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PREFACE

This report contains the results of Thiokol Chemical Corporation's Study
of Solid Rocket Moors for Space Shuttle Booster. The objective of the study was
to provide data to a ssist National Aeronautics and Space Administration in selection
of the booster for the Space Shuttle system.,- This objective was satisfied through

( definition of specific Solid Rocket Motor (SRM) stage designs, development program
requirements, and production and launch program requirements, as well as the
development of credible cost data for each program phase. ,_The study was per-
formed by Thiokol's Wasatch Division, Brigham City, Utah, \ for ` pie NASA George C.
Marshall Space Flight Center under Contract NAS 8 x- 28430,	 The study was conducted

r under the direction of Mr. Daniel H. Driscoll/PD--RV-MGR NASA/MSFC. Thiokol
' study direction was provided by Messrs. E. R. Kearney, Corporate Director,

Space Shuttle Program, and J. D. Thirkill, Program Manager, Space Shuttle SRM
Booster Study, Wasatch Division.

i

The final report \`was prepared in response to Data Procurement Document 314
` and Data Requirement M^1-02.	 The report is as.ranged an four volumes:

` Volume I	 - Executive Summary

° Volume II	 - Technical

Volume III - Program Planning Acquisition

^.3

Volume IV -. Cost

(
f

Data Requirement MA-02 specified that the Eost report be part of the Program
E Acquisition and Planning report but because of its importance and size it has been

bound as a separate volume in this Final Report.

Volume II, Technical, has been further subdivided into five books as followsT
for ease of review and handling:

Book 1

i

z

Y	 Suction 1.0 - Introduction
k	 s	 Section 20 0 - Propulsion System Definition

Section 3 . 0 - SRM Stage

j



(r

d	 Book 2

Section 4.0 - SRM Parametric Data
Section 5.0 - SRM Stage Recovery
Sectifon S.0 -- 'Environmental Effects
Section 7.0 - Reliability°and Failure Modes"
Section 8.0 - System Safety Analysis	 ;x

Section 9.0 - Ground Support Equipment
Section 10.0 - Transportation, Assembly, and Checkout

Book 3

Appendix A - Systems RequiremerLIts analysis

Book 4

Appendix B - Mass Property Report

Appendix C - Stage and SEW CI Specifications

f
Appendix D - Drawings, Bill of Materials, Preliminanr

ICD's

"	 Book 5

`^ Appendix E - Recovery System Characteristics " for
''okol Chemical Corporation Solid

'Propellant Space Shuttle Boosters

I Apper. , ix. F - Quantitative Assessment of Environmental.
Effects of Rocket Engine Emissions

" During Space Shuttle Operations at
Kennedy Space Center

{ Appen^Jix. G - Thiokol Solid Propellant Rdcket
->> Engine Noise Prediction

Appendix H - SRM Stage Recovery

k
111	 u 	 -	 -
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1.0 INTROD CTION

	

a	
•g

This, ;volume, Program Acquisitiliooster,)n Planning, of the Final Report, Study
of Solid Rocket Motor for Space Shuttle 	 was prepared to document the plan-

. ning for the Sk, ce Shuttle Solid Rocket Motor Stage follow-on effort. This planning
encompasses all aspects of the follow-on effort for development, flight testing, and
production of a Solid Rocket Motor (SRM) Stage for the Space Shuttle.

	

\	 Several configurations for the SRM Stage were studied under this contragc
f	 and each of these are identified and; discussed in detail in Volume II, Technica?,.

Since acquisition planning is not constrained by actdal SRM Stage,,ponfiguration,
o ; y one configuration is, discussed in this volume.

Specifically, only the 156-in. diameter parallel burn configuration with
thrust vector control and thrust termination is discussed in this volume. The
planning of any other SRM Stage configuration can be developed from this report
with relatively minor changes. The only significant changes occur in the program
costs and these are discussed in detail in Volume IV, Cots.

b
o

n

t
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2.0 PROGRAMPLAN

This program plan outlines the Thiokol Chemibal Corporation plan for con-
ducting the Verification and Production programs for the Solid Rocket Motor (SRM)
Stage for the Space Shuttle. 	 This progrzn^d lfti plan delineates the effort to be performed

Ink the capability of the Thiokol Wasatch Division, and its chosen sub-in demonstrati
contractors, to design and fabr'J"Lcate S(;i4d, Rocket Motor Stages which (1) conform to
the NASA design requirements and (2) meet operational requirements of , the Space
Shuttle system.,

This,program plan also defines the scope - of planned effort by project and task,_
and shows the relationship between program elements.
0

The progra* consists of components design and verification testing, full scale
mcitor design, fiveverification motor and five Preliminary Flight Rating, MoU-7- , TestsI_

(P]^^Rll), deliyery, of gi;-. flight I tegt and two ground test stages, delivery of 440 producI	 1	 0
tion SRM Stages, and the management and support effort required. All data, reports,
tesi plans, and documentation required for the program will be submitted in accord-
ance with contractual requirements.

This program , plan ,outlines in summary form the Thiokol "plans and methods
for accomplishing program direction and design. verification, P FRT, flight test,
ground test, and production programs. 	 The work breakdown structure for the veri-
'Jication and production programs follows.

WORK BREAKDOWN STRUCTURE,
VERM_ CA!.rION AND PRODUCTION PROGRAM

&oLe(Lt	 Task	 Title

1.0	 PROGRAM MANAGEMENT
Program Management
Contracts Administration
Financial. Control
Procurement
Safety
Publications

2.0	 SYSTEM ENGINEERING,
Project Engineering
Systems Engineering
Reliability
Configuration Manageplaent
Maintenance Engineering
Mass Properties Control

C11

2-1
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Project Task Title

3.0 SOLID RO, CKET MOTORS
3., ,^, CASE
3.2 INSULATION
3.3 PROPELLANT AND LINER
3.4 NOZZLE2 FLEXIBLE 1,3EARING
3.5 IGNITER'-
3.6 THRUST VECTOR CONTROL
3.7 THRUST TERMINATION
3.8 POWER9 ELECTRICAL, AVIONICS

Malfunction Detection System
Flight Instrumentat
Cabling

3.9 INTEGRATION, INSTALLATION, ASSEMBLY AND
-.-CHECKOUT,

3.10 GROUND TEST
Verification Motor Testing
PFRT Motor Testing
Motor Post-Test Analysis and Storage

77

Ground Test System Testing
Production Process Control Testing

4.0 INTERSTAGE STRUCTURES
4.1 STRUTS, THRUST AND SWAY
4.2 NOSE FAIRING
4.3 AFT SEIRT

5.0 FACILITIES

6.0 TOOLING

7.0 SUPPORT EQUIPMENT AND SPARES
7.1 AIRBORNE VEHICLE SPARES
7.2 GROUND SUPPORT, EQUIPMENT
7.3 GROUND SUPPORT EQUIPMENT SPARES

8. 0 FLIGHT TEST SUPPORT

9.0 OPERATIONS SUPPORT
9.1 THIOKOL OPERATIONS SUPPORT
9.2 LAUNCH SITE OPERATIONS SUPPORT

2-1a, rz
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Project	 Task	 Title

	

10.0	 DATA

	

10.1	 MANAGEMENT DATA
	10.2	 ENGINEERING DATA

	

10.3	 TECHNICAL ORDERS AND MANUALS

	20,0	 RAW MATERIALS AND COMPONENT PROCUREMENT

OPTIONS

	4.0	 4.4	 RECOVERY SYSTEM

Thiokol has used the following philosophy in preparing this program plan.

1. The meeting of program schedules, particularly the
motor verification and PERT testing requirements
and the delivery of Ground Test Hardware (GTH),
Flight Test Hardware (FTH) and production stages
is of prime importance.

2. Tooling required for support of the production program
must be acquired and validated during the qualification
program.

3. The number of tests, hardware, and effort denoted in
each subtask are for planning purposes only. The
necessary tests,, hardware, and effort will be conduc-
ted to achieve contractual verification and production
requirements.

Thiokol plans to design and build the motors and components to NASA speci-

fications. From the NASA specifications, Thiokol will develop detailed design draw-
ings, and specifications delineating the Thiokol Solid Rocket Motor Stage.

A master program schedule (Figure 2-1)'and a verification motor test matrix
(Table 2-1) are included as part of this program plan. They have been placed at the
end of the volume and arranged as foldout pages to facilitate perusal concurrently with
reading of the test. A view of the SRM Stage, showing major components and dimen-
sions, Is presented in Appendix D (TUL-13493).

I	 n
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2. 1 PROGRAM MANAGEMENT (PROJECT 1.0)

The program management project encompasses the following functions.

1.	 Program Management

2.	 Contracts Administration

3.	 Financial Control

4.	 Procurement

5m	 Safety

C.	 Publications

Each of the functions is d
escribed in t'..e following paragraphs.

2. 1. 1	 Program Management

Thiokol will provide the necessary personnel, materials, and services to
establish a Program Management Organization for conducting the Space Shuttle SRM
Stage design, verification, PFRT, GTH, FTH, and Production Programs.

Organizational policy at the Wasatch Division provides that the Director, Pro-
gram Management, has theresponsibility and.authority for the overall management,
direction, and control of both contractually authorized programs and company -spon-
sored research and developm6nt program-s. This responsibility and authority is sub-

ject only to the direction of the General Manager and /or the customer ' s contractual

requirements. T

It is also Division policy that the Director, Program Management, assigns a
qualified program. manager to each program who acts on behalf of the all; rector on
his assigned program. The program manager is responsible for the effective man- '

agement of his assigned prograih and is accountable for successful accomplishment 40,

of the program! s contractual specifications, direct costs,',.,, schedules, and other pro-
gram requirements. The assigned program manager is the principal interface and
,apokesman with the customer on all program matters. As such, he establishes and
defines all program policy and technical policy subject only to direction of the Director,
Program Management, and/or the General Manager.,
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The program manager is supported by the members of a program team appoin-
ted by the directors of functional organizations performing work on a program %ni hin
the Division. When serving as a program team member, an individual acts with the
authority of his respective director on program matters.

The program manag^:r is responsible for the successful completion of the over-
all program. Members of the program team are required to bring to the attention of ^.
the program manager deficiencies in work definition, program scheduling, and tech-
nical matters to assure that problems are corrected.

__The program team members are responsible to the program manager ' s direc-
tion and support him fully in carrying out his assigned responsibilities. Further, they
are responsible for implementing their assignments in accordance with management
policy.

Figure 2-2 shows the organizational relationship of the program team through
the Space Shuttle Program Manager and the Director, Program Management to the
Vice President and General. Manager of the Wasatch Division.

Figure 2-3 shows the detailed breakdown of responsibility within Program Man-
agement. The organization shown provides for rapid response to eustomer directions,
efficient dissemination , of information within Thiokol, and rapid feedback to the cus-
tomer on all aspects of the Space- Shuttle Program.

Program management responsibility includes direction of subcontractor and
vendor efforts. _ The techniques and methods used for vendor control have been devel-
oped for use on Air Force programs and meet all current Air Force requires ents.
It is expected that these vendor control methods will meet NASA requirements with
minimum modification. The requirements for data and reporting will be imposed on
the subcontractors in the same manner as currently is used for AiT^' orce programs.

A program: control room will be ;'eFitablished for the Space Shuttle p^^ogram.
incorporated in this room will be status charts of each task and subtask that reflect
progress against milestones. The data portrayed will include technical, schedule, and
cost information:, and will be organized. to present results in a graphic form. This
control room will be used as a primary source of data - for management decision making,
and, will pro;ride information required to prepare' applicable reports.

Milestone reports will be prepared for the items identified as schedule critical
item&,yon the program. Milestone report data will be furnished as part of the NASA

__program meetings, and copies of the milestone 6- ,harts will be maintained in the pro
gram control room for use by the Program Management Organization to aid in direc-
ton._=d control of the program.

.,The Space Shuttle mana^ger,and his staff will be responsible for maintaining
liaison, with the NASA, the Orbiter contractor, and other organizations as directed

2-3
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by^ASA. T his liaison will provide timely receipt and transmittal of pertinent infor-
Tation, and will be directed toward successful completion of the program a.ad integra-
tion of the Thiokol furnished Solid Rocket Motor Stage into the Space Shuttle system.'
Thiokol. will place particular emphasis on the direct^on and control of the Ground Test
and Flight jest Programs to assure smooth integration of the Thiokol. built SRM Stage
into the flight and ground test Space Shuttle vehicles at the operational g^Rafe. This effort,
in turn; will lead to a smooth integration of the production SRM Stages into the opera-
tional Space Shuttle.

Thiokol will conduct or participate in the Program 'Technical Direction a d Tech-
nical Interchange Meetings as required. Thiokol will provide formal presentati.oq of
program progress and review of the technical and schedule status, test results, ','Ind
achievement of objectives. Printed copies of the charts and data presented by T14okol
at the TD meetings will be furnished to all attendees.

Thiokol will initiate and support 'Technical Interchange or Interface Control Meet-
ings with the Orbiter contractor ^o permit smooth integration of the Thiokol produced
Solid Rocket Motor Stage into the Space. Shuttle. '

r

Thiokol will maintain a system of vendor TD meetings to provide timely direc-
tion and control of the major subcontractoi`s. NASA Program Office personnel will be
invited to attend the scheduled vendor meetings.

Thiokol will implement and maintain a. Management Information System based
on contractual requirements. The system will provide reporting on cost and schedule
performance in accordance with the provisions of the contract.

Thiokol will revise and update the Program Plan as required by changes in pro-
gram` direction or,,,performance. The revisions and changes will be provided in loose-
leaf format so copies of the Program Plan can be kept up to date and used as working
documents. Work release and cost collection on this program will be in accordance
with the task breakdown of the Program Plana

Program schedules will be prepared as required for direction and control of
the program. Detailed schedules of component design,, fabrication and delivery, tooling
fabrication, motor manufacturing, motor final assembly and test, and stage delivery
will be prepared and kept up to date.

2. 1.2 Contracts Administration

Thiokol will provide the necessary personnel, materials, facilities and services
to establish a contracts administration staff for conducting the Space Shuttle SRM Stage
design, verification, PERT, GTH, FTH, and production programs.

` 	
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2.,_1.3	 Financial Control

p	 Thiokol will provide the necessary personnel, materials, facilities , and
services to establish a financial control staff for conducting the Space ihut'cle S1iM	 ^	 Y

°	 Stage design,, verification, PFRT, GTH, FTH and Production Programs.

Financial control will be responsible for auditing of all program Manage-
`" =	 anent Cost and Control System (MC ICS) Planning Charts and ig.4utting to the MCCS

system for Time Plan, Baseline Budget, and Initial Estimat&; at Completion; 	 a
`	 maintaining Budget Logs; distributing and inputting Status 'Completion Reports;

generating and distribut ing weekl /monthl	 cost reports including labor monitor,g	 g	 g	 Y	 Y ^,	 P	 g 

Varifcce Analysis 1jeports , Program Status, Reports, arid special cost reports; 	 ?
' coordinating and establishing value of material packages at part number level for

development of the material budget; reporting and monitoring all material" Planned 	 7
Value 'Work Accomplished utilizing the present component and r.iw material inven-
tory system; coordinating and maintaining material cost planning indicators;

'Material Variance Anal sis and other, 	 analyses , special	 l ses as required-,  ̀preparingy	 , p	 y^	 ^	 q	 P	 ^`	 g
internal and customer , reports on an "as required" basis,

2. ? .4	 `Procurement

Thiokol will provide the nè clessary personnel, materials ,' facilities , and
services to establish a procurement staff for,, conducting the Spa?tE^e Shuttle SRM
Stage design, verification, PFIRT, GT'H, FTH, and Production Programs.

Thiokol's Procurement Department reports directly to-the Director of^
-	 Finance and Administration, who in turn repo-Tics directly to the Vice President 	 ^:~ 4

and General Manager (Figure 2-4) 	 All procurement actions contemplated in a
given program are approved at this level without further endorsement by the	 -	 -

^^	 Thiokol Corporate Office.	 To obtain maximum_buyer efficiency and a thorough
`	 knowledge of products in a rapidly changing environment, the buying l ' . ou,-	 rapidly 	 fi g -	 g i;^	 s areP

organized on a Go.- rnodity basis--erci items of a similar nature are procured by a
..rG^,iic buyer with the, greatest a	 livable "k;notivled a of that end item. 	 The twoe- - i	 y	 gr	 PP	 g
buying groups are Production Purchasing and Supply Purchasing. „

9	 6

All requisitions requiring procurement of items in these general classi'-
`	 fica-tions are assign&A, to the group responsible for these end items. 	 Further

commodity breakdown \a,t the-buyer level is accomplished , particularly- in the 	 ^ ?
"	 Production Purchasing S'ection.	 Thus, such complex items as cases, nozzles,

raw materials, insulation, etc. , are always procured by the same buyer.	 In effect,	 4
specialists may devote their buying talents to a specific fancily of items rather than
dilute their buying specialties by procuring on a program basis

In addition to the buying group,, enumerated, the Administrative Group 	 l_s#
provides full time cost and price analysis, Integrated Data Transmission (IDT)

^r€
'	 service, and similar supporttyping 	 to the buying groups. 	 Acln:tional functions

C, 	I.:•

ll

}



VICE PRESIDENT AND
GENERAL RANA(A- R

James M Stone

DIRECTOR
FINANCE AND ADMINISTRATION

A. L Savoca

T
MANAGER

PROCUREWd VT

L. W. Stoner

SECTION SUPERVISOR SENIOR COST ANALYST UNIT CHIEF
 PURCHASING ADMINISTPUN 1710N

SENIOR BUYER
SUPPLY PURCHASING

PURCHASING AGENT
PRODUCTION PURCHASINGTRAFFIC W. Wohlgcmuth- LMax Jones b	 Olson 1. B. Mullins H. G. Hester

3617 ► 106

.l

Figure 2-4. Procurement Organizational Chart



U

Y	
r

l

T

	

	 performed by the Administrative Group are in the area of source selection and
vendor evaluation. Thiokol's vendor rating system has received national publicity in
The Purchasing Magazine.

Because of the close relationship between' ,,Procuremert and Traffic, the
latter organization is assigned to the Procurement Department., All- matters relating
to the movemea' of goods, either` by commercial or Government Bill of Lading, 	 (;	 k
are the responsibility of the Traffic Supervisor. A close, day-to-day-to-da relationship
exi is between Traffic and Procurement, not only to expedite shipmepts and similar
classical traffic functions, but also to assure that procurements are placed giving
due regard to overall p ice including traffic casts

The Wasatch Dit ris ion procurement system was reapproved by the Con-
ri	 traeting Officer, upon recommendation from the Air Force Western Procurement

_.
Management Region, on 30 September 1970;.. The systenn responds to procurement
requirements imposed in contracts with the Army, Navy, Air- Force, Atomic Energy

t	 Commission, and several prime ei^-,ntractors responding to theee agencies. A full	
3

;I

	

	 time Air Force Frocu^cement Methods Analyst is in 9-e F,ai4pnee iii the Procurement.
Department., In addition, the procurement system is audited annually b y Thiokol
Internal Auditors sand. by ±he Arthur Young and Company, Certified, Publ is ^ceountants e 	 {

7

Thiokol Corporate policy favors the c( )mpetition of qualified businesses 	 +
listed with the Small. Business Administration. Small businesses and those businesses 	 a '
located in labor surplus areas will be given equitable opportunity to compute for
available contracts. During recent surveys, team members ^repres,enting the Small
Business Administration have been most complimentary about Thiokol's program-	 1and practices.	 l

/
/	 The Thiokol vendor control plan, a primary part of the procurement

system, has three main objective-s: (1) configuration management in accordance
F	 f^	 with co-- act requirements, (2) cost control, and (3) schedule control and visibility.

Contractor selection and award is based upon a continuously updated
Ia

	

	 approved listing of sv rel*s=that identified contractors regarded by Thiokol as quali-
fied to supply specific producAs and services A cod:t r actor eval=uation system i^,'
used to rate potential suppliers on a quality and delivery ba1is determined by (1)
Thiokol team surveys of sur`plier plants, (2) facilities questionnaire surveys, and
(3) actual performance evaluation. In `addition, for those procurements anticipated	 .
to be in excess of $500,0001, a Procurement Review Board, chaired by the Manager 	 ^" r
of ]Procurement., is convened'16 evaluate and make source . selections, Membership
on this board consists of the Managers or Directors of Finance and Administration,
Engineering, Quality Assurance, Program Management, Contract Services, and 	 2
Operations, plus other technical personnel who may have a direct interest in pro-
curement. In the matter of source selection for a specific program, Thiokol has
demonstrated a capability to work wz1 sources 'approved by means other than the;:
system enumerated above.	 ,^

rt
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2.1„ 5 Safety	 i

Thiokol w. ill provide the personnel and services necessary to conduct a
safety program in support of the /"Space Shuttle SR M Stage design, verification,
]PF RT, !(NTH, FTH and Production Programs,, This function includes the planning
and administration, s=.irveillantae, and system safety engineering effort required
to conduct a system safety engineering program as specified by NASA.

r^

`I'hc safety program :1 be prepared in' the form.-, of a System Ssfeta
Plan (SSP) , and submitted for NASA aproval before incorporation into the contract.
Safety,functional analyses will "be conducted on all new materials, parts, components-
and radiographic inspection to determine ,safety criteria, and to develop proce-
dures and directives for personnel engaged in Landlind, fabrication, and testing.

Pa- tic pation in the space Shuttle Safety Program Will be as defined by
j,

NASA. -,' Attendance at Safety :technical Interchange Meetings and support of saf ^t^'	 g	 ^	 PP	 '̂ y
-working groups at system: test sites, as specified, will also ,be provided.

Preparation and submittal of status reports, range safety,data Rnputs to
the launch site., and other data and ,reports not listed elsiowhere will be provided 	 (r'
as required.

Th okol has developed procedures, techniques,  '	 afe ty criteria, forP P^^d safety 	_
phys .cal safety inspection and training._ These procedures W111 be reviewed and
revised fop ac6ep-}ability and applicability to the Space Shuttle program. Surveys
for ,sAf^,ty oriented factors, - lulus r4equis#e surveillance qpd testing, will be con-
ducted to establish nets pr^acedures, techniques, and safety criteria- to fulfill

i.,	 Space Shuttle , program reQuire menu..

SOecifie safetsx requirements for all items or services purchased from
vendors ,antl subcontractors will be established.. All purchased items and services
will be obtained on procurement documents which are reviewed to assure incor-
Po `^
	

safety 	P 	
y

i.,

	

	 r^.t,o:a. of safe _ requirements.  ^ierif^cahe^n of com lianoeti will be assured b a
comprehensive program for sect :heck and surveillance ,Pf operations,,

Hazard classifications for storage, handling, and shipping will be iden-
tified for all explosive ordnance in accordance with NASA requirements. The
hazard classification for each item'or component, will be obtained from the,--
Department of Transportation (ICC) , and the military hazard classification will be
recommended. In compliance with contract requirements, Thiokol will submit an
Explosive Component Technical Data Package for each explosive itern or component

^	 which. does not have a hazard classification listed in the Federal Catalog. 	 -

The Safety Program will provide development of ordnance technical data
as specified by NASA. Data cards for explosive items -will be prepared, as required

2®11
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m.

{[ by the item detail specification. 	 Lot acceptance firing data, such as time and
pressure charts. for explosive items will be reported in accordance with NASA r
requirements.:

:Explosive ordnance items will be color coded in accordance with NASA
S

requirements-.	 Marking, handling, storage, and transportation of explosive s	 ,
ordnance items will be in accordance with NASA requirements and. Department
of Trams^portation regulations.

s 2.1 1-' 6 —
 
  Publications

C

T iokol will provide the necessary 	fh	 p 	 ary personnel , materials, facilities, and

`
services to establish a Publications Organization in support of the Space Shuttle
SRM Stage desi''g	 gn, verification, PFR'i', GTl1, FTH and Production Programs. .

^ i r

The Publications Organization will be; responsible for preparation of ail r,;
tecimical manuals and-technical orders, for editing, illustrating, compositing,

, qutality assurance, printing, and binding all contractaaally required reports and for
-'	 providing rep oductioi services throughout 	 plant to reproduce engineering

R drawings and specifications, manufacturing shop travelers, quality control
4

inspection, sheets, safety requirements sheets, and any other program iniscell°
aneous data.

x
c>

0

R

a
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2.2 SYSTEM ENGINEERING (PROJECT 2.0)

s The system engineering project encompasses the following functions as
described in the following paragraphs.

1. Project Engineering

2. System Engineering

3. ;Reliability

4. Configuration Management	 -

5. Maintenancte Engineering

G. Mass Properties Control

2.2.1 Project Engineering

Thiokol will provide the necessary , personnel, materials, facilities, and
services to establish a,` 'Project Engineering Organization for conducting the Space
Shnti;le SRM Stage design, Verification, PFRT, GTE, F°TH, and Production Programs.
This Project Engineering Organization will be responsible for planning and scheduling
the technical effort to assure compliance with program technical aiifl schedule
requirements.

The Project Engineering Organization will interpret customer and Thiokol
internal requirements and direct the incorporation of these requirements into
the Systems Requirements Analysis and appropriate Engineering Specifications and
Drawings.

Project Engineering will plan, budget, coordinate, and monito-r all technical
effort on the program. This will include preparation of Engineering Work Orders
defining specific tasks to: be performed, specific performing organization, and
detailed budget for accompl sl;:ment of the work effort.

f

Project Engineering will approve all engineering effort by signing all
technical data such as specifications, drawings, technical reports, etc, prior to
release to other organizations within Thiokol and prior to submittal to NASA.

Project Engineering will be the official technical representative of Thiokol
at all program meetings with NASA and with vendors.

2-13
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2:2.2	 System Engineering t
F

Y.

Thiokol will provide thj; necessary pe ►i°sonnel, materials, and service to
conduct a	 stems Engineering ^rnalvsis for deveio in theSy	 g	 g '	 p	 g	 Space Shuttle S1uT^i Stage

{ designs, requireents baseline and product configuration baseline, and the Ground
Supportt^quiprment (GSE), facilities, per ^onnel,	 nd' procedural data reggred for
the launch site.

o	 System engineering is the o;rdiF^rly definition of system baselines and haseline
changes through the use of uniform den-unientation, engineering reviews, and standard
procedures.	 System engineering leads to an orde'^ly- develo- pment of the program
requirements baseline, ,qu	 the design irequnrement baseline, and . the product configuration„
baseline.	 A constant iteration of the aualvses will be conducted to assure that, as q

the design becomes more definftive:, the control becomes more restrictive. 	 Constant
t	 iterations assure that the des' 	 effort is constrained to comply with identified

system .;requirements.

System engineering/'will be conducted to satisfy the following specific {
objectives.

it 3

t

k	 1.	 Define airborne hardware, ground support equipment,
facilities, personnel, and procedural data that are
required to ;fulfill system requirements, thus eliminating
the possibility of overlooking these details. ^,

-__	 2.	 Develop performance, design, and quality assurance
requirements during early design on the basis of the
integration and tradeoff of system performance f
requirements, system elements and system and end
-item design constraints.

3.	 Interrelate the system engineering and design effort
in the development of equipment requirements, facility
requirements, checkout and assembly philosophy,
transportation and handling philosophy, personnel
requirements, training requirements, test requirements,

^ 	 procedural data requirements, etc.

.	 4.	 Verify the compatibility between all elements of the
SRM Stage and those of other contractors or agencies
through study of the functional 'analysis data developed'
by other contractors.

5.	 Define the intersystem and intersystem interfaces of
each step throughout the definition and acquisition
processes,

2-14

i

1

}



unresolved problems.

7. Develop source data for determining training require-
ments such as: training cou rses, training equipment, etc.

8. Develop source data for dete rm ining logistic require-
„ ments needed to support the SRM Stage.

9. Develop source data for deriving operating and mainte-
ance procedures for the SRM Stage.	 =^

10. Establish documentation which will provide for clear and
concise communication of requirements betwc,e-n NASA
and Thiokol and between Thiokol and other contractors.

11. Provide the• technical basis for configuration iiianagbment
activities such as: the definition and justification of
p rogra ►n requirements: the establishment  of the program 
requirt ments baseline, design requirements baseline,
and product configuration baseline and development of
specifications.

The systeni engineering proces- prm ides the control and documents the
design and requirements used I)v the design engineers in the de%elop--
ment of the contract end item coverall requi rements.	 The system engineering
process will be used to control and document the decisions and constraints of the
following disciplines.

1. Maintainability : Overall system maintainabilitt-
requirements will be documented including human=-
factors which are involved in each maintenance
operation,.	 Human limitation, minimum time to
accomplish maintenance tasks, and the use of the
lowest possible level of skills is of prime
consideration.	 The maintainability requirements will
be included as a part of the System Engineering
Documentation.

2. Safety: Safety requirements K ill be documented in the
Systems Analysis. Safety will be given prime conside=r-
ation in the evaluation of factors involved in tradeoffs,
and spacial studies related to handling, transportation,
storage, assembly, checkout, etc.

2-15
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6. Provide all necessary information and/or known
problem areas to NASA for tho resolution of
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3. Reliability: The results of 
C 
reliability studies "d

reliability requirements will be documented in the
Systems Analysis.

r	 4. Logistics: Types of personnel, equipment, and facilities
for the system will be developed and included as a part of
the system engineering development and documentation.
Special consideration will be given to the personnel, equip-
ment, and facilities that are available and have been used

t	 in previous programs.
L _;

Thiokol has developed a systems engineering organizational structure and
working procedures which lead to close working relationship between the systems
engineers and all other engineering specialists. Thiokol has also developed
effective channels of communication among all engineering disciplines including

'airborne equipment and ground support equipment design, logistics, safety,
k

	

	 rejiabi.lity, maintainability, etc, 'to assure their timely response; to and inputs
into the system engineering' effort.

System engineers prepare the system requirements analysis documentation
with assistance from the support and design engineering organizations. Airborne
equipment, ground support equipment, maintenance, Facilities, personnel, and
procedural data requirements are identified by s` stem engineers. Associated

`

	

	 design, specification, and manual preparation are performed by design engineers,
specification engineers, and technical manual writers, respectively.

A

2.2.3 Reliabilxity

alai

}

3x

t
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x

i
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f

Thiokc-4 will provide the necessary personnel,. : materials, and services to
^^ t

s
conduct a reliaility program in accordance with !!ySA reliability program require-
ments.	 This program will be an extension of the current reliability programs
being conducted for the 111ir Force in accordance with AUL-STD-785A, Reliability
Programs for Systems and Equipment Development and Production, and' for the {

avy in accordance with NAVWEPS OD 29304, Guide Manual for Reliability)
Measurement Program. If

Thiokol will prepare and submit a Reliability Program Plan. 	 The plan will
include all reliability program elements required by NACA and will describe the F
integrated Thiokol effort in achieving a reliable' SRM Stage for operational use.
The work tasks assigned for the reliability program will be described-,in the
Reliability Program* Plan. 	 These tasks wilt prescribe work effort procedures, and

`.,documents required.by the specifications ,end Statement of Work.	 The task: in
general will be (1) reliability program planning and administration, (2) reliability';
requirements and prediction, (3) parts improvement, (4) suppler reliabilit y control,
(5) reliability indoctrination and training, (E) product assurance evaluation,, j

2-1fi
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(7) process surveillance, (8) failure reporting apd corrective action, and
(9) reliability evaluation and demonstration.

