technology/Materials X
Processing
M 560 Growth of Spherical Crystals X Technology/Materials X X
Processing
M 561 Whisker-Reinforced Composites X Technology/Materials X X
Processing
M 562 Indium Antimonide Crystals X Technology/Materials X X
Processing
M 563 Mixed III-V Crystal Growth X Technology/Materials X X
Processing
M 564 Metal and Halide Eutectics X Technology/Materials X
Processing
M 565 Silver Grids Melted in Space X Technology/Materials X
Processing
M 566 Copper-Aluniinum Eutectic X Technology/Materials X X
Processing
S 009 Nuclear Emulsion X Scientific X
S 015 Zero-g Single Human Cells X Biology X
S 019 Ultraviolet Stellar Astronomy X Scientific X
S 020 Ultraviolet X-Ray Photography X Solar Physics X X X
S 052 White Light Coronograph X ATM Solar X X X
S 054 X-Ray Spectrographic Telescope X ATM Solar X X X
S 055 Ultraviolet Spectrometer X ATM Solar X X X
S 056 Dual X-Ray Telescope X ATM Solar X X X
S 063 Ultraviolet Airglow Horizon X Solar Physics X X X
Photography
S 071 Circadian Rhythm — Pocket Mice N Biology X
S 072 Circadian Rhythm — Vinegar Gnat N Biology X
S 082 Ultraviolet Specgrograph/ X ATM Solar X X X
Heliograph
S 149 Particle Collection X Solar Physics X X X
S 150 Galactic X-Ray Mapping P Solar Physics X
S 183 Ultraviolet Panorama X Solar Physics X
S 190A Multispectral Photographic Facility X Earth resources X X X
S 190B Earth Terrain Camera X Earth Resources X X X
S 191 Infrared Specgrometer X Earth Resources X X X
S 192 Multispectral Scanner X Earth Resources X X X
S 193 Microwave Radiometer/ X Earth Resources X X X
Scatterometer, Altimeter
S 194 L-Band Radiometer X Earth Resources X
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Table 2-52. Skylab Experiments (Continued)

No. Experiment Successful Class Skylab

172 3 4

S 228 Trans-Uranic Cosmic Rays X Solar Physics X X

S 230 Magnetospheric Particle Composition X Solar Physics X X

T 003 Inflight Aerosal Analysis X Technology/Materials X X X
Processing

T 013 Crew/Vehicle Disturbance X Crew Operations X X

T 020 Foot-Controlled Maneuvering Unit X Crew Operations 4x X

T 025 Coronograph Contamination X Technology/Materials X X X
Measurement Processing

T 027 ATM Contamination Measurement X Technology/Materials X

Processing

Apollo-Soyuz Test Project

Competition between the U.S. and the USSR served as a catalyst for NASA’s
early spaceflight program. Explorer followed Sputnik; Mercury followed Vostok;
Glenn followed Gagarin. So it went through the first decade of the space age. But in
1968, three Apollo astronauts orbited the moon, and they were neither preceded
nor followed by Soviet cosmonauts. Observers still argue over the existence of a gen-
uine race to the moon, but Apollo 11’s landing in 1969 captured the lunar “prize” for
the U.S.

On their way to meet the Apollo 11 astronauts after their return from the moon,
NASA Administrator Thomas O. Paine urged President Nixon to consider the
desirability of a new era of technical cooperation with the Soviet Union, marked by
a joint U.S.-USSR space venture. Paine believed that the “time had come for NASA
to stop waving the Russian flag and to begin to justify our programs on a more fun-
damental basis than competition with the Soviets.”® Cooperation with the Soviets
was an intriguing alternative, according to the NASA administrator. Nixon en-
couraged Paine to pursue the idea.

Paine’s formal contacts with the USSR were made through Mstislav V. Keldysh,
president of the Soviet Academy of Sciences, who responded cautiously but
favorably. Official correspondence begun in April 1969 between Paine and Keldysh
led to meetings on a technical level between American and Soviet engineers in
Moscow in October 1970. These early discussions explored the possibility of a joint
earth-orbital mission, with emphasis on spacecraft docking systems, and identified
areas of concern that would be addressed by technical working groups during com-
patibility talks planned for the near future. During their third round of joint
meetings in November 1971, the two sides declared that a “test mission appears
technically feasible and desirable” in 1975, using Apollo and Salyut (later changed to
Soyuz) spacecraft. Official agreement between the two countries came on May 24,
1972, when President Nixon and Premier Aleksey N. Kosygin signed a five-year
“Agreement Concerning Cooperation in the Exploration and Use of Outer Space for
Peaceful Purposes.”!?

