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PREFACE

Part I provides an outline of the Panel's most significant ob-
servations and assessments based on fact-finding inspectious this past
year.

This volume, Part II, summarizes the information developed dur-
ing these fact-finding inspections. It is organized along the lines
of the Panel's eight Task Teams. The team approach was used this
year to enable the members to focus on areas of Shuttle critical to
mission reliability and crew safety. The intent here is to provide
the reader with both (a) an accurate description of the data examined
including its relevance to the achievement of a safe and successful
mission, and (b) a status report on each area with particular atten-
tion to the resolution of technical and managment challenges.

Part II of this volume when used with the related portions of
the Panel's last Annual Report (June 1975) provides the reader with
substantial background on the Space Shuttle's design and expected
performance, and many of the critical management systems and organ-
izations. Since the Panel's reviews are cumulative, the statement
in last year's Annual Report continues to be true: "This material will
be utilized by the Panel in further reviews during the coming year as

a baseline and reference manual."
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1.0 INTRODUCTION

1.1 Operational Mode

The Panel's operational mode since its inception has been to
conduct monthly inspections by the full Panel. These are held at
both NASA and contractor sites. With the completion of the Apollo
Soyuz Test Project in July 1975, the Panel was able to focus on
the Space Shuttle. As a result, the Panel agreed that they would
augment the full Panel inspections with individual fact~finding
in areas requiring more intensive review. Thus the Panel held in-
spections and/or reviewed data at Rockwell International, Downey,
California on October 29-30, 1975, at Monsanto Research Corporation
in St. Louis, Missouri on December 8, 1975, and at the Johnson
Space Center, Texas on February 9-10 and May 24-25, 1976. Members used the
‘time normally allocated for full Panel inspections in September,

November, January and March for fact finding research.

1.2 Operational Scope

The Panel's use of a "task team'" fact-finding approach as well
as full Panel inspections enables the Panel to cover a large number
of significant tasks in much greater depth while continuing to monitor
the status of the program as a whole. The task areas have been stated
in broad terms so that each member can define the specifics of his

task based on his analysis of the situation. The task areas are:



a. Systems Integration and Technical Conscience.

b. Space Shuttle Main Engine (SSME).

c. Avionics and its Management System.

d. Risk Management.

e, Ground Test Program and Ground Support Equipment.

f. Flight Test Program (Approach and Landing, Orbital,
Ferry).

g. Orbiter Thermal Protection System.

h. External Tank Program and the Solid Rocket Booster
Program.

Panel members have assigned themselves to more than one task
team to reflect the interdependence or commonality between task
areas. In each team one member has accepted responsibility for the
team product to assure clear accountability.

The task teams use a variety of ways to obtain the information
they feel is necessary to the completion of their tasks. In addition
to specific fact-finding visits to the NASA Centers and contractors,
they have been attending various in-house reviews as well. These
include Quarterly Status Reviews and System Design Reviews. Also, the
Panel uses telephone conference§ and correépondence with the program
offices to assure a thorough understanding of the area under con-

sideration. This also provides the Panel's conclusions and recom-



mendation to the program organizations so that they may make use of
the Panel's findings as quickly as possible.
Full Panel inspections provide the forum for members to share

their findings and observations.



2.0 SYSTEMS MANAGEMENT

2.1 1Introduction

The Panel reviewed those management functions which integrate
the project management elements into a program management system and
assure integrated flight hardware and software systems. Particular
attention was given to those management functions which provide a
check and balance on the various project elements and assure a tech-
nical conscience. The Panel's last annual report recommended that
the '"check and balance" capability be further strengthened. The pro-
gram's response to this recommendation is included as Attachment 2-1.
The NASA Deputy Administrator asked the Panel to continue this re-
view of the evolution of these management functions to assure that
the program continues to develop a management capability appropriate
to the challenge of this program.