The Reliability Program Plan will be written as a working document for
implementation as a contractual document during the Verification and Production
Programs. Quantitative requirement studies will be included to allocate require-
ments to component level. Methods for achieving requirements and implementing
the controls will be included.

Interfaces of the working organizations and descriptions of implementation
procedures will be provided in detail in the Reliability Program Plan. Requirements
for supplier reliability requirements will be included. These will consist of pro-
visions in major supplier purchase packages. for a program plan, failure report
system, process monitoring, and periodic reporting to Thiokol.

Numerical reliability requirements, specified b y NASA for countdown
and flight reliability requirements, will,;be used as the overall goal of the program.

Thiokol will conduct a Reliability Demonstration Program in accordance
with NASA requirements. The total number of" .motors in the Verification. Program
is not sufficient to establish that motors are meeting formal reliability regtiirements.
All motors after, verification will be evaluated, and t4I^- results will be accumulated
for continued reliability demonstration in the subsequent Production Program. The
probability of motor failure will be assessed using variables type data because the
number of applicable tests will be insufficient to provide a satisfactory' measure
of motor reliability on an attribute basis. The variables data accumulated for the
10 static ,fired verification and PFRT motors will provide the basis for a realistic
appraisal of the SRM reliability at this phase of the program.

Thiokol will. prepare and implement a. Reliability Demonstration Plan in
accordance with NASA requirements. This task will be completed using the
communication channels, forms, and procedures identified b y NASA.

Thiokol will schedule periodic program reviews to assess status, progress,
and problems, as required by NASA, and will support specified reviews and
working group meetings by supplying appropriate, charts, graphs,, grid reliability data.

Thiokol will prepare and submit reports and documents% in accordance with
NASA requirements. These will include Reliability Pretest Declaration, Post-Test
Reports, Reliability and Failure Reports, and Reliability Status deports as required.

2.2.4 Configuration Management

Thiokol will provide the personnel, materials, and services needed to
conduct a configuration Management Program for the Space Shuttle ,solid Rocket
Motor Stage. This task includes the effort necessary to conduct a ebnfiguration

2-17
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Identification, control, and accounting program to assure configuration management
and control of the SRM Stage. This program will he an extension of the configuration
management program principles of MIL-STD-483 (USAF), Configuration Management. 	 r; r
Practices for Systems, ,Equipment, Munitions, and Computer Programs currently in
effect on Air Force Programs.

The Configuration Management Program will include continued indoctrination	 3 4i^	 g	 g
of the employees, subcontractors, and vendors whose efforts are related to, and inusf^
interface with, configuration management. Configuration management will be
imposed upon subcontractors and vendors by the use of the folloi^ing Thiokol Standards.

1. TW-STD-123, Configuration] Management, Chemical ]Raw
Material Supplier.

2. TW-STD-124, Supplier Quality Assurance 'System,
Chemical Raw Materials.

o	 3. TW-STD-125, Configuration Management, Systems,
)Hardware, and Component Suppliers. 	 ^ r

These Standards, establish the minimum 'requirements for the supplier
configuration management and quality assurance systems. 	 They require that the^	 g	 q	 q
supplier Establish a configuration baseline before qualification of the product, or
maternal,^,and prohibit any,,:change of material, manufacturing equipment, production, -
or process methods from the baseline configuration.

Thiokol will prepare a Configuration Management Plan that describes the
implementation of contractual configuration management requirements of the Space n	 ;^
Shuttle ]Program.

Thiokol will implement the configuration management identification require-
t^	 {Y

ments for Space Shuttle equipment, serializatioh, engineering drawings and
associated drawing lists, nomenclature and nameplatep, and descriptive dentifica-
tion data in accordance with applicable NASA requirements.

Thiokol will prepare and maintain a, current indentured parts list defining g
the approved design configuration.

NASA and Thiokol end item serial numbers will be assigned _to each
Configuration Item (CI) in the initial stage of manufacture. 	 All end item serializa-
tion will be in accordance with NASA requirements. 	 Delivery of a CI for each
Government serial number will not be required, and the delivery of completed ClIs
need not be by sequential Government serial numbers. 	 A listing of requirements

o	 serialization of materials, 	 arts	 and assemblies will befor lot numbering. and serza	 a	 n	 e	 parts, Y.:

submitted to NASA for concurrence.	 The use of lot numbers and serialization will ^.n

be controlled by drawing and specifications.



o

A nameplate or decal will be affixed to each CI, following satisfactory
completion of acceptance tests. The nameplate or decal will include model
numbers, serial numbers, and other data required by NASA.

4

Prior to Physical Configuration Audit (PCA), Thiokol.will generate and
a

	

	 maintain internal configuration identification records for all items. The records
will b,. , kept current by expanding, to cover the Space Shuttle Program, an existing
computer configuration accounting .system developed for the Minuteman Stage I
internal configuration identification system.

Thiokol will participate in and support the Space Shuttle Interface andt Space- Control Program in accordance with NASA requirements.

Engineering Change Proposals (Class I or II) will be submitted 'only if They
are considered mandatory to meet the requirements of the Space Shuttle Program.
Ine is required, the proposed change will be prepared in thethe event that a change	 q	 ^	 p p	 g	 p P
proper format in accordance with NASA requirements. These proposed changes
will be,' submitted to the designated NASA cognizant agency.

^	
1

v
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2.2.5 Maintenance Engineering
f

Thiokol will provide the necessaryt- p  personnel., facilities, materials, and
services to perform a thorough and complete Maintenance Engineering Analysis
'(MI A). The MEA will be conducted for each reparable contract end item to the
lowest applicable level of repair. The analysis depth will be based , on the main-
tenance "philosophy and requirements of NASA ind Thiokol. Most maintenance

l	 functions to beerformed at the Kennedy Space Center KSO w i li he of the remove-
i

p	 Y P	 ^

install, inspect,. and checkout nature, thus requiring- ,a minimum support for main-
tenance at„CSC.

ILI
Format and content of the MEA will be in accordance with the MEA require-

ments of -1-TASA .

r
The MEA will be performed to identify the following:

`	 -	 1. All 'SRM system preventive maintenance, functions
r	 required on a completely installed SRM Stage in its
t operational cdfifi uration and the supporting GS,E.'	 p	 g	 pp	 l;

All unscheduled maintenance funs-tions which can be 	 t
accomplished on equipment items in a system installed
configuration to restore the system to an operational
configuration.

3. All maintenance functions required on each reparable 	 {
t ,=	 assembly which may be removed/installed in the	 I

system-installed configuration.	 t
i 	 r

4. JAIL maintenance functions required on each reparable'
assembly which may be removed/ ins talled only after

`

	

	 its higher assembiy has been removed from the system;
installed configuration

The MEA will amplify each maintenance function identified in terms of:

1. Preventive maintenance functions and recommended
frequency.	 !7

S

E	 ?. Unscheduled maintenance functions and the failure
rate which leads to its frequency.

3. rciuipment recommended to perform the maintje ance
function.	 1.

}
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4. Location of maintenance functii^n performance.

5. Personnel requirements 'in terns of type, time,
and num'jber of personnel,

6. ^,Provisivaning information for each indenture. This
data fAll be used to plan spares quantities, types,
and ^ equency.

7. Procedural and/or technical data required to support
each maintenance function.

3. Facility requirements to perform each maintenance
function.	 r^"

li

9. Equipment calibration requirements.

Equipment design specifications will be _prepared for each deliverable item
of maintenance ground equipment identified by the MEA. The first section of the 	 `\
specification constitutes the design criteria extracted from the MEA., This criteria

i^ includes the functional requirements which are necessaryand sufficient far reaching
a contractual agreement V^ith NASA prior to initiation of she detailed design. Maxi-
mum consideration will ., be given for selection of off-the-shelf commercial equipment
currently available and equipment already available in the government inventory
before any design of new equipment will be recommended'.

A summary of calibration .requirements for items of Maintenance Ground
Equipment, Ground Support Equipment, and SRM Stage equipment will be prepared.
This summary will be a tool to be used in evaluating 'existing, or establishing new 	 v
calibration standards based upon ground system operational and maintenance
characteristics. It will include measurement requirements for all applicable
equipment.

A time line analysis will be conducted to provide source data for technical:
evaluation of equipment and personnel reaction:, times and analysis and evaluation
of support system characteristics. The analysis will be performed for operations
involving_time-critical functions. The time line\-Analysis will provide data for
determining the required quantities of maintenance ground equipment, personnel,
spare parts, and to determine system downtimes for scheduled and unscheduled
maintenance.

The MEA data approval will be obtained through NASA per procedures to be
identified by NASA. Pending the approval indicated, Thiokol will use the data
developed for controlling internal design efforts such as equipment design,
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procurement, technical manual development, etc. 	 Documentation changes not
r

involving detailed de..^ ;r 'a	 ng	 ^	 ^ig>i requirements .,: personnel and quantities will not require ^	 ik
approval.

0

Analysis changes will be initiated in response to problems identified during
preliminary design, design reviews, detailed design, engineering testing and follow-
on test programs, technical manual reviews, spares provisioning, equipment pro- 	 ^,,
curement, and operational usage.	 Time lags will be eliminated n, using working 
copies of the changes documentation. "A working copy is defined as any revision ;	 x
technique that produce's a readable, -reproducible and controlled prototype of the }
final product.	 The objective is to provide control over detailed design efforts 13nd
timely distribution and utilization of MEA .source data.	 Thiokol will maintalfil ^a

timely and accurate system of control ,and distribution of MEA data for use ayr a
--' 'designers, technical manual writers, provisioning groups, etc. <This systen' of

control is analogous to that which is used for production drawings.

2. 2.6	 Mass Properties Control

Thiokol will provide the personnel, materials, facilities, and services f
necessary to establish a system of mass properties monitoring and control in
accordance with MIL-M-38310A (USAF). 	 In addition, this effort includes develop-
ment and maintenance of mass properties objectives, and planning and execution of
a mass properties control plan.

5

The implementation of this control plan will assure compliance with- the
i A

ma^;:s properties requirements specified by NASA, and will assure that the required
data are reported accurately and on time..

2. 2. 6. 1	 Monitoring and Control

E„ The Space Shuttle mass properties requirements and objectives have been
developed by NASA.	 The mass properties control program conducted by Thiokol
will establish a system of mass properties monitoring, control, and maintenance
of mass properties objectives using these developed requirements, in accordance

3 with the requirements of MIL-M-38310A (USAF).'Qualified personnel will develop
the mass properties control and, monitoring system and, will be responsible to
assure that the specified mass properties objectives are attained.

2.2.6.2	 Planning and Execution

_ The mass properties group will function as a central source for data
acquisition,.:kissemination, review, and reporting. 	 Mass properties personnel,
working with , scheduling and plannin 	 p el'tionnel, will delineate a system by which i

F
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the mass properties data, determined during the manufacturing cycle, will be
submitted to the responsible mass properties engineer for review to assure that
program objectivEs are not impaired. The'data will be in the form of an inhouse
control standard, If, during the course of data review, an adverse trend that
codld impair program objectives is indicated, the mass properties engineer ~gill
be ies Pons ible Ao notify the project office so that corrective action can be initiated.

In, conjunction with these responsibil4ies, the mass properties engineer
also will monitor data developed by subcontractors. The contractor mass prop-
erties personnel will assist subcontractor personnel in developing a plan which
will assure accurate and timely data reporting, ` 'and a means by which adverse
trends can be detected and corrective action initiated.

i(
2.2. 6.3 Mass Properties Reporting

Mass properties reports will be developed' during the verification and
production program, in consonance with the requirements of MIL-M-38310. These
reports will be disseminated in accordance with the Data Procurement Document
requirements



o

o
`tr

f

ij

= 2.3	 SOLID ROCKET MOTORS '(PROJECT 3.0) r'^

Under this project Thiokol will provide the personnel, services, materals,
and facilities necessary to perform the design, receiving inspection, coxnponen
qualification, rocket motor manufacturing, and testing of the verification and

zPERT motors and the manufacturing, delivery, and erection of the Solid Rocket
Motor Stages for GTH, FTH, and Production Programs. Component design and }

l qui l fication, rocket motor design and manufacturing,, verification motor and'
F1 RT motor testing 	 and GTR, FTH, and Production Manufacturing, delivery.,
and erection are discuss(--d in detail in the following paragraphs•.

21 .3.1	 Case (Task 3.1)

Under this task, Thiokol will provide the personnel, services, materials', .,
and facilities necessary to perform dw- design, receiving inspection, and
qualification testing of the solid rocket motoa • case.	 The receiving inspection
and case preparation up to insulating the case will' be performed for al l cases

4

for the verification, PFRT, GTH, FTH, and production programs.

f 2.3.1.1	 Case Configuration;

r
Thiokol will design a 156-in, diameter segmented steel case for use in

the Solid Rocket Motor Booster for the Space Shuttle system. 	 The case will be
designed with a burst factor- of safety of 1. S MEOP using 200, 000 psi minimum'
yield strength. 	 The motor case will be fabricated to the NASA approved Thiokol
design disclosure from D6AC steel. 	 The case components will be procured from
a vendor who has demonstrated his ability to produce high quality rocket motor
cases from D6AC steel.

2.3.1.2	 Qualification Program
F,

Case qualification will be accomplished ray receiving, inspecting, and W
hydroburst testing two case assemblies consisting of a forward segment, a
center segment and an aft segment in each test.

vi addition, forward and aft segments with integral skirts will be tested ^..
structurally as part of the interstage qualification testing described in Project
4,; 0.	 The case segments will be instrumented to measure structural loads and. a
deformation while the interstage structures are being destructively tested.

k
2.3.1.3	 Program -Completion

Case qualification will be considered successfully accomplished when the
forward and aft closures with integral skirts have demonstrated capability to
withstand flight induced loads, the two hydroburst tests hs ve demonstrated the
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pressure integrity of the case design, and the verification and PFRT motor test-
ing has been completed.

2.3.1.4 Program Cases

All rocket motor cases for use in the Space Shuttle Program will be proof
tested by the vendor at a pressure equal to ,1.2 times MEOP prior to being shipped
to Thiokol. Gases for the motor verification, PFRT, . GTR, FTH, and production
programs will be received by Thiokol, inspected, and prepared for insulation
under this task.

2. 3. 2 Internal Insulation Qualification (Task 3.2)

Under this task, Thiokol will provide the personnel, services, materials,
and facilities necessary to perform the design, fabrication, assembly, and
qualification testing of internal insulation. In addition, Thiokol will fabricate
insulation for all -motors in the development, PERT, GTH, FTH, and production
motor programs.

2.3.2.1 System Configuration

The internal insulation components will be designed to provide protection
to the metal case throughout motor action time. An appropriate factor of safety
commensurate with manrating requirements will be applied. The internal
insulation will be fabricated from asbestos-silica filled NBR to the NASA approved
Thiokol design disclosure. The internal insulation components include the segment
wall insulators and the propellant stress relief flaps.

2.3.2.2 Qualificatf6n Testing

The internal insulation qualification program will be conducted in three
phases.,

Phase I--Laboratory tests will be conducted in accordance with the Thiokol
Material Specifications to determine the physical and chemical properties and
insulating characteristics of candidate asbestos-silica -filled NBR insulation
materials.

Phase II--Four candidate insulation materials will be tested further in accord-
ance with the matrix shown on Table 2-2. These tests will be designed to
evaluate the bonding characteristics of the liner-insulation combinations All
testing will be performed in accordance with the master schedule. Only the
most promising candidates will be used in Phase III.

Phase IIIm=-In this final phase of the program Thiokol will conduct the specific
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TABLE 2-2

TESTING MATRIX FOR ALTERNATE SOURCE INSULATION MATERIALS

Four Candidate Insulation i
Materials No. 1 No. 2 No. 3 No.	 4	 !II

Characterize Bond to
Propellant

f
Liner Ti- iciness None 0.045 0.065 None- 0.045 0.005 None 0.045 0.065	 None 0.045 0.065

f

Tests and No. of
Specimens

Propellant Adhesion 3 5 3 3	 5 3 3 5 3 3	 5	 3,
Cup

130 Jeg Peel 3 5 3 3	 5 3 3 5 3 3	 5	 3

Characterize  Bond cto

Case

Tents and No. of
Specimens

Adhosiun Disc -- 3 -- --	 3 -- -- 3 -- 3

180 Deg Peel -- 3 _- __	 3 -- -- 3

;- r
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tests and quantities defined in Table 2-3, to demonstrate and verify the following.

1. Component Fabrication Verification— The insulator
manufacturing tooling procedures and processes
result in insulation material that will properly bond
to the D6AC steel case and to the liner.

2. System,:6ond Strength 'Verifica-'an-- Thiokol Is
capability to produce and process insulation meet-
ing all requirements of the indit, idual materials
specifications, and the composite system (case,
insulation, liner, propellant) bond strength
requirements in the SRM specification. The
specific tests and quantities are defined in
Table 2-3.

To assure that the data from the sample testing wil l be representative of
the full scale [motors, liner and propellant used for. these samples will be taken
from full scale mixes prepared during the initial liner and propellant standardi-
zation.

These composite test specimens will be prepared from materials which
have been subjected to the same environment they will exneri.eTlce during normal
motor processing. The insulation. material will be cured in the same manner and
for the same time-temperature history as the motor insulator would experience.
After removal of the molding tooling, the insulation specimen will be prepared
for liner application using the same process as specified for the motor. Liner
will be applied and cured for the prescribed time-temperature history. Propellant
will be cast and cured using the motor time-temperature specifications.

Composite test specimens will be prepared in accordance with NASA approved
Thiokol specifications.

The candidate alternate source insulation materials successfully passitsg
all of the tests defined will be utilized to fabricate a minimum of two of each
configuration of insulators for use in the verification motor program. Post-test
examination of each insulator used in the verification motor program will be
accomplished to discern any differences among the candidate materials. Each
candidate material will be examined in detail to determine insulation character-
istics in actual motor testing. Candidates considered adequate for motor use will
be further tested, in the PERT motor test program. All candidate materials which
successfully pass verification and PERT motor testing will be considered as
acceptable alternate materials for use in the production program. All insulator
fabrication tooling, processes, mid procedures for use in the production program
will be developed and demonstrated during the verification and PERT motor
programs

2-27

r

i



r11

III

I

.M	

:/	
.t{

r	 1

	

,vueae	 v,

	

X	 X	 X

3 5 3

51 3

3 3

` .mi."e'°'^°"-"'.....	 r	 .

_.

rnn++4L1NSIe

'.1	 ',r	 N:..	 c.	
_

..	 -.n '

I°'»M^»,pAe

1

TABLE2- 31

BESTING MATRIX TO DEMONSTRA f
FABRICATION CAPA

n
Insulation. Material Candidate X

_

Diner Thickness (in.) None	 0.045	 0.065

Propellant X	 X	 X

Test and No. of
t:. Specimens

N
Double Plate 'Tensile 3	 5	 13

g . 00

Double Plate Shear 3	 5	 :3
y.

r

w

96 Deg feel
_

_^

3	 5	 3



2.3.2.3 Qualification 'rest Completion

The internal insulation qualification will be considered complete when the =Ji^;. "
laboratory testing and inspection of insulators and materials demonstrate that
they meet specification requirements. Final qualification of the system will be
complete at the end of the PFRT motor testing 'program.

2.3, 2.4 Program Insulation

Insulation materials for the GTH, FTH, and production programs will be
x6ceived and inspected by Thiokol using the specification developed during the
insulation qualification program. In addition, ` insulators for these programs will
be fabricated using the tooling, processes and procedures developed and demon-
strated during the verification and PFRT motor programs.

2.3.3 Propellant and Liner Demonstration (Task 3.3)
1!

Under this task, Thiokol will provide the personnel, materials, services,
equipment, and facilities necessary to demonstrate that the propellant and liner
produced by Thiokol for the Space Shuttle Solid Rocket Motor will meet the
requirements of the Space Shuttle Program. In addition, personnel, materials,
services, equipment, and facilities will be provided to line and cast all motors
for the verification, PFRT, GTH, FTH, and production motor programs.

2.3.3.1 Configuration

Thiokol will produce TP-111011 propellant and OF-1121 liner in accordance
with the inprocess, ballistic, and mechanical properties requirements specified
in the NASA approved Thiokol design disclosure. Paw :materials will be procured
from Minuteman qualified vendors and will be manufactured to the Space Shuttle
specifications.

2.3.3. 2 Verification Testing

Thiokol will make two full size mixes of TP-H1011 propellant to evaluate
variation of oxidizer grind ratios. Ballistic and physical property data will be
determined` from nine 5-in. diameter center perforate (CP) motors, 27 uncured
strands and nine 1/2 gal loaf samples from ea6h mix. Normal QC data will be taken.

Thiokol will male two full scale mixes of liner from which physical property
data will be determined to show that the liner "meets specification requirements.

From the above mixes of propellant and liner, the required number of
samples will be prepared in accordance with Task 3.2, above, to support the
demonstration of the insulation, liner, propellant bonding system. All propel _art

o	 Y
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and liner specifications, processes, and procedures required for use in the motor
program will be developed and submitted to NASA for approval.

2.3.3.3 	 Verification Completion.

The propellant and liner verification program will be considered complete
when the following is accomplished.

1.	 The test motors manufactured during standardization
€	 demonstrate ballistic performance that meets the

requirements of the Thiokol design disclosure.

2.	 Laboratory tests demonstrate that the propellant;
and, liner meet	 the physical property requirements
of the Thiokol design disclosure.

Final qualification will be complete at the completion of the PERT Program. u

2, 3.3.4	 Program Propellant and Liner
p

x'

6.	 All propellant and liner materials will be received, inspected, and accepted 1'
in accordance with the approved specification developed above. 	 All propellant and `.

t	 liner for use in the verification, PFRT, CTH, FTH, and production motor pro-
.	 grams will be manufactured under this task using the NASA approved specifications.

K
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2.3.4 Flexible Bearing Nozzle Demonstration (Task 3.4)

Under this task Thiokol will provide the personnel, services, materials.
and facilities necessary to peAorm the design, fabrication, assembly and qualifi-
cation testing of the flexible bearing movable nozzle. In addition all nozzles for
the motor verification, PERT, GTH, FT-,H, and production programs will be received
and inspected under this task.

2.3.4.1 System Configuration

The Solid Rocket Motor nozzle will be movable submerged design with a
flexible seal bearing providing omniaxial movement capability. Forged steel com-
ponents form the primary structure, and provide for motor and flexible seal bearing
attachment. The nozzle structural elements are covered with ablative materials, 	 J

which protect and insulate the metallic elements and the flexible seal bearing and
form the nozzle flow contours. An ablative nozzle throat will be used.

The nozzle will be procured from atechnically approved nozzle fabricator.
The nozzles will be fabricated in accordance with the requirements of the NASA
approved Thiokol design disclosure. The flexible bearing seals will be fabricated`
by Thiokol and provided to the selected nozzle vendor. Types of materials and
material performance requirements ,rather than specific materials and sources
will be required by the design disclosure documents. The materials used by the
nozzle vendor must meet the requirements of the applicable specifications before

''v approval for use.

2.3.4,2 verification Program

The following environmental and functional tests will be performed on nozzle
materials, parts, and assemblies.

2.3.4.2.1 Ablative and Insulative Plastic Materials and Coillponents

Three flat slab test samples will be molded from the vendor's first lot of
certified raw materials for use in acceptance tests. Five test coupons will be cut
from each test slab and tested for density, compressive strength, tensile strength,
resin content, and volatile content. Individual coupons will be utilized for more
than one test wkgere possible. Test results will be tabulated and used to establish
controls for subsequent lots or batches.

Three finished samples of each plastic component part, selected randomly
by Thiokol, will be submitted to Thiokol for inspection and destructive testing. The
following tests will be conducted: vi$ual and dimensional inspection, X-ray for in-
ternal defects, density, tensile strength, compressive strength, resin content and
volatile content. When this part successf Lilly completes all testing, the remaining
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parts in the lot will. after inspection, be incorporated into nozzles for static or
environmental testing.

In addition to component part testing, the various:a.terials bond compatibility
and bond , strengths will be 'tested. Four test samples will be made up of the materials
combinations and adhesives exactly as they Occur in the nozzle. Two each will, be
tested for bond shear, and two for tensile strength.

2.3.4.2.2 Metal Parts

Two of the structural -steel components will be subjected to visual and
X-ray inspection. Then each of the parts will be subjected to hydroburst testing
to demonstrate that the design raeets design requirements,

2.3,:,.4.2 . 3 Flexible Seal Hearing

Two flexible seal bearings will be fabricated and subjected to testing. Each
bearing will he installed in a test fixture and leak tested. Then each bearing will
be actuated to determine actual deflection and pivot point location while pressurized.
Each bearing will be tested to determine its natural frequency at various deflections.
.After successfully completing. the above tests. each of the two bearings will be de-
structively tested by increasing pressure deflection angle and cycling rate until
failure occurs.

2.3.4.2.4 Nozzle Al ssembly	 it

One complete nozzle assembly will be subjected to temperature, humidity,
and missile vibration environments'. Before and at the completion of, environmental
testing, the nozzle will be inspected to determine its integrity. The tests will be
performed in accordance with the master schedule. This nozzle then will be installed.
and static tested on verification motor No. 2. Nine new nozzle assemblies, fabricated
using tooling, processes. and procedures intended for production, will be delivered
and static tested on the development and PFRT motor static tests.

2.3.4.3 Qualification Completion

The nozzle qualification will be considered complete when the tests outlined
in the preceding subsections- have been conducted, and the materials and nozzle shown
to meet specification requirements. Final qualification of the nozzle will be com-
pleted at the completion of PFFtT Motor Testing Program.

2.3.4.4 Program Nozzles

Nozzles for the GTH, FTH, and production programs will be fabricated by
the vendor qualified during the nozzle qualification effort described above.
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I	
These nozzles will be fabricated using the tooling, processes, and procedures

I	 developed and used during -the fabrication of nozzle: used for the motor verification

E
and PFRT programs.

2.3.5 Ignition System Demsotistration (Task 3.5)

Under this task, Thiokol will provide the personnel, service. materials.
and facilities necessary to perform the design, acquisition, fabrication, assembly,
and qualification testing of the ignition system. In addition, all components and
materials for the motor verification. PFRT, GTH, FTH, and production programs
will be received and inspected under this task. All inhouse fabrication of they
ignition systems for these programs also will be conducted under this task.

2.3.5.1 System Configuration

The ignition system consists of a high .mass flow rate short dt, rati oin, solid
propellant grain Pyrogen igniter contained in a steel case; a high mass floe rate,
short duration, solid propellant grain Pyrogen initiator contained in a steel case;
a pelletized pyrotechnic booster charge. and a modified KRSOOO() Safety and Arming
Device (S&A) . The i,niter will utilize TP-H10 1,6 , propellant. This propellant is
currently in production for usc- on the Minuteman Program. The ignition system
will be of the configuration defined in the NA SA approved Thiokol design disclosure.

2.3.5.2 Qualification Testing

Thiokol will qualify the Pyrogen igniter and Pyrogen initiator case design
aid fabrication by successfully hydrobursting three finished cases of each type.
These cases roust burst at or above design burst pressure to be considered success-
ful.

iThiokol will conduct adhesion tests to verify the bonds between the igniter
`propellant, liner, and insulation. There will be 40 adhesion specimens each for
i	 the internal insulation to chamber bond, ' external insulation to chamber bond, pro-

pellant to Hiner to internal insulation bond, and nozzle insert to chamber bond.

The hydroproof and hydroburst tests will include three specimens each
of pyrotechnic chamber, initiating Pyrogen chamber, and main 'Pyrogen chamber.

Six of the igniters will be static fired„to check ignition from & A to pyro
technic pellets to initiating Pyrogen igniter, and ballistic performance of the
initiating Pyrogen igniter. Six complete ignition systems will be static fired to
check the ignition and ballistic performance of the main Pyrogen igniter and to
test structural integrity and survivabi), `ity of the chamber. nuzzle insert and internal
insulation. Two systems will be temperature conditioned to, 65 0 F, two at 80°F and
two at 95 °F prior to static testing.
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Qualification tests of the ignition s ystem will consist of static firing three
ignition systems after being subjected to the environmental tests of transportailon
vibration, handling shock, temperature, and humidity. All testing will he performed
in accordance with the master schedule.

Thiokol will use a modified KR80000-09 Safety anti Arming Device for Space
Shuttle ignition application. This unit is the standardized S g A used on all three
stages of the Minuteman Program. Modifications can be readily made to comply
with manrated safety requirements. This program plan outlines the changes to be
made and testing to be performed to qualify the modified S g A device for use in
Lite Space Shuttle Program

2.3.5.2.1 Design Modifications

Modification of the KR80000-08 S & A to meet Space Shuttle requirements
Would consist of the following changes

t . A new 12-pin connector be require.t in place ul
existing 7-pin connector to provide two circuits for
fire-pulse-checkout of OW fire circuits in the safe
position.

2. The existing 4-pin connector and wire assembly will
be reworked. adding a fourth wire to provide two
separate any'! completely redundant firing circuits.

3. A new squib source control drawing will be required
to define the 1-amp. 1-watt squib, Hercules Part No.
S225DO, currently manufactured by Hercules Inc. for
use in the Titan S & A device. The existing squibs will
be replaced with these Hercules manufactured squibs.

4. The upper switch deck and rotor and its adjacent spacer
and retainer will be revised to accommodate the ad.:itional
checkout circuits and redundant fire circuits. A switch
similar to the one used in the KR81000 simulator will
be used.

5. A new motor adapter will be used to eliminate rotor
boun ce .

6. A new top assembly drawing and electrical schematic drawing
will be prepared tofully define the mcxiified S 6 A de-ice.
A new part number %.ill be used to ;dentify the modified
S 8 A device.
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7. A new specification will be prepared to define the qualifi-
cation and production requirements for revised S & A device.

2.3.5.2.2 Evaluation and Qualification Testing

An engineering evaluation and qualification test program consisting of the
tests and quantities shown in Table 2-4 will be performed to verify the adequacies
of the modifications. All testing will be performed in accordance with th ".1 master
schedule.

2.3.5.3 Qualification Test Completion

The ignition system qualifications will be considered complete when 9
-emplete igniter assemblies have been static tested and have met the performance
requirements defined in the CEI Specification. All ignition systems for the motor
verification and PFRT programs will be received, inspected, and fabricated, as
applicable, usi 4 the design disclosure, tooling processes, and procedures intended
for use during; the production program. nnal (Rialific•ation of the i r,rutiGn system
will be complete at the end of the PFRT Motor Test Program.

2.3-5.4  Program Ignition Systems

Ignition systems for the GTH, FTH, and production programs will be re-
ceived and fabricated as applicable, using the tooling, processes, and procedures
developed and demonstrat:d during the motor verification and PFRT programs.
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7. A new specification will be prepared to define the qualifi-
cation and production requirements for revised S & A device.

2.3.5.2.2 Evaluation and Qualific.-Aion Testing

Aengineering evaluation and qualification test program consisting of the
tests and q uantities shown in Table 2-4 will be performed to verify the adequacies
of the modifications. Ali testing will be pei formed in accordance with tho master
schedule.

. 3.5.3 Qualification Test Completion

The ignition system qualifications will be considered complete when 9
complete igniter assemblies have been static tested and have met the performance
requirements defined in the CEI Specification. All ignition systems for the motor
verification and PFRT programs will be received, inspected. and fabricated, as
applicable, using the design disclosure, tooling processes, and procedures intended
for use during the production program. Final qualification of the ignition system
will be complete at the end of the PFRT Motor Test Program .