Five years of technical cooperation among engineers working in six formal
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working groups (see table 2-53) in Houston and Moscow led to the development of a
unique piece of hardware —an international docking module —and agreement on
mission operations, flight control, means for life support, communications and
tracking, safety, and crew procedures.'! Astronauts and cosmonauts trained
together in preparation for two days of joint activities on their docked spacecraft,
each group becoming familiar with the other’s spacecraft, flight procedures, and
language. The docking module, which would be carried aloft with the Apollo com-
mand and service module, would serve as the transfer tunnel for the two crews (see
figs. 2-7 and 2-8).

Soyuz 19, with Alexei A. Leonov and Valeriy N. Kubasov aboard, left its launch
pad at Baykonur on schedule on July 15, 1975. Hours later Thomas P. Stafford,
Vance D. Brand, and Donald K. Slayton in Apollo CSM 111 were launched to meet
them by a Saturn IB from the Eastern Test Range in Florida. Two days later, the two
crews began their joint exercises, with the first of two dockings taking place on the
morning (EDT) of July 17. At 2:17 p.m., Commanders Stafford and Leonov met
face to face in the docking module joining their ships. After a little less than two
days of joint activities, Apollo and Soyuz separated, with Soyuz landing on July 21
and Apollo on July 24 (see table 2-54).

Unofficially, the participants of the Apollo-Soyuz Test Project had hoped they
were taking a first step in designing a truly international docking adapter and that
other joint activities would follow the joint mission. Increasingly cool relations be-
tween the two countries, however, prevented further close cooperation among the
technicians, engineers, and crews that had learned to work together. Despite
criticism that labeled ASTP a political sideshow and a technology give-away, the
project demonstrated that the two superpowers could work together and that two
unlike technological products — Apollo and Soyuz —could be made compatible.

Table 2-53. ASTP Joint Working Groups

‘Working Group O —Technical Project Directors
Glynn S. Lunney, U.S.
Konstantin D. Bushuyev, USSR
Working Group 1—Rendezvous Methods and Compatibility
M. Pete Frank, U.S.
Valentin N. Bobkov, USSR
Working Group 2, Guidance and Control
H. E. Smith, U.S.
Viktor P. Legostayev, USSR
Working Group 3, Docking Module
Robert D. White, U.S.
Vladimir S. Syromyatnikov, USSR
Working Group 4, Communications and Tracking
R. H. Dietz, U.S.
Boris V. Nikitin, USSR
Working Group 5, Environmental Control and Crew Systems
R. E. Smylie, U.S.
Ilya V. Lavrov, USSR
Astronaut-Cosmonaut Training
Robert F. Overmeyer, U.S.
Vladimir A: Shatalov, USSR
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Figure 2-7. ASTP Crew Transfer (Apollo on the left, Soyuz on the right)

Source: JSC, “Apollo Soyuz Mission Evaluation Report,” JSC-10607, Dec. 1975, p. A-16.
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Figure 2-8. ASTP Docking Module, a unique piece of hardware designed by a joint team of

American and Soviet engineers

Source: JSC, ‘““Apollo Soyuz Mission Evaluation Report,”” JSC-10607, Dec. 1975, p. A-7.

Table 2-54. Apollo-Soyuz Test Project
(Apollo) Characteristics

Date of launch (ETR launch complex #1): July 15, 1975 (39B)
Official mission designation: Apollo Soyuz Test Project (ASTP)
Spacecraft designation: SM-111
CM-111
Launch vehicle designation (class): SA-210 (Saturn 1B)
Spacecraft weight (kg): CSM, 12 904
DM, 2006
Apolio-Soyuz docked, 20 977
Spacecraft shape, dimensions (m): sce table 2-37 for CSM
DM cylindrical
length, 3.15
max. diameter, 1.4

Crew: Thomas P. Stafford, Commander; Donald K. Slayton, DM Pilot; Vance D. Brand, CM Pilot
Backup crew: Alan L. Bean, Commander; Ronald E. Evans, CM Pilot; Jack R. Lousma, CM Pilot

Apogee/perigee at insertion (km): 186.3 x 221.9
No. or orbits: 138

Period: 89 min.