Systems management as used here includes the following manage-
ment functions:

a, Systems integration refers to the management functions

which provide for systems engineering, technical integration, and test
and ground operations. These management functions include the pro-
gram level office for systems integration and a large number of
technical panels

b. Technical conscience refers to those forums which pro-

vide people throughout the organization suitable opportunities to



express their concerns to management. The Panel and review systems

are classic examples.

c. Check and balance refers to the technical management

capability outside of these day-to-day operations to provide independent
assessments on key technical and management issues. The new technical
assessment groups are an example.

2.2 Systems Integration - NASA

The systems integration office is involved in defining Shuttle-
wide requirements such as (%) the flight dynamics, loads and structural
dynamics environment for the total vehicle, (2) the design require-
ments for such Shuttle wide flight systems as propulsion and avionics,
and (3) common requirements and specifications for materials, pro-
cesses and manufacturing. They are also involved in managing the
systems for development of the Shuttle specification and interface
documents and monitoring the activities of the individual elements to
meet these specifications. They develop trade studies and assessments
of proposed engineering changes that affect more than one element as
well as participate in working problems that are faced by more than
one element.

The office faces a large responsibility and workload and so they
have augmented their capability by establishing a systems integration

support contractor, and developing a system of inhouse panels and



system management reviews. Their approach is to develop a system
which brings together knowledgeable engineering and other personnel
from the "line'" organizations to work common problems and critique
each others efforts and then to manage this system by chartering

each group,defining its task/product, and evaluating its processes

and results. This also assures efficient use of manpower while
giving up some degree of "independent assessment' capability. Among
i the major management steps this year, MSFC established a Space Shuttle
bMain Propulsion System Integration Office to review and evaluate the
plans and activities for the design and verification of the individual
elements and assure that there is an adequate basis for confidence in
the end-to-end system from the External Tank to the SSME nozzle.

A "systems engineering plan' is also to be released this year.

It will be thé single source document on how the systems engineering
function in the program is being implemented: (1) what needs to be
done, (2) who is doing it, (3) how is it being accomplished, and

(4) when it needs to be done. The main text will have the data omn

the management organizations roles and responsibilities, management
techniques and interfaces, task descriptioné and implementation, and
the expected products and documentation. Appended to this main text
will be a set of sub-plans detailing major integrated areas of concern,

e.g., integrated schedules, flight performance, loads and dynamics,






d. Maintainability seeks to assure that the many elements of
the system can be serviced and maintained in the shuttle operational
phase once the DDT&E program is complete.

Their activities support qnd help to produce such items as:

a. System Requirements Definition. The JSC 07700, Level II

documents, ''Space Shuttle Level II Program Definition and Requirements'
and the "Shuttle Master Verification Plan,'" Volumes I and IT.

b. Requirements Analysis. The Contract End Item Specifi-

cation, Requirements Definition Documents, Volume III of the Master
Verification Plan '"Orbiter Verification Plan," Test Requirement Require-
ments' Specifications, Test Plans, Shuttle Operational Data Book

c. Integration Analysis. Integrated schematics, Inter-

face Control Documents (ICD's) for Level 1II (across elements),
Master Measurements List.

d. Compatibility Analysis. Problem reports and their

resolution.

2.4 Technical Conscience - Technical Panels

The Systems Integration Qffice identifies the needs for a panel,
charters it and defines the task/product. The engineering organization
staffs it, defines the approach and implements it. Over the years
the number of panels has grown until there is now at least fifty-four

panels. Since these are listed in Attachment 2-2 and the directives



spell out in considerable detail the purposes, responsibilities and
procedures the work of the individual panels is not described here in
detail. However, one case study is cited here to illustrate how the
system operates.

The Manager for Systems Integration is responsible for the in-
tegration of propulsion and fluid systems. He in turn has delegated
responsibility to the Manager, Systems Engineering Office. The
Systems Engineering Manager has established a technical manager for
this area and the principal management mechanisms to help him. These
include the Main Propulsion System Panel and coordinators to support
the manager in the areas of integration of the solid propulsion system
and integration of the auxiliary propulsion and fluid systems with
other elements of the Shuttle. The Main Propulsion System Panel is
responsible for assuring sufficient detailed understanding of the
total vehicle to recommend specific overall vehicle requirements, allo-
cation of these requirements to each major element and the interface
relationships between elements. The panel by continuous assessment
insures that test results satisfy system performance requirements.
Through its periodic technical reviews and studies the panel identi-
fies problems, determines corrective action and recommends‘such action
to the technical manager. The systems engineering office maintains

contact with the operation of this management system through a desig-



nated liaison officer.