2.3.5.4 Program Ignition Systems

Ignition systems for the GTH, FTH, and production programs will be re-
ceived and fabricated as applicable, us i ng the tooling, processes, and procedures
developed and demonstrated during the motor verification ind PFRT programs.

-35



f

a;art

'I Alil.t:2-4

IGNITION SYSTEM
SAFE; A •tD AII%I DEVICE 11UALIF'ICATION TES  W INIX

Performance Tosting
Visual Trans	 Vibration A(veleratlun Vibration Life ANAL Power to	 Tcmp Temp Squib 162 Post Tcsl

Inavectl ,ni ALNSJWYLi j'acka lld _ I1 a xis . (3 axlsl Cy_V^+ 'ta h. It Uevlcu 	 ii,,n,i,l,, Altitude uth S• cuibs	 Squib No. I	 &Leib No. 2	 Individually UsaysulnMu

F.n^I nPl • 1 ing
R valual I,si
(K units) 3 K ti K R 8 --	 3 --

lluallflcation
TesMng
(33 units) 33 33	 33 33 33 1 1	 33 U. 1	 3	 :t	 20 :43

(1) (1)	 111 ('L) (11 111 111 111 (3)

,2) (2)

	

NOTES: (1)	 At least (me electrical etu•ckout required at this point

(2) Checkout to Include fire pulse circuit check

(3) Three devices disassembled after environmental tereinit
Thirty devices disassembled after functional tests

+ilk 
00"10 

w"`"`: = =	 - "-- --" _°"tn©



2.3.6 Thrust Vector Control (Task 3.6)

Under this task, Thiokol will provide the personnel, services, materials, and
facilities necessary to perform the design, acquisition, fabrication, assembly and
qualification testing of the thrust vector control system. In agdition, all components
and materials for the motor verification PFRT, GTH, FTH, a,-id production programs
will be received and inspected under this task. All inhouse fabrication of the thrust
vector control systems will be conducted under this task.

2.3.6.1 S; :3tem Configuration

The thrust vector control system consists of a monofuel warm gas generator
providing gas to a gas turbine which, in turn, drives a hydraulic pump. The hydraulic
fluid is provided to majority voting servocont rolled tandem actuators arranged in
planes 90 deg to each other in order to actuate the flexible bearing nozzle in the pitch
and yaw planes. A control system, to control the complete power unit in response 	

if

to orbiter commands also is provided. In order to achieve high reliability two 	 4
complete power systems as d scribed above are provided to achieve system redundancy.
Either system can provide 75% of the power required to actuate the nozzle through
its full range at the maximum system required rate. The thrust vector control
systems will be fabricated to the NASA approved Thiokol desi gn disclosure.

2.3.6.2 Qualification Testing

Component prototype testing will be performed at the vendors. These tests
are to verify the design changes to existing hardware. Development bench te:.ting
on major new components, such as the tandem actuator using majority voting servos,
will require extensive vendor bench testing. Less critical actuation system com-
ponents will not require breadboard demonstration at the component level. How-
ever, system verification type bench tests using prototype hardware will he per-
formed at Thiokol preceding the final flight hardware production. Followin; these
prototype tests, the vendors will fabricate and check out the flight hard«are com-
ponents. Thiokol will perform Flight System Verification tests on the entire nozzle
actuation system preceding the vendor component qualification.

The qualification of the nozzle actuation system is a three-fold test. The
vendors will subject four flight hardware components to full-up qualification testing
including proof, temperature cycling, vibration, shock, and burst. This will be
followed by complete environmental system tests at Thiokol including proof, tempera-
ture cycling, vibration, shock, hot run, and burst. Final qualification efforts will
be to functionally test the full-up flight system on 10 SR)ti's during motor static firing.
All testis;:; will be performed in accordance %Kith the p laster schedule.
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2.3. F. 3 Qualification Test Completion

The thrust vector control system qualification will be considered completed
upon successful completion of the component and syst•., m testing described above.
Firaa. qualification will be completed upon successful completion of the motor verifi-
cation and PFRT tesUr.g using the thrust Er ector control system on each motor static
firing.

2.3.6.4 Program Thrust Vector Control Systems

Thrust erector control system for the GTH, FTH, and production programs
will be received and fabricated, as applicable, using the tooling, processes and
procedures developed and demonstrated during the motor verification, and PFRT
programs.

2.3.7 Thrust Termination (Task 3.7)

Under this task Thiokol will provide the personnel, materials, services,
and facilities necessary to conduct a thrust termination system qualification pro-
gram. The effort to be performed under this task consists of the design, receiving
inspection, fabrication, assembly, and qualification testing of the thrust termination
system. In addition, thrust termination systems for the motor verificaticn, PFRT,
GTH, FTH, and production programs x\ ill be received and inspect,-,d under this task.

2.3.7.1 System Configuration

The thrust termination s ystem will consist of a modified Minuteman
KR80000 Safe and Arm (S g A) mechanism, explosive leads and manifolds, end
primers, end fitting material, two circular shaped charge-s, and two I.ort stacks.
The components will be fabricated to the NASA approved Thiokol design disclosure.

2.3.7.2 Qualification Testing

The qualification of the thrust termination s y stem will include testing of
the end primer, the end fitting material, and manifold. The end primer will be
subjected to tests of initiation by detonator through a barrier, butt-to-butt transfer,
and side initiation.

Selection of primer explosive transfer lead material will be made to meet
the design requirements. The selection of internal transfer leads for the manifold
and manifold material will be made to meet design requirements. The manifold
will be tested for installation of looped lead, holding end tolerances, for normal
propagation, and for abnormal propagation. Also, the shaped charge will be tested
for ignition from various locations and angles.

:'W
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Development testing for angle of penetration, standoff, charge size and
penetration, and pressurized versus unpressurized vessels will be conducted using
33 complete breadboard assemblies on steel case sections with internal insulation
bonded in place.

Verification testing will consist of 30 complete assemblies mounted on steel
case sections with internal insulation bonded in place as shown in Figure 2-5. The
entire assembly will be subjected to environmental tests of transportation vibration,
flight vibration, temperature and humidity cycling, acoustic noise, and acceleration
before the ignition test.

Thiokol will use..a.modified KR80000-09 Safety and Arming (S & A) Device
for Space Shuttle thrust termination system application. This unit is the standardized
S & A used on all three stages of the Minuteman missile and has demonstrated a high
reliability on the Minuteman Program. Modifications can be readily made to comply
with manrated safety requirements. This program plan outlines the changes to be
made and testing to be performed to qualify the modified S & A device for use i ► i the
Space Shuttle program.

2:3.7.2.1 Design Modificationsj

Modifications of the Kit80000-09 S & A to meet Space SIIULtle requirements
would consist of the following changes:

I. A new 12-pin connector will be required in place
• of the 7-pin connector to provide two circuits for

fire-pulse-checkout of the fire circuits in the safe
position.

2. The 4-pin connector and wire assembly will be
reworked, adding a fourth wire to provide two
separate and completely redundant firing circuits.

3. The existing squibs will be replaced with detonators
applicable to the thrust termination requirements
and the squib housing will be modified to interface
with the explosive leads.

4. The upper switch deck and rotor and its adjacent spacer
and retainer will be redesigned to accommodate the
additional checkout circuits and redundant fire circuits.
A switch similar to the one used in the KR81000 simu-
lator will be used.

5. A new motor adapter \\ ill be used to eliminate rotor
bounce.
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6. A new top assembly drawing and electrical
schematic drawing will have to be prepared to
fully define the modified S & A device. A new
number will be used to identify the modified
S & A device.

7. A new specification will be prepared to define
the qualification and production requirements
for revised S & A device.

2.3.7.2.2 Evaluation and Qualification Testing

An engineering evaluation and qualification test program consisting of the
tests, and quantities shown in Table 2-5 will be performed to verify the adequacies
of the modifications. All testing will be performed in accordance with t he master
schedule.

One complete thrust termination system will be installed on verification
motor test No. 4 (DM-3). DM-3 motor will be static tested and the thrust
termination system will be fired during action time. All testing will l)e performed
in accordance with the master schedule.

2.3.7.3 Qualification Completion

To the maximum extent possible the tooling, processes, and procedures
intended for production will be used during the fabrication of the thrust termination
systems for component testing and the one assembly for use on the verification
motor test.

The thrust termination system qualification will be considered complete when
the environmentally conditioned thrust termination systems are tested successfully
and meet specification performance requirements. Final qualification of the system
will be complete with the thrust termination system test on DM-3.

2.3.7.4 Program Thrust Termination Systems

All thrust termination systems for the GTH, FTH, and production pro-
grams will be received, inspected, and/or fabricated under this task. All program
systems will be fabricated using the tooling, processes and procedures proved
out during the thrust termination system qualification effort.
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2.:3.8 Power, Electrical, Avionics (Task 3.8)

Under this task Thiokol will pr(wide the necessary personnel, materials,
services, and facilities to conduct a qualification program for the power, electrical,
and avionics system. The effort to be performed under this task includes the desigii,
receiving inspection and/or fabrication, assembly and qualification of the power,
electrical and avionics system. In addition, power, electxi-cal, and avionics
systems for the motor verification, PFRT, GTH, 1' m and production programs
will be received and inspecV.-d and/or fabricated under this task.

2.3.8.1 System Configuration

The power, electrical, and avionics systems for the SRM Stage of the Space
Shuttle consists of an instrumentation system, a malfunction detection system, and
a system of electrical cables to interconnect the SRM ignition systems, the instru-
mentation systems, and the malfunction detection systems between the SRM's and
to the Space Shuttle.

The SRM instrumentation system consists of an instrumentation enclosure
containing the signal conditioners and external power switching circuits, ar instru-
mentation battery and those end instruments required to supply subsystem events
to the instrumentation enclosures.

The malfunction detection system consists of three operational pressure
transducers and a solid state electronic comparator circuit to provide a chamber
pressure signal to the Orbiter.

The electrical cable system consists of all the cables required to interconnect
the thrust vector control, thrust termination, ignition, malfunction detection, and
instrumentation system within the SRM Stage and those cables required to interconnect
the SRM Stage with the Space Shuttle Orbiter.

All components and assemblies of the power, electrical, and avionics system
will be fabricated to the NASA approved disclosure.

2.3.8.2 Qualification Testing

The power, electrical, and avionics system will be qualified by qualifving
the individual subsystems separately and then utilizing these subsystems on the
verification and PFRT motor static tests.

The instrumentation system will be qualified by subjecting the corr:ponents
to extreme temperature, altitude, vibration, and shock enviro..mental testing and
measuring the performance ^urnder these extreme conditions. The battery pack
used for flight power in the instrumentation €ystem will be selected from available
previously flight qualified units.
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Similarly, the malfunction detection system will be exposed to extreme
environments and its performance measured.

The flight cable system will be qualified by fabricating representative
samples and exposing these samples to thern ►al shock and cold bench tests and
electromagnetic interference tests. Post-test inspection will verify satisfactory
completion of the prescribed tests.

2.3.8.3 Qualification Completion

Qualification testing of the power, electrical, and avionics system for the
SRM Stage of the Space Shuttle will be considered completed when all suhsystems
have passed the subsystem qualification testing and when the complete s ystem has
successfully completed the motor verification and PFRT testing programs.

2.3.8.4 Program, Power, Electrical, Avionics Syc,tems

The power, electrical, and avionics systems for the GTH. FTH, and
production programs will be received, inspected and fabricated using the tooling,
processes, and procedures developed and demonstrated during the motor verifica-
tion and PFRT programs.

2.3.9 lntegratiou, Installation, Assembly and Checkout (Task 3.9)

Under this task Thiokol w-ill provide the necessary personnel, materials,
facilities, and services to perform the motor integration design, instrumentation
installation design, and manufacturing finishing of the components and motors for
the verification and PFRT testing programs, for the inert SRM Stages for the GTH
program, the SRM Stages for the FTH program, and production programs at the
launch site.

2.3.9.1 Motor Verification Program

Thiokol will furni¢l: the necessary personnel, materials, facilities, and
Eervicez to accomplish the motor integration design, static test instrumentation
design and the manufacturing finishing of the components and segments for the five
verification motors.

Manufacturing of the verification motors will be accomplished using pro-
duction tooling, manufacturing methods, and quality control to the maximum extent
possible.

Testing of the verification motors will be accomplished in Task 3. 10.

r
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2.3.9.2 Motor PFRT Program

Thiokol will provide the necessary personnel, material, facilities, and
services to perform the motor integration design, the static test instrumentation
design and the manufacturing finishing of the components and segments ff,r the five
PFRT motors.

The PFRT motors will be manufactured using the production tooling, manu-
facturing methods, and quality control techniques demonstrated in the demonstration
program. All five motors will be presented for acceptance in accordance with
contract requirements.

Testing of the PFRT motors will be accomplished under Task 3.10.

2.3.9.3 Solid Rocket Motor Stagt:s for the GTH Program

Thiokol will provide the necessary personnel, material, facilities, and
services to perform the GTH stage integration design and instrumentation design,
and Lhe manufacturing finishing of components and segments for the GTH stages
and the delivery of the components and segments for the GTH stages.

The GTH stages will be manufactured using the production tooling, manu-
facturing methods and quality control techniques, as applicable, as demonstrated
in the PFRT program.

The receiving, assembly, erection and checkout of the GTIH stages at the
launch site will be accomplished by Thiokol, using GSE provided by Thiok, 11

(Task 7.2) and Technical data provided by Thiokol (Task 10.3).

Testing support for the GTH program w i I I be provided by Thiokol under
Task 3.10 of the Program Plan.

2.3.9..j Solid Rocket Motor Stages for the FTH Program

Thiokol will furnish the necessary personnel, materials, facilities, and
services to provide and support the Solid Rocket Motor Stage. This subtask in-
cludes the motor integration design, instrumentation design and the manufacturing
final assembly operations, the delivery, assembly, erection, and checkout for the
six Solid Rocket Motor Stages for the Space Shuttle Flight Test Program at Kennedy
Space Center. The stages delivered under this subtask will be fabricated in accord-
ance with the CI Specification. The motc.•s will be fabricated immediately after the

V
PFRT motors and the interstage structures will be fabricated immediately after
completion of the component qualification program.

Completion of the PFRT Program and the Interstage Structure Qualification
Program will qualify the Thiokol manufactured Solid Rocket Motor Stage for use in
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the Flight Test Programs. All of the PFRT motors will have been tested and the
interstage structure qualification will have been completed before flight testing at
the Kennedy Space Center.

2.3.9.4.1 Flight Test Program Objectives

Primary objectives of the motor flight test program follow.

1. Provide solid rocket motor stage propulsion for the
six Space Shuttle flights for the flight test evaluation
program.

2. Demonstrate the flight woilbiness of the Thiokol
manufactured solid rocket motor stage.

3. Obtain flight data for evaluating performance of
the Thiokol manufactured solid rocket motor stage.

2.3.9.4 .2 Stage Configuration	 .. H 
^

The Flight Test SRM Stages, FTINI-1 thru FTM-(^ all will be built to the
Thiokol design disclosure. In addition, the SRNI Stages will be instrumented with
the flight test instrumentation required to evaluate flight performance. All air-
borne instruments, signal conditioners and cabling will be qualified for flight use.

2.3. 9.4.3 Flight Test Stage Manufacturing

The flight test motors will be manufactured immediately after the PFRT
motors, and, like these motors, will utilize production tooling, processes and
manufacturing, and quality contTol techniques which have been demonstrated and
verified during the verification and PFRT Programs. Materials and components
from the same vendors as those used in the verification and PFRT motors N: ill be
used in the flight test motors.

The interstage structures will be manufactured immediately after the
completion of the qualification program. The structures will be manufactured
using production tooling, methods and processes as demonstrated Iuring the
qualification program. Qualified vendors will be used to produce the interstage
structures for the flight test program.

The flight test stages will be in-truniented %% ith flight test instrumentation.
The instrumentation will be final calibrated and the calAration records retained
for the motor Ing book.
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2.3.9.4.4 Flight Test Stage Delivery

Upon completion of manufacturing site final assembly operations for the
motor segments, interstage structures, and other stage components, each CI will
be presented to the NASA acceptance team for interim buyoff. When interim buy-
off is completed, all components of the stage will be shipped, on GBL, to the launch
site. There Thiokol will receive, inspect, assemble, erect and check out the stages
for the flight test program using G5E provided by Thiokoi Task 7.2) and Technical
data provided by Thiokol (Fask 10.3). At this point the completely assembled Solid
Rocket Motor Stage will be presented to NASA for final buyoff.

Thiokol will provide the necessary personnel at the launch site to support
the flight test program (Task 9.2) and will support the flight test reporting require-
ments of the program.

2.3.9.4.5 Flight Test Reports

The flir;ht test reporting requirements for the Flight Test Program are,
briefly:

1. TWX Report prepared by field site personnel 24 hr
after each test.

2. Quick-Look Report prepared by field site personnel
10 days after each test prepared from reduced data
provided by the home plant.

3. Final Report prepared by the home plant 45 days
after each test.

4. Test series Sum to ary Report prepared by the home
plant.

2. 3.9.4.6 Flight Test Program Completion

The SRM flight test program will be considered complete when the six flight
tests have been completed. Individual motors will be considered successful if ;hey
meet the requirements of the Flight Test Apprandir to the CI Specification, Part I,
Technical Requirements, as further defined by the Thiokol provided design
disclosure.
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2.3. 10 Ground Test (Task 3.10)

Under this task, Thiokol will provide the necessary personnel, material,
facilities, and services for assembly, static test, and post-test reporting for the
verification motor static tests, the PFRT static testz . and the personnel to support
the two solid rocket motor stages during the GTH prog-raven at the operational site.
Thiokol also will conduct all process control testing during the production program
under this task.

2.3. 10. 1 Motor Verification Program

Thiokol will furnish the necessary personnel, materials, facilities, and
services to conduct the verification motor testing program. This subtask covers
the test assembly, testing, and reporting efforts necessary to successfully verify
that the Solid Rocket Motor meets the requirements of the Coni1guration Item (CI)
Specification. A minimum of five motors will the tested to accomplish this verifica-
tion. The motor matrix (Table 2-1) provides a description of the configuration
requirements, test requirements, and test conditions for each of the planned five
motors to be tested.

2. 3. IU. 1. 1 Motor Verification Program Objectives

The primary objectives of the Motor Verification Program are as follo'.N-s

1. Verify the ability to process and manufacture motors
to the Thiokol designs and specifications.

i
2. Verify the ability to produce motors to the NASA	 l

approved design disclosure, with reproducible con-
figuration and performanec parameters. 	

N,

a. Verify handling and processing techniques.

b. Verify quality control and inspection techniques.

c. Verify fabrication and assembly flow and facility
usage.

d. Verify production tooling designs.

3. Demonstrate three su^cessive successful static tests
of the motor.
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4. Obtain component and motor performance data
before initiating the PFRT Prograin.

5. Obtain data on performance of the thrust termina-
tion system.

2.3. 10. 1.2 Verification Motor Configuration

Verification Motors 1 and 2 (DM-1, DM-2) will be of the configuration defined
in the Thiokol design disclosure with static test instrumentation added. One forward,
one center, and one aft segment from DM-2 will be subjected to temperature eyclimng
prior to assembly into DM-2 motor for static test.

DM-3 will be of the configuration defined in the Thiokol design disclosure
with a thrust termination s ystem and static test instrumentation added.

DM-4 and DM-5 will be of the configuration identified in the Thiokol design
disclosure with static test instrumentation added.

DM-1 and DAI-2 will be manufactured as early in the program as possible.
These two motors will be used primarily to verify component sources and processing
techniques. They will be built to the Thiokol design disclosures. Production tooling
sad manufacturing methods that are defined adequate and available will be used.
Nonproduction tooling is anticipated for insulation manufacturing, propellant transfer
operations, and for motor weighing and center of gravity determination. All other
tooling and manufacturing methods used will be those intended for production.

DM-3, DM-4 and DN!-.-) will be manufactured using final production tooling
and manufacturing methods. These motors will provide manufacturing methods and
tooling checkout prior to beginning the PFRT Program. DM-5 will be presented for
acceptance in accordance with contract requirements.

2.3. 10. 1.3 Verification Motor Testing

Before testing cach of the demonstration motors, a test request will >>e pre-
pared and submitted 20 calendar days before the test. The test request will be
prepared in accordance with contract requirements. The test request will define
the test configuration, test conditions, test instrumentation, data acquisition system
requirements, data reduction requirements, and photographic coverage requirements.

DM-1 wiii be conditioned to 70T and fired horizontally. Approximately
212 channels of instrumentation will be used to measure and record axial thrust,
side thrust, igniter pressure, chamber pressure, nozzle position, HPU events,
case and nozzle strain. and accelerations. Six cameras will be used for photo-
-raphic coverage of the test. Cameras will be focused on the individual parts to
determine the firing action and exhaust plume pattern.
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DM-2 using forward, one center and aft segments which have been subjected
to temperature cycling testing will be temperature condition. ed and static tested
essentially the same as Dh1-1. Approximately the same instrumentation and photo-
graphic coverage will be used.

DM-3 will be static tested as a thrust termination verification. Approximately
165 charnels of instrumentation will be used to measure and record axial thrust,
igniter pressure, chamber pressure, thrust termination events, and accelerations.
Photographic coverage of the static test will be provided. Thrust termination %vi l l

be initiated at approximately 50 percent of action time.

D:%i -4 will be static teased essentially the same as DM-1. The test setup
and instrumentation will be essentially the same as for DM-1.

DM-5 will be static tested after it has been accepted by NASA. DM-5 will
ise fdlreOard, one center and aft segments which have been subjected to transportation

'arYd handiing acceleration simulation testing. The motor configuration will he in
accordance with the Thiokol design disclosure, as will be demonstrated in the accept-
ance meeting. DM-5 will be temper2ti— e conditioned to approximately 807 prior
to firing.

2.3. 10. 1.4 Static Test Reports

The static test reporting; for the Motor Verification Program ill briefl%-
be as follows.

1. TWX Report 24 hours after each test,

2. Quick-Look Report 10 days after each test,

3. Final Report 30 days after each test, and

4. Test Series Summary Report 45 days after the last
test.

2.3.10. 1.5 Motor Verification Program Completion

The Motor Verification Program will be considered complete and successful
after three successive successful firings have been conducted. Individual motor
success will be based on meeting criteria defined in the CI Specification, Part I,
"Technical Requirements, and the Thiokol provided desigm disclosure.

2. 3. 10.2 Motor PFRT Program

Thiokol vAll furnish the necessary personnel, materials, facilities, and
services to conduct the PFRT Prograrn. This suhtask includes the test assemble,

2-5(i



testing, and reporting effort required to successfully qualify the Thiokol motor for
use in the Space Shuttle Flight Test Program at Kennedy Space Center and demon-
strate that the motor meets the requirements of the CI Specification. Five motors
will be manufactured and tested to accomplish this verification. The motor matrix
(Table 2-1) provides a description of the configuration requirements, test require-
ments, and test conditions for the five motors in the PFRT Program.

2. 3. 10.2. 1 PFRT Program Objectives

The primary objectives of the Motor PFRT Program follow.

1. Qualify the Thiokol manufactured motor for use in
the Space Shuttle Flight Test Program at Kennedy
Space Center.

2. Successfully accomplish the environmental and static
testing described for motors in the test plan.

2. 3. 10.2.2 Motor Configuration

The PFRT motors, PFRT-1 thru PFRT-5, will be built to the 'Thiokol design
disclosure with one exception: static test instrumentation will be added.

2.3. 10.2.3 PFRT Motor Testing

Before the start of testing, a PFRT Test Plan will be prepared. The test
plan will define the overall program objectives, the types and sequences of tests to
be conducted to satisfy these objectives, motor acceptance procedures, test apparatus
and procedures, test conditions, and motor test and inspection requirements. This
test plan will be submitted for approval, and upon approval, will be used to conduct
the test program. Detailed test requests will be submitted for each of the five motor
tests in accordance with the approved program test plan. The test request will de-
fine the test configuration, test conditions, test instrumentation, data acquisition
requirements, data reduction requirements, and photographic coverage require-
ments for each specific motor test.

A U PFRT motor subsystems will be operable and will be used during the
static tests. The motors will be conditioned to 70 OF for the static firing. Approxi-
mately 212 channels of instrumentation will be used to measure axial and side thrust,
accelerations, case and nozzle strains, pressure events, HPU performance and
nozzle position. In addition, six cameras will be used for photographic coverage
of the test.
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2. 3. 10. 2.4 Static Test Reports

The static test reporting requirements for the PFRT Program are:

1. TWX Report 24 hours after each test,

2. Quick-Look Report 10 days after each test,

3. Final Report 30 days after each test, and

4. 'Pest Series Summary Report 45 days after the
i last test.

2.3.10.2.5 PFRT Program Completion

The PFRT Program will be considered complete when the five motor static
tests have been completed successrully, and approval of the final PFRT Summary
Report has been received from NASA. Individual motor success will he based on
meeting the criteria defined in CI Specification, Part I, Technical Requirements,
as further defined by the Thiokol design disclosure.

2.3.10.2.6 PFRT Schedule Options

If Verification Motors 1, 3, 4 and 5 are successful, Thiokol recomme}ids
the use of Verification Motor 5 as the first PFRT motor, advancing the schedule.
The configuration and manufacturing techniques for the motors have been established
to permit this action.

2.3. 10.3 Motor Post-Test Anaiysis and Storage

Under this subtask, Thiokol will provide personnel, material, services, and
facilities necessary to perform a thorough post-test analysis of fired verification and
PFRT motors, evaluate motor and component performance, and evaluate manufacturing
techniques. All verification and PFRT motors will be disassembled and/or dissected
after static firing to allow complete inspection and analysis of components and proces-
sing techniques.

2.3. 10.3. 1 Motor Disassembly

Before removal of each motor from the test stand, complete visual and still
photo documentation will be acco.-r.plished. The motor then will be disassembled in
the test stand whereby major components, i, e. , nezzle, case (segments), and ignition,
will he removed.
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2.3. 10.3.2 Case Inspection

The verification motor cases and the PFRT motor cases will be % isuall y in-
spected for hot spots, distortion, etc. The remaining virgin internal ca.,t insulation
material will be measured along the length of the case segments. The rrsulat ion
around thrust termination ports will be measured on the motor which had x h, ►t thrust
termination test. 'Thrust termination port threats wills he measured and thrust ter-
mination ports, bellows, and stacks will be examined for clean lines of ; rat .r nd
remaining structural integrity.

2.3. 10.3.3 Ignition System, Inspection

The ignition systems from all motors will be visuallx examined before re-
moval. The verification and PFRT motor ignition systems will be disassembled
and examined, and remaining insulation thicknesses measured.

2.3. 10. 3.4 Nozzle Inspection

The nozzle plastic, rubber, and metal components will ;)e separated by heat
soaking in an oven to break down adhesive bonds. 'The parts will he longitudinally
sectioned to permit measurement of the throat, exit cone, and entrance section to
determine erosion rates. Differential erosion 1xitterns will be determ illed and
measured. Bonded interfaces, seals, external surfaces, and structural parts will
be examined for detrimental condition. The throat will he examined for c.,,ektng,
washing, pitting;, and erosion patterns.

2.3. 10.3.5 Thrust Vector Control System Inspection

The thrust vector cont-ol system will be inspected for hydraulic leaks, hot
spots on the gas generator , and general condition prior to disassembl 'V

 
V. Upon dis-

assembly, the gas generator will be dissected and examined for erosion patterns
and internal insulation condition. The gas turbine, hydraulic pump, and tandem
actuators will be disassembled and examined for erosion and wear. The condition
o: all components will be thoroughly documented with photographs.

2. 3.10.3.6 Power, Electrical, Avionics System Inspection

The power, electrical, avionics systems, and the thrust vector control sys-
tem control' unit will be subjected to complete post-test electrical and electronic
calibrations and ihen will be disassembled and checked for any internal damage.
A-lain, the condition of all systems and components will be documented with
piiotog ra phs .
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2. 3. 10.3 .7 Inspection Documentation

Post -test documentation wi). include complete still photographw coverage
of systems, components, and parts before and after disassembly and./or dissection,
dimensional data, identification of Darts and pieces as related to fired configuration, 	 ^.
erosion data, a description of the observed condition of all elements, and results of
any prior test calibration or testing.

Priit-test analysis of static fired hardware will provide a thorough examina-
tion of the condition of all elements of the motor and analysis of all post-test cali-
bration and testing. Performance then can be evaluated and compared to the
specification requirements.

2.3.10.3.8 Storage

All remaining motor components, including disassembled and/or dissected
hardware, will be stored pending NASA direction for disposal.

2.3.10.4 Solid Rocket Motor Stage Ground Test Program 	
All I

Thiokol will provide the necessary personnel, materials, and services to
provide support for the Solid Rocket Motor Stage during the GTH 'rest Program at
the test site. The two stages to be tested under this program will he configured to
meet the Ground Test Program requirements.

2.3. 10.4. 1 Ground 'Test Program Objectives	 •..

Primary objectives of the Ground Test Program are as follows.

1. Demonstrate the capability of the SRM Stage to with-
stand all static and dy.iamic loads associated with
Space Shuttle transportation from the VAB to the
launch pad.

2. Demonstrate the capability of the SRNT Stage to with-
stand all static and dynamic loads associated with
countdown, ignition and liftoff.

3. Demonstrate the capability of the SRM Stage to with-
stand all static and dvnamic loads associated with
staging of the SRM Stage.

2.3. 10.4.2 Motor Configuration

GTM-1. and GTM-2 will be fabricated using refurbished hardware from the
Verification Motor Program and the Component Qualification Program. GTM-1 will
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be empty to simulate a burned out SRM Stage and GTM-2 will be loaded with inert
propellant to simulate a fully loaded SRM Stage immediately prior to ignition. All
components of both GTM's will be inert but will be configured to allow complete
ground check simulation and flight simulation. S & A simulators will be provided
for each S & A on the SRM Stage.

2.3. 10.5 Production Process Control Testing

All production process control testing will be developed ind documented during
the component qualification testing and the verification and PFRT motor testing pro-
grams. The documentation will consist of complete disclosure of production process
control requirements in the Part II Configuration Item Specifications, and raw
materials and component specifications.

Raw material process control will consist of vendor control through the appli-
cation of specification;, and standards controlling; the processing of raw materials.
In addition, receiving sampling; and inspection of all raw material lots will be
accomplished.

Component process control will ba achieved through the proper application
of tooling control and inspection and component inspection, either at vendor plants
or inhouse. All components will be inspected to the degree warranted by their
complexity and effect upon Space Shuttle system performance.

A method of propellant production process control will be used to assure
consistent reproducible performance of SRM's provided for the Space Shuttle Program.	 }`
This method consists of making liquid strand burning rate tests, infrared spectro-
graphic analysis, and total solids analyses of each batch of propellant for acceptance
prior to being cast into a segment. All parameters must be within specification limits
or the batch of propel'.ant is immediately scrapped by the engineering representative
on the Material Review Board. From the first, middle, and last batch of propellant
in each segment, three 5-in, diameter, center perforate ballistic evaluation motors
will be cast and three 1-gal loaf samples will be cast. The ballistic test motors
will be fired to allow prediction of the ballistic performance of the segment and the
loaf samples will be tested to verify the physical properties of the propellant in each
segment.

