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- 'STUDY ‘PLAN

" DEFINITION OF SPACE SHUTTLE PROGRAM

1.0 INTRODUCTION - As the result of the Space Shuttle Phase B

definition studies of a reusable Space Shuttle System, several
promising concepts have been identified for further study. This
Study Plan defines an extension of contract effort to define the
Mark I/Mark II Orbiter, the pressure fed series burn Ballistic
Recoverable Booster, the parallel burn Ballistic Recoverable
Booster modules, the backup parallel burn solid rocket motors,

and the LOX/RP Flyback Booster.
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1.1 OBJECTIVES - The primary objective of this study extension
is to develop the preliminary definition of an economical Space
Shuttle Program in which the evolution to full operational
capability is achieved through phased subsystem development. To
achieve this objective, the study extension activities will
emphasize the following: |

a. Definition of system and subsystem configurations
including facilities requirements and operational approaches.

b. Definition of a phased evolution from a Mark I to a
Mark II Orbiter configuration.

€. Achievement of a further understanding of the design,
test, cost, and schedule requirements of the candidate systems.

d. Definition of candidate Booster designs and programs to
facilitate selection.

e. Definition of the program, system, and vehicle require-

ments to support‘the next phase of the Program.
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1.2 GUIDELINES - The Study Control Document Draft dated

October 20, 1971, provided by NASA will be used for this study
effort. Any additions to the Mark I system exceptions delineated
in Paragraph 1.2.14, that are identified as a result of this

study effort, will be recommended to the NASA.

The Statement of Work Draft entitled, '"Definition of Space
Shuttle Program'", dated October 20, 1971, provided by the NASA
will be used as a general guide for this study effort. However,
as indicated in this Study Plan, the first two months of the
study effort will place emphasis on the issues related to
selection of a single Orbiter/Booster baseline configuration.
Thereafter, the study effort will place emphasis on the in-éepth
definition of the single Orbiter/Booster configuration selected
by the NASA. Therefore, the study effort will adhere more
closely to the Contractor Tasks in the Draft Statement of Work

after NASA selection of the single Orbiter/Booster configuration.

GAC 328A REV 2 REPORT
10.69 235M DATE

GRUMMAN AEROSPAGE GOIRPIGQRATION

CODE 26512



pace 14

1.3 STUDY APPROACH

1.3.1 Study Logic - The study logic is depicted on Page 1-5
"Definition of the Space Shuttle Program - Study Logic". During
the first two months Mark I/Mark II Orbiter Definition (including
trade-off of those issues directly influenced by booster selection)
is studied in parallel with the major booster options defined
below. It is expected that these parallel paths will converge at
the end of the firs‘.two months as a result of NASA selecting a
single space shuttle® system to permit the remaining effort to be
concentrated on in-depth definition of the selected system.

Systems Integration trade studies and requirements analysis as
well as costing and scheduling activities will centinue throughout
the study to ensure adequate integration of all parallel activities.

Key meeting and documentation milestones are indicated on this
logic chart enabling it to also serve as a master schedule for
the study.

1.3.2 Structure of the Study - Grumman/Boeing will with NASA
guidance and direction, perform a design study of the selected
shuttle system concepts. This effort will be a continuation and
further refinement of the systems concepts resulting from the
previous Alternate Space Shuttle Concepts (ASSC) extension study.

The major study activity will be to define the shuttle systems
consisting of the Mark I/Mark II Orbiter with either of the two
boosters (including parallel BRB) on a parallel basis. Upon system
selection by the NASA, work will be discontinued on all but a
single system design to enable concentration of the remaining
effort on the preferred design.

The study program will be accomplished through the following
activities:

a. Mark I/Mark II Orbiter - Conduct a preliminary design
definition study, including development of costs and
schedules for an external Hydrogen/Oxygen tank orbiter.
The MSC 040A concept will be used as a starting point
for orbiter definition. The following orbiter/main
engine combinations will be included in the definition
study:

o Mark I/Mark II J2S
o Mark I/Mark II J2S-HiPc
o Mark I/Mark II HiPc

Major discriminators which influence booster selection
will be identified. The Mark I orbiter will, where
possible, use existing technology and sub-systems and
will evolve to Mark II through introduction of new
technology and subsystems.
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PAGE ]1- 6

b. Pressure fed series burn Ballistic Recoverable Booster -
Continue preliminary definition, including development of
costs and schedules for the series burn BRB including
consideration of descent, water entry survival and re-
furbishment for re-use.

c. Parallel burn Ballistic Recoverable Booster Modules -
Continue preliminary definition and trade studies of the
parallel burn (from launch) Ballistic Recoverable Booster
Modules with particular emphasis on the launch, ascent
and separation phases of the mission.

d. Backup Solid Rocket Motors - Conduct preliminary definition
and trade studies of 156" and/or 120" Solid Rocket Motors
as a backup to the parallel burn Ballistic Recoverable/
Booster module program. Because this is, by definition,

a backup to the parallel BRB the orbiter/booster inter-
face will remain as close as possible to that required
for the parallel BRB.

e. LOX/RP Flyback Booster - Continue preliminary definition
study 1ncluding re-assessment of costs and schedules.

The above activities shall include:

a. Requirements definition - to consolidate and verify
requirements and desired system and subsystem
characteristics.

b. Implementation definition - to accomplish preliminary
definition of the selected shuttle system and associated
costs and schedules.

1.3.3 Boeing-Lockheed Interface - Grumman/Boeing will assemble
booster system informal data packages on the LOX/RP and Ballistic
Recoverable Boosters for use in the LMSC Space Shuttle Program
definition study. These data packages, assembled in detail as
practicable within the limitations of budget assigned to this task,
will contain information pertinent to system integration/orbiter
synthesis and analysis such as the following:

2.1
W.

a. Data prepared in accordance with S.0.W, paragraph 4.
which are needed for needed for compliance with S.O.
paragraph 4.1.1, ‘

b. Preliminary design drawings and mass properties to
describe the baseline booster configurations, interfaces
with the orbiter, and interfaces with launch facilities,
and major GSE.
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C.

1.3.3 (continued)

Mission profile, trajectory, aerodynamic heating (in
relation to affects on the orbiter), performance, abort,
and staging condition constraints (altitude, velocity,
and GAMMA) as influenced by booster entry loads and
temperatures.

Interface structure design loads, flight control )
characteristics, separation characteristics, and acoustic
and vibration environments.

Booster avionics requirements, interfaces.

Baseline booster data in the areas of flight and gfgund
operations, logistics, turnaround, safety, reliability,
costs, funding rate, and schedule data.

Booster weight and cost scaling relationships as influenced
by propellant load, staging velocity, flow, thrust,
dynamic pressure, and launch azimuth.

The data packages, updated to the latest designs, will be trans-
mitted to LMSC in a timely manner for appropriate use in
implementing their studies and preparation of their data deliveries
to NASA,
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2.0 ORGANIZATION

2.1 OVERALL SCOPE - Grumman, as prime contractor with full

responsibility for management of the study effort, will integrate
the activities of our major associate, The Boeing Company, and the
other sub-contractors. The Grumman Program Director's Office
performs the following functions:

o Serves as the focal point for NASA contacts

o Directs progress toward achieving the study objectives

o Provides complete control of all program aspects -

technical and business

o Provides direction of all Grumman shuttle activities and

sub-contracts to ensure compatibility and consistency with
the study objectives

Grumman's Space Shuttle activities report to the President,
W. M. Zarkowsky through Senior Vice President J. G. Gavin, Director
of Space Programs. Grant Hedrick, Senior Vice President, has been
appointed to assist the President on Shuttle technical policy.

Mr. Hedrick is Director of Technical Operations and as such
commands the entire technical resources of the Company. These
relationships are described on page 2-3.

Boeing, as associate to Grumman, provides pertinent past
experience, resources and exceptional technical capability. This
effort will be conducted within the Boeing Aerospace Group.

0. C. Boileau, Vice President, has assigned responsibility for

Boeing's Shuttle Program activities as described on page 2-4.
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2.2 SHUTTLE PROGRAM ORGANIZATION - Providing complete continuity

with our ASSC study, Vice President Larry Mead is Program Director
and Vice President Tom Kelly is Deputy Director. This corporate
commitment to the Space Shuttle Study is further reflected in a
high degree of manégement and technical expertise assigned through-
out the program. Fred Raymes is the Assistant Director assigned as
the full time Study Manager and Max Braun of Boeing continues as
full time Deputy Study Manager (Page 2-5). Systems Integration

is under the leadership of Arnold Whitaker and Project Managers

R. Carbee, H. Sherman, G. Smith and R. Waldt report to the Study
Manager,

The Functional Disciplines provide the resources to conduct
the various technical elements of the study effort. The conceptual
designs, performance analyses, technical tradeoffs, etc. are done
by Engineering. The Manufacturing, Operations and Test functions
are performed for all baseline and alternate program concepts.

All parametric and detailed costing, and technical and cost com-
parisons are performed by Program Analysis. These functions are
headed by Grumman and Boeing managers as shown, to provide the
balance required for optimum system definition.