Earlier it was noted that technical conscience implies suitable
forums for knowledgeable personnel to raise questions and critique
‘each others work. Many panels by their intercenter and interdisci-
plinary membership are such forums. The Crew Safety Panel is a classic
example. The panel is chartered to assure (1) development of crew
safety and crew-vehicle risk assessment requirements for the Shuttle
and all its mission phases, (2) identification of individual and inte-
grated subsystem failure modes and hazardous operating conditions which
might lead to loss of vehicle or crew, and then (3) identification of
modifications in hardware, software, and procedures to reduce or
resolve these hazards. Thus they have both policy and operating
responsibilities. The membership illustrates the scope of the panel
as a forum for it is not limited to safety personnel. Members are
drawn from the disciplines represented by the Systems Integration
Office, the Operational Integration Office, the Orbiter Project Office,
Engineering and Development Directorate, Data Systems and Analysis
Directorate (software), Flight Operations Directorate and Life
Sciences Directorate. 1In addition each of the three manned flight
centers, as well as the Dryden Flight Research Center with its
experience in experiemental aircraft and lifting bodies and the Air

Force have members on this panel.
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The Systems Integration Office continues to review the structure
of the system as well as the operation of individual panels so they
can adapt the system to current requirements. This past year they
compleﬁed a comprehensive review and consolidated some panels where
their activities had turned out to be interdependent. For instance,
the avionics panel now has responsibility for lightning and EMI effects
cince avionics may be wvulnerable to them. They also identified new
needs and established the Ascent Flight Systems Working Group as a
senior management group responsible for the trade-offs between the
integration of the individual flight systems that are critical during
the ascent phase.

The Panel monitors the operation of this system by evaluating
the role and contribution of individual panels in areas under review

by panel members such as propulsion, avionics and crew safety.

2.5 Technical Conscience - The Review System

The review system also provides a number of forums to bring to-
gether knowledgeable people to raise and work concerns rather than let
them slip by without the appropriate management attention.

The Shuttle Program Manager has the responsibility to control
and manage the overall integration of the vehicle. His personal
management tool is the Program Requirements Control Board. The delib-

erations of this board are supported by the activities and resultant
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information provided by the Systems Integration Review (SIR) tech-
nical management system.

The SIR's, chaired by the Manager for System Integration, are to
assure that specifications are in fact defined and met. These specifi-
cations may be for various areas of the environmment such as the ascent
phase or such integrated systems as avionics and propulsion. Here
is a list of the functions to be accomplished by the SIR's.

a. Specification of the ascent flight vehicle systems
integrated performance requirements for the Shuttle system and the
analysis of integrated yehicle design and test data to assure com-
pliance and compatibility.

b. Specification of the flight performance requirements
for the Shuttle system and the analysis of element design and test
data to assure compliance and compatibility.

c. Specifiéation of the loads and structural dynamics
requirements for the Shuttle system and the analysis of element de-
sign and test data to assure compliance and compatibility.

d. Specification of the guidance, navigation and control
system performance requirements for the Shuttle system and the analysis
of element design and test data to assure compliance and compatibility.

e. Specification of the integrated avionics requirements

for the Shuttle system and the analysis of element design and test

12



data to assure compliance and compatibility.

f. Specification of the integrated propulsion systeuw
and fluids requirements for the Shuttle system and the analysis of
element design and test data to assure compliance and compatibility.

g. Specification of the requirements for the integrated
vehicle attachment, release, and separation systems and the analysis
of element design and test data to assure compliance and compatibility.

h. Specification of the integrated thermal design require-
ments for the Shuttle system and the analysis of element design and
test data to assure compliance and compatibility.

i. The development of element-to-element and element-to-
ground interfaces and preparation of necessary documentation.