.x
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2.4 INTERSTAGE STRUCTURES (PROJECT 4)

Under this project Thiokol will provide the necessary personnel, materials,
services, equipment, and facilities to perform the design, receiving inspection, and
component qualification for the irterstage st-ruchires fcr the SRM Stage of the Space
Shuttle. In addition, Thiokol will receiving inspect the interstage structures for the
GTH, FTH, and production programs under this task. Component design, receiving
inspection, and qualification are discussed in detail in the following paragraphs.

2.4. 1 Struts, Thrust and Sway (Task 4. 1)

Under this task, Thiokol will provide the necessary personnel, facilities,
-materials, and services to perform the design, receiving inspection and qualification
testing for the struts, thrust and sway. These components are required to attach
the SRM to the orbiter tank, to transmit thrust from the SRI to the orbiter tank-,
and to stabilize the SRM with respect to the orbiter tank.

1. -i . 1. 1 Component Configuration

The struts, thrust. p!nd sway consist of two main thrust transmission struts
between the nose fairing on each SRM and the orbiter tank, two braces between the
aft fairing on each SRM and the orbiter tank to transmit side loads, and several
sway braces to stabilize the SRAI to the orbiter tank.

Each of these components is a steel tubular structure with forged steel
end fittings with the size and wall thickness of each component designed for its
application. The struts will be fabricated to the NASA approved Thiokol design
disclosure.

2.4. 1.2 Component Qualification

Component qualification will be accomplished in two phases. The firs,
phase consists of static load and stiffness testing ten units of each component to
failure. The second phase consists of utilizing two complete sets of struts, thrust
and sway in the complete assembly static structural tests described in tasks 4.2
and 4.3 above.

2.4.1.3 Qualification Completion

The qualification of the struts, thrust and sway will be completed upon
completion of the static testing described above and in tasks 4.2 and 4.3. Final
qualification will be completed after successful completion of the GTH and FTIi
programs at the launch site.
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2.4.1.4 Program Components

All struts, thrust and sway for the GTH, FTH, and production programs
will be fabricated using the tooling, processes and procedures developed during
the qualification program. In addition, all struts, thrust and sway for the GTH,
FTIi, and production programs will be receiving inspected under this task.

W. 4.2 Nose Fairing (Task 4.2)

Under this task Thiokol will provide the necessary personnel, facilities,
materials, and services to design, receiving inspect, and qualify the nose fairing
for the SRM Stage of the Space Shuttle. The nose fairing is required to provide
aerodynamic fairing of the forward end of the SRM and to provide for SRM thrust
transmission from the forward skirt of the SRM to the main thrust struts.

2.4.2. 1 Component Configuration

The nose fairing is a conical aluminum monocoque structure with a
hi• mispherica' nose cap. The nose fairing interfaces with the SRM forward skirt
and provides attachn ► ent for the main thrust struts between the SRM and orbiter
tank. The full thrust load of the SRtii is transmitted from the SRNI forward skirt
through the nose fairing to the thrust struts. The rose fairing %%ill be fabricated to
the NASA approved Thiokol design disclosure.

2.4.2.2 Component Qualification

The nose fairing qualification will be accomplished by subjecting four nose
fairings to the following tests. Two nose fairings will be pressure loaded to
simulate flight dynamic pressure loading. Each of these two nose fairings will be
pressure loaded to predicted flight dynamic pressure loading and strain and
displacements will he recorded. Each then will be pressurized to destruction.
Two nose fairings will be used for structural load tests. Each will be built up into
an assembly with a forward motor closure, main thrust struts, and sway braces.
These assemblies will be structurally loaded to destruction simulating as closelY
as possible the flight load conditions.

2.4.2.3 Qualification Completion

The qualification of the nose fairings X111 be completed upon successful
completion of all structural and pressure testing. Final qualification of the nose
fairing will be completed upon successful completion of the GTH and FTH programs
at the operational site.

PM
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2.4.2.4 Program Compoaents

All nose fairings for the GTH, FTH, and production programs will be
fabricated using the tooling, processes, and procedures developed and verified
during the qualification program. All nose fairings for the GTH, FTH and
production programs will he .receiving inspected under this task.
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2.4.3 Aft Fairing (Task 4.3)

Under this task, Thiokol will provide the necessary personnel, facilities,
materials, and services to design, receiving inspect, and qualify the aft fairing
for the SRM Stage of the Space Shuttle. The aft fairing is required to provide
aerodynamic fairing at the aft end of the SRM, provide protection during flight
to the nozzle and thrust vector control components, provide for SRM side thrust
transmission from the aft end of the SRM to the side thrust struts, and provide
Space Shuttle holddown capability.

2.4.3.1, Component Configuration

The aft fairing is a conical composite steel and aluminum structure. The
aft fairing interfaces with the SRM aft skirt and provides attachment for the side
thrust struts between the SRM and Orbitor tank. The aft fairing p avides an
attachment structure capable of holding the Space Shuttle vehicle on the pad during
SRM burning throughout action time. The side thrust load of the SRM is transmitted
from the SRM aft skirt through the aft fairing to the side thrust struts. The aft
fairings will be fabricated to the NASA approved Thiokol design disclosure.

2.4.3.2 Component Qualification

The aft fairing qualification will be accomplished by subjecting two aft
fairings to the following structural load tests. Each will be built up into an
assembly with an aft motor closure, side th.r:tsi struts, and sway braces. These
assemblies will be structurally loaded to destruction simulating closely as possible
the flight load condithms and the load condition experienced while holding the Space
Shuttle vehicle on the dad while the SRM's turn out.

2.4.3.3 Qualification Completion

The qualification of the aft fairings will be completed upon successful
completion of all structural testing. Final qualification ut the aft fairing will be
completed upon successful completion of the GTH and FTH programs at the o-)er-
ational site.

.2.4.3.4 Program Components

All aft fairings for the GTH, FTH, and production programs will be :abri-
cated using the tooling, processes and procedures developed aad verified during
the qualification program. All aft fairings for the GTH, FTH, and production
prcgr.ams will be receiving in^aected under this task.
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2.5 FACILITIES (PROJECT 5)

Under this project, 'Thiokol will provide the personnel, materials, services	 t
and facilities necessary to define, design, develop, acquire or build the new or
modified facilities required to support the fabrication of the SR111 Stage for the
Space Shuttle program. The new or modified facilities will bt- maintained and re-
paired throughout the life of the program.

2.5.1 In-Plant Facilities

Thiokol plans to conduct the DDT & E and production programs at the Wasatch
Division which is located 27 miles west of Brigham City, Utah. This facility con-
sists of the corporate-owned Research and Development Plant (R& D Plant) and the
Government owned, Thiokol operated plant designated as Air Force Plant 78.
Actually since 1363 these two plants have been operated on a "single plant" concept,
wherein the R& D Plant and AF Plant 78 are considered as a single manufacturing
facility.

The requirements of the DDT & E and production programs are such that
all of the Space Shuttle work- can be integrated with programs presently on board
without impact or conflict. This is true even though it was assumed that the present
business level (thus, facility utilization) would continue for- the duration of the
Space Shuttle DDT & E and production programs. The programs presently on
board, considered for possible interference at maximum projected production
rates are as follows.

Stage I Minuteman Production

Stage III Minuteman Production

Poseidon Production

Genie Production

SRAM Development followed by Production

LUU-2/B Flare Production

New facilities and modifications to existing facilities will be required to
support certain operations which are unique for the 156-in. SRM segments. A
relatively small amount of these facility costs are appropriately considered a
direct program charge whereas the baiance represents a capital investment for
Thiokol. The total facilities required to support the DDT & E and production
programs are shown in Tables 2-6 and 2-7.
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Area Blot

Case Prep M-111

M-67

Lining H-111

Propellant Pits

01-120

M-.15

H-20

X- ray
	

New

New

Assembly	 M-6'

I muff x ng

Flexible	 M-5M
bearba(t

Quality	 Y-6

Test	 T-24

T-S3

f

TABLE 3-6

SPACE SHUTTLE
VERIFICATION PROGRAM FACILITIES (DDT E E)

Corporate
Quantity Design Inatall Purchase Funded

Requirement 1i	 _ _hrl (f) (So

Remove section of psi tltion	 -- 20 50 100 --
Relocate masting bend, work 	 -- 100 800 S00 --
Provide benches and stools	 10 -- -- -- 2.000
Run utilities to work stations 	 -- 100 350 1.000 »
Replace burst and trolley	 1 -- -- -- 10.000

Mixer adhesive	 -- -- -- -- 1.500

Exhaust system inteki	 -- -- -- -- 10.000
Liner, Hoer (75 gal.) 	 -- -- -- -- :5.000

Gantry crane modification 	 -- -- -- •- 30,000
Casting house modification	 -- -- -- -- 5.000
Vacuum pump (500 clay	 -- -- -- -- 8.000
Polywax building	 -- -_ __ 75.000
Pit C. ere	 2 -- -- » 16.000
Pads for segment at pit	 2 -- -- -- 3.000

Premix building addition	 -- -- -- -- 120.000
Feed, walgb, premix system	 -- __ __ _• 223.000
Hine (96 cu (tj	 10 -- -- -- 10.000

Apportloning system	 -- -- -- •- 100.000

Con%eyur, mixer feed pilot	 -- -- -- -- 145,0+10

X-ray building	 -- -- -- -- 437.000
i

Boller house	 -- -- -- -- 70,000
Relocate 13 mew LINAC	 -- HO 1.200 2,000 -
Foundatlon for jack station	 -- 20 400 4.000 --

Enlarge doors	 2 160 0 15,000 --
Exhaust	 __ » __ -_ 5.000 
Run utilities to 'York station_-	 -- 60 100 200 --
Foundation lack station	 -- 20 400 4,000 --
Painting stanoc	 -- -- -- -- 45.000

Tractor/Trailer (200 toN	 -- -- -- -- 270.000
Pads. ease. k nosde storage	 _- _- __ __ 4.500

Owes best "Vat -_ -- -- 500.000
l7trasosic tank	 -- » - 1.500
Rotator	 -- -- -- 1.500
Scale (100 lb.)	 '- -- -- -' 1.800
Conveyor (190 ft)	 -- - » -- 30.000
Press. comprcomon molding 4 a 8 It	 -- » » 145.000
Cold bat On 8 x 6 tt	 » » -- 6.000
Exhaust bood	 » » -• __ 6.00V
Spray booth	 -- » - 10,000

Rotary table (180 la.) 	 -- -- '- 200.000
Surface plate	 - -- -- 10.000
Process control lab equipment 	 -- -- » -- 95,000

Modify bay	 - - -- -- -- 400.000
Temporary pump installatles- 	 - 350 WO 4,000 --
Thrust terounatias pad	 -» 3.500 0 437.640 -
Condltloning chamber	 -- -- -- 140.000
Data system mobile	 » -- -- 200.000
Board course rehabilitation	 -- 120 1, One 10,000 -
Hydroburst pd	 -- 200 1.000 2,000 -

Add instrumentatiai 	 -- -- -- -- 50.000
cameras	 5 -- » -- 20.000

5,110 6,100 SSOO.400 $3.431.900

4
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TABLE 3-7

SPACESHITTLE
PRODUCTION PROGRAM FACILITIES

60 FLIGHTS :^ 1 EAR

Quantity DeiuioM	 Install	 P4rcha, • Corporate
Area	 Blda Requirements ea tbr)	 ^hhr _ Funded

Casting	 PILO Pit covers 10 -- 120.000
Pads at pits 14 --	 --	 -- 21.000
Mod casting house - -	 --	 - 70.0110
1MotorUe casting house -- --	 -- 20.000
New casting house - --	 --	 -- 195.000
Mod gantry 00 toes) •' -	 --	 -• 30.000
Gantry cruse (400 toes) 2 --	 -	 - 600. OM
Mod gantry (200 tons) - -	 •-	 « 20.000
Rehab:latatios pits 2 1.90	 9. No	 N, 2M -
%ew pits west Of eaisung 6 --	 -	 -- 36k 0000
%ew pit is new 0woks - --	 --	 -- 172.2M
Utilities, road - -	 --	 -- 4t4.SM
Cooling system, mobile 2 «	 «	 « 00, on
Vacuum pump 2 --	 -- 16.000

Hlxxng Max howls 4 -	 -	 « 60.000

Trailers, mix howl 4 --	 -	 -- 11.000

Conveyvriae mixer feeding 7 --	 -	 -- 450.000

^t Mixer (600 gall - --	 --	 •- 230.000

Slur twildlngs t tenter t000 gait 	 2 --	 --	 - 1.000.000
Dtunp station (replace 023) -- --	 «	 -- 70.000
Addition to muter control -- --	 --	 « 40.000

OKidlxrr Mod for grinding - --	 --	 -- 480.000
PAW 196 CU. ft.) 2 --	 -	 •• 0.000

Painting Painting building */equip - --	 --	 -- 140.000
Compressor - --	 --	 •- 5.000

Foundations )wkstxnd 2 40	 40	 4.000 -

Quality Addltional QC lab equ pment - --	 --	 -- 50.000

Storage Pad. cases '- --	 --	 -- 70.000

Pad. w.-ales - --	 -'	 -' 45.000

Crane mole -- --	 --	 -' 100.000
Coto bun 40 x W x 14 ft -- --	 -	 -- 100.000

Mowr surge area -- '-	 •-	 -- 350.000

Foundations, motor surge 10 300	 a. 000	 30, 000

Transport 'Irsctor/'ffrUkr (200 terns) -- --	 --	 -- 540, Coe

X-ray Lttsrar accelerators (15 me" 2 -	 •-	 -- 1.025.000
Film processors 7 -	 --	 -- $1,000

X-rat building .- -	 •-	 •• 430.000

Foundations )ackstand 7 •	 000	 6.00 -
4nedway - -	 --	 -- $0.000
Fencing - -	 --	 -- 10.000

Wanting system -- --	 «	 - 0.500

Assembly Ftundagan )ackstMd -- 26	 no	 2.00 -
Compressor, central -- --	 --	 --.'1ft

Utilities/ Adtilan to bolter house -- --	 --	 - 70. 00a

Servieee Addition to maintenance atop --	 --	 -- 110.000

Office fwWture and equipment --	 --	 -- 700.00
Additi.a to changr house -•	 --	 -' 76.00

Flexible Lathe VTL 3 -	 -	 - 00.000

Bearing
2.20	 12.200	 100.300 60.196.3"



2. 5.2 Operational Site Facilities

During the GTH, FTH, and production programs, there will be a need for
facilities at the launch site. These facilities will be provided by NASA for use by
the contractor during the programs cited above.

A receiving inspection, storage and subassembly (RISS) building will he
required at the launch site. This building will be approximately 30,000 square feet
in floor area. A 200-ton capacity gantry crane covering the complete floor area
will be required. The necessary offices, change rooms, restrooms, water,
power, and air conditioning must be provided. It will be necessary to control the
temperature in this building to approximately 70 - 80'F in order to be able to
accurately predict SRM performance after storage in the RISS building.

A railroad spur track from existing tracks at the launch site to the KISS
building will be required to facilitate transportation of the SRM components directly
to the WES building.

A road capable of withstanding continued usage by rubber-tired low-bed
truck-trailer combinations with a gross combination weight of approximately 200
tons will be required from the RISS building to the vehicle assembly building (V AB).

One other significant facility required is a segment transfer building and 200
ton capacity gantry crane at the railhead near the Thiokol plant in Utah. This facility
is required to transfer the SRM segments from the inplant transporter to the rail
car for shipment. The Wilding required is only a weather shelter with no heat or air
conditioning required.

2. -. 3 Vendor Facilities

Vendor facilities requirements have, been identified for twtil the DDT & E
program and the production program.

During DDT & E, facilities will be required by the vendors for case forging
ana case machining and the vendor for nozzle fabrication. The estimated facilities
costs are $2,994,200.

During production, additional facilities will be required by the above vendors
and in addition a major facility expansion will be required by the ammonium perchlo-
rate vendor. The total estimated cost for these facilities is $101,603,00o.
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2.6 TOOLING (PROJECT 6)

Under this project, Thiokol will provide the personnel, materials, a-ad ser-
vices to design and fabricate or acquire the special tooling, inplant handling equip-
ment, support equipment, and special test equipment required to fabricate. deliver
and test the Solid Rocket Motor Stage for the Space Shuttle.

The Thiokol tooling concept for the program will be based on the following;
guidelines.

1. Hard tooling used from the outset with complete hard
tooling available for production of all PFRT motors
and flight test stages. Application of this policy pro-
vides a greater measure of reliability, reduces part-
to-part variation, produces cost savings, and provides
a more realistic evaluation of component designs,
manufacturing processes, and tool design before com-
mencement of delivery units.

2. Employment of tool proofing before motor use. Tool
proofing is verification that special tooling will produce
component parts that consistently meet all design
requirements.

3. Use of specific periodic rec ycle inspection of all con-
figuration controlling tools and other tools critical to
the manrating requirement.

Thiokol will provide tooling and special test equipment inplant and at sub-
contractors in quantities sufficient to meet the master schedule shown in Figure 2-1.

Vendor tooling will be controlled in a manner which assures compliance with
the basic requirements of applicable Government regulations and the gereral company
policies. This control is imposed by the procurement documents, and i .1cludes pro-
vision for review of the tooling designs to (1) assure that basic quality and safety
aspects have been satisfied, and (2) provide for approval of the tool control systems
to be utilized by the vendors.

A review and approval of all special tooling design drawings by a representa-
tive of the Safety Office is required prior to release of the design. This review
assures an objective, detailed analysis of the design concept and details of the special
tool by a trained Safety Engineer, In addition, an established Safety Committee, com-
prised of representatives, from the operating organizational elements meets regularly
to review and assess safety requirements for all aspects of all programs. General
concepts involving special tooling, or details of special tools, can be brought to this
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Committee for review by any member, thus assuring an even broader assurance of
th. consideration of safety as regards special tooling.

A review and approval of all special tooling design drawings by a representa-
tive of Quality Assurance Engineering is required prior to release of the drawing.
This review, like that of the Safety Engineer, assures an objective, detailed analysis
of the design concept and details by a trained Quality Engineer. This analysis assures
that the tool can be adequately inspected, its quality determined, and assures that the
tool, when used, will perform its function ade q uatcly with no quality deterioration of
the components.

Allowances have been made, based on over 10 years of plant experience, for
maintenance and repair of the tooling and special test equipment as needed during
the life of the DDT & E and production programs.

t

The special tooling and test equipment requirements are shown in T'ahles 2-8
thru 2-16.

2-65

__ ..1



of
r

TABLE 2-8

CASE PREPARATION SPECIAL TOOLING

Total Production
Tool Name DDT & E	 uantit __u;.intity

Vertical Stand 1 r

Headend Plug 1 0

A ft End Plug 1 0

JHandling Arrangemen t 1 0

Grit Blast Dolly 1 1

Work Platform 1 1

Degreasing Seal and Wand 1 1

Roller Assembly 1 4

Work Stand - Vertical 1 1 j

Pneuma-Grip Harness 2 3

Handling Fixture, Skirt Extension	 1 1a

Insulation Mold Ring f 12
(Shims included)

Handling Sling 1 1

Chocks 2 ^1^1

1.,

i
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TABLE 2-9

INS	 SPECIA L T'OOL'ING

DDT&E
	

Total Production
Tooi Name	 R uantit-y-	 want ity

Cutting Table 1	 1

Cutting Dies 1	 1

Patterns 1	 1

Work Platform - Forward 1	 1

Work Platform - Center 1	 3

Work Platform - Aft 1	 1

Roll Feeding Assembly - Forward 1	 1

Roll Feeding Assembly - Center 1

Roll Feeding Assembly - Aft 1	 1

Skiving Machine 1	 4

Rollers 2	 8

MEK Applicator 2	 8

Insulation Contour Template - Forward 1	 1

Insulation Contour Template - Center 1	 2

Insulation Contour Template - Aft 1	 1

Vacuum Bag - Forward 1	 2

Lnstallation Tool, Vacuum Bag - Forward 1	 2

Vacuum Bag - Aft 1	 2

Installation Tool, Vacuum Bag - Aft: 1	 2

Vacuum Bag - Center 1	 3
i

Holding Fixture - Magnetic - Center 3	 5

Autoclave  Dolly 2	 3

Handling Fixture Insulation Mold Ruig 1	 1.

Machining Fixture - Joint 1	 1

2-67



TABLE 2 -10

PROPF.LLAN'C AN-D LIT'ING SPECIAL TOOLING

Tota 1 Yroducthi n
'Fool Name
	

DDT & E Quantity	 Quantity

Handling Harness 1 2

Lifting Beam - Vertical 2 4

'Work Stand 1 2

Breakover Trailer i 1

Rotating Dolly 2 3

Handling Dolly - Harness 1 9

Insulated Conical Container 1 1

Lasting Arrangement - Forward 1 1

Casting Arrangement - Center 1 1

Casting Arrangement -Aft 1 1

Casting Base - Center.- - At 1 Q

Core - Center 1 9

Core - Dolly - Center 1 9

Mold - ,Ift Fnd 2 12

Centering Ring - Core 2 12

Cawing Funnel 1 3

Air Deflector 2 15

Vacuum Bell 1 3

Deaeration Assembly 1 3

Transfer Hopper Assembly 1 3

Core -Aft 1 3

Casting Sleeve 2 12

Casting Dam 1 3

Skirt Protector 1 3

Headend Alignment Sleeve 1 3

Casting Stp.nd2 15
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TABLE 2-10 (Cont)

PROPELLANT AND LINING SPECIAL TOOLING

Total Production
Tool Name DDT & E Quantity Quantity

Core - Forward 1 3

Casting Stand Adapter - Forward 1 :f

Casting Stand Adapter -Aft 1 3

Core Dolly - Forward 1 3

Core Dolly - Aft 1 a

Exhaust food 1

Lining Pit Stand 3 3

Liner Masking Sleeve 3 3

Liner Cure Seals 3 3

Weighing Tools 1

De ae rator 1 2

Sling Assembly 1 1

Core Popping Arrangement 1 1

Work Grating 1 3

Pit Grating 2 15

Overcast Propellant Press 1 1
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TABLE 2-11

IGNITER SPECLi1L TOOLING

Tool P:wme DDT & E Quantit

Vibration Arrangementt
1

Vibration FixtureE 1

Firing Arrangement 1

Test Stand (0) Component 1

Lifting Beam 1

Layup Dolly, - Horizontal 1

Insulation on Mold Ring 2
r

Vacuum Bag 1

Handing Dolly - Case 5

Handling Sling 1
6

Aft Grain Mold 12

Casting Sleeve 12

Core Guide 12

Core 12

Core Retainer 12

Casting Adapter 3

Casting Piping 1

Core Popper 1

Handling Container 20

Casting Arrangement 1

Tota i Production
Quantity

0

0

1

1

2

4

2

5

1.

12

12

12

12

12

3

1

1

30

1
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TABLE 2-12

NOZZLE SPECIAL TOOLING

Total
Tool Name	 DDT E Quantity Production Quantity

Handling Fixture Actuator 1 1

Holding Fixture 1 1

Holding Fixture
t 1 1

Mounting Tool - Magnetic Particle Inspection 1 1

Drill Fixture 1 I

Tank and Rotab Ultrasonic Inspection t I

Handling Sling 1 1

Handling Sling Assembly 1 1

Hold-down Clamp and Riser Shim .1 1

Holding Fixture 2

Drill Fixture 1 I

Work Stand - Mold 1 1

Mold 1 1

Lifting Sling 1 1

Holding Fixture - VTI. 1 2

Special Dial Bar Gage 2 2

Vacuum Holding Fixture No. 1 1 1

Vacuum Holding Fixture No. 2 1 1

Vacuum Holding Fixture No. 3 1 1

Vacuum Holding Fixture No. 4 1 1
f

Vacuum Holding Fixture No. 5 1 1

Vacuum Holding Fixture No. 6 1 1

Vacuum Holding Fixture No. 7 1 1

Vacuum Holding Fixture No. q 1 1

Vacuum Holding Fixture No. 9 1 1

Relating Table 1 1

N
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TABLE 2-12 (Cont)

NOZ Z L E S P ECIA i_ TOOLING

Tool Name

Work Stand - MEK

Work Stand - Drying

Spray Booth Tools

Work Stand - Layup

',Vork Stand - Cutting

Work Stand - Assembly

Work Stand - Assembly

Work Stand - Hand Trim

Work Stand - Layup

Wc)rk Stand - Bonding

Flexible Joint Mold

Insulation Blanket

Lifting Harness

Cutting Template

Work Stand

Work Bench

Pressure Band

Pressure Plate

Shipping Container

Handling Chock - Rail System

Vibration Arrangement

Supports - Ling Shaker

Slip Plates

Burst Arrangement

Burst Test Stand

Burst Fixtures

Flexib l e Bearing Test Fixture

Total
DDT & E Quantity Producticm Quantity

1 1
^ 1

1 t

1 1

1 Z

1 1
1 I

1 i
1 1
1 I

1 l

1 1

1 I

1 1

1 1

1 i

i 1

1 1

1 i
1 1

1 Y

1 1

i 1
i 1

1 1

1 1
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TABLE 2-13

FINAL ASSEMBLY SPECIAL TOOLING

Total
Tool Name	 DDT & E Quantity	 Productio.' ► 	 Quanu iv

Work Station Jacks	 4	 8

Work Platform	 1	 2

Rotating Dolly	 8	 12

Igniter Cable Bracket Installation Tool 	 1	 1

Pyrogen Igniter Lifting Fixture	 1	 1

Trianpilar Lifting Beam	 1	 1



TABLE 2-14

THRUST TERNIINATTONi SPF,CIAL 7")LI`dG

r

Tool Name

Firing Arrangement

Test Stand - Single Component

Forward Core Assembly

Pad Locating and Bending Tool

T-T Port Mold Removal Tool

DDT K E Quantity

1

t

I

1

1

Tot al
Production (quantity

1

1

4

i

I
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TABLE 2-15

POWER SUPPLY SPECIAL TOOLING

Total
Tool Name	 DDT & E Quantity

	
Production Quantit^

Checkout Stand	 1
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TABLE 2-16

GROUND TEST SPECIAL TOOLING

Total
Tool Name DDT & E Quantity ProdUCtion Quantity

Test Stand - 1 Component 1 0

Rounding Harness 3 0

Support Jacks - Segment 1 0

Firing Arrangement 1 0

Optical Alignment Tool 1 0

Lifting Beam 1 0

Rotating Dolly 2 0

Antiflight Device 1 0

A PU Attach Bracket 2 0

Q For 6 Component Stand 1 0

Cradle, Rail System .1 0
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2.7 SUPPORT EQUIPMENT AND SPARES (PROJECT 7)

Under this project, Thiokol will provide the personnel, materials, services,
and facilities necessary to define, design, develop, fabricate or acquire the air-
borne vehicle spares, ground support equipment, and GSE, spares required during
the DDT & E and production programs.

2.7. 1 Airborne Vehicle Spares (Task 7.1)

Under this task, Thiokol will provide the personnel, material, services,
and facilities to accomplish a complete spares analysis effort for the SRM Stage
of the Space Shuttle. From this analysis, spares data will be generated and pro-
vided to NASA for use in planning the spares supix)rt for the DDT & E and pro-
duction Drog rams. In addition, Thiokol, after completion of the analysis effort
and receiving contractual coverage, will provide adequate airborne vehicle spares
to support the GTH, FTH and production programs at the operational site.

2. 7. 2 Ground Support Equipment (Task 7. 2)

Under this task, Thiokol will provide the personnel, material, services,
and facilities necessary to define, design, develop, and fabricate or acquire the
ground support equipment required to deliver the SRM Stage to the launch site;
receive, inspect, assemble, and checkout the SRM Stage; and accomplish inte-
gration of the SRM Stage into the Space Shuttle vehicle.

A detailed system analysis will be conducted to expand the definition of
the ground support equipment requirements. The results of this analysis will be
a complete list of equipment required, quantities required ; and detailed design
requirements for each piece of equipment.

2. 7. 3 GSE Spares (Task 7.3)

Under this task, Thiokol will provide the personnel, materials, services,
and facilities to accomplish a complete spares analysis effort for the ground
support equipment. From this analysis Thiokol will prepare provisioning lists
for NASA to be used in accomplishing detailed provisioning of spares for the GSE.
In addition, Thiokol will provision the spares for GSE required to support the
GT1, FTEI and production programs at the launch s i te after receipt of contractual
coverage.
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2. 8 FLIGHT TEST SUPPORT PROJECT 8.

hipl.ant support of the flight test and production, programs at Kennedy Space Cen-
ter will consist of generating and providing all flight data necessary to allow detailed
flight planning at the launch site. These data consist of range safety data inpats to
the Range Safety Manuals; mass properties report to the field site; motor performance
data for each motor delivered for the flight programs; and detailed operating proced-
ures input for the flight test directive.

Data for the Range Safety Manual will include information on the des' ,rn char
acteristics of the pressure systems and ordnance systeirs. The pressure systems
include the motor case, nozzle, and auxiliary power unit. The data to be provided
on the pressure systems include operating pressure levels, design safety factors, and
operating fluids. The ordnance systems include the motor S & A device, thrust termi-
nation S & A device and linear shaped charges; the staging motor propellant and S & A
device, motor igniter, and booster peilets; and the Pyrogen igniter and motor pro-
pellants. Data on these ordnance systems will include the results of explosive hazard
classification testing in accordance with the requirements of A F'TO-11 A-1-47, elec-
trical and manual safing and arming procedures for the S & A deviCUs. exhaust pro-
ducts chemical composition for the Pyrogen igniter and motor propellants, and the
ordnance characteristics of the linear shaped charges.

Flight Program mass properties input will include the Mass Properties Pre-
dicted Weight Report; Mass Properties Actual Weight Report; Mass Properties Actual
Weight Report, Missile; and the Mass Properties Post I aunch Report. The Mass
Properties Predicated Weight Report will include a reference station diagram, mass
fraction predi^tion, sequential mass properties, and a list of expenditures. The Mass
Properties Actua. "Weight Report will include the same data as the Mass Properties
Predicted Weight Retorts, except that the data will be actual for a specific configuration
and motor. The Mass Properties Actual Weight Report, Missile (to be prepared by field
site personnel) will contain only variances from the Mass Properties Actual Weight
Report. The Mass Properties Fost Launch Report will contain the variances from
the Mass Properties Actual Weight Report, Missile.

The Motor Performance Data Report, to be supplied for each flight motor,
will provide performance predictions for the specific motor supplied. These data will
be presented as deviations from the baseline solid rocket motor performance data
where such deviations exist.

Input for the Flight Directive generally will be a one time input covering the
complete receiving and inspection requirements, motor handling procedures, motor
assembly procedures, and detailed operating procedures. These data will be kept
up to date, with change information provided as required. Anv variations peculiar
to a specific motor will be identified as such and should ire used one time only, unless
a subsequent input makes the data applicable to all motors.
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The data from the flight tests and production flights will be transmitted to the
Wasatch Division where a cursory analysis will be performed in support of the T +
10 day quick-look report. Inputs will be provided to the Thiokol site personnel, who,
in turn,, will prepare the Thiokol input to the quick-look report. The complete analy-
sis of the flight data will be performed, and the T + 45 day final report for each flight
W. be prepared. This report will contain reduced data, the results 4 analyses per-
formed, and Thiokol conclusions and recommendations.