Key technical and business staff support to the Study Manager

is provided as shown on page 2-5.
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GRUMMAN AEROSPACE
CORPORATION
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President
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President
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3.0 WORK BREAKDOWN STRUCTURE (WBS)- The Work Breakdown Structure

(o)

0

provides a baseline for planning and control for the Definition of
the Space Shuttle Program. It is the common framework required
for integrated planning and control of costs and schedules.
Through subdivisions of the total program effort, the WBS provides
a basis for establishing budgets and schedules, for evaluating

performance, and for identifying responsibilities.

As shown on page 3-2 the total program (Level 1) is divided

into six study areas at Level 2:

Integration

Mark I/Mark II Orbiter Definition
Booster Definition

Operations and Test

Program Management

LMSC Interface
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" DEFINITION OF SPACE SHUTTLE PROGRAM

WORK BREAKDOWN STRUCTURE

Space Shuttle

LEVEL 1 LEVEL 2 LEVEL 3
Systems Requirements
Integration Systems Analysis

Systems Test
Commonality
Product Assurance

Resources and Cost Analysis

Mark I/Mark II

Orbiter Definition

Orbiter

HO Tank

Subsytems

Booster Definition

Ballistic Recoverable
(Series)

Ballistic Recoverable
(parallel) and SRM backup

LOX/RP Flyback

Test Program

Operations § Test

Ground Operations Analysis
Maintainability

Test

Program Management

Program Management

LMSC Interface

LMSC Interface
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TASK DESCRIPTIONS - The ongoing study activities described

in Section 1.3 require the continued support of all
disciplines to achieve the desired level of Space Shuttle

system definition,

Additionally, in accordance with NASA's request, those
tasks which require special emphasis during this study
extension to aid in system selection and definition are

described in this section.

The table, titled KEY TASK INDEX, on the following page
is a condensed summary of those special emphasis tasks
which are described further in the pages following the

table.
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KEY TASK INDEX

I. SYSTEMS INTEGRATION 4-3 | ¢, System Test 4.6
A, Systems Requirements Ll D. Commonality L-6
B. System Analysis Ly E. Product Assurance L-6
II. MK I/MK IT ORBITER DEFINITION
A, Orbiter L6 B. Orbiter HO Tank 4-8
1. Dynamics 4-6 Definition
2. Aerodynamics/Flight Dynamics L6
3. Thermo L-6 C. Subsystem Definition L-g
. Structural & Weight 46 - Avionics Definition b1
Definition
5, TPS Design & Mark I/Mark II  4-7 | D. GSE Requirements h-12
Phasing Definition
6. Aborts 4.8
7. Main Engine Selection and 4-8
Substitution
8. Wind Tunnel Tests 4.8
III. BOOSTER DEFINITION 413
A. LOX/RP Flyback Booster L-14 | B, (continued)
T. Configuration Design L1k 3, Design Trade Studies L-19
2. Structural Analysis Lhoah a. Recovery Concept 4-19
3. Thermal Analysis & Material  k4-1k b. Engine/Thrust 4-20
o F-1 Engine Reuse 4-15 Structure
5. Re-entry Controllability 415 c. Tank Bulkheads 4-20
6. Directional Stability 415 d. Tank Material k.20
7. Simulation 415 e. RP-1 vs. Propane 4-20
« Subsystem Definition 4216 f. Pressurization Sys. U4-20
B. Ballistic Recoverable Booster Y17 4, System Analyses L-20
1l. Design Development Y17 a, Flight Performance h-20
2. Design Analyses 4.18 b. Flight Dynamics & hoo1
a. Aerodynamics 4-18 Control
b. Loads and Dynamics 4-.18 ce Reliability & Reuse L4-22
ce. Allowables and Stress 4-18 d. Manufacturability hooo
d. Weights 419 e. Interface Definition L4-22
e. Thermal Analysis 4-19 “ R
f. Subsystem Analysis 4319 5 Subsystem Design
C. Solid Rocket Backup h_os5
Booster System
IV, TEST AND OPERATIONS ho26
A, Development Test Program h.2%
B. Operations h_o7
C. Refurbishment Analyses hoot
V. COSTING AND SCHEDULING 428
A, Basic Tasks L.28
B. Special Emphasis Tasks 428
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I. SYSTEM INTEGRATION

System Integration covers those total system-level and inter-
element activities which are needed to assure that the Space Shuttle
System meets program and system (including mission) requirements.
Within this context, Grumman plans to support NASA/MSC in coordinat-
ing and integrating the Orbiter, Booster, Main Engine and Operations
elements of the system. General tasks that will be conducted for
the subject contract include:

A. SYSTEM REQUIREMENTS - Additional definition of system

requirements and their allocation among the elements.

B. SYSTEM ANALYSIS -

o Flight system analyses for the ascent (mated configur-
ations), during separation and for abort conditions.

o Trade studies to optimize system performance for the
candidate Orbiter/Booster configurations.

C. SYSTEM TEST - Evaluation of system test requirements for

.consistency and completeness.

D. COMMONALITY - Definition of common usage for the Orbiter/

Booster flight hardware, software and the ground system.

E. PRODUCT ASSURANCE - Identify and track critical product

assurance problems in the reliability, safety and quality

assurance disciplines.
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A,

Specific tasks follow:

SYSTEM REQUIREMENTS

L.

LEstablish mission profiles and perform functional
analysis to further define system requirements and
their allocation among the baseline Orbiter/Booster
configuration(s) and the main engine.

Perform ascent (mated configuration) and separation
trajectory analysis to further define system require-
ments.

Perform re-entry trajectory analysis for minimum Mark II
structural/TPS weight.

Establish control requirements during ascent (mated
configuration) and separation.

Abort requirements shall be investigated for abort
modes of the Space Shuttle System. The abort regimes
will be derived and applicable abort techniques will
be established. Limitations or constraints on mission
abort capability will be clearly identified. The
regimes will include: return to launch site and down-
range (CONUS) sites and aborts due to partial loss of
Booster power where Orbiter separation occurs at
Booster propellant depletion.

Recommend updates of the NASA-furnished Study Control
Document (draft dated 20 October 1971) to maintain
consistency with the selected system configuration

(such as dynamic pressure, and acceleration limits, etc.)

SYSTEM ANALYSIS

1.

Perform Orbiter/Booster performance trade study to
establish a single orbiter configuration that is
suitable for all booster configurations., If this is
not feasible, identify the major orbiter design
characteristics that are unique to the BRB, parallel
BRB, SRM backup and LOX/RP flyback booster options.

Conduct trajectory and control system analyses to
verify that selected Orbiter/Booster conflguratlon
meets program and system (including mission) require-
ments.
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3. Evaluate candidate Orbiter/Booster separation techniques.
Consider both nominal mission and abort staging.
Include use of TVC, RCS or aero surface control systems,
or some blended combination. Include the effect of
separation device operation on resulting Orbiter/Booster
staging performance.

4. Booster/Orbiter Separation

a) The NPSH requirements for the J2S engine turbo-
pump will be established dependent upn LOX tank
location (orbiter) and vehicle attitude at
separation.

b) The effect of late J2-S start up (Low NPSH) on
performance will be analyzed.

C. SYSTEM TEST

1. Define the mated configuration modal vibration survey
requirements and approach.

2, Define the integrated (system-level) test program and
facility requirements and approach.

D. COMMONALITY

1. Establish potential Orbiter/Booster commonality
candidates.

2. Prepare a list of potential common-usage GSE for
Orbiter and Booster.

E. PRODUCT ASSURANCE

1. Establish system reliability models including re-
liability apportionment between Orbiter and Booster.

2. Evaluate each Orbiter/Booster configuration concept
for impact on operational safety requirements and
constraints.,

3. Identify safety-critical Orbiter/Booster interfaces
for candidate system configurations. -
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1.

II. MARK I/MARK Ii ORBITER

A. ORBITER

Structural Dynamics

a. Parallel BRB Acoustical Environment Due to Parallel
Burn

b. Vehicle Tank and Interstage Stiffness

(1) Development of dynamic stick models and influence
coefficients.

(2) Evaluate structural impact of tank separation
dynamics.

(3) Perform Orbiter point design loads analyses.

Aerodynamics/Flight Dynamics

a. Support aerodynamic configuration development of
Orbiter, including vehicle balance determination.

b. Establish Orbiter control requlrements during entry
and on-orbit flight phases.

c. Evaluate entry flight trajectories.

d. Determine heating and contamination protection required
for crew compartment windshields.

e. Determine ascent structural modes and frequencies.
Thermo

a. Perform system thermodynamic analyses to establish
plume heating effects and tank insulation requirements.

b, Perform aeroheating analyses of Orbiter and HO tank.