Length of Apolio flight: 217:28:23 (9 + days)
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Table 2-54. Apollo-Soyuz Test Project (Apollo) Characteristics (Continued)

Length of Soyuz flight: 142:30:54 (5 + days)
Length of joint mission: 224:58:24 (9 + days)
Time docked: 44:24:30; time spent by Soyuz crew inside Apollo: Leonov, 5:43, Kubasov, 4:59; time

spent by Apollo crew inside Soyuz: Stafford, 7:10, Brand, 6:30, Slayton, 1:35

Mission events (date, time, Apollo ground elapsed time):

Soyuz launch July 15 8:20:00 a.m. EDT —07:30:01
Apollo launch 3:50:01 p.m. 00:00:00
earth orbit insertion 3:59:56 00:09:55
begin joint flight exercises July 17 11:34:23 a.m. 43:44:22
1st docking July 17 12:09:09 p.m. 44:19:08
1st undocking July 19 8:03:20 a.m. 88:13:19
2d docking 8:33:39 88:43:38
final undocking 11:26:12 91:36:11
Apollo separation from

Soyuz 2:42:27 p.m. 94:52:26
Soyuz landing July 21  6:50:54 a.m. 135:00:53
DM jettison July 23  3:47:00 p.m. 191:56:59
deorbit maneuver July 24 4:37:47 p.m. 216:47:46
reentry 4:57:47 217:30:46
splashdown 5:18:24 217:28:23

Earth landing coordinates (Apollo): 163°W, 22°N (Pacific O.)
Recovery ship: USS New Orleans (crew onboard in 41 min.)
Mission objectives: To accomplish spacecraft rendezvous, docking, and undocking of spacecraft from

Results:

two countries; demonstrate a jointly designed (American-Soviet) androgynous dock-

ing system; demonstrate crew transfer and interaction of crews and control centers.
All joint activities and unilateral scientific experiments were accomplished as planned. During
descent and landing, the Apollo crew inhaled nitrogen tetroxide fumes, which caused coughing
and eye irritation. The crew failed to acuate two earth landing system switches at the proper
time (9000 m); when the manual switches were hit (7000 m) the cabin was flooded with noxious
gas from the CM’s reaction control system thrusters, which were working vigorously to
counteract the swaying motion caused by the manual deployment of the drogue chutes. CM
Pilot Brand was unconscious for a brief time. The crew recovered once they began breathing
pure oxygen; however, they were hospitalized in Honolulu for treatment and observation for
two weeks.

Reference: NASA Hgq., “Apollo/Soyuz TestbProject Post Mission Opefation Report,” M-966,75-01,

Aug. 15, 1975; and JSC, “Request for Homologation of World Records for Group Flight,”
submitted to National Aeronautics Association Federation Aeronautique Internationale,
n.d.
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Table 2-55. Apollo Soyuz Test Project Experiments

No. Experiment Joint Sl? ace Ea.rth Ifife Ap.p lica-
Science Environ- Science tions
ment
AR 002 Microbial exchange X X
MA 007 Stratospheric aerosol measurement X
MA 010 Multipurpose electric furnace X
MA 011 Electrophoresis technical
experiment system X X P
MA 014 Electrophoresis X
MA 028 Crystal growth X
MA 031 Cellular immune response X
MA 032 Polymorphonuclear leukocyte X
response
MA 041 Surface-tension-induced convention X
MA 044 Monotectic and syntectic alloys X
MA 048 Soft x-ray X
MA 059 Ultraviolet absorption X X
Ma 060 Interface marking in crystals X
MA 070 Processing of magnets X
MA 083 Extreme ultraviolet survey X
MA 085 Crystal growth from the vapor X
phase
MA 088 Helium glow detector X
MA 089 Doppler tracking X
MA 106 Light flash X
MA 107 Biostack X
MA 128 Geodynamics X
MA 131 Holide eutectics X
MA 136 Earth observations and X
photography
MA 147 Zone-forming fungi X X
MA 148 Artificial solar eclipse X X
MA 150 USSR multiple material melting X X
MA 151 Crystal activation X

MA 161 Killifish hatching and orientation X

Space Transportation System Shuttle Orbiter

When President Richard M. Nixon’s Space Task Group asked the space agency
to enumerate its goals for the future, NASA officials placed a reusable spacecraft
high on its list. Engineers at NASA'’s field centers and at private companies had long
been studying the feasibility of a vehicle that could be boosted into orbit by a
reusable launch vehicle and return to earth like an airplane, ready to be used again
with only limited refurbishing. NASA hoped to develop a system for orbital opera-
tions “with emphasis upon the critical factors of: (1) commonality, (2) reusability,
and (3) economy.” Space station modules and an earth-to-orbit shuttle that could
ferry crews and supplies to orbiting stations were the two major components of this
system. According to the Space Task Group report to Nixon, a Space Transporta-
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tion System would “carry passengers, supplies, rocket fuel, other spacecraft, equip-

sment, or additional rocket stages to and from orbit on a routine aircraft-like'

basis.”!2 Limited budgets, however, would not allow NASA to proceed with the en-

tire Space Transportation System. President Nixon approved the development of the _
space Shuttle half of the plan on January 5, 1972, largely because the new program

promised to be “economically sustainable.” Shuttle vehicles would be designed to fly
at least 100 missions, a decided advantage over the expendable Apollo generation.
The development of a large space station was not approved. Shuttle crews would
have to perform more modest tasks in the beginning.