. Specification of'the ground operations requirements
for landing, turnaround, launch preparation, and major ground test,
including GSE and facilities, and analysis of element design and
test data to assure compliance and compatibility.

To exercise control over such a wide range of functions the
systems integration office found it necessary to establish technical
managers for specific areas. Thus there are managers for flight
performance, loads and structural dynamics, flight control integrated
avionics, integrated propulsion and fluids, mechanical systems,

system interfaces, thermal design integration and ground operations.
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The membership of the SIR Board is composed of these techruical
managers as well as representations from a variety of organization
to assure all informed viewpoints are represented. Thus there are
representatives from:

Space Shuttle Prograﬁ Systems Engineering Office, JSC

Space Shuttle Program Operations Integration QOffice, JSC

Space Shuttle Program Management Integration Office, JSC

Space Shuttle Program Resources and Schedules Integration
Nffice, JSC

Engineering and Development Directorate, JSC
Office of Aeronautics and Space Technology, NASA Headquarters
Space Shuttle Projects Office, Engineering Management Office, MSFC

Science and Engineering, System Analysis and Integration
Laboratory, MSFC

Science and Engineering, Systems Dynamics Laboratory, MSFC

Space Shuttle Projects Office, KSC

Orbiter Project Office, JSC

Space Shuttle Main Engine Project Qffice, MSFC

External Tank Project Office, MSFC

Solid Rocket Booster Project Office, MSFC

Rockwell-Space Division

In addition to these reviews the Systems Integration Office mon-

itors techmical progress through attendance at such project reviews
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as the ALT design review and the Orbiter 101 and 102 design review.
These reViews bring together the knowledgeable people to critique
each others work and raise issues. 1Issues that cannot be resolved
at one level are referred to a higher level of management. Manage-
ment also has the opportunity to review significant decisions made
at the lower levels.

For instance, the Approach and Landing Test Critical Design
Review completed in April covered in detail the test and test support
operations to be performed, the facilities and equipment to be used,
and the management and working relationships of the test organizations
conducting the approach and landing test program. Further, the ALT
Critical Design Review covered the activation of the ALT capability,
the conduct of the test program itself, and the deactivation of the
program.

The design and manufacturing status reviews for a vehicle en-
ables people to express their concerns about individual flight and
ground systems as well as the status of systems integration and
reliability, quality and safety work before proceeding to the next
phase. These concerns, expressed in the format of RIDs, are officially
tracked and formally dispositioned. To give the reader a sense of
the issues raised and worked through this system, there were 2400 RIDs

identified through the Preliminary and Critical Design Reviews and
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Customer Acceptance Reviews on the first flight vehicle 101. Almost
all have been worked and closed at this time.
The Panel monitors this area actively by attending selected re-

views to evaluate the process as well as issues and their resolution.

2.6 Check and Balance - The Technical Assessment Groups.

It is through the system of techmnical panels and reviews that
technical conscience can find its expression and because people from
differing backgrounds can critique one anothers work there is a check
and balance and independent assessment process at work. The Panel's
recommendation was that this process be further strengthenea by per-
sonnel outside day—-to-day responsibility for the program. This last
section describes what the Panel found this year.

Technical Assessment Offices have been established at each of
the three manned flight Centers and Rockwell. These are small, well-
knit groups of highly skilled engineers who are on the lookout for
problem areas to prevent any significant problems from '"falling
through the crack." These personnel stay abreast of the program and
determine their task areas by participating in day-to-day discussions
with subsystem managers and working level reviews and discussions
using their own personal experience for lessons learned that may be
apﬁlicable to the current situations.

The program assessment offices are set up as follows:

16



a. JSC - The office reports to the Shuttle Program Manager
and Center management. It defines its own tasks. It has been functioning
the longest of the Center offices and has made substantial contribution
in such areas as avionics and contingency abort requirements. Currently
it has about ten specialists.

b. MSFC - The office reports to the Associate Director,
Science and Engineering, and is particularly active in assuring inte-
gration of flight systems involving more than one project office.