Structural and Weight Definition (Lift-Off/landed)

a, Prepare a point design structural arrangement, perform
a stress analysis and size the structure for Orbiter.

b. Assess the structural design implication of the Orbiter
landing gear.

c. Establish structural designs for payload handling and
docking requirements.
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d. Assess the impact of hydraulic systems, ABPS deploy-
ment, door mechanisms and explosive devices on
structural system design,

e. Determine total configuration mass properties and
publish monthly Mass Properties Reports.

f. Perform a trade study of internal versus external
vehicle LO, lines.

g. Perform trade studies of SS versus aluminum lines,
liquid versus SRM de-orbit system and ball joint versus
flex joint designs.

h., Finalize tankage selection,

i. Continue tradeoff of existing versus new design hard-
ware., '

j. Perform payload integration analyses.
k. Develop loads for non air load conditions.

1. Continue Mark I/Mark II orbiter configuration
development and structural optimization.

5. TPS Design § Mark I/Mark II Phasing

a. Perform aeroheating analyses of orbiter and HO tank
to establish TPS requirements.

b. Perform system thermodynamics analyses of base heat-
ing, payload environment, and to support subsystem
design,

c. Define thermal environment and establish requirements
for thermal protection or control of OMS modules.

d. Define thermal environment and establish requirements
for thermal protection or control of RCS modules.

e. Conduct applications studies to assess the operation
impact of removing and replacing bonded-on ablators.

f. Evaluate alternative non-destructive evaluation (NDE)
methods to determine the integrity of the bond lines
between (a) ablative TPS materials and the aluminum
substrate in Mark I and (b) non-metallic E.I. material
and the aluminum substrate in Mark II,
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g.

al

b.

e.

Continue Mark I/Mark II ablative TPS materials identi-

fication including unit weights, temperature gradients,

thermal stresses, and substructure trades.

6. Aborts (Orbiter)

Provide inputs to the Systems Integration abort
analyses to aid in abort mode definition.

Determine penalty/requirement due to orbiter gimbal
angle constraints.

Evaluate effects due to retro burn on orbiter heating,
stability, and gimbal angle requirements,

Define drop tank separation environment and ground
impact as a function of launch azimuth, launch site,
and time of abort.

Update orbiter thermal model consistent with abort
re-entry modes.

7. Main Engine Selection and Substitution

a,

b'

Evaluate the implications of selecting J2S/SSME vs.
J2S vs. SSME for Mark I/Mark II Orbiter.

Define the orbiter modifications, weight scars and
delta qualifications associated with substitution of
Mark II for Mark I main engine configuration.

8. Wind Tunnel Tests

a.

b.

Mated Configuration

See Appendix (1)

Orbiter Configuration

See Appendix (I)

B. ORBITER HO TANK DEFINITION

1. HO Tank Design and Size

a.

Optimize tank pressures and line sizes for selected

tank configurations and Orbiter/Booster line separation

sequence,
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b. Determine propellant allotment, required tank sizes,
and pressurization system requirements for selected
tank configurations.

c. Determine effects of staging velocity variations on
HO tanks, core vehicle T/W, main engine selection,
and structural sizing.

d. Perform aeroheating analyses of orbiter and HO tank
‘to establish TPS requirements.

e. Evaluate structural implication of tank separation
dynamics.

f. Perform HO tank interstage design,.

g. Establish HO tank sizing and design studies including
effects of O/F, I__, dome configurations, interference
aerodynamics, POG@? and line routing.

h. Establish proof pressure test logic and evaluate the
implications of tank proof acceptance testing on tank
safety margins, weight, vehicle performance and
program cost.

i. Evaluate the applicability of SATURN tooling, equip-
ment and facilities to the manufacture of the HO tank,

C. SUBSYSTEM DEFINITION

1. Task Summary

a. Establish Mark I/Mark II subsystem performance
requirements for the alternate configurations.

b. Generate preliminary Mark I/Mark II subsystem
definition including description, performance, weights,
volumes, safety, major interface, installation and
logistic support requirements for the selected
configuration,

2. Task Approach

The subsystem definition effort will utilize existing Phase
B and ASSC subsystem definitions and results of existing
trade studies as starting points, The subsystem definition
effort will identify the necessary modifications to the
basic ASSCS subsystems and the incremental changes
necessitated by the special requirements of phased Mark I/

" Mark II development. Key issues peculiar to both the
Mark I and Mark II system will be identified and evaluated.
The final output of these extended studies will be
descriptions, performance, weights, volume, costs, safety,
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C. 2. (continued)
major interface, installation and logistic support
requirements for the selected configuration., Subsystem
definition will be provided for:
a. Structure |
b. Thermal Protection System
Cc. Main Propulsion System
d. Reaction Control System (RCS)
e. Orbit Maneuvering System (OMS)
f. External (H-O) tankage system
g. Air Breathing Propulsion System
h. Electro-Mechanical
i. Landing System
j. Docking and Payload Deployment System
k. Crew and Passenger Accommodations
1, Launch System Interfaces
m. Flight Control Systems
n. Avionics
o. Environmental Control/Life Support System
p. Power
q. Separation System
r. Abort System
During the first two months of the study, subsystem
definition will be limited to the level of detail
required to support evaluation of the various alternate
configurations. The key subsystem differences between
configurations will be identified and evaluated.
For the second two months of the study, a more detailed
subsystem definition will be undertaken for the selected

shuttle configuration with emphasis on characteristics
peculiar to the Mark I/Mark II approach as follows:
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(continued)

(o)

Define the extent to which aluminum will be used as
vehicle structure and design the aluminum substrate
to accept ablative TPS in Mark I and reusable surface
insulation as TPS in Mark II.

Design Mark I TPS panels to achieve low refurbishment
costs.

Design the Main Engine installation to minimize scars
in phasing of J2S engines in Mark I and SSME in Mark II.

Perform main propulsion mixture ratio, thrust and
expansion ratio studies.

Define recirculation schemes for J2S and SSME engines
and size the required components.

Analyze engine start-up and shutdown transients, -

Design feed system, pressurization and recirculation
systems.

Design RCS and OMS modules to achieve safe handling
and minimum refurbishment and maintenance costs.
Design H-O tank to accommodate Mark I/Mark II engine
(mixture ratio) phasing with minimum scar and lowest
cost.

Define orbiter avionics subsystem requirements and
determine equipment configuration (interface and on-
board equipment) for series and parallel BRB's and
SRM's, including checkout and communications interfaces
to the ground support systems.

Design avionics to use GSE and ground updates for
vehicle checkout in Mark I, and evaluate use of on-
board instrumentation, displays and computational

(or data management) equipment for checkout in Mark II.

Evaluate use of multifunction display sets, electronic
attitude display indicators and multipurpose keyboards.

Establish computer sizing and software requirements
determined by system design for phased development.

Establish functional requirements for control
electronics.
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c. 2. (continued)
o Define FCS failure detection,
o Define RCS jet logic.

o Trade-off naviation landing aids (microwave scanning
beam, precision ranging, ILS, Radar).

o Define vehicle antenna locations, avionics equipment
packaging and vehicle locations.

o Establish impact of low cost avionics on measurement
list, telemetry and collection formats, functional
and electrical interfaces, displays and controls
and antennas.

o Establish instrumentation and control and display
interfaces to non-avionics subsystems.

o Establish Development Flight Instrumentation (DFI)
measurement requirements and design a DFI system to
meet those requirements, following a series of integrated
vs. dedicated DFI system weight/cost trades.

0 Analyze subsystem requirements to determine electrical
power requirements for the fuel cell system and the
hydraulic power system.

o Optimize the power distribution system including solid-
stage management.
:{k
o Perform a trade study of a hydrazine versus a H2/02
auxiliary power unit.

o Design a cooling system compatible with the baseline
low cost avionics equipment (air cooled).

The output of this two month period will be subsystem
definition including description, performance, weights,
volumes, safety, major interfaces, installation and
logistic support requirements. The subsystem definition
will include costing and growth provisions.

D. GSE REQUIREMENTS DEFINITION

1. Prepare requirements for GSE needed for handling
transporting refurbishing and maintaining the orbiter
and its subsystems.
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III. BOOSTER DEFINITION

The Contractor tasks during this program definition study will
be conducted to provide the technical and program information
necessary for NASA to make a booster system selection for the
Space Shuttle., Ballistic Recoverable Booster, the parallel burn
BRB with backup SRM's, and the LOX/RP flyback booster systems will

be studied.

The study will give special attention to the issues that are
critical to the feasibility and effective implementation of the

Space Shuttle system.

The booster configuration will be aerodynamically defirned and

verified through analysis and wind tunnel testing.

To the configuration will be added the necessary subsystems

including:

Structures

Pressurization

Propulsion

RCS

Recovery
Throughout the definition of the required subsystems consideration
will be given to: E
Low cost operations and minimized program cost
Developmental risk

The results of the foregoing tasks will be the substantiated

recommendation of a Space Shuttle booster system,
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A. REUSABLE LOX/RP FLYBACK BOOSTER DEFINITION
This booster definition task has been segmented into trade
studies and key design issues which must be addressed in
time for the December 15 review. The new baseline design
release (979-061) will be based on the results of the )
previous study period (November 3 review). This will provide
the basis for design, system and trade studies described below.
1. Configuration Design

a. Integrate vehicle general arrangement and inboard
profile designs. Perform delta wing, airbreather
engine location, and vertical tail trade studies.

b. Provide preliminary booster structural design.

c. Provide input data to aero, weight and cost tasks.

d. Assure compatibility of subsystem and structure
installations.