The Final Test Series Summary Report for the flight test prc,grams at Kennedy
Space Center will be prepared at the Wasatch Division and w:'1 be submitted 60 days
after the last FT11 flight.
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2.9 OPERATION SUPPORT (PROJECT 9)

Under this project, Thiokol will provide the necessary personnel, materials,
facilities, and services to provide operations support both at 'Thiokol during the
manufacturing of the SRM Stage wnd at the launch site in support of the erection,
assembly, and checkout of the SRM Stages.

2.9. 1 Thiokol Operations Support (Task 9. 1)

Linder this task Thiokol will provide the necessary personnel, materials,
services, and facilities for operations support during the manufacture of SRM
Stages. This effort encompasses the following functions within the Operations
Directorate.

1. Manufacturing Engineering

2, Manufacturing Control

3. Works Engineering

4. industrial Engineering

5. Quality Control inspection

6. Quality Administration

7. Quality Audit

8. Quality Control Engineering

9. Test

10. Metrology

2.9. 1. 1 Manufacturing Engineering

Manufacturing Engineering is responsible for the management of the Space
Shuttle Program within the Manufacturing Division. In carrying out this basic
responsibility, Manufacturing Engineering provides technin.al direction to organi-
zational elements of the Manufacturing Division; conceives, prepares and maintains
the :Manufacturing Plan; estahlishes component and raw material requirements and
initiates procurement; establishes the need and design criteria for new or riodified
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equipment and facilities, and initiates design and fabrication activities; develops
and prepares planning documents and process instructions; provides technical
liaison with the shop; provides program coordination with organizations outside
the Manufacturing Division; monitors and controls manufacturing progress and
costs; represents the Manufacturing Division as a member of the Program Team
and the Change Control Board; and prepares and/or directs the preparation of the
manufacturingng plans, technical writeups, and estimates for proposals; establishes

j	 the need and design criteria for new or modified special tooling and initiates design
and fabrication activities; and approves all completed design drawings.

?.9. 1.2 Manufacturing Control

This organization is comprised of three major sections: P'laterial Control,
Material Handling and Dispatch, aryl Scheduling; and Work Control.

2.9. 1.2. 1 Material Control

Material Control is charged with the responsibility of ordering and maintaining
accountability of raw materials, components, parts, and inhouse fabricated com-
ponents; assures that Manufacturing Planning is initiated into the system, and
coordinates with Procurement and processes all reriuisition paperwork.

2. 9. 1. 2. 2 Material Handling and Dispatch

Material Handling and Dispatch is functionally responsible for physically
receiving and handling all incoming components, parts, raw materials, and associated
hardware and is responsible for maintaining the stores for the Wasatch Division
including storage and issuance of materials. Material Handling and Dispatch also is
charged with the responsibility of packaging and processing all shipments from
Wasatch; initiating inhouse fabrication orders, including detail schedules and attrition
factors in accordance with Master Schedules, Program Bill-of-Materials, and Shop
Travelers; providing dispatch functions for the Operations Directorate and to other
Wasatch organizations as required; assuring that operations are performed in an
expeditious manner, and assure compliance to schedule; managing the transportation

J	 function for movement of raw materi a ls, components, parts and people; and preparing
status reports, shortage reports, establish priorities and maintain program visibility.

2. 9. 1.2.3 Scheduling and Work Control

Scheduling and Work Control is charged with the responsibility of preparing,
securing approval, maintaining, distributing and reporting status against Program
Master Schedules; preparing composite Division Schedules for short term and long
term planning exercises; maintaining a Divisionwide view of scheduled usage of
mixing, casting, curing and testing facilities, and resolving any individual program

2- 81



schedule conflicts in their intended use; maintaining the Operations Directorate
labor work order release system; preparing, tracking, and continuing maintenance	 i
of direct and indirect labor budgets associated with the indirect material budget;
contract completion estimates; earned value system maintenance and creation and
maintenance of required status reporting systems; and creation, review, and analysis
of written administrative procedures, manpower an iysis and forecasting. 	 T$

2.9.1.3 Works Engineering

Works Engineering is responsible for monitoring and controlling facility
acquisition, use, and disposition to assure prompt availability of required facilities;
trouble-shooting and resolving manufacturing process problems; scaling up and
implementing developed manufacturing processes; developing process equipment as-
required to resolve problems; providing process technical support for manufacturing
operations; and directing initiation and implementation of Raw N. Literial Handling and
Storage Manual, Master Batch Card Files, and Inplant Handling Manual.

Works Engineering also provides the engineering effort necessary to design
tools; prepare finished drawings or specifications; perform fabrication liaison and
design changes and assists in tool proofing; provides configuration control of tooling;
monitor and control tool costs; operates the control tool stores warehouse and main-
tains tool location and use control; and maintains all ' sling records.

Works Engineering is responsible for tool sustenance. Special tooling sus-
tenance is the labor and materials required to maintain tooling in an "as new"
condition for the life of the program, replacing tools as required and modifying tools
for process impr-)vements. Included is configuration management, records keeping,
design modification, and periodic inspection to verify tool configuration.

2.9. 1.4 Industrial Engineering

The Industrial Engineering organization reports to the Director of the
Operations Directorate and accomplishes planning, control, coordination and
administration necessary to support motor production and delivery; provides per-
formance statu4 and analysis reports to management; analyzes and reports Operations
manpower efficiency and performance weekly and monthly to apprise management of
progress, trends, and problems concerned with labor and material expenditures;
implements methods of work measurement through work standards for all m.r %surable
operations; provides continuing effort to improve manufacturing techniques aad
efficiency and updating of measurable wort: standards; performs special studies as
requested; and prepares and maintains organization budgets for measured work scope.

2-82



2. 9. 1.5 Quality Control Inspection

The management level personnel in inspection, i.e., foremen and above are
generally considered support personnel. They perform management functions
directly related to the program but aot relatable to a specific motor. `Their effort

i includes inspection planning, personnel assignment, and documentation review.

2.9.1.6 Quality Administration

The budgeting and overall planning for the (Quality Function is performed by
Quality Administration. In addition, personnel certification records and quality
assurance stamp records are maintained.

2.9. 1.7 Quality Audit

A system of continual audit of all quality functions is maintained and
administered to assure compliance with all inhouse and customer quality require-
ments.

2.9. 1.8 Quality Control Engineering

All quality engineering applicable to the program is performed by Quality
Control Engineering. This includes detailed analysis of all engineering design with
a signoff responsibility; preparation of Inspection Plans; statistical analyses and
control; nondestructive test planning and control; definition of quality training
requirements; quality representation on the Material Revie w Board; vendor control;
and representation of (Quality Assurance on the program team.

2.9. 1. 9 Test

The support functions provided by Teat include instrumentation and gage
calibration and photograph support for the program.

'x .9.1.10 Metrology

Metrology provides for calibration of all measuring devices %k ith certification
to National Bureau of Standards requirements. In addition, all tool certification is
performed by metrology.

2.9. 2 Launch Site Operations Support (Task 9.2)

Under this task Thiokol will provide the necessary personnel, materials,
and services for operations support at the launch site. The site support will consist
of the necessary management, safety, quality, and training; people to accomplish

N
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the efficient planning and execution of all aspects of the receiving assembly and
checkout of the SRM Stage and the integration of the SRM Stage into the Space Shuttle.
The field personnel will provide Thiokol support to the test working group (7V6'G)
atx) any subordinate working groups which may be organized or_ an ad hoc basis.
The site support personnel will provide inputs directly to 24 hr TWX flight test
report, and, using data provided by the home plant, will provide iapuLs to the
10 day quick-look report.



2. 10 DATA (PROJECT 10)

The work under this task will include providing the personnel and services
required to perform the Data Management effort in accordance with NASA require-
ments. The Data Management Organization is responsible for integrating the data
effort and proposing contractor recommended changes to the Data Requirements List
(DRL). This effoi* will be performed as follows.

1. Data Management -- The Thiokol Data Management
Organization will collxt. prepare, publish, and dis-
tribute data in the quantities and types designated in
the DRL. The Data Management Organization will
implement data management procedures in accord-
ance with the requirements, and provide controls to
prevent duplicating of data preparation. The Data
Management Organization will monitor the prepara-
tion and delivery of technical reports to assure com-
pliance with the DRL.

2. Data Requirements --• Thiokol will participate in peri-
odic data requirement reviews of the DRL, as requested
by NASA. Assistance in updating the DRL will include
the identification of additional items and recommendation
for deleting existing items listing on the DRL.

3. Subcontractor Vendor Data -- The Thiokol Procurement
o -ganization will include the data management require-
ments in all subcontrzcts which require the delivery of
data.

2. 10. 1 Management Data (Task 10.:)

Under this task Thiokol will provide the management and financial data required
by the DRL.

2. 10.2 Engineering Data (Task 10.2)

Under this task Thiokol will provide engineering data as required by the DRL.

2. 10. 3 Technical Orders and Manuals (Task 10.3)

Under this task Thiokol will provide the technical orders and manuals as identi-
fied by the DRL to support the LLunch site operations.
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2. 11 RAW MATERIALS AND COMPONENT PROCUREMENT (PROJECT 20)

This project is established as a holding account against which the cost of all
raw materials and components will be collected. The cost of these materials and
components will be charged against the proper task at the time of usage. No Th ohol
labor is to be charged to this project.
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2.12 RECOVERY SYSTEM (TASK 4.4)

Under this tusk, Thiokol will provide the necessary personnel, services,
.materials, and facilities to perform the design, receiving inspection, and qualifi-
cation testing of the solid rocket motor recovery system. The receiving inspection
for recovery systems for the GTH, FTH, and production programs also will be
performed under this task.

2.12.1	 System Configuration

The recovery system will be designed to accomplish the recovery of the
SRNi Stage from flight after burnout, there will be two identical recovery systems
in each stage, one for each SRM in the stage. Each recovery system will consist
of the following components.

1. Pilot Parachute	 5. Pyrotechnic Release Device

2. Drogue Parachute 	 6. Power Supply

3. Main Parachute System	 7. Beacon System

4. Mortars for Deployment 	 8. Entry Spin System

The recovery system will be fabricated to the ?NASA approved Thiokol design
disclosure.

2. 12.2 Qualification Program

The qualification of the recovery system will consist of component develop-
ment testing and testing of the complete system during the unmanned and manned
flight test programs. Prior to the initiation of detailed component design it will be
necessary to define the reentry mode of the SRM Stage after separation from the
space shuttle orbiter. This will be accomplished by conducting tests of a gimbal
mounted scale model in a supersonic wind tunnel and by using sounding rocket
tests of scale models. Telemetry data of altitude rates and radar and/or einetheo-
dolite data will be recorded from these sounding rocket tests to define the reentry
mode for the SRM.

Component design will be based upon the defined reentry mode of the SRNI.
Component testing will consist of the following:

2.12.2.1 Despin Drogue Deployment

To assure that the drogun chute will despin the rocket case and to evaluate
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the dynamic loads on that chute, transonic wind tunnel testing at either AEDC, or at
NASA Langley Field will be required. A gimbal mounted scale model with a scale
drogue chute will be tested. Wind tunnel tests for Mach numbers of 1.2 to 0.8
will be required.

After the wind tunnel tests have been condv^ '-ed and the drogue system hard-
ware has been designed, scale drop tests are necessary. A one-third size drogue
chute and suspended weight model will be dropped from a B-52 aircraft at the Joint
Parachute Test Facility Auxiliary Landing Field at El Centro, California. These
tests will require tensiometers on the drogue bridle load points and accelerometers
on the suspended weight body. In addition the facility cinetheodolite will be required.

2.12.2.2 Main Parachute

Because of the size of the main parachute system, scaling of wind tunnel size
models is thought to be undesirable. Drop testing of one-third scale models including
the clusters of six parachutes will be required. These tests will evaluate the cluster
aerodynamic deployment, dynamic loads, and descent rates. In addition a ZUU scale
test of a singl y; parachute with a one-sixth suspension weight will be required. This
test will be required for parachute structural integrity validation. Static pull test
of the parachute cloth will be performed and seam and joint stitching, pocket band
construction, and reefing joint ties will be static pull tested.

2.12.2.2 Mortar for Deployment

Subsystem testing of the pilot chute mortar will be required to evaluate breech
pressures, power unit thruat erosion rates, and muzzle exit velocities. These tests
will be conducted on the gr°ound at subcontractor test facility.

2.12.2.4 Pil-ct Parachute	 q

The design testing of the pilot chute will be conducted on a test vehicle, either
a sled or a high speed aircraft.

In addition to the load and aerodynamic testing described above, all system
components will be subjected to temperature, humidity and vibration environmental
testing.

The main and drogue parachutes will be tested in B-52 drop tests with in-
creasing loads. The greater parachute loads will be achieved by increased deploy-
meet velocities and suspended weights. These tests should establish the variation
in decelerator performance and design system safety margin.

The structural integrity of the entry system spin fin will be tested by static
aircraft type, multiple point loads procedure.	 j
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The mortars, pyrotechnic release devices, power supply and beacon system
w ill be tested for a complete matrix of environment conditions.

Final qualification of the complete recovery system will be accomplished
describing the unmanned and manned flight test program.

2.12.3 Qualification Completion

The recovery system qualification will be considered complete upon success-
ful completion of the model and full size component testing and upon successful re-
covery of an SRM Stage during the Space Shuttle Vehicle Flight Teat Program.

2.12.4 Program Recovery Systems

Recovery systems forthe production program will he fabricated, received
and inspected under this task using the tooling, processes and procedures developed
during the qualification and FTH programs.

-t
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3.0 MANUFACTURING PLAN

C.	 .This Manufacturing lan describes the Prima and Supporting Inplantg	 r5'	 uPP	 i; P
Flows, the processes selected during the study program for both the DDT & E and

jProduction Programs, and the reasons for each selection. T v manufacturing and
inspection processes Selected have been proven during fabrication of solid propellant
rocket motors of tree same maid, similar sizes. The inspection steps selected were
established to verify quality at the conclusion of each major manufacturing operation.
In addition, quality is verified at intermediate points to reduce the additional cost and

C	 delays that would result from defects discovered at a later step in the process. All
quality inspection steps take into account the requirements of a manrated system.
Many weighing, mixing, and curing operations are monitored completely to assure
quality in these operations, which cannot be verified by subsequent inspection.

3.1 PRIMARY IMPLANT FLOW

The transportation of case segments from the vendor to the Utah facility will
be by rail and by commercial low-bed trailer from railhead to plantsite. The use of
a specially designed trailer is not necessary, since the dimensions and weight of the
cas°s are within available commercial capability.

Unloading, at the storage pad area, will be accomplished using slings and
a mobile crane. All subsequent inprocess handling of the unloaded segments will
be pc rformed using a pneumatic handling harness. This harness employs inflatable
blade ters retained within an exterior support structure, which, when pressurized,
expat.ds witjain the support to exert a gripping force on the encircled case section.
This gripping; force is adequate for lifting and inverting the cases. This handling
concept ha,, been chosen since it provides for all the necessary handling operations
without har—ness rings attached to the case joints. This handling concept is currently
being used for both enip-Ly and loaded Stage III Minuteman cases. After the segments
are loaded, they will be removed from the casting pit using a handling harness and
will be positioned on a rotator. The harness will be removed and all subsequent
handling will be accomplished with the loaded segment positioned on the rotator.

Included in this bection also is a discussion of the process for refurbish-
ment of the case and nozzle.

The following flow charts, Figures 3-1, 3-2 and 3-3, depict the flow of the
main motor segments and supporting component parts through the plant.
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Figure 3-1. Manufacturing Process F l ow Chart
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Figure 3-1. Manufacturing Process Flow Chart (Cont)
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Figure 3-1. Manufacturing Process Flow Chart (Cont)
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Figure 3-1. Manufacturing Process Flow Chart (Cont)
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Figure 3-2. Nozzle Flexible Bearing Manufacture
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Puck metal parts for shipment

(Ship parts to vendor for re-use

Flex Bearing Hefuttiimhments

Receive flex bearing at M-509

Position bearing in hot degreaser
until all adhesive has deteriorated

Separate metal parts from rubber

Grit blast metal parts

Dimensional and magnetic particle
inspect metal parts

Identify parts and place in handling
container

Ship parts to E-512
I

Sto re

36175-135

Figure 3-3. SRM Refurbishment
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3. 1. 1 Start Segment to Lining

The interior of each segment will be completely cleaned prior to installation
of the insulation. This will be accomplished by grit blasting the internal surfaces with
zirconium silicate and subsequently solvent cleaning using t rich loroethylene. The
solvent cleaning will be accomplished by spraying trichloroethylene onto the interior
segment surfaces while the segment is positioned over a conventional degreaser. This
solvent cleaning technique has been used extensively on various sizes of rocket motor
cases including the Stage I Minuteman case, and has proven to be a simple, direct,
and economical cleaning technique.

The installation of the rubber insulation in the cases will be a semimechanized
layup operation of the unvulcanized material, followed by vulcanization in place. This
technique has been selected rather than the prevulcanization, bonded-in-place technique,
due to its inherent economy and quality. Production of prevulcanized insulation parts
for large motors has proven to be expensive due to dimensions and the cleanness of the
surface necessary to assure quality bonds when installed in the case. Also, the case
dimensional variations can cause problems, with void areas in the glue line, and proper
location of the insulation part within the metal part. These problems are all elimi-
nated by the use of the uncured rubber layup and vulcanization-in-place technique.
This technique has been demonstrated by Thiokol on various size cases including 156 in.
diameter M7-n.

The insulation pieces and calendered stock are then semimechanically laid in
position and pressed firmly by hand rolling or tamping. This assures intimate contact
of the insulation with the case, without entrapment of voids. The required insulation
thickness and profiles are obtained by the application of the proper number of layers
of insulation in this cutting-activation-positioning sequence. The relief flaps are formed
as an integral part of the insulation layup, being separated from the backup insulation
by a thin layer of a mold release film. At the joint areas, mold rings are used to form
the precise insulation dimensions of the unvulcanized materials. With this technique,

x molding of NBR insulation to precise tolerances has been successfully accomplished
on several sizes of rocket motor cases.

The insulation imstallation operation will be accomplished with the segment
positioned on a rot: *.or in the-ii.sulation layup bay. Interior segment surfaces to
which rubber insulation is to be vulcanized will first be prepared by spray coating
with a Chemlok primer system. NBR insulation laid up in the dome sections of the
aft and forward segments will be precut to specified dimensions. The cylindrical
portions of all segments will be insulated using NBR roll stock of varying lengths
Surfaces of the NBR will be activated using methyl-ethyl-ketone (MEK).

When all the required insulation material has been properly positioned, re-
usable vacuum bagging is positioned over the insulation and sealed against the case
walls or mold rings. The case will be placed in an autoclave. The vacuum system

TI
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provides for positioning control of the insulation and removal of any volatiles released
during vulcanization. The autoclave provides the 100 psia pressure, using air as a
pressurization medium, to achieve the required insulation cured density. The auto-
clave also provides the heat for vulcanization. The cure cycle chosen has been used
for insulation processed on previous successfully tested motors, and complies with
the insulation manufacturer's recommendations.

After the vulcanization operation, the case will be removed from the autoclave,
and the vacuum bagging and mold rings are removed. The insulation will be completely
inspected for dimensional acceptability. Following acceptance by the inspection, the
segment split flap will be secured in preparation for liner application.

During the development program the insulation in the joint areas on the first
15 segments will be molded oversize and the joint will subsequently be routed to the
final configuration. During the first 15 segments the cure shrinkage of the joint will
be established thus allowing all subsequent segment joints to be net molded.

The insulated case then will be completely recleaned on the interior, using the
hand-scrubbing techniques, with MEK solvent used for the insulation surfaces, and
trichloroethylene solvent used for the metal surfaces.

3.1.2 Segment Lining

The cylindrical and dome portions of each segment will be lined using the
sling 'Lining technique. This technique has been proven during several years on approxi-
mately 2, 000 Stage I Minuteman motors, and on numerous other motors from 15 to
156 in. in diameter. The OF-2121 liner material is viscous, tenacious, and extremely
difficult to spray. However, development of the specialized equipment and procedures
of the slinging technique facilitate a straightforward, high quality application. In this
qualified technique, the liner material is pumped into a hollow, 9 in. diameter disc
which is rotating at 7, 000 to 9, 000 rpm. The liner is physically impelled by centrifugal
force, through 0.060 in. wide peripheral slits in the disc. It emerges from these slits
as droplets with high velocity which impact the case surface at approximately a right
angle, and provide intimate surface contact and wetting action while flattening against
the surface.

The sling liner equipment causes the disc to traverse the case length auto-
matically with several passes, while applying the required quantity of liner. This
multiple pass application assures uniform distribution of the liner material. This
method of application deaerates the liner material as it is applied, and produces a
continuous void free liner. The liner application process controls the weight of the
liner to within 0.1 percent by monitoring the weight of lining material delivered to the
stinger disc.
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The completed liner application then will be cured for 29 hr at 1357 while
positioned in the liner cure pit. This cure has been selected on the basis of studies
which demonstrate that the liner is sufficiently cured to prevent bubbling under
vacuum, and also that a cure time of this degree has no detrimental effect on the bond
strength of rubber to liner to propellant systems.

Following the liner cure, the weight of the insulated and lined case will be
determined. This weighing facilitates the later determination of net propellant weight.
The case then is loaded onto an inplant trailer and transported to the casting pit.
The case interior will be completely protected during transportation with dust.tight,
weatherproof covers to prevent contamination of the liner surface.

3.1.3 Segment Loading

The objective of the propellant casting operation is to form a void free propel-
lant grain to exacting dimensional tolerances from a viscous slurry containing a very
high proportion of solids. Special handling and safety precautions during processing
are necessary because of the flammable characteristics of the material. The basic
method of deaeration, casting, and forming which will be used on the Space Shuttle
Booster has been used extensively and successfully on many sizes of rocket motors,
including 156 in. diameter motors that were successfully loaded and fired. The method
is commonly referred to as vacuum casting. This technique allows the propellant to
form the motor grain under evacuated conditions, thus eliminating the tendency for
air entrapment. The technique emphasizes simplicity, which inherently improves the
safety of the operation and contributes to the consistent quality of the propellant grains.

When a center or aft segment arrives at the casting pit, it will be lifted from
the rotating handling dolly using a pneumatic harness and gantry crane. The segment
then will be lowered into the casting pit and positioned on and secured to the casting
base plate. This base plate is located on the casting stands, and thus provides com-
plete support of the segment for the propellant casting curing operation. It also forms
a mold for propellant grain surface providing exact grain dimensional requirements
and provides core centering.

When a forward segment arrives at the casting pit, it will be lifted from the
rotating handling dolly on which it was transported using a pneumatic harness and
gantry crane. It then will be lowered into a casting pit, positioned on and secured to
the casting stands.

These casting pits operate in reverse of the conventional assembly line concept
by maintaining a stationary product serviced by portable processes and equipment.
This concept, because of the size and nature of the product and the special safety con-
siderations for the propellant, results in considerable cost and cycle time savings.
Motor handling is mini nized, with only installation in and removal from the casting
pit required. Each pit is equipped with heating and air circulation equipment to con-
trol and maintain uniform temperatures during the entire loading and caring cycle.
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After positioning the cases in the proper pit, portions of the casting tooling
are installed. The aft grain propellant mold will be installed onto the case and secured
in place. The cure will be installed and aligned radially and longitudinally by a pilot
hole in the casting base plate and a centering device indexing from the aft grain pro-
pellant mold. This assures the propellant grain cavity will be properly located after
the propellant has been cast and cured. After the casting tooling has been properly
installed, the pit lids will be lowered and the liner cure completed at 135°F for eight
additional hours. Upon completion of liner cure, the vacuum chamber will be simply
positioned over the casting tooling, resulting in a closed chamber which can be readily
evacuated for the propellant castirgj operation. The propellant hopper assembly con-
sisting of a support stand and two transfer hoppers will be located on the vacuum
chamber and connected through a pneumatically actuated butterfly valve to a "slit"
plate mounted in the dome casting opening. This slit ►date contains numerous parallel
slits of a controlled width, and is exposed on the bottom to the evacuated segment
interior.

During the casting operation, the propellant, after acceptance by (duality
Assurance, is received at the casting house, in the as-mixed condition, in the vertical
mixer mixing bowl. This propellant then is emptied by inverting the bowl into the
casting hopper.

The propellant is slowly forced by the pressure jifferential from the hopper,
through the valve anti tubing, to and through the slit plate. The propellant emerges
from the slits in parallel ribbons, which are exposed to the low pressure evacuated
interior. Any entrapped air in the propellant is immediately flashed out and re-
moved from the thin propellant ribbons as they fall into the segment. This process
is called "deaeration" and assures a void free, high quality propellant grain. The
deaerated propellant falls freely into the case interior and gradually fills the case
to the proper level. The complete casting operation requires repetition of the dump-
ing operation of the mixing bowls into the casting hopper until the proper amount has
been cast. After the propellant has been cast to the aft grain mold and sufficiently
into the grain mold sleeve, the vacuum in the chamber is gradually reduced. The
propellant level is closely monitored during this operation and propellant added as
required to maintain the proper level. The casting hopper and va^uurn dome then is
removed and the propellant level troweled and adjusted if necessary to assure it is
within specified tolerances.

Process inspection personnel will monitor the entire loading operation to
insure proper installation of casting tools, compliance with processing procedures
and limits, nd to provide verification of all recorded data. Representative samples
of the propellant will be obtained by the inspector and cured concurrently with the
motor for subsequent physical property verification tests. Standard JANNAF tensile
specimens will be cut from these samples, temperature conditioned, and tested to
failure on an Instron Tensile Tester. From the recorded data, the propellant modulus,
stress, and strain properties are calculated. The propellant density and Shore A
hardness also will be determined. These data wiil be compared with specification

3-11



limits  to insure propellant acceptance. If the data indicate a trend toward tolerance
limits, the formulation of subsequent propellant mixes will be adjusted to compensate.
In this manner, a rigid control of propellant physical properties will be maintained
within specification limits.

After completion of the casting operations, the casting house will be removed
from the pit and the pit lid is put in place for the propellant cure. The propellant cure
will be at 135 0 { 5° F for 96 hours. The curing will be continually monitored from
the control room at M-32, which contains the controller-recorder. Following this
cure, the pit lid will be lifted to allow introduction of ambient air and the heat input
will be turned off. The loaded case will be allowed to cool with the circulation sys-
tern moving conditioned temperature air for a minimum of 48 hours. After this
initial cooling the core will be "popped" free using a conventional hydraulic jack
system, then lifted from the loaded case with the gantry crane.

After these loading operations are completed, the aft grain propellant mold
will be removed from the loaded case, using the gantry crane. Then using the aft
handling ring harness, the loaded case will be lifted off the casting base or casting
stand :ind out of the pit with the gantry crane.

The loaded case then will be placed into the forward harness ring and the side
beams connecting the forward and aft harness rings attached. The harnessed case will
be positioned onto a hydraulic controlled breakover fixture and lowered into the hori-
zontal position. The harnessed case then will be lifted by a four point lifting beam and
positioned onto a horizontal handling and rotating dolly where it remains throughout
most of the remaining operations. The handling harness then will be removed from
the loaded case.
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I . 1.4 X-Ray, Final Assembly, Paint, and Ship

r The loaded segmentF will he shipped to the X-ray facility where the propellant
grain will be 100% inspected radiographically for defects. At this tirne the segments
are transported to the final assembly building.

The loaded segment and rotator assembly will be unloaded in the final assembly
work station by lifting the rotator and segment above the transporter bed using a
hydraulic jack station arrangement. The transporter then will be pulled out of the
wort: station and the rotator and segment lowered to the floor level.

At this point the loaded segment will be weighed and weight. and center of
gravity established using a jack station and load cells.

The remaining operations that will be performed at this work station include
the installation of the raceway and dome brackets, assembly of the igniter/initiator
to the forward segment, and assembl y and checkout of the nozzle to the aft segment.
These operations, with attendant cure cycles, will permit planned concurrency of
operations and maximum utilization of the crew and facility. For example, the
igniter/initiator assembly will be installed in the forward closure while the raceway
bracket bonding material cures.

The installation of the raceway and dome brackets will be a simple bonding
operation, with the attachment tooling providing for automatic location of the brackets
with respect to the joints or skirts, and application of pressure to press the brackets
against the case surface.

The installation of the igniter assembly in the forward closure is a simple
position /bolting operation. The igniter assembly will be received at the final
assembly work station, in the storage container, positioned with the attach flange
-it the top. The lifting device will be attached and, using the bridge crane, the
igniter assembly is lifted from the container and installed into the forward segment
igniter port. Bolting and lockwiring then are performed.

The segment still positioned on the rotator will be transported to the paint
facility and unloaded using the same method as in the final assembly work station.

Painting will be performed by spray technique. The surface of the first
primer coat, applied by the case vendor, will be hand scrubbed with clean cloths
soaked in trichloroethylene solvent. The final paint coating then will be applied
and dried at least one hour prior to further operations involving contact with the
painted surface.

After completion of the assembly and painting operations, the segment will
be presented for physical inspection by the resident Quality Control representative
of the customer.

i
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The accepted segments will be stored on the loaded segment rotator on a
storage pad. A portable enclosure with the capability of maintaining a temperature
of 60 0 to 100° F will be positioned over each segment.

Movement from the storage pad to the rail siding; will also lx^ on the inplant
low bed trailer. Loading and unloading of the segments at the storage pad will be
accomplished using a portable jack arrangement.

The transloading operation at the rail siding will be performed with a 200-
ton bridge crane. The segment simply will be lifted from the low bed trailer using
the bridge crane and a loaded segment Pneuma-Grip, and will be positioned on the
railcar.

After transloading and tiedown of the required number of segments has
been completed, the loaded rail cars will be turned over to the control of the
commercial carrier.

3. 1. 5 Refurbishment of Fired SRM Segments

Burned out booster motors will be retrieved, disassembled and transported
to Thiokol. All live ordnance components (thrust termination charges, etc) will be
removed prior to shipment to Thiokol. Segments will be received inplant on a low
bed transporter and will be stored on outside pads until scheduled for refurbislurent.

After removal of the nozzle and Pyrogen igniter from the aft and forward
segments, the process of refurbishment is basically the same for all segments.
All handling of the fired segments in the refurbishment facility will be accomplished
using an empty segment Pneuma-Grip fixture, The remaining insulation in the
segment will be removed using a high speed servocontrolled router. After insulation
removal the segment will be moved to the grif blast bay and both interior and
exterior surfaces will be grit blasted with zirconium silicate to remove any remain-
ing insulation residue. Each segment then will be hydrostatic, ultrasonic, and
magmaflu:x inspected for conformance to Engineering requirements.

The accepted segments will then be transported to the painting building where
the cleaning of the OD and application of paint primer will be accomplished. End
covers will be installed on the segments and the segments	 be stored on surge
pads until scheduled for reprocessing.

3.1.6 Nozzle Joint Refurbishment

The metal parts of the nozzle joints will be reclaimed using the same pro-
cess that has proven successful on the Poseidon C3 program. After removal of
the flex joint from the nozzle, it will be placed in a trichloroethylene degreaser
tank to deteriorate the adhesive bonding the silicone rubber boot and eia:;tomer to
the metal components. The boot and elastomer then are separated from the metal
parts.