For reasons of economy, the Space Shuttle Task Force led by Charles J. Donlan
(1970-1972) had rejected early ideas for a delta-wing craft perched on a much larger
winged launch vehicle, which would itself be capable of flying back to the launch
site. NASA limited its vision to smaller shuttle craft sent to orbit by a combination
of its own main engines and expendable or partly expendable boosters. Fully
reusable launch systems were put on hold (see figs. 2-9 through 2-11). Five
aerospace companies had been conducting studies for NASA since 1969 to deter-
mine the most practical approach to shuttle design: Lockheed Missiles & Space

Company, North American Rockwell Corporation, General Dynamics Corpora-

tion, Martin Marietta Corporation, and McDonnell Douglas Astronautics Com-

pany.* In May 1970, NASA awarded North American Rockwell and General

Dynamics, working together as a spacecraft-launch vehicle team, an 11-month con-
tract to define more fully their shuttle concept. McDonnell Douglas and Martin
Marietta were chosen to submit a competitive design.** NASA’s contactors spent
the next 18 months refining their designs and adjusting their ideas to more realistic
budgets and flight schedules. Shortly after receiving Nixon’s imprimatur, the agency
was ready with a request for proposals for the development and fabrication of a
Shuttle orbiter. Four companies responded to the March 1972 request; Rockwell,
McDonnell Douglas, Grumman Aerospace Corporation, and Lockheed delivered
their proposals to the Manned Spacecraft Center in Houston on May 12.

NASA had already awarded Rocketdyne, a division of General Dynamics, a let-
ter contract for the orbiter’s main engine and had announced the selection of con-
" tractors for many Shuttle subsystems before it named the prime contractor. On July
25, 1972, it was announced that North American Rockwell (later named Rockwell
International) would be responsible for the design, development, and production of
the orbiter. The value of the contract, which was awarded on August 9, was
estimated at $2.6 billion over the next six years. NASA managers expected the first
manned orbital flight of Shuttle to take place in 1978 and looked forward to a total
of 445 flights during the first 11 years of operations.t The first orbiter, to be used
for horizontal flight testing, was due in mid-1976.

Rockwell International began the structural assembly of Orbiter 101 in
mid-1974 and Orbiter 102 in late 1975. Rockwell’s work was overseen by the Shuttle
Program Office at NASA Headquarters, directed by Myron S. Malkin (1973-1978),

* Martin Marietta’s initial work was conducted in-house, not funded by NASA.
** Also chosen to conduct feasibility studies of alternate shuttle designs were Grumman Aerospace
Corporation-Boeing Company, Lockheed, and Chrysler Corporation.
T The flight schedule released on April 2, 1973, by NASA Headquarters predicted 6 flights in 1978,
15 in 1979, 24 in 1980, 32 in 1981, 40 in 1982, 60 annually from 1983 through 1987, and 28 in 1988.
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and by the Johnson Space Center (formerly the Manned Spacecraft Center). The
first orbiter, named Enterprise, was rolled out of Rockwell’s Palmdale, California,
factory bay doors on September 17, 1976. Enterprise was not built for space opera-
tions; it was a test article only, designed for use during a critical series of approach

Figure 2-9. The final design chosen for Shuttle included the orbiter, two reusable solid rocket
boosters, and an external tank that would supply fuel to the orbiter’s main engines. The
68 000-kilogram (dry weight) orbiter measured 23.79 meters at wingspan, was 37.2 meters in length,
and 17.27 meters tall (vertical tail to landing gear). At launch, the orbiter would be strapped to
the large (47 meters tall) external tank. For more information on the solid rocket boosters, see
chapter 1. The orbiter’s three engines were designed to deliver a total thrust of 5 004 000 newtons.
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Figure 2-10. The orbiter’s most practical feature for the prospective user was its cargo bay, designed
to deliver payloads up to 29 484 kilograms to near-earth orbit. The bay measured 4.57 meters
in diameter and 18 meters in length. On return trips, Shuttle could accommodate cargo weighing
14 515 kilograms. The most popular payloads planned for Shuttle were satellites and Spacelab,
a manned scientific laboratory being built under the direction of the European Space Agency
(formerly the European Space Research Organization).