2, Configuration Structural Analysis

a. Determine loads for major airframe components (body,
wing, etc.) for use in structural sizing.

b, Calculate integrated launch vehicle bending frequencies
and define stiffness requirements.

c. Provide preliminary stress analysis,

d. Develop and maintain vehicle weight statements and
mass properties.,

3. Thermal Analysis § Material Selection

a. Structural temperatures and gages will be established
using current analytical methods. The influence of
booster plume heating and the impact of plume
impingement on the nose of the booster for early J2S
startup will be included.

b. Structural materials will be selected based on
reliability, temperature use tolerance, cost,
performance impact, etc.

C. Material structural characteristics developed on the
X-20, SST and other programs will be used along with
an assessment of manufacturing processes, tooling and
shop capability to develop manufacturing cost
estimates.
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Assess Impact of Early Shutdown on F-1 Engine Reuse

a. Conduct analyses to determine heat loads and
temperature profiles on an inoperative F-1 engine vs.
engine position based on S-1C base heating analytical
methods and flight data,.

b. Conduct trade studies to determine insulation and/or
propellant bleed requirements to maintain acceptable
engine temperature limits.

c. Coordinate with engine manufacturer to determine
maintenance/refurbishment/reusability.

Re-entry Controllability

Based on available wind tunnel test data static trim
analysis and simulator studies will performed to: a)
determine required trim and control capability as well as
associated hinge moments and b) to define alternate means
of longitudinal trim. ~

Directional Stability

a. Computer analysis and simulator studies will be used
to determine directional stability criteria.

b. Analysis of available wind tunnel data will be used to
determine vehicle tail arrangements that fulfill the
above mentioned criteria.

c. Drag and weight will be determined for the different
concepts, the influence on performance assessed and
a baseline configuration chosen.

Flight Control System Simulation

a. The LOX/RP flyback booster linearized aerodynamics
(979-049) and a preliminary flight control system are
currently simulated. These will be updated as
appropriate. Evaluations of the Apollo three-axis

side arm controller and three-axis altitude indicator
will be made.

b. Handling qualities will be evaluated for the nominal
flight reentry and flyback profile. The evaluations
will include controllability with all SAS inoperative.

c. The 6 DOF simulation of the booster reentry will be
used to refine RCS requirements and the transition from
reaction control to aero dynamic control. Updated
aerodynamic data for the 979-061 booster are required.
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8. LOX-RP Flyback Booster Subsystem Definition

a. The preliminary subsystem definition effort will cover
the following subsystems:

1) Avionics
2) EC/LS
3) Hydraulic Power
4) Electrical Power
5) Flight Control Actuation
6) Landing Gear Actuation
7) Airbreathing Engine System
8) Main Propulsion
9) RCS and APU Subsystems
b. In addition to the general subsystem development tasks
outlined above, special emphasis will bée placed on the
following:

1) Define RCS thruster size, performance, and
location.

2) APU size and performance.

3) Propellant storage and delivery system component
weight and size.
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BALLISTIC RECOVERABLE BOOSTER DEFINITION

This definition task includes the series burn BRB and the
parallel burn modules. It is planned to provide maximum
visibility of high-leverage trades and design decisions in
time for the Mid-December review. Second order trades are
deferred as appropriate. A new baseline release based on
results of the previous study period (reported to NASA on
November 3), will provide the basis for the design, system
studies, and trade studies which are described below under the
following primary headings:

o

(o)

o

(o

o

Design Development
Design Analysis
Design Trade Studies
System Analyses

Subsystem Design

1. Design Development

a.

Initial Baseline Definition - This task will establish
an updated baseline against which the trade options can
be compared. The 979-144 booster configuration will be
updated using the latest parametric optimization trade
data pertaining to 1) engine chamber pressure, 2)
propellant mixture ratio, 3) nozzle ratio, 4) latest
stage weight data, and 5) OLOW characteristics.

Configuration Development - This task will update the
configuration of both series and parallel BRB's for
costing. The results of the various trade studies will
be incorporated in the final recommendation ballistic
reusable booster configuration. An inboard profile

of each configuration will be provided.

Structures Design - This task will provide definition
of each major structural component in support of

1) the baseline update and 2) trades made against the
baseline. The major components to be addressed will
be:

Nose Cone

Separation System

Destruct Ordnance

Tank

Thrust Structure

Heat Shield

0O O O O O O
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2,

(continued)

o Fins

o Raceways

o Pressurant Tanks

0 Pressurant Tank Supports

Design Analysis

a.

Aerodynamic Analysis - This task will entail analysis
of the aerodynamic characteristics of the mated vehicle
configuration for launch control requirements and
vehicle dynamics. Aerodynamic characteristics of the
booster configuration for entry dynamic analyses, and
control requirements including RCS propellant
consumption will be estimated.

Aerodynamic trade studies will be accomplished to
establish booster body length/diameter ratio, nose
shape, fin size and dihedral for acceptable launch
and entry aerodynamic compatibility.

Aerodynamic analyses will be conducted on selected
recovery systems for performance and trajectory
determination.

For the parallel BRB modules, aerodynamic character-

istics will be estimated for the mated vehicle con-
figuration to support launch performance analysis,

and for the booster configuration to support entry

trajectory analyses.

Loads and Dynamics - This task will include
determination of loads for prelaunch, launch ascent
(including POGO analysis), descent, and impact
conditions. The first bending mode frequency for the
orbiter-booster combination will be calculated for
boost flight. Loads on the booster during the de-
ployment of the recovery system and water impact will
also be determined.

Allowables and Stress - This task will support design
studies by continuing materials trade studies and
investigations. Design allowables data and materials
characteristics will be provided. Fracture toughness
data for tank proof test definition and weld sizing
substantiation will also be furnished, as well as
structural sizing in support of the baseline con-
figuration and major structures trades.
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3.

Weights - This task will entail generation of mass
property inputs to booster configuration trade studies.
Parametric weight prediction equations will be updated
and input for configuration sizing. A detailed weight
analysis will be made on the baseline configuration
and trade options using drawings, layouts, parts lists
and system descriptions. Mass properties for the

final vehicle, with characteristics defined by
optimization trades, will also be provided.

Thermal Analysis - This task will include definition
of time-temperature histories of selected structural

- elements, and heat-sink requirements for external

surfaces, The selected structural elements will
include:

o Tank Walls
o Nose Cone
o Base Skirt
o Fins

Subsystems Analyses - This task entails performance

of detailed subsystem functional analyses for the
series BRB propulsion and recovery systems to support
the subsystem design activity (Section 5). Results
will be extrapolated to the parallel BRB configuration.
The propulsion analysis task will provide definition
of the BRB propulsion system operation state point

at significant times during the operational mission.

The recovery analysis task will provide definition

of the sequencing and operating charateristics of

the recovery system, from stage separation to water
impact. Simplified rigid body analyses will be made
of dynamics and loads during parachute deployment and
de-reefing. Proper sequencing will be established by
trajectory simulations of recovery system operations.

Functional flow analysis will be performed to establish
sequencing functions and operational requirements.

Design Trade Studies

a.

Recovery concept trade - This task will entail
definition of a retro-rocket alternative deceleration
system in sufficient depth to permit cost, risk, and
weight comparison with the baseline parachute system.
Deceleration requirements will be translated into
retro-rocket size, weight, and configuration,
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a.

(continued)

The retro-rocket system will be analyzed to establish
the need and requirements for attitude control during
transonic and subsonic descent and retro-rocket
operation. Impact on the vehicle structure and weights
will be determined. The preferred alternative will be
selected for the baseline update.

Engine/thrust structure arrangement - This task entails
investigation of the effect of a varying number of
engines on booster performance control, cost, and
arrangement of the thrust structure. Manufacturing
feasibility analyses, controllability analyses,

weight predictions and cost estimates will be

generated to make the proper comparison and selection.

Single tank w/common bulkhead vs. two tanks - This task
will trade the weight penalty to avoid pressure reversal
on the common bulkhead against the weight required to
use two separate tanks. The cost will also be
evaluated since the segregated tank arrangement allows
the material in the RP-1 tank to be changed to some-
thing more cost effective.

Tank material selection - The tank material trade is a
carryover from the previous contract effort. An
aluminum tank with fiberglass overwrap is being com-
pared with an Inconel 718 tank in the areas of cost,
weight, and technical risk. The study is in its

final stages.

Propellant selection (RP-1 vs., Propane) - This task
will provide a recommendation as to whether RP-1 or
propane (C,H,) should be selected for the pressure-fed
booster. R éomparative evaluation of RP-1 and propane
will be made on the basis of booster performance and
cost.

Pressurization system - This task will entail generation
of a preliminary design for the candidate systems for
the series BRB booster system. Weight, development
cost, fabrication cost, operation cost and effects

on interfacing systems will be analyzed and a design
will be selected.