E
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The metal parts are grit blasted to remove C hemlok primer and blend out
any surface irregularities.

(duality Control personnel will perform a magnetic particle and a dimensional
inspection to verify parts are acceptable to blueprint and all specifications. After
acceptance, parts will be identified and placed in stores for use in refabricating
a replacement nozzle joint.

3.2 SUPPORTING INPLANIT FLOW

Major inplant efforts to support the primar y segment floe which has been
describes previously are described in this section. These major support areas
are as follo,%vs.

Liner Manufacture (3.2.1)
Propellant Manufacture (3. 2.2)
Igniter and Initiator Manufacture (3.'2.3)
Nozzle Flex Bearing Manufacture (3.2.4)
Test Operations (3.2.5)

3. 2. 1 Liner _Manufacture

Each of tiv, liner ingredients are categorized into material lots and are
further segregated by evaluation numbers. Each evaluation then will be mixed
to the proper formulation and the critical physical properties verified. Adhesion,
peel, and lap shear samples Hill be cured and tested to failure. The resultant
data will be compared with the specification limits to verify conformance.

For production use, the ingredients will be drawn from accepted lots and
removed from controlled storage conditions. A 75 gal planetary motion vertical
mixer %rill be used to blend the ingredients. The liquid ingredients will he added
in the proper proportions and Mended prior to adding the solid constituents. The
solid materials then will be uniformly and slowly added to the liquids and the pro-
per mix cycle completed to thoroughly blend the materials.

Verification of all weights, of mix viscosity, mix time and all other pertinent
processing parameters are documented by Quality Control personnel. Tight con-
trols on all aspects of liner mixing will be implemented to assure high quality liner.

3.2.2 SRM Propellant Manufacture

The proportioning and mixing of the propellant materials will be performed
using equipment that has been used extensively for production of motors over a
«v ide range of sizes including 156 in. diameter motors. This equipment includes
an oxidizer grinding and apportioning system that will automatically \teigh the
required amounts of ungroulld and ground oxidizer and convey the material to a

3-15



mixer hopper. The grinding will be accomplished by a Mikro- Bud vertical grinder
of the same type that has been used for approximately 2, 000 Stage I Minuteman motors
as well as for Third Stage Minuteman and Poseidon motors.

HB polymer and aluminum powder will be accurately weighed into a horizontal
mixer where the aluminum powder is thoroughl% wetted in the polymer. The
calculatted batch requirement then is weighed into the 800 gal %ertic •al mixer bowl,
the curative is added from a loss-in-weight hopper, and the premix material will be
delivered in the mix bowl to the mixer stat inn.

The mix howl containing the required amounts of all materials. except oxidizer,
will be positioned onto the t•ertical mixer. After the mixer is sta rted t hrough the
automatic propellant mining cycle the oxidizer will be remotely and automatically
added at the appropriate point in the tnix cycle.

This system virtually eliminates the human element, pri l%'Wes complete
and accurate records on important aspects of the process, and assures a sutxrior
quality propellant by quality control and testing.

The inprocess c•crtrol of propellant %%ill be maintained byanalyzing a sample
of uncured propellant prior to casting. Total solids, an infrared spectrographic
anaIN-sis, and uncured strand burning rate anal%sis will be conducted on individual
mixes.

Three loaf samples will be cast from three mixes per segment and %i Il he
cured and tested for physical properties determination.

Three ballistic test motors will be cast from three mixes per each segment,
cured, and test fired. The results of these tests will be used to %erify and re-
establish the baseline for inprocess batch acceptance of burning rate h%- uncured
strands, and to make adjustment in oxidizer fraction. The inspettion procedures
and tests will be so constructed to provide the quality required for a nianrated vehicle.

3-16



3.2.3 Igniter and Initiator Manufacture

The igniter metal case will be received from the vendor uninsulated. The
exterior case surface will be prepared for NBR insulation application and
vulcanization by grit blasting with zirconium silicate and solvent cleaning using
MEK. A Chemlok primer system will be spray applied to the case and precut
NBR insulation hand laid up to th,.? desired thickness. During layup, the uncured
NBR surfaces are activated by wiping with MEK. Mold rings are used to form
the aft and forward insulation surfaces. A vacuum bag will be installed over the
NBR layup and sealed at each end. The rnbber will be vulcanized in an autoclave
at a maximum temperature of 315°F for a period of 10 hours.

The insulated igniter case internal surfaces will be cleaned by scrubbing
with MEK and cheesecloth prior to liner application. The igniter case will be
lined with OF-2121 liner using a sling lining technique similar to that used for
the booster segments. "The liner will be cured at 135°F for 44 hr minimum.

The lined igniter case will be moved to the casting facility where the casting
fixtures consisting of a casting sleeve, core guide, propellant grain mold, core,
and core retainer are assembled.

Propellant will be cast into the igniter using a pressure casting system which
forces the propellant into the case from the bottom opening (nozzle end) of the
case. After the propellant reaches a predetermined height the casting will be
terminated and the core seated and secured in place. The propellant grain will be
cured for 96 hr at 135'F.

After removal of the casting fixtures, inasmuch as die propellant grain is
net molded, the loaded igniters will be inspected radiographically for propellant
grain defects.

After initiator adapter is assembleu to the accepted igniter, it will he
secured in place using bolts. The initiator then will be assembled to the adapter
and secured in place using bo1W. After completion and acceptance of the igniter-
initiator assembly, the unit will be placed in a handling container and moved to
surge, test, or to the final assembly area for installation into the loaded forward
segment of the booster.

Propellant used for the igniter will be TP-H1016. This propellant formu-
lation has been and is currently being used on the Genie motor program. All
processing techniques which include raw material acceptance, formulating of
raw materials, mixing, and inprocess testing of mixed propellant have been
extensively used at this Division in the manufacture of TP- H 1016 and other
similar propellant formulations, lnprocess controls similar to those defined
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for- the booster propellant wail be imposed on this propellant. Ingredient lot
changes wi ll, be controlled through a standardization process. The ingredient
lots are segregated and assigned evaluation numbers. Twenty gallon propellant
mixes will be prepared using varying polymer to curing agent ratios and varying
ground to unground oxidizer ratios.

From each standardization mix, ballistic test motors and uncured liquid
strands will be cast to determine the characteristic burning rate of each formula-
tion, One-half gallon propellant samples will be cast from which standard JANNA F
tensile specimens will be cut and tested to determine respective physical prop-
erties. Analysis of these data will determine the optimum propellant formL:lation
for the specific ingredient lots used.

The igniter initiator fabrication teennique will be similar to that used on
Thi rd Stage Minuteman igniter.

The initiator grain is a case bonded, 16 starpoint configuration cast into
a steel case. The grain will be similar in design to that of the Poseidon Stage I
igniter and Third Stage Minuteman igniter which are presently being cast at the
Wasatch Division. Similar tooling and casting techniques will be employed for
the Pyrogen initiator. A safety and arming device will bolt onto the initiator
adapter which is similar to the system used on all Minuteman motors.

The initiator will use TP--H1016 propellant from the same batch from which
the igniter is cast so that separate characteristic and standardization testing will
not be necessary.

3.2.4 Nozzle Flexible Bearing Manufacture

The Thiokol Chemical Corporation, Wasatch Division began work in the
latter p xt of 1967 to develop a flexible elastomer nozzle bearing for use in the
Poseidon C3 First and Second stage Motor nozzles. The diameters of these
motors are 74 in. OD with corresponding elastomer bearings of 22.5 and 22.7
inches in diameter. The development phase was completed in 1968 and produc-
tion quantities of over 250 first stage and over 300 second stage bearings built
rh ru the end of 1971. Reliability of the production bearings has been exceptionally
high.

The fabrication process used to make the Poseidon C3 Iearings has been
followed as the proposed process to fabricate a similar elastomer bearing for
the 156 in, diameter Space Shuttle Motor.

This process will begin with fabrication of the steel end rings and reinforce-
ment shims using existing standard metal cutting facilities. The elastomer
material will be polyisoprene sheet stock hand cut to strip size for assembly
layup. Spacing of the elastomer will be controlled by pricing spherical steel
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spacers between reinforcement shims. Dimensional and process parameters
will be monitored and verified by inspection throughout the entire process.

Preparation for molding will begin by grit blasting and MEK cleaning of
the bonding surfaces of steel components. One coat of Chemiok 205 primer and
two (2) coats of Chemlok 220 adhesive will then be sprayed on the metal compo-
nents. The elastomer strips will be applied to prepared surfaces and the spherical
spacers imbedded under the elastomer to retain their to^ation during the cure
cycle. All rings will be assembled to the vulcanizing mold by stacking in the

a
proper order. The top mold section will be located and the assembled mold
loaded to the vulcanizing press. Curing will be accomplished using programed
temperatures and pressures. After completed bearing is removed from the mold,
any flashing will be removed by hand tools. duality Control personnel will perform
necessary NDT and functional acceptance testing of the completed joint.

3. 2. 5 Static Test Operations

Each 156 in. diameter motor segment will be received at the test bay with
rounding rings installed. The assembly fixture will utilize the pallet concept
of handling the segments. The pallet will be lowered on the assembly fixture
which will be capable of longitudinal, lateral, pitch, yaw, and roll ;movement.
The first segment will be attached to the thrust adapter and all alignment adjust-
ments will be made prior to removing the assembly fixture. The second segment
will be received the same as the first, and the first joint will be made. The
rounding rings of the first joint will be removed and sent to Manufacturing for
placing on the third segment. Each segment will be assembled in the same manner.
After the last segment is assembled in the test stand, temporary supports under
the segment joints will be removed and any alignment adjustments will be made.
Concurrent with the motor assembly, transducers will be installed and hooked
up to the instrumentation system. Facility hydraulic power will be used to check
out nozzle actuation. On the day of the test a final dry run will be conducted to
check all instrumentation channels, nozzle actuation, and motor picture camera

`	 starts. Upon successful completion of the dry run the conditioning; house will be
removed and the nozzle hooked to the onbohrd hydraulic power supply. The motor
then wi11 be tested within two hours.

Post-test operations will include photographs, nozzle physical measure-
ments, examination of the motor for any failures, and disassembly of the motor
and return to the manufacturing area for detailed post-test analysis. A quick-
look data meeting will be arranged for eight hours after the test, to present
data from thrust, pressure, and nozzle actuation measurements. Test Bay T-24
will be modified to allow testing of a five segment 156 in. diameter motor. The
modification will include a movable conditioning house that will cover the
assembled motor and maintain a temperature of 80° + 20°F. A new six compo-
nent test stand will be installed in T-24. The test stand will provide adjustments
for motor alignment. Each component load cell will be easily removed for
calibration.
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4.0 GF.NFRAL TEST PLAN

4. 1 SCOPE

This document establishes the Design, Development, Test and Evaluation
(DDT & E) program that will be conducted on the configuration items, components,
assemblies, and subsystems of the Space Shuttle Solid Rocket Motor (SRM) Stage
and associated Ground %pport Equipment (GSE) to demonstrate compliance with
the applic::ble performance requirements.

This plan is based on the concept of testing only those items and comlx)nents
that are new, redesigned, or operate in a more severe en-ironment than already
qualified components. In Support of this philosophy, the DDT & E test plan is
designed to:

f

	

1. Support the SRM Stage and GSE design effort with
component verification test data early in the
acquisition phase of the prDgrani.

2. Qualify all unqualified [light hardware at the com-
ponent level.

3. Verify the SRM propu.ision subsystem design
during the Design Verification Motor Firing
Program.

4. Verify the qualification of the SRM propulsion
subsystem for use in the Flight Test Program
during the Preliminary Flight Rating Testing
(PFRT) Program.

i;

l_

	

	 Thiokol has considered cost effectiveness (minimum cost at maximum
reliability) as a primary objective throughout the study and definition of the SRM
Stage. Proven component designs and technology are used in all possible areas
to preclude costly hardware, manpower and schedule commitments. The test

l^
	 program has been planned to provide high Performance, reliability, and safety

at an optimum test program cost.

The program is divided into the foLowing major categories.

1. Engineering Test and Evaluation (Component
Tests).

i._

2. Motor Verification Tests.
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3. Motor Preliminary Flight Rating; Tests (PFRT
Tests).

Table 2-1, presented as a folduui at the end of this volume so that it can
be used for reference while reading the plan, presents the DDT & E motor and cotr,
ponent test programs as defined by Thiokol from contract go-ahead. This schedule 	 ^+
provides for the timely submittal of detail procedures for approval, the coordination
and phasing of tests, including required customer monitoring, and hardware neces-
sary to meet the major milestones of the test program. 	 t

Thiokol implementation of the approved test plan, during the program acqui-
sition phase, will be accomplished as illustrated in Figure 4-1 in block form. This
figure defines the flow of data originating from the customer, to the basic test

I anning, through performance of tests, and the acquisition ; handling and reporting
of test data and analysis.

4.2 APPLICABLE DOCUMENTS	 I

The following documents of the issue and date specified shall form a Bart	 r
of this test plan to the extent defined herein. 	 j

4.2.1 Specifications

NASA

To be determined.

Thiokol Chemical Co rporation

To be determined.

4.3 TEST REQUIREMENTS AND OBJECTIVES

This test plan must satisfy the following program requirements.

1. Configuration Item (CI) Detail Specifications,
Part I, Section 4, Qijality Assurance Provisions.

2. Customer requirements specifically defined in
the Statement of Work.

The objective of this test plan is to establish a comprehensive, integrated
test program that will demonstrate that the configuration items, components',
assemblies, and subsystems used in the SRM Stage and its supporting; GSE meet
all of the applicable requirements.

of
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4.4 ENGINEERING TEST AND EVALUATION

Extensive development testing has been conducted on SRM hardware,
beginning in December 1962, with the prime objective of producing a reliable
manrated booster stage. Maximum utilization,,;.' these data with respect to design
and established manufacturing techniques have been incorporated into Thiokol's
proposed SRM Stage design. Modifications to the proven design have been allowed
only where reliability could be increased or where significant cost savings can be
realized at no reduction in reliability or safety. In all areas where design changes
have been proposed, the change is supported by historical data gained by Thiokol
or established state-of-the-industry techniques.

Engineering test and evaluation will be perforined prior to release of pro-
duction hardware and will include: tradeoff tc.sting; component, subassembly, and
module performance evaluation; major brea.lboard testing; prototype subsystem
marriage testing; and detail engineering evaluation of subsystem functional capaci-
ties and modification verification. This section describes the .,:-.ecific engineering;
evaluation testing which will be accomplished,

4.4.1 Propellant and Liner

The proposed Space Shuttle propellant and liner are the TP-H 1011 propellant
and the OF-2121 liner used in Minuteman Stage I. Over 125 million pounds of
TP-H1011 propellant have been produced. The performance and physical proper-
ties of TP-H1011 propellant and the OF-2121 liner have been well characterized.
No propellant or liner development effort is required to meet Space Shuttle perform-
ance or grain application requirements.

The mechanical properties of the propellant and liner, initially and after
extended storage, were completely characterized during the Minuteman program.
Bond integrity, peel, tensile, and shear are measured and proven characteristics.
Stress relaxation modulus and dynamic shear properties were measured to define
the viscoelastic characteristics of the propellant. Fatigue endurance properties were
measured during the Minuteman transportation and handling program. TP-H1011
propellant physical, mechanical, and ballistic properties tested under aged and
accelerated aged conditions have been conducted in the Minuteman Surveillance
Program. Hazard classification testing and card gap tests have been completed.
The results of these tests show that the proposed propellant and liner system for
the Space Shuttle SRM is highly qualified, off-the-shelf, and can be used with no
further qualification testing.

A method of production sampling will be used to assure consistent repro-
ducible performance of SRM's provided for the Space Shuttle program. This
method consists of making liquid strand burning rate tests, infrared spectrographic
analysis, and total solids analyses of each batch of propellant for acceptance prior
to being cast into a segment. From thf: first, middle, and last batch of propellant
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in each segment, three 5-in. diameter, center perforate ballistic evaluation motors
will be cast and three 1-gal. loaf samples will be cast. The ballistic test motors
will be fired to allow prediction of the ballistic performance of the segment and the
loaf samples will be tested to verify the physical properties of the propellant in
each segment.

4.4.1.1 Test Objectives

During the DDT & E program, propellanttestingwUl be devoted to developing
procedures to assure consistent, reproducible performance of the production SRM's
and assure the capability to predict SRM performance.

4. 4. 1.2 Test Description

Thiokol will make two full size mixes of TP-H1011 propellant to evaluate
variation of oxidizer grind ratios. Ballistic and physical property data will be
determined from nine 5-in, diameter center perforate (CP) motors, 27 uncur,,d
strands and nine 1/2 gal. loaf samples from each mix. Normal QC data will be
taken.

Thiokol will make two full scale mixes of liner from which physical property
data will be determined to show that the liner meets specification requirements.

Each batch of propellant mixed for the verification. and PFRT motors will
be accepted using liquid strand burning rate tests and total solids analyses prior
to pouring into the SRM segment. In addition, three 5-in. CP ballistic test motors
and three 1-gal, loaf samples will be taken from each batch of propellant during
pouring of the batch. These ballistic test motors will be tested and the data com-
pared with the full scale motor performance data to determine the scaleup factor
to be used for ballistic prediction during production. The loaf samples will be
cut up and tested to assure that the physical properties of the propellant meet
specification requirements.

4.4.1.3 Verification Completion

The propellant and liner verification program will be considered complete
when the foliowi ng is accomplished.

1. The test motors manufactured during standardization
demonstrate ballistic performance which meets the
requirements of the Thiokol design disclosure.

2. Laboratory tests demonstrate that the propellant
and liner meet the physical property requirements
of the Thiokol design disclosure.

Final qualification will be complete at the completion of the PFRT program.
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4.4.2 Rocket Motor Case

The requirements for the Space Shuttle program call for the design arxi
fabrication of highly reliable, low cost, solid rocket motor case segments.

To verify that the design will meet or exceed the design requirements, the
case segments will be subject to the tests as shown on Table 4-1.

TABLE 4-1

MOTOR CASE TEST MATRIX

Hydrotest
	

Hydroburst
at Vendor	 at TCC

Each Segment Fabricated	 All

Forward, Aft, and One Center
Segment Assembled Together	 1)

Additional Case Testing is described in para 4. -1. 1. 1.

4. 4.2.1 Test Objectives

Tests will he conducted to verify the structural integrity of the case hard-
ware under simulated motor operating pressure. Analysis of test data will be
conducted to establish predicted burst pressure level and verify case hardware
margin of safety.

4.4.2.2 Test Description

After fabrication, each segment of the case will be subjected to a hydrotest
to 120% of MEOP at the vendor facility.

For qualification of the case segments, two hydroburst tests will be required.
Each test specimen for the hydroburst test will consist of a forward segment and
aft segment and one center segment connected together. Each of the two assemblies
WW be tested to failure. Inaddition, two forward closures and nvo aft closures will
be subjected to destructive load testing as described in detail in Section 4.4. 11 of
this test plan.

4.4.2.3 Verification Completion

Care qualification will be considered successfully accomplished when the
forward and aft closurea with integral skirts have demonstrated capability to with-
stand flight induced loads, the two hydroburst tests have demonstrated the pressure
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integrity of the case design and the verification and PFRT motor testing has been
completed.

4.4.3 Internal Insulation

The internal insulation components will be designed to provide protection
to the metal case throughout motor action time. The , .internal insulation will be 	 I
fabricated from asbestos-silica filled YBR to the Thiokol design requirements. 	 J
The internal insulation components include the segment wall insulators and pro-
pellant stress relief flaps.

4.4.3.1 Test Objectives

The objectives of the insulation component testing is to verify one or more
candidate materials for use in the SRM Stage, to verify compatibility among the
insulation, case and liner and to bond strengths between the case and insulation
and liner and insulation.

4.4. 3.2 Test Description

The internal insulation materials and component verification program will
be conducted in three phases.

Phase I--Laboratory tests will be conducted in accordance with the Thiokol
Material Specifications to determine the physical and chemical properties and
insulating characteristics of candidate asbestos-silica filled NBR insulation
materials.

Phase II--Four candidate insulation materials will b ee tested further in accordance
with the matrix shown on Table 4-2. These tests will be designed to evaluate the
bonding characteristics of the liner-insulation combinations. All testing will be
performed in accordance with the master schedule. Omy the most promising
candidates will be used in Phase III.

Phase III--In this final prase of the program Thiokol will conduct the specific
tests and quantities defined in Table 4-3 to demonstrate and verify component
fabrication and system Wmd strength.

1. Component Fabrication Verification

The insulator manufacturing tooling, procedures,
and processes result in insulation material that
will properly bond to the D6AC steel case and to
the liner.
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TABLE 4-2

TESTING MATRIX FOR ALTFIINATE SOURCE INSULATION rV;ATERIALS

Candidate Materials No, I No. `? No. 3 No. 4

Characterize Bond to
propellant-Liner System

Liner Thickness

(in.)	 None 0.045	 0.065 None	 0.045	 0. 065 None	 0.015	 0.065 None	 0.045	 0.065

Test y and No.
of Specimens

Propellant Ad-

hesion Cup	 3 5	 3 3	 5	 3 3	 5	 3 3	 5	 3

180 Deg Peel	 3 5	 3 3	 5	 3 3	 5	 3 3	 5	 3

Characterize 3ora to
Casa

Tests and No.
Specimenscimens^ 

E

Adhesion Disc	 --	 3	 --	 --	 3	 - -	 --	 3	 --	 3	 M

180 Deg Peel	 --	 3	 --	 --	 3	 --	 --	 3	 --	 --	 3	 --



TABLE 4-:3

TESTING MATRIX TO DEMONSTRATE INSULATION 817STFM
FABRICATION CAPABILITY

insulation ;Material

Liner Thickness (in.)

Propellant

Test and No, Specimens

ca
Double Plate Tensile

Double Plate Shear

90 Deg Peel

l-annivate X
	

Candidate Y

None	 0.0-15	 0.065
	 None	 0.045	 0.065

X	 X	 X



2. System Bond Strength Verification

Thiokol's capability to produce and process insulation
meeting all requirements of the individual materials
specifications, and the composite system (case, insu-
lation, liner, propellant) bond strength requirements
in the SRM specification will be demonstrated and
verified by the tests shown in Table 4-3.

To assure that the data from the sample testing will be representative of the
full scale motors, liner and propellant used for these samples will be taken from
full scale mixes prepared during the initial liner and propellant standardizations.

These composite test specimens will be prepared from materials which have
been subjected to the same environment they will experience during normal rotor
processing. The insulation material will be cured in the same manner and for
the same time-^tem erature history as the motor insulation would experience.^	 p	 ry	 pe	 •

:after removal of the molding tooling, the insulation specimen will be prepared for
liner application using the same process as specified for the motor. Liner will be
applied and cured for the prescribed time-temperature history. Propellant will
be cast and cured using the motor time-temperature specifications.

Composite test specimen will be prepared in accordance with NASA approved
Thiokol specifications.

The candidate alternate source insulation materials successfully passing all
of the tests defined will be utilized to fabricate a minimum of two of each configura-
tion of insulators for use in the verification motor program. Post-test examination
of each insulator used in the verification motor program will be accomplished to
discern any differences among the candidate materials. Each candidate material
will be examined in detail to determine insulation characteristics in actual motor
testing. Candidates considered adequate for motor use will be further tested in
the PFRT motor test program. All candidate materials which successfully pass
verification and PFRT motor testing will be considered as acceptable alternate
materials for use in the production pr--)gram. All insulator fabrication tooling,
processes and procedures for use in the production program will be develo ped and
demonstrated during the verification and PFRT motor program.

4.4.3.3 Verification Completion

The internal insulation qualification will be considered complete when the
laboratory testing and inspection of insulators and materials demonstrate that they
meet specification requirements. Final qualification of the system will be complete
at the end of the PFRT motor testing program.
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4.4.4 Nozzle and Flexible Bearing

The nozzle identified herein is that equipment interfacing with the loaded
segment of the SRM and the actuation system components. It is an axis movable
nozzle capable of ± 5 degree defiection for thrust vector control. The gimbaling
mechanism is a flexible seal assemtly and is considered a part of the nozzle.

4.4.4.1 Test Objectives

The test objectives are to verify nozzle and flexible seal parforrnance,
function, and integrity.

1.4.4.2 Test Description

4.4.4.2.1 Nozzle Components and Materials

Samples of raw materials and samples from all finished components
will be tested to verify complimnce to design drawings and specifications. Testing
will include determination of physical properties, chemical compositions, and
part quality.

the finished ablative and insu1ative plastic materials will be tested for
density, tensile strength, compressive strength, resin content, and volatiles for
conformance to the specification. All components will be X-rayed for detection
of internal defects. From each lot of plastic raw materials, three specimens
will be tested for verification of compliance to the raw materials specifications.
(See Table 4-4). Two nozzle structural housings will he hydroburst tested to
verify design margin of safety.

4.4.4.2.2 Flexible Seal Assembly

Two prototype flexible seal assemblies will be fabricated and tested as
follows: (See Table 4-5).

1. Bench tested in a fixture by vectoring through a
duty cycle which includes maximum design and
anticipated flight deflections and slew rates while
under 1209 of MFOP pressure loading. Seal
axial deflections, pivot point location and actua-
tion torques will be determined.

2. Leakage tested while in tension loading.

3. Twang tested - snap back and oscillatorY damming
when released suddenl y and unrestrained from a
maxinvim deflected position.

4-11
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TABLE 4-4

NOZZLE DEVEI,OPMENT TEST MATRIX

Hydro-	 Resin Volatile Resin	 Tensile Comp	 Static
_ burst	 Content Content Flow	 Densi	 Stren	 h Str ength	 X-P.ay	 -Test

Ablative and insula- --	 X X X	 --	 -- --	 -	 --
tive Raw Materials
(3 samples each lot)

Molded Flat Slabs --	 X X --	 X	 X X	 --
from Raw Materials
(3 samples each lot)

Cured Plastic --	 X X --	 X	 X X	 All	 --
Component
(3 each comp)

s
Steel Housing 2	 -- -- --	 --	 -- --	 --	 --

Nozzle Assembly --	 - -- --	 --	 -- -	 5	 5
(Verification Motors)

Nozzle Assembly --	 -- - --	 --	 -- --	 5	 5
(PFRT Motors)



f

TABLE 4-5

FLEXIBLE BEARING DEVELOPMENT TF-ST MATRIX

Bench Leak	 Twang Static
Test Test	 Test Destruct	 Test_

Prototype-1 1 1	 1 1	 -
Prototype-2 1 1	 1 1	 -

Verification 5 5	 5 -	 5

Steel Housing - -	 - -	 -

PFRT and X X	 X -	 -
Production

Ii^droburst

2
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4. Destruct-vectored at increasingly higher pressure
loads until failure.

5. Normal quality control inspection functions will
be conducted.

All subsequent seal assemblies will be tested in the same manner except
for the destruct test.

4.4.4.2.3 Steel Housing Assembly

Two steel housing assemblies will be fahr icated and subjected to hydro-
burst tests to verify the integrity of the design.

4.4.4.3 Complete Nozzle Assemblies

One complete nozzle assembly will be subjected to temperature, humidity,
and missile vibration environments. Before and at the completion of environmental
testing, the nozzle will be inspected to determine its integrity. The tests will be
performed in accordance with the master schedule. This nozzle then will be installed
and static tested on verification motor number two. Nine new nozzle assemblies,
fabricated using toolin g , processes and procedures intended for production, will be
delivered and static tested on the development and PFRT motor static tests.

4.4.4.4 Verification Completion

The nozzle qualification will be considered complete when the tests outlined
in the preceding subsections have been conducted, and the materials and nozzle
shown to meet specification requirements. Final qualification of the nozzle will be
co y ..pleted at the completion of PFRT :Motor Testing Program.
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4.4.5 Nozzle Actuation System

t The nozzle actuation system for the SRM Stage will be tested to verify that the
system performance meets or exceeds the design requirements. The inhouse bread-
board and flight system verification tests shall precede component qualification tests
conducted by the vendor.

The nozzle actuation system consists of tht HPU, tandem actuators, hydraulic
components, control unit, monofuel system, and the associated valving. The compon-
ent and system tests include cold performance tests, proof tests, temperature tests,
vibration tests, shock tests, burst tests and hot performance tests as shown on
Table 4-6.

4. 4. 5. 1 Test Objectives

To demonstrate that the design selected and the component parts will perform
to the design requirements in the presence of the environmental conditions irnposed
by the mission.

4.4.5.2 Test Description

Component prototype testing will be performed at the vendors. These tests are
to verify the design changes to existing hardware. Development bench testing on major
new components, such as the tandem actuator using majority voting servos will require
extensive vendor bench testing. Less critical actuation system components will not
require breadboard demonstration at the component level. However, system verifi-
cation type bench tests using prototype h_:..oware will be performed at Thioi~:.ol preced-
ing the final flight hardware production. Following these prototype tests, the venders
will fabricate and check out the flight hardware components. Thiokol will perform
Flight Svstem Verification tests on the entire nozzle actuation system preceding the
vendor component qualifications.

The qualification of the nozzle actuation system is a three-fold test. The vendors
will subject fowr flight hardware components to full-up qualification testing (proof, tem-
perature cycling, vibration, shock, and burst). This will be followed by entire environ-
mcntal system tests at Thiokol (proof, temperature cycling, vibration, shock, burst
and hot run). Final qualification efforts will be to functionally test the full-up Flight
Systern on 10 SR IM's during motor static firing.

4.4. 5.3 Verification Completion

The thrust vector control system qualification will be considered completed
upon successful completion of the component and system testing described above.
Final qualification will be completed upon successful completion of the motor verifi-
ciition and P FRT testing using the thrust vector control system on each motor static
firing.
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TABLE 4-6

NOZZLE ACTUATION SYSTEM TEST MATRIX

Cold Not System
Test Description Test Location Perf Proof	 To 	 Vlbra	 Shock Burst	 Perf Oper

P rototype - Compo-
nent Checkout (1 set) Vendor X X	 --	 --	 -- X	 x --

Prototype - System
(1 set) TCC Eng Lab X X	 --	 --	 -- x	 x X

Flight Component
s	 Checkout (1 set) Vendor X x	 --	 --	 -- --	 X x

Flight System
Verification ( 1 set) TCC Eng Lab X x	 --	 --	 -- x	 X x

Flight Component (4
Sets) Qualification	 Vendor	 --	 X	 x	 X	 X	 X	 X	 --

Flight System (2 sets)
Environmental	 TCC Eng Lab	 --	 --	 x	 X	 X	 X	 x	 X

TCC Test Area

^i ^""-"'^ 1^"—^	 -- ^"°'^ ^^-• ^'^ ^^ N'''ee+ .'^ 4..^ ^re'^ ^..^ ^..^ !^..., lr.. ^".^,^ r"-Y ^1 ^'"'^ !"--{ 1^--^



4. 4.6 Ignition System

The ignition system for the SRM for the Space Shuttle system shall consist of
a single train ignition consisting of the following component items.

1. Safety and Arming Device (S & A)

2. Pyrotechnic Booster Charge

3. Initiating Pyrogen Igniter

4. Main Pyrogen Igniter

The requirements of the Space Shuttle program call for highly reliable igni-
tion of the SRM. To verify that the components meet or exceed the design require-
ments, the ignition components will be subjected to the tests shown in Tables 4-7
and 4-8.