Thus they are actively involved in the work of the Main Propulsion
Test Office and Ascent Flight Systems Integration Group. They are
still in the process of staffing.

c. KSC - The office reports to the Manager, Shuttle Project
Office and is staffed by experienced trouble shooters. The office is
still in the process of staffing and getting fully underway.

d. Rockwell International - The Vice President identifies

critical areas where foresight and planning now can preclude problems
downstream and he staffs as he identifies the need and therefore the
expertise required.

So the groups are in place and beginning to function. Next year's
report will report on their evolution and their conéributions. The

Panel monitors this system by working with these groups.
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ATTACHMENT 2-1

Systems integration management needs to strengthen 'check and balance"
capability.

Response: This comment is similar to that made by the Hawkins team.
The actions that have been taken include:

a. A special group has been established at JSC to provide an
overview of the system engineering/integration function and will
report directly to R. F. Thompson, Program Manager.

b. Effort and scope have been increased on the RI/SD contract
for system evaluation. A few highly competent individuals are be-
ing assigned to provide independent assessments and will report directly
to W. Dean, V.P., Systems Integration. The scope of this activity
specifically includes problem evaluation and avoidance options, trades,
and alternatives; technical and programmatic interrelationships; and
contingency planning.

c. A review of the JSC/MSFC panel relationships has been com-
pleted and selective changes in membership and panel structure are
being made to improve integration across Center/Project interfaces.

d. Program and system level planning is being developed in more

detail and will provide more visibility and support to the integration
management and decision making process.
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ATLACHMENT 2=2

SPACE SHUTTLE PROGRAM DIRECTIVES
THAT ESTABLISH PANELS, WORKING
GROUPS AND SIMILAR OPERATIONS

Directive No.* Subject

1 Simulation Planning Panel (for simulation activities)
4 Crew Safety Panel

6 Configuration Management Panel

8 Ground Interface Working Group

9 Crew Procedures Control Board

11 Information Management Systems Panel

14 Systems Integration Reviews (SIR)

15 Payloads Interface Panel

17 Program Management Information Center Integration Panel
18 Program Performance Management Panel

21 Flight Test Program Panel

22 Electromagnetic Effects Panel

23 Flight Performance:

23.1 Ascent Performance Panel
23.2 1Integrated Entry Performance Panel
23.3 Abort Performance Panel
23.4 Separation Performance Panel
23.5 Aerodynamic Performance Panel
24 Main Propulsion System Panel
25 Loads and Structural Dynamics
25.1 POGO Integration Panel
25.2 Loads and Structural Dynamics Panel
25.3 Ground Vibration Test Panel
25.4 Particles and Gases Contamination Panel
26 Mechanical Systems
26.1 Spacecraft Mechanisms Panel
26.2 Shuttle Vehicle Attachment and Separation SUBpanel
26.3 Payloads Docking, Retention, and Deployment SUBpanel
26.4 Landing Systems and facilities SUBpanel
27 Shuttle Training Aircraft (STA) Review Board
29 Communications and Data Systems Integration Panel
29.1 Functional Requirements SUBpanel
29.2 Vehicle Communications Interface SUBpanel
29.3 Ground Based Data Systems SUBpanel
29.4 Science and Engineering Data Processing SUBpanel

30 Flight Operations Panel (FOP)

31 Operations Integration Review (OIR)

33 Computer Systems Hardware/Software Integration Review (CSIR)
36 Training Simulator Control Panel

* Latest Issue

19



39

40
43
45

46

49
51
52

57
58
62

ATTACHMENT 2-2 (Continued)

Guidance, Navigation, and Control Integration

39.1 Ascent Flight Control/Structural Integration Panel
39.2 On-Orbit Guidance, Navigation, and Control Panel
39.3 Entry Guidance, Navigation, and Control Panel

39.4 Guidance, Navigation, and Control System Panel
Safety, Reliability,and Quality Assurance Management Panel
Procurement Integration panel

Integrated Avionics Technical Management Area

45.1 Shuttle Avionics Panel

45.2 Flight Communications Panel

45.3 Shuttle Avionics Checlout Panel

45,4 Avionics Verification Panel

Thermal Design Integration

46.1 Thermal Control Panel

46.2 Thermal Protection Panel

DOD Shuttle Requirements Review Panel

Communications and Tracking Systems Ground Test Panel
Operations and Maintenance Requirements and Specification
Control Board