System Analysis

a.

Flight performance - This task is comprised of three-
subtasks: Design Reference Trajectories, Trajectory
Optimization, and System Sensitivities.
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Definition of design reference trajectories -
support will be provided to systems integration

in the definition of an ascent reference trajectory.
In addition, descent trajectories will be deter-
mined., These trajectories are required for
heating/loads analysis and determination of
subsytem requirements.

Ascent and booster descent trajectory optimization -
support will be provided in the definition of
optimal ascent trajectories. Optimal descent
trajectories will also be determined. The end
objective.is the definition of trajectories
resulting in minimum GLOW and/or system and
operation cost.

System sensitivities - Point mass and system sizing
computer programs will be used to relate system
sensitivity (GLOW) to booster engine characteristics
tank pressures, ', and material allowables.

Flight dynamics and control - Detailed flight dynamics
analyses will be conducted for ascent (supporting task)
and entry of the BRB system. Entry results will be
extrapolated to the parallel BRB configuration.
Specific booster tasks are: ,

1.

Perform a fin size trade to reduce TVC deflection
requirements in design winds. (Include quasi-
aeroelastic fin effects).

Evaluate engine-out capability and control require-
ments for unequal thrust of the parallel BRB
modules.

Preliminary analysis of flight control require-
ments for booster re-entry using computer
simulation.

Refinement of flight control studies to determine
RCS control authority, fuel consumption, and
control law design requirements.,

Support study of the separation trajectories and
dynamics of the booster and orbiter vehicles. A
baseline trajectory will be defined and studies
will be conducted to determine the effects of the
booster shutdown and orbiter ignition sequence.
Additional parametric studies will include the
effects of vehicle attitude and staging dynamic
pressure.
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Reliability and number of reuses - Classical methods
will be employed to establish BRB reliability through
ascent, re-entry, descent and recovery. The rules

for establishing the reliabilify goals will be defined.
The sensitivity of water entry survival probability

to varying the cost and weight of water entry
provisions will be studied,

Operational stress levels and proof test stress levels
will be defined that insure varying numbers of highly
reliable reuse flights for the main fuel tanks and the
pressurization tanks.

System life cycle costs will be determined as a
function of design number of reuses to find the
optimum.

Using all available material test data, fracture
mechanics technology will be used in the selection
of acceptable operating and proof stress levels for
various number of pressure cycles. The data used in
the analysis will be updated with ftest data as it is
obtained.

Parametric sizing analyses will be used to determine
booster size and weight as a function of number of
reuses, based on the stress/fracture toughness
results.,

Monte Carlo analyses will be used to determine number

- of vehicles required in the operational program based

on reliability and wearout (number of reuses).

Parametric cost analyses will be used to integrate the
above results to obtain life cycle cost.

Manufacturability, tooling and facilities - This task
will entail the following:

1, Support the design effort with recommendation to
reduce the fabrication cost of high cost items.

2. Provide manpower estimates and determine the
tooling required for each '"make" item.

3. Determine facility requirements in the areas of
manufacturing, test, and operations.

Interface definition - This task will entail definition
of the principal system interfaces. Functional
analyses will be used as required. Technical descript-
ions and data will be obtained from design, design
analysis, and operations analysis tasks, and formatted
as required.
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B. 5. Subsystem Design - BRB/Parallel Burn BRB

1.

a. Task Summary - Primary emphasis will be placed on pro-
pulsion and recovery systems, since they have a pri-
mary influence on the BRB system design and costs.
Detailed design data developed for the BRB system will
be applied to the parallel burn BRB modules where
possible.

b. Task Approach - Subsystem definition will be carried
out as follows:

Propulsion system design definition will include
pressurization, propellant management, engines,
and thrust vector control. Design optimization
studies will be conducted on the subsystems. A
detailed propulsion system design definitionh will
be prepared to support additional weight, cost,
operations, and interface studies.

Recovery system definition will be carried out

for both the BRB and parallel BRB modules - The
definition will be concerned with identification
of the concepts to solve the problems of re-
entry, stabilization, deceleration, orientation,
water impact, vehicle righting and floatation,

and location and retrieval. The definition will
identify and specify the hardware required to
implement the concepts selected. NASA will define
and implement as GFE the system for booster
retrieval and return to the launch site. However,
the contractor will define the requirements for
safing and protecting the vehicle during retrieval
and return operations.

Subsystem design definition will also be carried
out for:
o Avionics

1. Establish requirements, configuration and
redundancy.

2. Determine cost and weight

o Electrical_Power

1. Determine electrical loads and power
sources,

Configure power distribution system.
3. Establish weight and cost
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B. 5. b. 3. (continued)
o Environmental Control System

1. Resolve requirements for equipment
cooling and purge systems.

2. Establish a system concept and determine
weight and cost.
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SOLID ROCKET BACKUP BOOSTER DEFINITION

As a backup to the pressure fed parallel burn booster a

A

solid rocket booster system will be defined and costed.

The solid rockets will so far as possible, be inter-
changeable with the pressure fed modules. Necessary
modifications to the orbiter to accomodate the backup SRM's

will be identified.

Booster definition will be limited in scope to 120"
and 156" motor diameters. Various propellants will be
evaluated. Control requirements for unequal thrust of the

SRM's will be evaluated.

Configuration development will concentrate on minimizing
booster costs through use of orbiter avionics, minimizing
booster thrust vector control requirements and minimizing

differences in structural attachments.
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IV. TEST & OPERATIONS

A. DEVELOPMENT TEST PROGRAM

1. Define the overall Orbiter and Booster subsystem test
program and facility requirements.

2. Define Booster and Orbiter main tankage development and
qualification test programs,

a. Identify differences between HO tank ‘test programs
with particular emphasis on larger parallel BRB

3. Define Booster and Orbiter MPS feed system development,
qualification and Propulsion Test Article test programs.

a. Identify differences betwwen BRB, parallel BRB, SRM
backup and LOX/RP flyback Booster configurations.

4, Define the Booster and Orbiter structural test program.

a. Resolve the question of static testing by parts versus
a complete Structural Test Article,

5. Define the Booster/Orbiter/HO tank vibration survey test
program (both mated and orbiter/tank alone configurations).
Identify differences between BRB, parallel BRB, SRM
backup and LOX/RP flyback Booster configurations.

6. Establish factory test and checkout requirements for
. Orbiter/Booster subsystem and combined systems testing.

a. Insure configuration design is compatible with check-
out capability,

-b. Evaluate the impact of test requirements/configuration
design on GSE, facilities, flow logic, cost and
schedules.

7. Establish flight test requirements for Orbiter and Booster
systems including aero/thermodynamics, avionics, fluid and
mechanical subsystems. Assess cost and schedule impact
to meet those requirements.

a, Identify Orbiter and Booster FHF vehicle flight test
objectives and configurations,

b, Identify Orbiter and Booster FMOF vehicle flight test
objectives and configuration.

8. Identify the differences in Orbiter and Booster flight
test planning and schedules dependent on booster configura-
tions.
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9, Incremental Flight Test Study - Investigate potential
techniques for incrementally expanding the booster and
orbiter flight envelope beyond the 1limits of the air
breathing propulsion system performance capability. An
analysis of several candidate methods including, but not
limited to, single element suborbital vertical launches,
and augmented thrust through use of the main propulsion
system, will be evaluated in sufficient detail to permit
intial screening in terms of,

a. technical feasibility

b. cost

c. applicability to test issues

d. program schedule effects .

e. safety

B. OPERATIONS
1. HO/Ballistic/Parallel BRB/Backup SRM

a. Define operations concept and GSE definition in
concert with the following assumption: Recovery
operations, pickup and transportation back to the
launch site are assumed to be provided as GFE.
Special requirements to be considered for GFE

implementation will be identified by the contractor.

b. Define Spares, Maintenance and Support Systems
(Booster only).

c. Provide preliminary analyses of operations support
requirements.

2. HO/Flyback

a. Provide further definition of launch complex systems
with emphasis on mobile launcher including umbilical
locations.

b. Verify recurring operations costs and timeliness.
C. REFURBISHMENT ANALYSES

Provide preliminary technical and cost analyses of the re-
furbishment required to permit re-use of the recoverable
elements for each of the orbiter/booster systems being
studied.
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1.

3'

1.

V. COSTING AND SCHEDULING

This activity encompasses the basic cost/schedule tasks
that are necessary for evaluating alternate shuttle system concepts
and defining the detailed planning requirements for the selected
configuration. In addition, several special emphasis tasks,
focused on refining the data base used in the overall cost/
schedule activity, are included.

A. BASIC TASKS

Program Resource Analysis - Define comparative cost/
schedule requirements for the specified alternate shuttle
system concepts and detailed cost/schedule requirements
on the selected configuration in accordance with DRD
MA-261IT.

Design/cost trades - Update parametric cost model and
support technical trade studies as required, including
definition of subsystem cost/weight factors and
evaluation of vehicle manufacturing costs and schedules.