4. 4.6. 1 Test Objective

Tests will be conducted to develop an ignition system and to verify that the
ignition system will comply with the design requirements for the SRNI ignition.

4.4.6.2 Test Description

The development of the ignition system will include testing of the igniter com-
ponents by adhesion tests, hydroproof and hydroburst tests, vendor qualification of
the S & A devices, and static firings of the complete system.

The adhesion tests will consist of testing 40 specimens each for internal insu-
lation to chamber bond, external insulation to chamber bond, propellant to liner to
internal insulation bond, and nozzle insert t y) chamber bond.

The hydroproof and hydroburst tests will include three specimens each of pyro-
technic chamber, initiating Pyrogen chamber, and main Pyrogen chamber.

Six of the igniters will be static fired to check ignition from S & A to pyrotech-
nic pellets to initiating Pyrogen igniter. and ballistic performance of the initiating
Pyrogen igniter. Six compl y ignition systems will be static fired to check the igni-
tion and ballistic performance of the main Pyrogen igniter and to test structural
integrity and survivability of the chamber, nozzle insert, and internal insulation. Two
systems will be temperature conditioned to 65° F, two at 80° F and two at 95° F prior
to static testing.
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TABLE 4-7

IGNITION SYS'I'EA4 DEVELOPMENT TEST MATRIX

Number of Specimens	 Environmental Tests
Adhesion	 Hydro- Hydro- Transport Handling Temp & 	 Static

Development	 Tests	 proof	 burst	 Vibration	 Shock	 Humidity eiring
i

Internal Insulation
to Chamber	 40	 --	 --	 --	 --	 --

External Insulation
to Chamber	 40	 --	 --	 --	 --	 --	 -

Propellant to Liner
to Internal Insulation	 40	 --	 --	 --	 --	 --

Nozzle Insert to
Chan.;)er	 40	 --	 ---	 --	 --	 --	 --

Pyrotechnic Chamber	 ---	 All	 3	 --	 --	 --

Initiating Pyrogen
Chamber	 --	 All	 3	 --	 --	 --	 --

Main Pyrogen Chamber 	 --	 All	 3	 --	 --	 --

Igniter Assy (less main Pyrogen Igniter)	 --	 --	 --	 ---	 --	 --	 6

Igniter Assy ( Complete)	 --	 --	 --	 --	 --	 6

Qualification

Igniter Assy (Complete)	 --	 --	 3	 3	 3	 3

f(



TABLE •-6

IGNITIDN SYRTF:M
SAFE: AND ARM DEVICE QUAl1rICATN)N TEST MA I HIC

Y
i

ca;

— _ —
Performance• I.-sting

^ Iauul Treoe	 VibraW-n Aroeleratlon VI1,ruunn Life AIth! Puwrr to	 Temp ` Temp Squib I & 2 Post - Test

Insl:,^	 i
_

ii r_e	 e41 Psrkayid (3 axis) I.$ Rtl y Cyyles Stuilid Device 	 IAumldlty Altltu tc 	 lkAh .'	 ulbs Sgwh No. 1	 ENulb No. 2	 Irulivlduslly Disassemble

Enlri nrk rtn«

Evaluatlun
(K unitsi 'i r 6 K S -_

#4ualiticatt,.n
Testing
(33 units) 33 33	 33 33 3:1 1 1	 33 33	 < 3	 3	 20 33

(11 ill	 ! D IZ ► (1) 11) (1) 111 (3)

(2) (2)

NOTO: (11 At toast one electrical checkout required a t this point

(2) Checkout to include fire pulse circuit check

(3) Threo devices disassembled after environmental testing
Thirt y devices disassembled titer functional testa



I I
Qualification tests of the ignition system will consist of static firing three igni-

tion systems after being subjected to the environmental tests of transportation vibra-
tion, :handling shock, temperature, and humidity.

Qualification of a Safety and Arming device to be used on the ignition system
will be required. The six unit engineering evaluation and 13 unit qualification pro-
grams will be performed at the vendor facilities in accordance with Table 4-8.

4.4.6.3 Verification Completion

The ignition system qualification will be considered complete when nine com-
plete igniter assn -nblies have been static tested and have met the performance require-
ments defined in ? CEI Specification. All ignition systems for the motor verification
and P FRT Programs will be received, inspected, and fabricated as applicable using
the design disclosure, tooling processes, and procedures intended for use during the
production program. Final qualification of the ignition system will be complete at the
end of the PFRT Motor Test Program.

I
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4.4.7 Thrust Termination System

The SRRi thrust termination (T-T) System will consist of the following com-
ponent items:

1. End Primer

2. Transfer Leads

3. End Fitting Material

4. Manifold

5. Shaped Charge

6. Safe and Arm Device (S&A)

The requirements of the program call for a highly reliable thrust termination
system. The T-T components and complete system will be subjected to the tests
on Tables 4-9 and 4-10. The T-T system will use a circular shape charge with
side ignition.

4.4. 7.1 Test Objectives

Tests will be conducted to verify conformance to the specification for thrust
termination systems of the SRh1 Stage.

4.4.7.2 Test Description

The design of the thrust termination system will include testing of the end
primer, the end fitting material, and the manifold. The end primer will be sub-
jected to tests of initiation by detonator through a barrier, butt to mutt transfer,
and side initiation.

Selection of primer explosive transfer lead material will be made by the
vendor to meet the design requirements. The selection of internal transfer leads
for the manifold, manifold material, and manifold design for safety will be made
by the vendor. The manifold will be tested for installation of looped lead, holding
end tolerances, for normal propagation, and for abnormal propagation. Also the
shaped charge will be tested for ignition from various locations and angles.

Development testing for angle of penetration, stand-off, charge size and
penetration, and pres,3urized vs unpressurized vessels will be conducted using
33 complete breadboard assemblies on steel case sections with internal insulation
bonded in place.
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TABLE 4-9

THRUST TERMINATION SYSTEM TEST MATRIX

	

End	 Shape	 Complete
Tests	 Primer	 Manifold	 Charge	 Assem-

Initiation by Detonation Through
a Barrier	 30	 --	 --	 --

Butt to Butt Transfer	 15	 --	 --	 --

Side Initiation	 15

Installation of Looped Leas: 	 --	 15	 --	 --

Normal Propagation	 --	 10	 --	 --

Ahnor,nal Propagation	 --	 5

Angle of Penetration 	 --	 --	 8	 - -

Stand-Off	 --	 --	 4	 --^

Charge Size	 --	 --	 15	 --

Penetration Pressurized	 --	 --	 2	 --

Penetration Unpressurized	 --	 --	 2	 --

Initiation Tests
End Primer to Shape Charge	 45	 --	 45	 --

Verification Tests (Prefiring
Environmental Tests) 	 ---	 --	 --	 --	

I
1

Transportation Vibration	 --	 --	 --	 6

Flight VibratAon	 --	 --	 --	 6

and	 midi	 --	 ---	 --Temperature	 Humidity	 6

Acoustic	 --	 --	 --	 6

Acceleration	 --	 --	 --	 6

Static Test DM-3	 --	 --	 --	 1
4-22



..._..-^..	 _ _... _	 .. ._.,	 ..^ -1	._^-•	 .....^...	 .—,...._	 _	 ...	 ^ --	 `^..-.-..'	 •...—^.	 ..^.-.._•	 ;.rte-.i	 w-•'	 1	 ,

TABLE 4-10

rdRUST TERMINATION SYSTEM
BAFF AND ARM WAKE QUALIFICATION TEST 161ATRIX

lserlprn•anC:t 1 rburut
Visual Trans, Vibration Arr,irrahun	 Vit,rat,un 1.1f'• AItM	 It,urr t•1 I.mh L	 I	 n.l,	 Syurh 1 L2	 Hat Test

,.e ^. wn l nl o A" td	 1-4cka,; r•1 I t A sia	 0 Aats) C icl_s Stal1rJ Dr, we litai ' lL ttl	 A111tud.	 IWth ,luW he	 :%j ul"	 Squib No,	 [	 IMLS Iddu*il,L	 111644'	 mble

Fryfi ru• er Iryi

F. Val us[ luo

(6 units) :, 6	 -- b 6 _.

46

Qual,fication
t:O	 Testily{
G.+

(3:i untts) 33 33	 33 33	 31 I 1 33	 3S	 4	 3	 3	 20	 J3

(1) Ill	 111 i2)	 11) 111 (1) (1)	 (3)

(2) (2)

f

I

t,

w„	

M

r.
l

a^	
..Il!xMlti rr	 N3'	 .

40T F. 	 ( 1)	 At least unr electrical , • heckout rrtrurrrd at this point

(2) Checkout to include fire pAsr cticult check

(3) Three Aevtcee diaaisembled after environmental testing
Thirty deVlces -1144—ernhl y d after fun(llonat tests



t^
i

^I

m'

i
i
e
i

Verification will consist of 30 complete assemblies mounted on steel case
sections with internal insulation bonded in place. The entire assembly will be
subjected to environmental tests of transportation vibration, flight vibration,
temiRrature and humidity cycling, acoustic noise, and acceleration before the
ignition test.

Qualification of the Safe and Arm device to be used in the thrust termina-
tion system will be required. The six unit engineering evaluation and 33 unit
qualification program will be performed at the vendor facilities in accordance
with Table 4-10.

4.4.7.3 Verification Completion

Qualification of the thrust termination system will be considered completed
when the 30 systems subjected to environmental testing have been successfuuy
static tested. Final qualification of the complete thrust termination system will
be accomplished by firing the thrust termination system ors DM--3 during motor
action time.

a
E	 •

	 r
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4. 4. 8 Malfunction Detection System

The Malfunction Detection System (MDS) will be classified into the following
categories:

1. Malfunction Detector with "enable" and "disable"
circuit, one for each SRM required.

2. Operational Pressure Transducer (OPT), three
required for each SRM, mounted on the headend.

3. Indicator, one required for the SRM Stage, located
in the orbiter.

4. Airborne Pcwer, supplied by the flight power.

The design of the MDS will include solid state electronic circuits for the
detection and display of differences in chamber pressure between the two SRM's.
If a pressure difference between the chambers of the two SRM's occur, a display
in the orbiter will immediately indicate that this difference exists. If pressure
in one SRM is lost, the indicator will identify the SRM at fault. The design to
accomplish this will use redundant pressure measurements from each SRM.

Three pressure transducers on the headend of each SRM will measure
the chamber pressure. Signals from these transducers are fed to a solid state
electronic comparator circuit, where the signals from the two transducers on
each SRM that are nearest the same level are selected to provide a chamber pres-
sure signal to the orbiter. The chamber pressure signals from the two SRM's
are fed to differential comparator circuit, which will detect and indicate :o the
pilot the deviation of chamber pressures between SRM's.

The response time of the NIDS will be limited by the frequency response
of the indicator. The order of magnitude will be in the millisecond range response
time.

Design and qualification specifications will require the MDS to perform its
normal function after being subjected to transportation and handling, vibration,
shock, and temperature environments. Also, the MDS inust operate within the
specified accuracy during the flight environment, acceleration, vibration and
temperature altitude. To verify this capability, the MD6 will be subjected to the
testing; shown in Table 4-11.
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TABLE 4-11

MALFUNCTION DETECTION SYSTEM TF:S1 MATRIX

Environmental
	 Performs.ncc

Malfunction Detector and
lrrficator Circuits
(9 units)	 4	 4	 4	 4	 4	 4	 4	 4	 •1	 1	 1	 a	 9 9	 9	 9	 9	 9	 9	 9	 9	 9	 9

(2)

AIDS System (7 systems)	 10

NOTE: ( 1)Reliability tests include repeater: operational cycling, simuiated flight environment, .tnd ,afety reliability.

(2)The first three systems will be recycled for later tests.
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The power distribution box will contain provisions to electrically "enable"
or "disable" the MDS circuitry by command signal received from the o;Ilter.

4.4.8.1 Test Objectives

The test objectives are to demonstrate that the design selected for the MDS
will meet or exceed the design requirement in the presence of the imposed mission
environment.

4.4.8.2 Test Description

The components of the malfunction detection system which include the
operational pressure transducers and the malfunction detection circuit with the
accompanying "enable" and "disable" circuit, will be subjected to the environmental
and performance tests for qualification at the vendor facilities. The Test Matrix
for the environmental and performance tests is shown on Table 4-11. Also included
on the table are the combined system tests which will be the ten static firings of
the SRM, DM-1 through DM-5, and PFRT-_ through PFRT-5, at the.Thiokol Test
Facilities. Seven systems will be tested with three systems being recycled for
a total of ten tests. Individual test plans for component qualification will be sub-
mitted for NASA approval prior to the quMification pros*r;im. To insure compliance
to the test specification Thiokol will moni±.or all qualification testing. Customer
monitor of the testing will also be invited.

4.4.8.3 Verification Completion

The MDS will be qualified for the Space Shuttle program upon completion
of the component testing described above and upon completion of the verification
and PFRT :rotor tests.
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4.4.9 Instrumentation System

The SRM Instrumentation system consists of an instrumentation enclosure
containing the signal conditioners and external power switching circuits, an instru-
mentation battery, and those end instruments required to supply subsystem events
to the instrumentation enclosure. The signal conditioners within the instrumentation
enclosure are required to condition the output from the end instrument and provide
these signals to a multiplexer in the Space Shuttle vehicle. The external power
switching circuits will switch the instrumentation system from ground power that
will be used for preflight checkout to the airborne instrumentation battery which
will be used during flight. A list of the events to be measured during flight is
presented in Table 4-12. The instrument enclosures will be tested in accordance
with Table 4-13. The flight batteries will be a previously qualified battery syetem
which does not require qualification.

4.4.9.1 Test Objectives

The test objectives are as follows:

1. Demonstrate that the instrumentation enclosure
design selected and the components chosen will
perform in the presence of mission environments.

2. Demonstrate the structural adequacy of the instru-
mentation enclosure design to prevent out-of-
tolerance performance parameters due to environ-
mental influence.

4.4.9.2 Test Description

Four instrumentation enclosures will be subjected to the environments
of Table 4-13 and wiV, without degradation, perform functionally as noted below:

1. Two power supplies, a battery for flight power
and a bench level 28 vdc supply to simulate ground
power prior to switchover, , will power these units.

2. The ability of the instrumentation enclosure to
accept power from on-board battery and ground
power through the remotely operated self-
contained power transfer switch will be demon-
strated.

ti

T	 '

r
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TABLE 4-12

RECOMMENDED FLIGHT INSTRUMENTATION LIST

	

2	 Pressure Measurements

	

2	 Radiometer Measurements

	

2	 Calorimeter Measurements

	

15	 Temperature Measurements

	

15	 Acceleration Measurements

	

1	 Thrust Termination Measurement

	

1	 LSDS Measurement

	

1	 Destruct Command Measurement

	

1	 Staging Command Measurement

	

2	 Nitrogen Squib Valve Monitors

	

2	 Nitrogen Regulation Pressures

	

2	 Monofuel Pressures

	

2	 Decomposition Chamber Pressures

	

2	 HPU - Starter Grain No. 1

	

2	 HPU - Starter Grain No. 2

	

2	 Turbine Speed Magnetic Pickups

	

2	 28 VDC Power Bus A

	

2	 28 VDC Power Bus B

	

4	 EDV (Pump) Monitors

	

2	 Lube Oil Temperatures

	

2	 Hydraulic System Pressures

	

2	 Hydraulic System Returns

	

4	 Differential Pressures

	

8	 TVC Commands

	

8	 TVC Feedbacks

	

4	 Failure Indicator Switches

	

8	 Arm-Disarm Signals

	

4	 Battery Initiator Monitors

	

4	 Control Box Monitors

108	 Total Channels
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TABLE 4-13

INSTRUMENTATION ENCLOSURE TAT IMATRL`C

jivironniant	 Level (Description) 	 Breadboard	 Operating	 Ncnoperatin^

Temperature	 25° to 160'F	 X	 X

EM	 With the unit in the operating	 X	 X
condition. the following tests will
be conducted to show compliance
with the limits shown in the speci-
fication
(1) radiated emission

,P	(2) conducted emission
w	 (3) radiated susceptibility
°	 (4) conducted susceptibility

Teinporature	 25 6 to 160°F	 X
Altitude	 0 to 150,000 ft

Vibration	 Random	 X
Flat 800 to 1200 cps at 1.0 g2/cps
Roll-off below 800 cps at 3 db/octave
Roll-off above 1200 cps at 6 db/octave
Overall = 35.7 grms
Test Duration; 315 sec/axis

Shock	 100 g terminal	 X
Sawtooth 10.5 ms
Rise time 0.5 ms max
Decay
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3. Laboratory supplied instrument signals will be
sent to the instrumentation enclosure, and the
output will be monitored for proper type, bilevei
or analog, quality and level of signal. The types
of signals that must be simulated are shown in
Table TBD.

4. Laboratory noise signals will be induced and
the output monitored to demonstrate the special
filter module's capability to clean up noisy signals.

Anomalies that may occur during these tests will be evaluated for cause
and effect. The results will be analyzed for corrective action.

4.4.9.3 Verification Completion

The instrumentation system verification will be considered complete when
the flight batteries have been documented to be flightworthy units and the instru-
mentation enclosure has completed the tests defined above. Final qualification
will be completed when the instrumentation system has been successfully tested
on the verification and PFRT motor static tests.

4.4. 10 Cable Assembly

The cable assemblies involved in the design verification will include all
cables used for carrying control signals, power, and instrumentation. The
tests on the cables will subject the cables to the selected environments as shown
on Table 4-14 to verify the design as being capable of satisfying performance
requirements in the SRM Stage application.

4.4. 10.1 Test Objectives

The objective of these tests is to demonstrate that the materials and fabri-
zation techniques chosen for each cable design are adequate for the operational
function it must perform under applicable environmental conditions.

4.4.10.2 Test Description

Two samples of each type of cable assembly to be used in the SRM Stage
will be fabricated and completely checked for coatinuity and insulation resistance
before starting these tests. These data will be used for the baseline and will be
taken by means of automatic circuit checkout equipment.
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TABLE 4-14

CABLE ENVIRONMENTAL TESTS

Environment	 Description	 No. Cables

Thermal Shock	 Subject assembly to 5 continuous cycles	 2 of each design
of temperature change between 25 *° and
160°F. Hold each extreme for one hour.
Maximum time between temperature change
is 5 minutes.

EMI	 Specific EBU requirements will be established 2 of each design
%-ith vendors for their particular component.
Compliance will be assured by technical sur-
veillance and QC inspection.

Cold Bend	 Maintain assembly at 25'F for 12 hours.	 2 of each design
Raise the temperature to 50 ° F for two hours.
Examine cable and bend about a mandrel.
The bend radius is minimum of TBD.
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Table 4-14 describes the environments to which each cable will be subjected.
The operating functions including continuity and insulation resistance checks will
be performed before and after each of the environmental tests. In addition to this
check, visual inspection shall be made for deterioration of materials or damage to
mechanical joints.

4.4.1 X0.3 Verification Completion

The cable qualification will be complete when each of the cable types has
completed the testing described above and when the cables have been tested on the
verification and PFRT motor tests..
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P I
4.4. 11 Interstage Structures

The requirements for the Space Shuttle Program call for the design of highly
reliable interstage structures capable of carrying the thrust of and providing aero-
dynamic bearings for the SRNT. The interstage structure consists of the following
components.

1. Nose Cone

2. Aft Skirt Extension

.i . Ma in St rut s

4,u End Fixtures

5. Sway Bars

6. Braces	 !

To verify that the components meet or exceed the design requirements,
the SRM interstage structures will be subjected to the tests as shown on Table 4-15.

4.4.11.1 Test Objectives

The test objective is to verif y the structural integrity of the SRNM interstage
structures under load conditions.

4.4.11.2 Test Description

The nose cone qualification test will consist of two nose cones being sub-	 A
jetted to pressure tests. Each of the nose cones will be subjected to pressures that
will simulate 1.4 times the maximum expected load. Each nose cone then gill be
subjected to an overpressure test to failure.	 0

The qualification test for the attwch hardware will consist of a load and

stiffness test to failure on ten each of the main struts, end fixtures, sway bars,
and braces.

In addition, two combine tests of case segments and interstage structures
assembled together will be conducted. Two load and stiffness tests will be conducted
on the forward segment with the forward interstage structure and nose cone attached.
Two similar tP atz will be conducted on the aft segment with the aft skirt and aft
interstage st :-ucture attached. These load and stiffness tests will be carried to
limit load conditions to determine deformation, stresses and strains and then will
be carried to structural failure to determine ultimate load capabilities. 	 t1



11

rI
TABLE 4-15

INTERSTAGE STRUCTURE TEST MATRLX

Load and Stiffness
Specimen	 to Failure

Nose Cone

Aft Skirt
	

2

Main Struts
	 10

End Fixtures
	 10

Sway Bars
	 10

i	 Braces
	 10

Combine Tests of Case Segments
and Structures

Forward Assembly
	 2

Forward Segment

Nose Cone

Interstage Structures

Aft Assembly
	 Y

Aft Segment

Aft Skirt

Interstage Structures

Ovvrpressure
to Failure

2
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4.4.11.3 Verification Completion

The interstage structures qualification will be complete upon the successful
completion of the testing described above.

4.4. 12 Recovery System	 T
Each SRM will have its own recovery system which will be are aerodynamic

decelerator device. This system will be used to recover the expended SRM case 	 I
by use of parachute decelerator devices.

The recovery system w111 be designed to include the following component 	 1,
parts:	 }

1. Pilot Pars'chute r

2. Drogue Parachute
t

3. Main Parachute

4. Mortars for Deployment

5. Pyrotechnic Release Device

6. Power Supply	 D
7. Beacon System

8. Entry Spin System

a
The qualification tests of the individual components and the recovery

system assembled will be accomplished at the vendor facilities. The recovery
system itself will be designed to be recoverable.

4.4.12.1 Test Objectives 	 U

Tests will be conducted on the components and on the aerodynamic decelerator
system to verify that the recovery system will meet the requirements for recovery
of the expended SRM case on the Space Shuttle Program.

4.4.12.2 Test Description

4.4.12.2.1 Recovery System Developmeittal Testing

Along with the analytical design of the booster recovery system, attt•ndant
model testing will be required. Following is a description of the test programs
to be conducted in the development program.
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(j	 Reentry Tumbling--Tests will be conducted to evaluate the reentry tumbling
l	 dynamics. These tests will evaluate and substantiate theoretical calculations of

dominant stable attitudes or spin modes. In addition, the effect of differe- it sizes
^l	 and configurations of spin fins will be determined. Tests of a scale gimbal mounted

model in the supersonic wind tunnel will be performed.

: 1

	

	 Runs will be made at Mach numbers in the range of 6 thru i. In addition,
sounding rocket test of scale models will be performed to verify the altitude pres-
sure and Mach number regime. Telemetry data of altitude rates of these sounding
rocket tests will be recorded. Altitude history from ground radar data and/or
cinetheodolity will also be recorded.

Despin Drogue Deployment--To assure that the drogue chute will despin the
rocket case and to evaluate the dynamic loads on that chute, tests in a transonic wind
tunnel facility will be performed. A scale gimbal mounted model with a scale drogue
Parachute will be tested in a wind tunnel at Mach numbers of 1.2 to 0. s.

After the wind tunnel tests have been conducted and the drogue system 1urd-
ware designed, scale drop tests will be performed. A one-third size drogue ch..: -
and suspended weight model will be dropped from a B-52 aircraft. These tec'ts
will require tensiometers on the drogue bridle load points and accelerometers on
the suspended weight body. In addition, a cinethodolite will be required.

Main Parachute--Because of the size of the main parachute system, scaling
of wind tunnel size modals is thought to be undesirable. Drop testing of 1/3 scale
models including the clusters of six parachutes will be performed. These tests
will evaluate the cluster aerodynamic deployment, dynamic loads, and descent
rates. In addition, a full scale test of a single parachute with a 1/6 suspension
weight will be performed. This test will be performed for parachute structural
integrity validation. Static pull tests of the parachute seam and joint stitches,
pocket band construction, and reefing joint ties will be performed.

Mortars for Deployment--Subsystem testing of the pilot chute mortars will
be performed to evaluate breach pressures, power unit throat erosion rates, and
muzzle exit velocities. These tests will be conducted can the ground at a subcontractor
test facility.

Pilot Parachute--The design testing of the pilot chute will he conducted on
a lest vehicle, either a sled or a high speed aircraft.

4.4.12.2.2 Recovery System Qualification Testing

Qualification testing will involve repeating many of the developmental tests,
in some cases to destruction. All system components will be subjected to temperature,
humidity, vibration and environmental testing.
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The main and drogue. parachutes will be tested in B-52 drop tests with
increasing loads. The greater parachute lop-4s will be caused by increased deployment
velocitte.q and suspended weights. These tests should establish the variation in
decelerator performance and design system safefy margin.

The structural integrity of the entry system spin fin will be tested by static
aircraft type multiply point loads procedure.

The mortars, pyrotechnic release devices, power supply and beacon system
will be ground tested for a matrix of environment conditions.

4.4.12. 3 (qualification Completion

The recovery system qualification will be considered complete upon successful
completion of the model and full size component testing and upon successful recovery
of an SRM Sage during the Space Shuttle Vehicle Flight Teet Program.

t
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4.5 DESIGN VERIFICATION AND PRELIMINARY FLIGHT RATING TESTS

The design verification and Preliminary Flight Rating (PFRT) test program
for the Solid Rocket Motor (SRM) has been designed to demonstrate that the SRM
meets Space Shuttle operational system performance requirements. This will be
accomplished by the static firing of five verification motors and five (PFRT) motors
at the Thiokol test facilities. The test arrangement to be used is shown pictorially
in Figure 4-2, and the SRM test matrix is shown in Table 2-1.

i Solid rocket motor production hardware components to be tested will be
inspected and accepted in accordance with the applicable NASA approved specifications.
Prior to test, the manufacturing logbook, inspection records, quality control records
and other documents required to evaluate the SRM and associated equipment will be
made available for customer review. In addition, all test apparatus will be available
for inspection and review by the customer.

A detailed test plan will be prepared and submitted to the customer 30 days
prior to each SRM static test. This test plan will identify primary and secondary
objectives, instrumentation requirements, test firing bay, motor configuration,
test conditions, applicable test procedures, data reduction and reporting requirements.

Design verification and PFRT SRM test firings will be conducted in accordance
with the SRM test matrix, Table 2-1.

4.5. 1 SRM Test Purpose and Success Criteria

The design verification .nd PFRT SRM test program objectives are to:
(1) demonstrate compliance with performance requirements under simulated
operational environmental conditions; (2) confirm design functionality; and (3) verify
specification performance and acceptance requirements. Successful completion of
these objectives will produce maximum confidence of configuration items reliability
for operational use.

Preliminary flight rating tests (PFRT) are formal tests oriented to achieve
acceptance of performance and design characteristics of the SRM prior to integrated
testing with the Space Shuttle vehicle.

The SRM Stage success criteria will be established and will provide a basis
for evaluating the performance of the SRM. The mission success criteria will be
based on selected parameters which provide the best overa'1 measure of the motor
performance, while avoiding overlapping measurements.

4. 5.2 Static Test Primary Objectives avid Success Criteria
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4.5.2.1 Verification of Motor Ballistic Performance Parameters Under Various
Environmental Temperature Conditions

	

I	 Successful accomplishment of this test objective shall be demonstrated by
comparing the following measured ballistic parameters witch SRM Stage mission
success requirements.

1. Motor chamber pressure during ignition.

2. Motor instantaneous thrust vs time.

	

!i
	

3. Motor web action time.

4. Motor web action time total impulse.

4.5.2.2 Verification of Structural Integrity of the SRM Propellant Grain

S)iccesEful accomplishment of this test objective shall be demonstrated by:

1. Analysis of ballistic performance test data to establish
compliance to 3 sigma specification requirements under
test firing conditions.

2. Satisfactory performance of a forward closure,
center segment and aft closure during motor static
firing after exposure to transportation and handling
shock and acceleration simulation testing.

3. Satisfactory performance of a forward closure,
center segment and aft closure during motor static
firing after exposure to extreme temperature
cycling testing.

4. 5.2.3 Verification of Motor Case Performance

Motor case performance will he verified primarily by post-test analysis
of case hardware. Successful demonstration of the case hardware will be
established by:

1. Satisfactory performance of the case as a pressure
vessel.

2. No evidence of case deformation during motor
operation.
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Verification of Internal Insulation Performance

Internal insulation will be verified by post-test analysis of fired case and
closure segments and by analysis of motor case temperature profiles during static
test. Successful demonstration of this test objective will be established by:

1. Satisfactory levees of remaining virgin insulation material.

2. Acceptable erosion profiles of flow surfaces.

3. Evidence of satisfactory propellant to liner bond
integrity.

4. Satisfactory motor case temperature profiles.
L

4.5.2.5 Verification of Nozzle Performance

Successful demonstration of this test objective will be established by:

1. Acceptable erosion profiles of nozzle flow surfaces.

2. No detrimental heat and char penetration in the
ablative liner materials.

3. Satisfactory conditions at bonded composite interfaces
between ablative liners and backup materials.

4. Satisfactory internal conditions of the plastic
components relative to cracking, delamination and
structural integrity.

4.5.2. S Verification of Thrust Vector Control System Performance

The thrust vector control system will be verified by comparison of static
test performance with specification requirements. Successful demonstration will
be established by:

1. Nozzle actuation in accordance with the commanded
static test duty cycle.

2. Gas generator and hydraulic pressure levels,
turbine speed and operating temperature.

3. Measured thrust vector side forces and axial thrust.

4. Actuator operation and feedback.
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4.5.2. T Verification of Ignition System Performance

The ignition system will be verified by comparison of static test performance
with specification requirements. Successful demonstration will be established by:

1. S & A arm with specified voltage and current.

2. S & A fire upon application of firing power.

3. Initiator and main Pyrogen igniter igniting properly,
not exceeding design pressure levels and performing
satisfactorily as pressure vessels.

4. Motor ignition within specified delay time.

4.5.2.8 Verification of Thrust Termination System Performance

The thrust termination system performance will be verified by evaluating
the results of static testing on DAI-3. Successful demonstration will be established
by:

1. Motor case cut cleanly by the shaped charges.

2. Both parts cut within the specified simultaneity
requirements.

4. 5.2.9 Verification of Malfunction Detection System Performance

The malfunction detection system performance will be verified by comparison
of the output signal with the motor pressure gages used during static test. Successful
demonstration will be established by:

1. MDS system indicates pressure level remaining within
the specified accuracy of the MDS system when com-
pared to the test pressure gages.

2. The MDS system indicating a pressure decay within
the specified accuracy at the end of action time and
thrust termination on DM-3.

4.5.2. 10 Verification of Instrumentation System Performance

The instrumentation system performance will be verified by comparison of
the recorded output with the test stand instrumentation measuring the same event.
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Successful demonstration will be established by:

1. Proper switchover upon command from ground to
airborne power.

Y
	 2. Airborne power battery system maintaining proper

power level throughout the static test.

3. Output from the system when compared with static
test instrumentation is within specification requirements.

4.5.2. 11 Verification of Electrical System Performance

Successful demonstration of the electrical system performance will be
established by:

1. Satisfactory distribution of power and signals to all
electrical, electromechanical and ordnance items.

2. Proper fit and function of electrical interfaces among
the TVC, ordnance, flight instrumentation, malfunction
detection system, and simulated ground umbilical.