Ascent Flight Systems Integration Group

Integrated Logistics Panel

Resources and Schedules Management Panel

20



3.0 SPACE SHUITLE MAIN ENGINE (SSME)

3.1 Introduction

The Panel has given special attention to the challenges during

the past few years, the concerns expressed by NASA management, and
the fact the engines are critical to the accomplishment of the Shuttle
missions. Specifically, the areas under current review are: |

a. The use of new and in many cases unproven technology.

b. Adequacy of design margins to meet the requirements
for repeated use.

c.’irAbilify of-the engine electronic controller to accom—
modate the environment and needs of the engine and the total Shuttle
system.

d. Results of credible failures.

e. Hardware availability and the test program require-
ments.
The Panel considered the impact on the hardware and software develop-
ment program of both (a) cost and schedﬁle constraints, and (b) the
numerous interface requirements involving other Shuttle elements such
as the Orbiter, Solid Rocket Booster, Ground Support Equipment, and
External Tank.

In meeting the objectives of this task the Panel and the task

team has relied on.briefings, face-to-face discussions with NASA and

contractor personnel, participation in in-house reviews, and review
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of relevant documents. A part of this effort is a follow-up on

open items in the NASA Shuttle Program Office's response to the

Panel's annual report The Program's responses to the last annual

report on the ngine is included as Attachment 3-1. This material

reflects the degree to which analyses and test programs have evolved

in providing answers to challenges in the areas of materials be-

havior under severe environments, weldments, POGO suppression, and

controller performance.

A brief look at the Level I (NASA Headquarters) controlled mile-

stones are valuable for they show the program's progress and the work

ahead.
- Completed first preburner test
- Began fabrication of Main Propulsion
Test Article (MPTA) Engines for the

integrated test of the toal system

-~ Completed first integrated Subsystem
test

- Complete first SL firing for a
minimum of 60 seconds at Rated Power
Level

- Complete first throttling test (MPL-
RPL)

- Complete SSME "all-up" throttling test
- Critical Design Review (CDR)

- Delivery of Main Propulsion Test
Engines (3 of) to NSTL

22
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Accomplished May 1975

Accomplished June 1975

Scheduled for Feb. 1976

Scheduled for Mar. 1976

Scheduled for Sept.1976
Scheduled for Sept.1976

Scheduled for May 1977



- Deliver first flight engines (3) Scheduled for Aug. 1978

- Conduct first manned orbital flight Scheduled for Mar. 1979

3.2 Obsgervations

There have been a number of changes in the Rocketdyne organi-
zation since last year's annual report. This is readily seen from
the comparison of organization charts from September 1974 and October
1975 (Figures 3-1 and 3-2). These changes coﬁtinue to strengthen the
program management system. For instance an Associate Program Manager
has been appointed for the engine controller and the engineering
areas have been '"beefed-up." Mr. Norman J. Ryker was appointed
President of the Rocketdyne Division.

3.2.1 Review System

The management system holds a number of reviews on a regular
basis. The Quarterly Technical Review for MSFC Seniof Management
and weekly telecons are two examples. In addition, a special SSME
Design Margin Review was conducted in July 1975. Prior to this
Design Margin Review, there had been a general concern about the
safety factors on many of the components. The margin review showed
that most of the components actually had more than the minimum
safety factor of l.4.

Attendance at SSME reviews and discussions with both NASA and

Rocketdyne personnel indicate that the review system is working well
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in that it provides a forum for frank discussions of technical and
management areas and provides necessary information on costs,
schedules, and technical performance for day-to-day work and decision-
making.

To further assure that nothing '"falls through the crack," a
technical assessment group has been established and is now being
staffed. A Space Shuttle Main Propulsion Systems Integration
Office was recently established at the Marshall Space Flight Center
to serve as the responsible body for the review and evaluation of
Main Propulsion System design criteria and to assure compatibility
of Level II/Level III design and performance requirements. They
are responsible for the definition and compatibility of mechanical,
structural, electrical and fluid interfaces, and design verification
of the system.