Cost/Schedule sensitivity analysis - Analy:ze effects
major milestones have on program schedule and cost.

B. SPECIAL EMPHASIS TASKS

Cost estimating data base - Provide analysis and com-
parison of major WBS items with historical cost data

on other corporate programs to substantiate the estimate
as appropriate. '

Analysis of major program assumptions - Analyze cost/
schedule impact of major assumptions to determine validity
of the estimate,.

Effect of Mark I/II S/S approach on program costs -
Evaluate cost/schedule relationship of selected approach
for reduced peak funding with its impact on program cost/
schedule. This task includes defining the implications
of production stretchout due to Mark II phasing.

Basis for Mark I/II Master Program Schedules - Provide
comparison of Mark I/II development activities with
similar activities on other programs.

Analysis of cost complexity factors - Provide analysis
and comparison of related vehicle complexity factors with
historical data to determine the validity of the estimates.

Operations cost analysis - Provide analysis of operational
spares, related support, expendable tanks and TPS re-
furbishment and main engine overhaul site to justify
vehicle operational cost estimate.
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Analysis of non-hardware WBS items - Provide analysis

and comparison of factors applied to vehicle hardware
to estimate non-hardware items with historical data to
provide substantiating data for their use.
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5.0

MANPOWER ALLOCAT ION

Total program direct manpower requirements are presented
in the following tables, expressed in man-months:

o Table 5.1 depicts the combined Grumman/Boeing
manpower requirements for each level 2 WBS area
(Integration, Orbiter Definition, Booster
Definition, Operations § Test and Program Management).

o Tables 5.2 and 5.3 break the above total combihed

manpower requirements into Grumman and Boeing

manpower respectively.
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6.0 SUBCONTRACT PLAN

6.1 During the Study EXtension, Grumman plans to compliment
its technical input with Associate Contractors who will provide

support in key areas as follows:

6.2 The Boeing Company - During the study extension, Boeing will

provide design and technology data to assist Grumman in definition
studies of the Space Shuttle program. Boeing will have |
responsibility for the design and technologies associated with
Boosters, ballistic recoverable, parallel BRB, backup SRM's and
LOX/RP flyback. Boeing will be responsible for ground turnaround/
maintenance and ground and launch operations analysis. Boeing will
also support Grumman in vehicle conceptual design, low cost avionics
subsystem definition, program integration, test requirements

analysis, safety, reliability and quality assurance.

Boeing's Booster and Operations analyses will include flight and

launch trajectory, sizing, loads and cost.

6.3 Aerojet-General - Aerojet will continue to assist Grumman in

the areas of design, analysis, and associated cost trade-off studies
on selected orbiter tankage. These will include but not limited to
the OMS and RCS hypergolic propellant tanks. Aerojet will con-
tinue to provide consultation for these tanks (excluding dewar

type) as needed.

6.4 Eastern Airlines - During the study extension Eastern will

provide consultant services in the following areas:
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6.4 Continued:

0o Maintenance and logistics including definition
of low cost procedures, personnel skill require-
ments and computerized maintenance, logistics
and base system controls.

o Review from a commercial airline viewpoint of the
practicality of proposed methods of Shuttle System
Operation.

o Definition of low cost ground and flight requirements
in such areas as base operations, payload handling,
turnaround time, and vehicle checkout. |

6.5 AVCO - AVCO will continue to assist Grumman with ablative
Material definition including attachment, refurbishment and
inspection.

6.6 Dornier* - Dornier will continue té support the Grumman
Shuttle effort with analysis and testing. They also plan to
investigate interfaces between Shuttle and Tug.

6.7 Dassault* - Dassault will continue the Long Life TPS
technology program.

6.8 Avionics - Continuation of subcontractor support in
avionics requirements and implementation definition is planned.

6.9 Thermal Protection System - Continue subcontractor support

in aerothermal analysis and overall thermal protection system

design.

* Not charged against contract.
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APPENDIX I

WIND TUNNEL TEST PROGRAM

A wind tunnel program will be conducted on the orbiter,
booster and launch configurations. The test objectives are to:
1. Resolve critical issues and potential problem areas of
the configurations not possible or practical through
analysis,
2. Provide substantiating data for selection of baseline
configuration.
3. Continue support of the 040A orbiter development program
as defined in MSC letter EX 24/7109-279B dated Sept. 16,
1971 and subsequent memoranda,
The schedules for the planned wind tunnel test program are-pre-
sented in Figures 1 and 2. Booster and launch vehicle schedules
have been shown for the duration of the study contract, however,
it is assumed that a NASA system selection will be made in early
January at which point it is assumed that the remaining wind tunnel
testing will be devoted to the selected system. No cost to the

contractor has been assumed for testing in government facilities.

Brief descriptions of the proposed wind tunnel test program
are included to illustrate the test objectives, facility require-
ments and type of data to be obtained. In the case of the 040A

orbiter development program, only the Grumman portion is described.
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O40A ORBITER WIND TUNNEL PROGRAM

The Grumman portion of the orbiter wind tunnel program for
the 040A configuration is described below,

The 040A wind tunnel schedule including the HO tank is shown
in Figure 1. It is basically the NASA MSC defined O040A Orbiter
wind tunnel schedule, contractor supported, as defined in the MSC
memo EX 24/7109-228C dated September 15, 1971 with certain
additions.

The original program to which Grumman is committed and is
carrying over is identified by test numbers S-055 and S-056 in
Figure 1. This contract extension will also be used to conduct
the follow on first pass orbiter tests numbered S-063 and S-064
and the second pass orbiter tests S-071 and S-072. These follow
on tests are defined below.

Test Descriptions:
Test Numbers: S-063 and S-064

Purpose: First pass configuration testing of the refined basic
040A configuration to determine the longitudinal and
lateral-directional stability and control characteristics
in the supersonic and hypersonic Mach range, respectively.

Test Numbers: S-071 and S-072
Purpose: Second pass configuration testing of the O40A configura-
tion to determine the longitudinal and lateral-direct-

ional stability and control characteristics in the
supersonic and hypersonic Mach range, respectively.

BOOSTER AND LAUNCH VEHICLE WIND TUNNEL PROGRAM

The wind tunnel program to develop the LOX/RP Flyback and
Ballistic Recoverable Booster and launch configurations is shown
in Figure 2.

The individual tests identified by numbers 1 and 2 for the
LOX/RP Flyback, 3 through 5 for the Ballistic Recoverable booster
and 6 through 8 for the selected configuration are described
below.
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LOX/RP FLYBACK BOOSTER

Test: Number 1

Purpose:

Model:
Facility:

Date § Duration:

Test: Number 2 -

Purpose:

Model:

Facility:

Date § Duration:

- LOX/RP Flyback Booster Configuration Development
(Subsonic, Transonic, Supersonic)

Determine best means of obtaining a satis-
factory level of directional stability at
subsonic, transonic and supersonic speeds.
Determine the effects of increased wing area
and change in plan form.

Approximately 0,003 scale
MSFC Trisonic
November 29, 1971; 100 hours

LOX/RP Flyback Booster Configuration Development
(Hypersonic)

To determine the stability and control
characteristics of the 979-061 configuration
at M = 6.

Approximately 0.003 scale A
Model will be of simple construction with a
minimum of parts. A body of revolution having
two, interchangeable noses. An untwisted,
uncambered wing with three elevon angles (one
side only).

Removable ABES pad. Top Strut mount.

LA. R.C. 20" W.T. (M = 6)
December 13, 1971, 40 hours

BALLISTIC RECOVERABLE BOOSTER

Test: Number 3 -

Purpose:

Model:
Facility:

Date § Duration:

Ballistic Recoverable Booster Aerodynamic
Development, supersonic

Verify supersonic stability and trim at high
angles of attack.

.015 Scale of the Ballistic Recoverable Booster
Boeing Supersonic Wind Tunnel

November 22, 1971; 16 hours
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Test: Number 4 -

Purpose:

Model:
Facility:

Date § Duration:

Test: Number S5 -

Purpose:

Model:
Facility:

Date § Duration:

Test: Number 6 -

Purpose:

Model:

Facility:

Date § Duration:

Ballistic Recoverable Booster (continued)

Ballistic Recoverable Booster Aerodynamic
Development, Transonic

Verify transonic stability and trim at high
angles of attack.

.015 Scale of the Ballistic Recoverable Booster
Boeing Transonic Wind Tunnel

November 29, 1971; 16 hours

Ballistic Recoverable Booster Aerodynamic
Development, Hypersonic

To determine the elevator hypersonic trim and
stability requirements at high angle of attack.

Approximately 0.003 scale
LaRC 20" Hypersonic Tunnel (Mach 6)
December 20, 1971; 40 hours

Selected Configuration

Selected Booster Configuration Development
(Low Speed)

To obtain performance, stability and control
data at low speeds. To determine ground
proximity effects. To find the effects of
configuration variable changes. To find the
effect of airbreathing engine exhaust plume
on booster aerodynamic characteristics.

Scale 0.029

Body strut mounted, external balance model.
Model to have pitch, yaw and roll controls and
to permit variations in vertical tail, wing
and body geometry. ‘

University of Washington or equivalent.