and landing tests. The main engines and the orbital maneuvering system and reac-
tion control system propulsion units were simulated. Other subsystems not needed
for atmospheric tests, such as the waste management system and the thermal protec-
tion system, were also not included on Orbiter 101.13 Enterprise would be strapped
to the back of a modified Boeing 747 (called the Shuttle Carrier Aircraft) and flown
about, first in a captive mode to verify performance of the two vehicles in mated
flights, crew procedures, and systems operations. The first of five inert captive flight
tests were performed on February 18, 1977; the first of three manned captive active
tests took place on June 18. With the captive tests successfully completed, crewmen
Fred W. Haise, Jr., Charles G. Fullerton, Joe H. Engle, and Richard H. Truly
prepared for the free-flight tests.

Enterprise would be released from the 747 at an altitude of approximately 5000
meters above Edwards Air Force Base (see figure 2-12). The two-man crew would
land the ship on the Rogers Dry Lake bed. Approach and landing tests, the first of
which was flown on August 12, 1977, allowed the crew to test the craft’s
aerodynamic qualities, build operational confidence, and confirm the orbiter’s
capability to approach safely and land in several weight and center-of-gravity con-
figurations, manually and automatically. Five two-minute flights were conducted,
all successfully. During the last test on October 26, Enterprise landed on a hard-
surface runway for the first time, simulating the conditions crews returning from
space could expect. NASA and Rockwell were satisfied with the results and sent Or-
biter 101 to the Marshall Space Flight Center for a year-long series of ground vibra- -
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 Figure 2-11. Shuttle’s primary launch site would be the Kennedy Space Center in Florida. Two
minutes after launch at an altitude of 44 kilometers, the spent solid rocket boosters would be
separated from the orbiter. Eight minutes later at 109 kilometers, the external tank would be ejected.
In orbit, the shuttle crew would perform their typical seven-day mission in a shirtsleeves environ-
ment, delivering satellites into the desired orbit, inspecting and repairing others, retrieving others
for shipment back to earth. At reentry, the unpowered orbiter would glide to earth and land on
a runway like an airplane at speeds of 343 to 363 kilometers per hour. The primary touchdown
site would be the Edwards Air Force Base in the California desert.

2

Figure 2-12. Enterprise separates from its carrier aircraft during approach and landing tests.
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tion tests (see table 2-56 for a list of Shuttle Orbiter 101 flight tests).* At Palmdale,
work continued on Orbiter 102.

As late as the winter of 1978, NASA was still hopeful that the second orbiter
would be ready for orbital flight in 1979 (see figures 2—-13 and 2-14). Unfortunately,
Columbia and her crew would not be placed in service until April 1981. Qualifying
the vehicle for spaceflight proved to be a more time-consuming process than the ex-
perts at NASA and its contractors had predicted. In 1979, the first flight was
rescheduled for late 1980. In 1980, the date was set back to the spring of 1981 (see
table 2-57 for a chronology of Shuttle orbiter development and operations).

* Marshall was also assigned management authority for the orbiter main engines, the solid rocket
boosters, and the external tank.

Table 2-56. Shuttle Orbiter 101 Flight Tests, 1977

Date Test Crew Duration* Max. Speed Max. Altitude
(kph) (m)¥
Feb. 15 Taxi tests (3) NA
Feb. 18 Inert captive 2:05:00 462 4877
Feb. 22 Inert captive 3:13:00 528 6888
Feb. 25 Inert captive 2:28:00 684 8108
Feb. 28 Inert captive 2:11:00 684 8707
March 2 Inert captive 1:39:00 763 9144
June 18 Manned active captive Haise 0:55:46 335 4562
Fullerton
June 28 Manned active captive Engle 1:02:00 499 6714
Truly
July 26 Manned active captive Haise 0:59:53 502 8532
Fullerton
Aug. 12 Free flight approach & Haise 0:05:22 500 8534
landing (tail cone on) Fullerton
Sept. 13 Free flight approach & Engle 0:05:31 556 7315
landing (tail cone on) Truly
Sept. 23 Free flight approach & Haise 0:05:34 463 6523
landing (tail cone on) Fullerton
Oct. 12 Free flight approach & Engle 0:02:34 445 6259
landing (simulated engines) Truly
Oct. 26 Free flight approach & Haise 0:02:02 454 6066
landing (simulated engines) Fullerton

* For free flight approach and landing tests, duration is time of actual free flight, from separation to
main touchdown.

+ For free flight approach and landing tests, maximum altitude is considered to be the altitude at
separation; the combined vehicles reached a higher altitude.
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