JSC established a technical manager's position in mid-1974 to
oversee the integrated propulsion and fluids technical management
areas (Program Directive 24).

To support the Technical Manager they also established the Main
Propulsion System Panel. Finally, they appointed a Solid Propulsion
Integration Coordinator and an Auxiliary Propulsion Coordinator. The
Aerospace Safety Advisory Panel's interests are (a) the Propulsion

Panel's achievements in identifying incipient failures including the
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means by which early clues to such failures may be determined, and
(b) the extent to which prior review RID's remain open, are delin-

quent or have some further impact not identified previously.

3.2.2 Design Progress

Previ&usly the Panel had raised some questions in the follow-
ing four areas:

a. Allowable SSME Heat Exchanger Oxidizer Coil Leakage Rate.

b. Use of Teflon Balls in POGO Suppressor Unit.

c. Delays in Receiving and Testing of SSME Components.

d. Data on SSME Controller.

The Program's response to the Panel's concerns are shown in Attach-
ment 3-2.

The Panel was one of those groups interested in getting definitive
data on the component design margins to assure that, from a structural
and thermal standpoint, the SSME was designed to meet the environ-
mental and time requirements imposed by the overall Shuttle program.
The SSME Design Margin Review established the following points:

a. The structural and thermal audits indicated that the
current analyses were extensive and technically sound. A few items
required further analyses, such as the low pressure oxygen turbopump
housing. An example of the factors of safety arrived at during these

analyses is shown in Table 3-1. As used on the SSME the definition of
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factor of safety is Failure Load. This accounts for those data points
Limit Load
falling within 2¢on the pressure and 3¢ on vibration.

b. Many of the design requirements of ''one engine out"
conditions are still under analysis and test. Consideration has to be
given to the expected impact on both the engine that goes out and the
other two engines which continue to operate. The following state-
ments are a summary of what we understand the situation to be. It
is known that a non-thrusting or shut-down engine will not be cooled
sufficiently during ascent so that the engine nozzle will have to be
replaced before another mission. This is based on analyses that show
a no;zle metal temperature of about 1600° F. versus an allowable of
1200° F. The engines are designed to provide for sensing of critical
parameters. The current challenge is to develop the engine controller
and the Orbiter flight control procedures that will safely shut an
engine down without damage to the other engines or the Orbiter.

c. This review produced a number of recommendations and
action items that are currently under active consideration. Among
the major ones are: (1) develop data review methods that can be
used to identify incipient failures and devise a solution that is
practical within cost, schedule and value received boundaries, (2)
use maximum throttling ramp rate, (3) limit thrust for early flights

to rated power level thereby achieving additional factor of safety
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(See Table 3-1), (4) continue to obtain materials properties to assure
understanding of the SSME hardware in various environments and in
‘light of life requirements, and (5) increase hardware confidence by
conducting tests at higher pressure and temperature. levels with added
inétrumentation.
d. Other recommendations include. (1) increase confidence in

structural margin by specific burst tests throughout the program,

(2) improve fabrication producibility and thereby confidence in the
margins of the engine nozzle, the lines and ducts, the hot gas mani-
fold liner and the injector, and (3) improve post assembly inspection

procedures.

3.2.2,1 Mass Properties

As in every element of the Shuttle program both the weight
specified vs, actual weight and the inertial properties are watched
closely for their impact on performance and payload capability.

While weights are discussed in terms of an individual engine weight,

it is important to remember that these numbers must be multiplied

by three since there are three engines on each Orbiter if one is to
appreciate the full impact of any design changes. The program monitors
three weight values ~ the contract end item (CEI) value, the design
goal weight which is 99.5% of CEI weight, and the control limit

weight used to manage the growth rate of the development weight
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throughout the program. The table below indicates the latest weight
conditions at the time of the Panel's review in January 1976.
Specification Weight (CEI) 6445 1lbs. (Dry) 6892 lbs. (Burnout