February 7, 1972; 100 hours.
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Selected Configuration (continued)

Test: Number 7 - Selected Booster - Launch Configuration
Development (Subsonic, Transonic, Supersonic)

Purpose: Verify stability and control characteristics
in pitch and yaw of LOX/RP booster and launch
configuration,

Model: Approximately 0.003 scale,

Facility: MSEC Trisonic

Date § Duration: January 24, 1372; 160 hours

Test: Number 8 - Selected Aerodynamic Development, Hypersonic

Purpose: Elevator hypersonic trim and stability require-
ments at high angles of attack.

Model: Approximately 0.003 scale.

Facility: LRC 20" Hypersonic Tunnel (Mach 6)

Date § Duration: February 21, 1972; 60 hours
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APPENDIX II

BALLISTIC RECOVERABLE BOOSTER WATER IMPACT TEST PLAN

The purpose of this test is three-fold:

1. Determine the vehicle accelerations and resulting loads
due to water impact, both the initial impact on the
vehicle nose and the subsequent broadside impact.

2. Investigate method of reducing those loads, i.e. modified
nose shapes, entry angles, etc.

3. Generate data base to aid in checking out analytical‘water

impact models.

A 1/60 scale model is to be dropped to impact the water
surface at various velocities (50 to 200 ft/sec. full scale),
altitudes and vertical velocities (75 drops are planned). The
model has several interchangeable nose shapes and its length and
weight can be varied. The longitudinal, lateral and angular
accelerations will be recorded on magnetic tape and oscillograph
and the motions will be recorded by high speed movie cameras.

BRB WATER IMPACT TEST SCHEDULE
NOV, DEC.

8 15 22 29 6 13
10

TEST PLAN
MODEL

[N
W

MODEL ON DOCK AT V
MSC (HOUSTON)

TEST

TEST REPORT
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SALT WATER DAMAGE ELIMINATION TEST - LOX SYSTEM

Determine design and servicing requirements to insure
reusability of ocean recoverable booster LOX system components
exposed to marine environments. Prevention of corrosion and/or
loss of LOX compatibility during the period between sea water
immersion and land based LOX cleaning will be studied. Materials
selections, design configuration constraints and sea based cleanup
procedures will be selected and demonstrated by tests on typical

subsystem configurations.

NOV. DEC.
15 22 29 6 13 20 27
TEST REQUIREMENTS v
FIRST SPECIMEN V
SECOND SPECIMEN V
FIRST TEST RESULT v

TESTS COMPLETE
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INCONEL 718 FRACTURE TEST PROGRAM

PURPOSE: Investigate the fracture toughness and low cycle
fatigue characteristics of plasma arc and TIG welds
(1/2'" to 3/4" thick) INCONEL 718. Fracture toughness
tests will be conducted at room temperature and at

-320°F both in the weld and in the heat affected zone.

SCHEDULE :
NOVEMBER DECEMBER

1 8 15 22 29 6 13

TEST
PLANNING ——]
SPEC DESIGN C—

WELD FAD —1

MACHINING r 1

TEST

|
FIRST DATA l{};
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INCO 718 WELD TESTING REQUIREMENTS
REVISED (Nov. 15, 1971)

TEST WELD WELD - FLAW -TEST . QUANT. MACHINE AND
TYPE CONDITION LOCATION TEMP TEST AT:
KIC GTA AS-WELD CL RT 1 MSC
KIC GTA AS-WELD HAZ RT 1 (5 TESTS)
KIC GTA AGED CL RT 2
KIC GTA AGED HAZ RT 1
KIC PAW AS-WELD HAZ RT 1 BOEING
KIC PAW AS-WELD TBD -320 1 (6 TESTS)
KIC PAW - AS-WELD CL RT 1
KIC PAW AGED TBD -320 1
KIC PAW AGED HAZ RT 1
KIC . PAW AGED CL RT 1
KIC EB TBD TBD TBD 6 MSC
(6 TESTS)
TENSILE GTA AS-WELD - RT 1 BOEING
TENSILE GTA AGED - RT 1 (8 TESTS)
TENSILE PAW AS-WELD - RT 1
TENSILE PAW AS-WELD - -320 1
TENSILE PAW AGED . - RT 1
TENSILE EB AS-WELD - RT 1
TENSILE EB AGED - RT 1
TENSILE EB AGED - -320 1
All material and weld wire furnished by Boeing. Upon

completion of above testing, fabricate blanks for 100 additional

specimens welded by 2 of the three above processes to be machined

and tested by MSC.

furnish weld wire.

MSC will furnish the material, Boeing will

GAC 328A REV 2
10-69 23M

REPORT
DATE
GRUMMAN AEFOSPAGE GORPORATION

CODE 26512




PAGE App III-1

APPENDIX 111
DOCUMENTATION REQUIREMENTS

1.0 INTRODUCTION. This appendix specifies the documentation requirements
for the Space Shuttle contract extension. Data are ’
scheduled for submittal to NASA in conjunction with and in response to applicable
task requirements contained in the Statement of Work. The contractor may suggest
additions, deletions, or changes to the documentation requirements during per-
formance of the contract. Upon contract award, the negotiated DRL shall be the
governing document for the submittal of documentation to NASA.

2.0 TYPES OF DOCUMENTATION. For the purpoée of this procurement, the
following documentation types are applidable:

a. Type 1. These documents require NASA approval

b. Type 2. These documents are required to be submitted to the NASA
but NASA approval is not required

c. Type 3. These documents are prépared by the Contractor in the
accomplishment of the requirements of the contract but are
only submitted to the NASA upon written request

3.0 DATA IDENTIFICATION. All data delivered shall be clearly marked with
the following information:

a. Contractor identification

b. Title of document

¢. Date

d. Contract number

e. DRL humber and line item number

f. DRD number and revision letter

g. MSC identification number (numbers to be provided)

4.0 REFERENCE TO OTHER DOCUMENTS WITHIN DATA SUBMITTALS. Data submittals
which make reference to other documentation are permissible, providing the
references are adequate and include such identification elements as title and
number. When a document to be referenced would only be applicable to a minor
or limited extent, the Contractor shall include the applicable information and

avoid using the reference. All referenced documentation should be readily avail=-
able to document users.

GAC 320A REV 2 REFORT B35-43RP-25

10.69 235M DATE
GRUMMAN AERDSFAGE (IERPORMATION

CODE 26512



PAGE

App 11I-2

5.0 DATA DISTRIBUTION INSTRUCTION. The NASA will provide distribution
requirements for each deliverable document prior to its scheduled delivery. The
quantity to be delivered shall be as specified in the DRL and distributed in
accordance with the NASA Distribution Instructions.

6.0 DOCUMENTATION REQUIREMENTS. NASA documentation requirements are listed
on the following NASA Form 1106, DRL No. T=752 (GAC) which identifies data line
item requirements and their specific delivery schedules. The NASA Form 9,
which describes in detail the data to be submitted, follows directly after the
DRL.
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App 111-7

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

1. TITLE 2. NUMBER
PIAN, STUDY SE-U1TT
3. USE 4. DATE

To define the contractor's planned method of ac- 11-15-71

complishing the tasks set forth in the Statement 5. ORGANIZATION
of Work. The approved plan will be the primary
technical guideline as well as NASA's program

control document for study task definition. Grumman
7. INTERRELATIONSHIP 6. REFERENCES

8. PREPARATION INFORMATION

The plan shall include the following information as a minimum:

a. A description of the tasks to be accomplished and the key issues to
be addressed in accomplishing these tasks.

b. Planned time-phased manpower requirements in accordance with the Work
Breakdown Structure for the performance of the contract.

c. A study program milestone schedule.

NASA technical directives will amend the study plan.

NASA FORM9 FEB 67 REPLACES NASA FORM 1107,EXISTING STOCKS OF WHICH ARE TO BE DESTROYED.



App TII-8

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

1. TITLE 2. NUMBER
Report, Progress and Status SE-418T
3. USE 4. DATE
11-15-T1

. ORGANIZATION
To provide customer visibility of significant 5

events occuring during the reporting period and
status of milestone schedule. ) A Grumman

7. INTERRELATIONSHIP ) 6. REFERENCES

8. PREPARATION INFORMATION

This report shall include the following information:
a. Progress against the milestone schedule.

b. Actual or potential problems that may cause a deviation to
accomplishment of the study plan objectives or the planned
milestone schedule. Show cause and corrective action planned.

c. List all NASA technical directives received during the reporting
period (or other technical instructions) and indicete the impact
of such communications on the study plan and milestone schedule.

This report may be prepered in letter format and should consit of the mini-
mum number of pages consistent with & summary presentation of the above in-
formation and some details in areas of importance as required to provide
adequate NASA visibility.

NASA FORM9 FEB 67 REPLACES NASA FORM 1107,EXISTING STOCKS OF WHICH ARE TO BE DESTROYED.



App III-9

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

L. TITLE 2. NUMBER ™
Presentation Materials MA=260T
3. USE 4 DATElo 1
To provide the NASA with a hard copy of all -19-71
significant presentations made by the con=- 5. ORGANIZATION
tractor during the period of this study effort
NASA

7. INTERRELATIONSHIP 6. REFERENCES

8. PREPARATION INFORMATION

In the preparation of presentation materials in support of significant
NASA reviews, briefings a.nd/or presentations, the contractor shall also
prepare hard copy documentation of the presentation materials for submittal

to the NASA.

NASA FORM9 FEB 67 REPLACES NASA FORM 1107,EXISTING STOCKS OF WHICH ARE TO BE DESTROYED.



App III-10

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

1. TITLE 2. NUMBER
Data, Wind Tunnel SE-419T
3. USE 4. DATE
10-19-T1

. 5. ORGANIZATION
Provides & centralized aerothermodynamic

data bank for NASA/DOD
NASA

7. INTERRELATIONSHIP . 6. REFERENCES

8. PREPARATION INFORMATION

These data shall encompass all wind tunnel aerothermal studies on the
Space Shuttle candidate vehicles (Orbiter, Booster, and combination)

including force and moment heating, pressure distribution, oil flow,
and other flow visualization studies.

Immediately upon acquisition and reduction of the data to co-efficient
form it shall be submitted to NASA as follows:

a. All force and moment, pressure distribution and heating data
obtained at discrete points (such as by use of thermocouples)
shall be submitted on magnetic tape along with necessary as-
sociated information to NASA for inclusion into the SADSAC
Data Management System. '

b. Reproducible copies of all other aerothermal data (e.g., oil
flow, schlieron, phase change paint heating, etc.).

NASA FORM9 FEB 67 REPLACES NASA FORM 1107,EXISTING STOCKS OF WHICH ARE TO BE DESTROYED.



App III-11

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

1. TITLE 2. NUMBER
Report, Independent Research and Development MA~022-1M
3. USE 4. DATE
10-19-71

To provide the NASA with information applicable

to the contractor's independent research and 5. ORGANIZATION

development activities. NASA
7. INTERRELATIONSHIP 6. REFERENCES

8. PREPARATION INFORMATION

The contractor shall prepare a quarterly letter describing his
independent research and development activities which are
related to the contract work.

NASA FORM9 FEB 67 REPLACES NASA FORM 1107, EXISTING STOCKS OF WHICH ARE TO BE DESTROYED.



App III-12

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

1. TITLE 2. NUMBER
Report , Technical Summary SE-L20T
3. USE 4. DATF -
11-1-71
To provide a comprehensive report of the 5. ORGANIZATION
complete study effort accomplished during
the period of this contract. GRUMMAN
7. INTERRELATIONSHIP 8. REFERENCES

8. PREPARATION INFORMATION
The Technical Summary shall be prepared in two (2) parts as follows:

a. Part I - Executive Summary. Provide a summary description of the
results of studies performed and a description of the selected design. Also
provide overall schedules and costs for the development and operational phases
of the program.

b. Part II - Technical Summary, Provide the following:

(1) Design and functional descriptions of selected configuration.

(2) Trade-off study conclusions.

(3) A1l technical considerations pertinent to configuration selection.

(4) A comprehensive summary of facilities required, manufacturing and
test approaches, and other significant factors relating to the selected

configuration.

Part I should be limited to approximately 30 pages. Part II should be in
sufficient detail to adequately portray the significant elements of the study

NASA FORM9 FEB 67 REPLACES NASA FORM 1107, EXISTING STOCKS OF WHICH ARE TO BE DESTROYED.



APP I11-13

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

. TITLE 2. NUMBER
Drawings SE-421T
3. USE TOATE
To document engineering data developed during 10-19-71
the period of this study effort. 5. ORGANIZATION
NASA
7. INTERRELATIONSHIP 6. REFERENCES

8. PREPARATION INFORMATION

A1l drawings developed by the contractor during this study period
in support of his selected configuration shall be provided to the
NASA with the final report.

NASA FORM9 FEB 67 REPLACES NASA FORM 1107,EXIS TING STOCKS OF WHICH ARE TO BE DESTROYED.




APP TII-14

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

DATA REQUIREMENT DESCRIPTION .
1. TITLE , 2. NUMBER
Report, Mass Properties _ SE-L422T
3. USE 4. DATE
11-15-T71

Provides visibility of mass properties for the

5. ORGANIZATION
selected configuration

Grumman

7. INTERRELATIONSHIP ' 6. REFERENCES

8. PREPARATION INFORMATION

The contractor shall supply a monthly Status Report that will include & Group
Weight Statement in accordance with paragraph 3.5 of MSC-O44l9 "Shuttle Mass
Properties Report" for the baseline configuration. Other configurations of
interest will be reported on & one page Weight Summary (similar to the MSC-
OL419 Mission Weight Summary form).

The finasl report will include a detailed Weight Statement for the baseline
configuration and a Group Weight Statement and Design Datae Summary for any
other configuration of interest at the time.

NASA FORM9 FEB 67 REPLACES NASA FORM 1107,EXISTING STOCKS OF WHICH ARE TO BE DESTROYED.



App III-15

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

1. TITLE 2. NUMBER
Cost and Schedule Data Requirements MA-261T

3. USE ' 4. DATE
' 22 October 1971

5. ORGANIZATION

NASA

7. INTERRELATIONSHIP ) Ié' REFERENCES

-8. PREPARATION INFORMATION

1. GENERAL. Cost and Schedule Data will be presented for the reusable -
orbiter, and for each booster (flyback, pressure-fed, other), according
to the specifications of DRD MFOO3M (May 1971 revisions). These require-
ments are the same as those given during Phase B, with the following
amplifications.

2. AMPLIFICATIONS TO DRD MFOO3M. A formet will be furnished by the NASA
for standardizing a summary of the data presented. In addition, the con-
tractor is now formally required to furnish deta describing his costing
methodology and assumptions. All CER's employed, along with supporting
data, will be described, i.e., the effects of design complexity and other
vehicle and program complexities will be described in detail. Cost
assembly methods and logic will also be clearly shown. All items estimated
as cost-from-cost factors will be shown, along with data to support the
choice of each factor.

All assumptions employed, including those for learning, commonality,

ground test hardware, and spares will be specified, and reasons for their
choice will be Jjustified. If the contractor has reason to choose an
assumption different from one given by the NASA, the choice should be

well justified; such choices are encouraged where good justifications exist.

If hardware is converted from ground test to flight test use, or from
flight test to operational use, the quantities and costs involved will be
clearly shown. .

3. SCHEDULE DATA REQUIREMENTS. A comprehensive schedule document shall
be provided by the contractor for use in properly evaluating and managing
tasks at various management levels. This document shall contain, as a
minimum, a Master Phasing Plan, a Program Logic Network, and System/Sub-
system Activity Schedules.

NASA FORM9 FEB® 67 REPLACES NASA FORM 1107, EXIS TING STOCKS OF WHICH ARE TO BE DESTROYED. |




App III-16

DATA REQUIREMENT DESCRIPTION October 22, 1971 MA-261T
Cost and Schedule Data Requirements

8. Preparation Information (Cont'd)

(a) The Master Phasing Plan is to provide a top-level time phasing
of the overall Shuttle Program by displaying the major program activities
and key milestones through theoperational phase.

(b) The Program Logic Network shall give graphic illustration of
the contractor's integration plan for accomplishing the program through the
operational phase. This network should be constructed in a manner to display
specific System/Subsystem integration logic as it may pertain to the total
program at any point in time. This network shall be activity-oriented with
activity times expressed in weeks.

(c) The System/Subsystem Activity Schedules shall be prepared to display
the significant activities and events for each hardware oriented System/
Subsystem. These schedules are to be in a bar chart format end keyed from
the Program Logic Network. The intra-schedule relatiomships between the
design, fabrication, test, checkout and integration of each applicable system/
subsystem should be displayed with constraints between consecutive activities
shown. These schedules should be constructed in a manner that will facilitate
schedule/cost correlation for each System/Subsystem when used in conjunction
with complementary funding curves.




App ITI-17

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DATA REQUIREMENT DESCRIPTION

Y. TITLE 2. NUMBER
Data, Booster Interface SE=425T
3. USE 4. DATE
11-1-71
Support Lockheed Missile & Space Company 5. ORGANIZATION
(IMSC) contractual obligations to NASA.
Grumman

7. INTERRELATIONSHIP 6. REFERENCES

8. PREPARATION INFORMATION

The contractor shall supply to IMSC booster interface data
consisting of:

(a) Physical and functional interface requirements.
(v) Booster performance as it affects an orbiter.
(c) Ground support requirements.

(@) Timelines and operational support requirements.

concepts:
(1) The Flyback LOX/RP Booster.
(2) The Ballistic Recoverasble Booster.

(e) Costing information to complete Lockheed total program costs.

The above information shall be limited to the following booster

NASA FORM9 FEB 67 REPLACES NASA FORM 1107, EXIS TING STOCKS OF WHICH ARE TO BE DESTROYED.