3. Accomplishment of timely power transfer switching
functions.

4. Minimum susceptibility to RFI and EMI levels.

4. 5.2. 12 Ecological Requirements

Successful demonstration of compliance to acoustic and combustion products
requirements will be established by:

1. :Monitoring acoustic data throughout the static test
du ration.

2. Measuring combustion products during the SRM
static test.
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4.5.3 SRM Configuration

The verification and PFRT SRM configurations will be essentially the flight
configuration as defined in the SRM test matrix, Table 2-1. The differences will
not affect performance but will relate only to structural and ordnance items not
required for static test, modifications required because of the different position of
the firings, and additional instrumentation to supplement the flight instrumentation
in the number of performance parameters that can be measured.

The five SRM's to be tested during PFRT will be functionally identical in
configuration to the final flight configuration. Any change to this configuration shall
require prior formal written approval.

The primary differences are:

4.5.3. 1 Structural Differences

1. The nose cone wi:il not be installed. The SRM will interface
with a thrur,t collector ring.

2. A heavyweight tooling skirt will be used in place of the flight
support skirt.

4.5.3.2 Ordnance Differences

1. The thrust termination safe and arm device, when used, will
be mounted on special tooling on the forward end of the SRM.

4.5. 3. 3 Instrumentation and Electrical System Differences

1. Due to the special test tooling attachments at both the forward
and aft section of the static test SRM's , flight instrumentation
and instrumentation cabling will be routed within the limitations
imposed and will not necessarily conform to flight configuration.

2. Batteries will be mounted in an upright position.

3. Additional electric cabling will be attached to the flight hard-
ware/GSE connectors to monitor SRM performance parameters
during static testing.

4. Additional ground measurement transducers will be incorporated
on the static test SRM to -nonitor both system performance and
SRM environment.
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5. No flight instrumentation transducers will be installed on
the first verification SRM firing. Subsequent test firings
will utilize combinations of flight instrmaentation and
ground transducers to measure headend SRM chamber
pressure.

A. Ground power will be provided for SRM prefire and post-
fire checkout as well as for backup power during SRM test.

4.5.4 Grain Environmental Temperature Cycle

Solid rocket motor segments, one forward, one center and one aft, shall be
temperature cycled to verify V.e ability of the SRM propellant grain i withstand low
and high temperature environments and exposure temperatures of 25° to 100° F.
Temperature cycling will be initiated immediately following completion of all manu-
facturing operations. The temperature cycling time is based on achieving a mean.
balk temperature within + 2 degrees of the specified basic temperature for each cycle.

The exposure temperature-time cycle to which the forward closure, center
segment and aft closure will be subjected are shown in Figure 4-3. This temperature
cycling pattern has been selected to produce mean bulk temperatures of 90 0 , 40'
and 90° F at the completion of each of the three respective conditioning periods. The
conditioning temperature is 5 0 F higher than the desired mean bulk temperature when
heating the grain and 5° F lower than the desired mean bulk temperature when cooling
the grain. This is necessary to achieve the desired mean bulk temperature in a
reasonable length of time.

As shown in the motor test matrix (Table 2-1 ) one each,forward closure,
center segment and aft closure, will be subjected to the temperature cycling depicted
in Figure 4-3. The propellant port will be exposed during the cycling period. The
time period required to achieve the desired mean bulk temperature was established by
preliminary heat transfer studies. The center segment wa y s used as the basis for these
studies since it contains the maximum amount of propellant. The segment will be
subjected to air velocities ranging from 5 to 8 miles per hour while in the temperature
conditioning chamber. For this analysis, an air velocity of 7 mph (10 fps) was used
to approximate temperature conditioning equipment capabilities. This condition results
in a convective heat transfer of 2.5 Btu/sq ft-hr/* F applied to both the exterior case wall
and the propellant  surface.

This analysis was made assuming maximum possible temperature differences.
The motor cure temperate ire of 135° F was used as an initial condition and the time was
determined to reach a raean bulk temperature of 80', 60% and 40°F with forced air
at 75*, 55', and 35' F, respectively. The exposure times and temperature profiles
are shown in Figure 4-4.
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It should be noted that the proposed temperature cycling results in exposing
a grain with a mean bulk temperature of 40° F to the high temperature environment.
Thies ::ondition of cold grain and warm case is considered to be the most severe
condition from grain stress and bonding material temperature - strength considerations.

4.5.5 SRM Test Temperature Conditioning

All verification and PFRT motors will be temperature conditioned to 700
+ 5° F prior to static firing.

4.5.6 Transportation and Handling

4.5.6.1

Three segments, one forward, one aft, and one center, will be subjected to
predicted handling shock and acceleration environments. Test data for the Minute-
man Transportation and Handling J & P) program will be used as the basis for
establishing transportation and ha dling shocks and acceleration for the SRM. This
basis for defining test limits is predicted on the similarity in transportation modes.

4.5.6.2

The Stage I Minuteman test data were obtained from a rail transportation
test program for which the test course contained all conditions expected to be en-
countered in operational rail transportation, loading and offloading. Analyses of
these data show that maximum shocks encountered occurred during; conditions of
railcar coupling and "humping. " The shock wave form of the Minuteman motor
response to railcar coupling conditions will be simulated.

4.5. 7 EMI Susceptibility Survey

The EMI susceptibility survey will be made during the verification, motor
test program. This survey will be performed in accordance with the requirements
of the Space Shuttle program for EMI compatibility.

This survey will be performed on verification motor 1)D1-3 prior to L'he static
'	 test, as follows:

4.5.7.1

Deviations will be made to the SRM setup by providing "breakouts" for:

1. EMI test instrumentation

2. Simulation of ordnance items

}I _
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4.5.7.2

The individual subsystems will be activated and functioned and the other sub-
systerns functional characteristics will be monitored and recorded so that anv de-
gradation in performance from the normal which iF caused by EMI can be observed.
The performance normals will have been taken during individual subsystem checkout
prior to the start of the EMI survey.

4.5.7.3

The flight instrumentation system, supplemented by approximately 30 additional
test paints, will be recorded. The recorded data tape, along with the eornponent EMI
tape, will become the basis for the analysis necessary to accomplish formaJ qualification.
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4.5.8 SRM Static Test Facilities and Operations

SRM static tests will be conducted in the horizontal position. Test stand
and motor alignment will be accomplishe.. to assure accurate acquisition of axial
and side force thrust data. SRM assembly and instrumentation will be conducted
in the Thiokol s^atic test bay. Supporting equipment for the thrust measuring
system includes precision optical alignment equipment and structures for installa-
tion and operation of this equipment in the test bay.

4.5.8.1 Test Facilities

4.5.8.:. 1 Thrust Test Stand

A six component, horizontal thrust test stand with a capability of measuring
full forward thrust will be utilized for the static test, Ref Figure 4-3. Side thrusts,
both forward and aft, as well as roll moments, also will be measured.

The axial thrust produced by the motor will be distributed to a circular
thrust collecting structure that is mounted through a thrust train to the thrust block.
The thrust train will consist of universal flexure and a compression load cell capable
of measuring forward thrust.

4.5.8.1.2 Data Acquisition System

The data acquisition system at Thiokol Test Area shall be used to support
the design confirmation test program. A total of 240 instrumentation channels
are available to monitor motor and TVC performance characteristics. Of the 240
channels available. 198 are digital channels. The remaining 42 channels are
frequency modulated (FM) data acquisition channels. The 240 data acquisition
channels are more than adequate "o meet static test data requirements.

4.5.8.2 Test Operations

4.5.8.2.1 Static Test TVC Duty Cycle

The TVC duty cycle to support the verification and PERT motor tests
will be prepared and submitted in the SRM detail test plans 30 days prior to SRM
static test for NASA approval.

4.5.8.2.2 Force Measurements

Side force at the forward and aft ends of the motor will be measured by a
dual bridge load cell capable of measuring both tension and compression side loads.
The load cells will be located to measure the side thrust at 270 deg and attached
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through a universal flexure to the side thrust blocks. The load cells and flexures
will have a capacity to measure the side thrust. Measurement of the roll forces
is accomplished by two dual-bridge tension or compression load cells oriented at
90 deg to the motor longitudinal axis. The two parallel load cells are located to
measure vertical forces 180 deg apart. Each of the load cells is equipped with a
universal flexure in the thrust train connected to the side thrust block. The thrust
train will have the capacity to measure the expected vertical forces.

4.5.8.2.3 Ground Electrical Power Supply System

Direct current ground electrical power is provided for the operation of TVC
electrical subsystems prior to flight battery activation and for the starting of flight
hydraulic power supply.

4.5.8.2.4 Prefire Motor Systems Check

A combined systems test consisting of a dry run through the complete
countdown will be conducted on the motor prior to the start of the actual countdown.
Successful completion of the combined systems test including correction of all
difficulties experienced during the combined systems test is a prerequisite for
initiation of the actual countdown.

4.5.8.2.5 Weight and Center of Gravity Requirements

Actual component weights will be measured as each item progresses towards
the completion of the manufacturing cycle. Upon completion of the manufacturing
cycle, the total weight of each item will be measured. Weights will be measured
with equipment capable of measuring + 0.1 percent full scale accuracy. Weight
data for the components and assembled hardware will be used with the theoretical
center of gravity (cg) derived from the design drawings to establish the cg for
each Cl. The total motor cg will then be calculated using a digital computer program.

Post-test weights will be measured and the expended motor cg calculated.
This post-test data, combined with the pretest data, will be used to correct the
theoretical values of expended motor weight vs time which is required for ballistic
performance analysis.

4.5.8.2.6 Data Processing

Plotted and tabulated data will be reduced and presented by using digital
or analog computers with automatic plotters. The data, both directly reduced and
derived, will be tabulated or plottL d in a final format. The original copy of the
data will be capable of being reproduced for direct inclusion in the test reports.
All hand-plotted data will be plotted to the same format and style as the machine-
plotted data to maintain consistency in the data presentation.

I
Y
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Data read directly from the test recorder tapes will be reduced in accordance
with standard data reduction methods.

4.5.8.:.7 TVC Performance

The nozzle actuators are controlled by the nozzle mounted pitch and yaw
control unit, which receives simulated autopilot commands, which are analog sigmals,

'	 The HPU will peovide the hydraulic power to move the actuators.

Electrical power for the TVC system is supplied during motor test from the
flight control battery assembly. Switching of vehicle power from ground power to

!	 the flight battery assembly will be accomplished by an onboard power transfer
switch assembly. Facility electrical power wi!1 be suppled to the TVC system for
use during TVC system checkout.

4.5.8.2.8 Electrical System Performance

Electrical connections for power, grounding, and monitoring will be provided
R to the motor. Facility power for prefire checkout and backup to the motor batteries

during the test will be supplied to the ground power -1mbi.lical connection. Additional
electrical connections will be made to supply electrical inputs and monitor perform-
ance during the test.

4.5.8.2.9 Ground Functional Interfaces

Ground functional interface tests will be conducted on verification motor
DM-3 to verify the capability of the electrical cabling and interface connectors to
handle the required functions. The following functions shall receive power, command
and monitoring signals through the ground umbilical connector.

4.5.8.2.9,1 Ground Electrical Power

1. Gas generator squib power

2. TVC control power

3. Ordnance power

4. Instrumentation power

5. TVC hydraulic power

6. Vehicle ground monitor power
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4.5.8 2.9.2	 Ground Command Signals

1. TVC pitch

2. TVC yaw

3. T-T S & A safe

4. T-T S & A arm

5. T-T fire

6. Squib firing checkout fire command (control)

7. Arm and ignition

4.5.8.2.9.3	 Ground Monitoring Signals

1. Safe and arm indication ; ignition system)

2. Safe and arin indication (T-T system)

3. igniter current monitor

4. Gas generator squib current

5. TVC pitch command input monitor

6. TVC yaw command input monitor

7. Ordnance battery monitor

8. Vehicle ground monitor power

9. Squib firing checkout safe indication

10. TVC battery temperature

11, Hydraulic power supply pressure

12. Flight instrumentation battery voltage

4.5.8.2.10 Space Shuttle Functional Interfaces

Space Shuttle vehicle functional interface tests will be conducted on verifi-
cation motor DM-3 to verify the capability of the electrical cabling and interface
connectors to handle the required functions. The following functions will receive
Space Shuttle simulated power and command signals through the forward staging
umbilical connector.

4.5.8.2. 10.1 Airborne Electrical Power

1. Thrust termination squib power

2. SRM igniter squib power

1
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4.5.8. 2. 10.2 Instrumentation Interface

The SRINI will provide the following instrumentation interfaces to the Space
Shuttle:

1. Signals from up to (TBD) analog channels of data
conditioned from 0 to 41) millivolts (mv) do to the
Remote Multiplexer Unit (RMU).

2. Cabling for RMU component ana line address.

4.5.8.2.10.3 T-VC Guidance Signals

These command signals are plus or minus (TBD) vdc into r (TBD) ohms
impedance per axis.

The TVC system command signals (pitch and yaw) will be monitored by
flight instrumoiA.-don system circuits within; the instrumentation enciosure.

4.5.8.2. 11 Power Swi tchirg

The capability to switch TVC and flight instrumentation systems (FIS)
from ground power to vehicle power shall be verified on DM-3 by switching through
the power transfer switches. The ability to reset the ordnance monitor electronic
switches after power transfer will be verified prior to the DM-3 firing and after
FIS installation on the motor. The ability to transfer the TVC and FIS power sources
from facility to internal (battery) power and back, and to monitor this transfer,
will be verified prior to the DM-3 firing and after FIS installation on the motor.

4.5.8.2.12 Prefiring Checkout

The electrical system will be checked out after SRM assembly and prior to
motor firing. Facilities power will be used for prefire checkout.

The continuity of ea-.h flight instrumentation system (FIS) data channel
from signal source to recording device will be verified after FIS installation on
the motors has been completed.

4.5.8.2.1 Flight Instrumentation Performance

Flight test instrumentation performance will be evaluated by review of static
test data to verify:

1. Accuracy of data

2. Dynamic response characteristics

4-55

•

dh



3. Law signal to noise ratio

4. Stability of transducer excitation power

5. Susceptibility to RFI and EMI levels generated by the

operation of associated electromechnical equipment.

4.5.8.2.14 Post-Test Measurement and Analysis

Following each motor static test, complete visual examination and photo
documtitation will be accomplished. Debris pattern, if any, will be recorded
and records will be made of any external anomalies discovered. Subsequent to
careful visual inspection, the motor will be disassem F;:rd i ►-,to ^?ajor components

i	 and returned to the manufacturing area for detailed disassembly and examination.
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1. 4.6 GROUND SUPPORT EQUIPMENT VERIFICATION TESTING

Ground Support Equipment (GSE) fabricated and supplied to support the
transportation of the SRM Stage component to the launch site, accomplish sub-
assembly and checkout, and perform SRM Stage erection and checkout will be
tested prior to delivery to assure that it will perform its intended function.

4.6. 1 Test Description

Each design of GSE will be subjected to a qualification program appropriate
J	 for its intended use. Lifting and handling equipment will be proof loaded to demon-

strate its capabilities. Electrical and electronic equipment will be subjected to
calibration, vibration and/or shock loading as appropriate to its expected usage
and environment. Each piece of equipment will be run through its full usage cycle
to demonstrate its compatibility with interfacing SRM Stage hardware, its capability
of performing its intended function, and its compatibility with other GSE, facilities
and tooling in its intended operating environment.

4.6.2 Verification Completion

The GSE qualification program will be considered complete with each piece
has completed its proof loading, calibration, vibration and compatibility testing
program. Production acceptance requirements for GSE will be defined during the
qualification program and each production item of GSE to be provided to support
the GTM and FTM program will be subjected to production acceptance testing.

4.7 DETAIL TEST PLANS AND REPORT'

4.7. 1 Detail Test Plans

Detail test plans will be prepared for each of the tests described in this
plan. These detail plans will expand the NASA approved general test plan to
the extent that all parameters of the test are clearly defined in sufficient detail

E	 such that, with the addition of the test procedures, the test can be executed.
t

These detail plans will be submitted to NASA 30 days prior to each
individual test. Any requested change by the customer should be in the hands of
Thiokol two weeks prior to the test start date.

4.7.2 Reports

The test reports for the individual tests will be submitted as required
by the DRD. These include the following.

i'
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4. 7. 2. 1 Component Verification Test Reports

Each individual test report will be submitted 30 days after the completion
of the test. These reports will describe the objectives, test specimens, setup,
method of test, instrumentation, test procedures, results and conclusions.

C 7. 2. 2 Design Verification and PFRT Motor Tests

The res.lts of these tests will be reported as follows.

1. TWX report 24 hr after test is complete.

2. Quick-Look report 10 working days after test
is complete.

3. Final report 30 days after test is complete.
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5.0 OPERATIONS SUPPORT PLAN

5.1 INTRODUCTION

This Operations Support Plan establishes the concepts and defines the scope
of work, the administrative and technical responsibilities and the general require-
ments that govern Thiokol Chemical Corporation operations at the Kennedy Space
Center (KSC) during the Solid Rocket Motor (SRM) boosted Space Shuttle tests and
operational flights. This plan encompasses the periods and efforts associated with
the activation and continued operation of the SRM stage receive, inspect, subassemble
and store (RISS) building, the vehicle assembly building (VAB) and assorted support
areas during the ground test operations, the flight test operations and production
flight ope rations.	 t

5.2 LAUNCH SIT:; SUPPORT

5.2.1 Administration

Thiokol will be responsible for internal company functions such as personnel,
contract administration, etc.

5.2. 1. 1 Working Hours and Holidays

The program schedule at KSC will be based on an 8 hr 6y, 5 day week. This
schedule may be altered by NASA in coofrdination with Thiokol to meet local require-
ments. Holidays will be observed in accordance with manager4rt policies. local
union, State, and National regulations and statutes pertaining 4o working hours,
scheduled and no--ischeduled overtime, aolidays, and working ` onditiens will be
observed. Additional shifts or overtime, when necessary in Jupport of the assembly
and test activities, will be scheduled Vihen possible on a, monl ihly basis. The
necessary services from NASA to support overtime work will be required. Overtime
estimates based upon scheduled requirements will he prepared and submitted directly
to NASA.

5.2.1.2 Personal Property

Thiokol personnel assigned to KSC will be responsible for their own personal
property. For removal of personal property from KSC, the owner will obtain a form
and list the number of containers and contents. This form will be signed by the
designee assigned to the owner's work area.

5.2.1.3 Personnel Housing

Responsibility for personnel housing rests with each organization or individual.

f I
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5.2.1.4	 Visitors

Motel accommodations and travel reservations for incoming Thiokol personnel
will be arranged by Thiokol.

Security escorts for visitors will be provided for all areas by the responsible
organization.

5.2.2	 Security

5.2.2.1	 Responsibility

1.	 NASA will have overall responsibility for security and
security control at K.19C .

2.	 Thiokol will be responsible for security control within
his assigned area.

3.	 "Thiokol will be responsible for handling classified material
which they control.

4.	 Thiokol will be responsible for adherence to the provisions
of the Industrial Security Manual.

5.2.2.2	 Security Clearance

Requests for security clearance for Thiokol employees will be submitted to
the designated NASA Industrial Security Clearance Office.	 Thiokol will determine
the eligibility of their employees for proper security clearance.

ti 1
5.2.2.3	 Facility Access

5.2.2.3.1	 Launch Area Access

Launch Area access control is the responsibility of NASA.

1.	 Vehicle Access--Vehicle access within the Launch Area
will be controlled by NASA.	 During launch day, at the
discretion of NASA, official vehicles will be permitted to
enter the Launch Area, or park in the area parking lot
prior to sating pin removal. 	 Vehicular restrictions will
be extended to the entire blast area.

2.	 Launch Complex Access--Access to the Launch Complex
during system tests, area checkout, etc, may be restricted
at the discretion of NASA.
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3. Missile Assembly Area Access

a. Access to the SRM Assembly Area and Receiving
and Inspection Area will be granted to all personnel
who have the proper identification badge.

b. Visiting personnel who do not have the proper area
badge will be escorted while in the area and will be
required to sign in, giving their names, organizations
(or companies) and the purpose of their visits.

c. NASA security will be provided with the names of
persons authorized to sign in visitors and escort
them to the various buildings as required.

d. All personnel (operational, transient, or visiting)
requiring access to HISS or Assembly Buildings
will be required to obtain building access badges.

e. Access to an assembly building during caution
period operations will require the prior approval
of Thiokol or NASA.

4. Postflight Critique Access- -Access vo the postflight
critique will be limited. Thiokol wi.F. maintain additional
badges for access into the critique in case of a catastrophic
event.

5. Data Display Access--Data Display Area Access will be
t	 crcit rolled by Thiokol by badges issued to each agency

requiring access.

l	 G. Data Acquisition Station Access--Access to the Data
Acquisition Station will be limited to essential operations
and support personnel.

5.2.2.4 Fire Preventi m and Protection

1. Fire Prevention

a. NASA will provide maintenance inspection and/or
surveillance of all buildings and area fire fighting
systems, fire extinguishers and/or equipment.
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b. Thiokol will be responsible for all fire safety
coordination with NASA Fire Department and other
organizations.

c. NASA will be responsible for all fire safety in the
Launch Area.

d. Thiokol will comply will'i KSC Fire Regulations.

2. Fire Protection

a. The NASA Fire Department will provide and be
responsible for all fire fighting elements (firemen,
fire trucks, hoses, ladders, protective equipment,
self-contained breathing units, etc).

h. Thiokol will provide training for all auxiliary fire
brigade personnel and conduct periodic fire drills.

c. Thiokol Area Supervisor will be responsible for
directing fire brigade personnel in fighting a fire
until the arrival of a NASA Fire Department.

d. Thiokol`s Fire Supervisor will be responsible for
monitoring compliance with Industrial Fire Regula-
tions in all areas.

5. 2.3 Photographic Support

NASA will provide and staff a photographic services group which will
coordinate Thiokol photographic requirements. This group will maintain and
operate a projection facility and film viewing room which may be used by Thiokol
as necessary.

5. 2.4 Reproduction and Files

NASA will provide reproduction facilities consisting of whiteprint, Xerox,
and Verifax machines to accommodate Thiokol in the Launch Area. Requests for
reproduction will be submitted in writing to NASA with the signature of authorized
Thiokol personnel. Thiokol personnel will operate and maintain reproduction
machines within their jurisdiction.

Thiokol will provide a central filing service with filing space for blueprints,
engineering drawings, and specifications for supporting test operations, shop travelers,
manuals, operating procedures, handbooks, etc. Thiokol will provide security
cleared personnel to man the files, keep chargeout records, and replace obsolete
drawings, specifications, etc, with revisions.
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5.2.5 Communication

5.2.5.1 Telephone Service

Telephone service will be available to Thiokol. NASA will provide Thiokol
with point-to-point communicatia;I between program facilities and ether NASA
facilities and surrounding communities. Arrangements will be made with NASA for
the handling of long distance calls.

Leased-line telephone, telephone, teletype, and cryptographic equipment
for service to home plants will be provided for and operated by Thiokol. The
services of NASA-provided and -operated teletype equipment at KSC will be supplied
as required for communication over commercial lines. NASA will neither maintain
a copy nor make internal distribution of outgoing Thiokol messages. In addition, all
copies cf incoming messages will be delivered to the addressee. A telegraphic log
will be maintained by NASA to record incoming and outgoing Thiokol messages by
reference number, subject, date, addressee, and originator. Telegraphic message
forms will be provided by NASA.

5.2. 5.2 Mail

Internal unclassified mail delivery and pickup will be provided by NASA.
Thiokol will provide incoming and outgoing bins in their respective areas to aid
mail pickup and delivery services. Internal classified mail service will be the
responsibility of Thiokol.

External mail service to and from NASA facilities, classified and unclassified
will be the responsibility of Thiokol.

5.2. 5.3 Public Address System

Public Address systems will be provided for safety and operations purposes.
NASA will install and maintain such equipment. Use of the systems will be in
accordance with approved operating; procedures provided by NASA.

5. 2. G Facilities

All building and fixed installations located at KSC will be provided and main-
tained by NASA. Initial requirements for these buildings and installations will be
generated by Thiokol and transmitted to NASA for collation and documentation. NASA
will coordinate and determine the applicability of these requirements and initiate
action for facility acquisition.

Facility change requests shall be submitted in accordance with the current
instructions.

1
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15.2.6.1 Parking and Yard Areas

Parking and yard facilities will be provided for use by Thiokol in each of the
areas described. Parking and yard areas will be maLitained by NASA. All yard
maintenance requirements should be directed to NASA.

5. 2. 6.2 Roads and Utilities

{	 Roads will be provided and maintained by NASA. Utilities, such as electrical
e power, water, steam, gas, air, sewage disposal, will be provided and maintained by

NASA. Utility maintenance requirements will be directed to the NASA Facilities
Office.

F

5.2. 6. 3 Hoist and Lifting Facilities

I

	

	 Fixed hoist and lifting facilities, where required, will be provided as part
of building construction. Requests for maintenance shall be directed to NASA

E Facilities. Fixed hoisting equipment will be operated by Thiokol in the RISS building.
Fined hoisting equipment in the VAB will be operated by NASA. Mobile hoist and
lifting equipment, not permanently assigned to the buildings involved, will be
provided by NASA. Thiokol requests for mobile hoisting and lifting service shall be

t	 directed to the NASA Facilities Office.

5.2. 6.4 Severable Capital Equipment

Severable capital equipment consisting of office furniture, such as desks,
chairs, cabinets, etc, will be provided and maintained bY NASA.

5.2. 6. 5 Bench Marks

Bench marks will be provided by NASA. Recp i^sts by Thiokol for bench
mark changes will be made to NASA.

5. 2. 7 Support Shops

Shops will be provided by NASA to support Thiokol requirements. Shop
requirements will be transmitted to NASA. Thiokol shop requirements include
machine shop, carpentry shop, sheet metal shop, paint shop, and electrical shop.
NASA personnel will man these shops. Work will be done on a work order basis.
Small machine tools such as drill presses, hand saws, sanders, shears, punches,
etc, will be provided by NASA in work areas.

5-6
	

01

DI



NASA will provide and operate a Calibration and Certification Laboratory.
This laboratory will contain the necessary standards to certify instruments and
measuring equipment supplied by Thio::ol. NASA in coorlination with Thiokol
will provide the required standards. Thiokol Quality Control will perform equip-

``	 went calibration/certification in accordance with mutually established procedures.

5.2.9 Plant Services and Housekeeping

Janitorial and housekeeping services for Thiokol occupied buildings will
(	 be provided by NASA. Janitorial an y' housekeeping services will be coordinated

b; Thiokol on a scheduled basis. Requests for off-schedule services will be
directed to NASA Plant Services.

Building repair, alteration, and uti'ity installation will be done by NASA.
Requirements will be generated by Thiokol and forwarded to NASA Facilities.

5.2. 10 Tool Rooms

NASA will provide and maintain tool rooms in the Vehicle Assembly Area
and the Launch Arf;a. Tool rooms will stock portable handtools and powered
equipment and perishable cutting tools, p lus miscellaneous shut.0 materials such
as lubricants, solvents, cleaning fluids, sandpaper, wiping towels, etc,

5.2. 11 Transportation

5.2. 11.1 Personnel Transportation Between Sites

NASA will provide a scheduled bus service for transportation of personnel
between all areas at KSC. This system and equipment will be operated and main-
tained by NASA. All vehicles such as automobiles, station wagons, etc, required
for nonscheduled transportation of personnel by Thiokol will be supplied, operated
and maintained by Thiokol.

5.2.11.2 Miscellaneous Support Vehicles

Utility trucks, fork lifts, tow tractors, and other vehicles used to trans-
port materials and equipment between areas will be provided, operated, and

'	 maintained by Thiokol. Launch Area. peculiar equipment will be operated and
maintained by NASA.

5.2. 11.3 Transportation Requests

Thiokol may use NASA-operated vehicles by notifying the NAS.. transporta-
tion dispatcher. NASA motor pool services may be used as required.
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5. 2.12 Material Stores

A general purpose store will be maintained by NASA to support Thiokol.
The store will contain nonaccountable items such as standard AN parts; nuts,
bolts, washers, electronic tubes, resistors and capacitors, 'aper towels, etc.

Since Material Stores items are required for assembly and test operations,
Thiokol will advise NASA of their requirements. A stock level and usage document
will be prepared and distributed-by NASA on a current basis.

NASA will establish procedures to insure the proper control and use of
nonaccountable items. Stores issued in excess of normal anticipated usage will
be coordinated through the NASA Cont*aC^ Administration Office,

5.2.13 Production Control Area

A government bonded store will be maintained by NASA for the control and
accountability of all Thiokol furnished (deliverable and nondeliverabte) government
owned supply contract property, including spares.

5.2.14 Safety

Thiokol will comply *ith NASA general safety standards and regulations
for industrial and rocket motor safety. 'Thiokol will augment the general safety
standards with additional :safety standards that cover the particular industrial
and rocket motor options.

The Primary Safety Committee will provide coordination and resolution
of safety matters involving interfaces between Thiokol and NASA, including +'
policy, procedures, and technical pro;,lems.

NASA, with the assistance of Thiokol, will prepare, maintain, and dis-
tribute a safety standard document, which incorporates all general safety (^
standards, directives, and procedures. 	 Proposed additions or revisions to the
document will be submitted to NASA for review. 	 Approved changes will be
incorporated into the document and released for Iis+ :-ibution by NASA. 	 Thiokol

i	 will receive copies of the safety standards document and will be responsible for
presenting all safety information to each employee and for indoctrinating each
employee.

Thiokol Safety will monitor the safety effort, conduct periodic area surveys
for unsafe conditions and practices, and establish and maintain safety training
programs.	 Safety meetings will be conducted periodically by supervisors with
active participation of all persons. 	 Also, some Thiokol personnel will receive
rocket motor safety instructions during indoctrination given by NASA.
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	 Personnel will not perform unplanned operations which require the use of
potentially hazardous materials and/or equipment without first obtaining a Special
Work Permit from the Thiokol Safety Officer.

Each person will be responsible for observing all safety standards and
procedures. Each person also will be responsible when in an operating area to
report any potentially hazardous condition to a safety monitor. NASA has the
overall responsibility and authority to enforce the KSC Safety Program. The
responsibility for insuring compliance with safety standards will rest with each
supervisor. Each area safety monitor will be constantly alert for unsafe practices
and conditions and will take immediate corrective action, when possible. An Area
Safety Monitor will immediately stop any operations when a potentially hazardous
condition develops and will coordinate with his supervisor and with Safety for
corrective action.

5.2.15 Medical Services

NASA shall provide a first aid station for treatment of Thiokol employees.
Ambulance service for emergency cases will be provided on a 24 hr basis by
NASA. Thiokol will provide emergency medical kits.

Thiokol will make arrangementG with local area medical facilities to
provide medical treatment for personnel requiring more than first aid.

5.2.16 Food Services

NASA will permit "Thiokol personnel to purchase food from designated NASA
messing facilities.

5.2.17 Liabilities for Government-Owned Property

Thiokol will report to NASA any damage of Government-owned property.,
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5.3 OPERATIONS SUPPORT

5. 3. 1 Introduction

This section outlines Thiokol responsibilities during Space shuttle Operations
at Kennedy ;ipace Center (KSC).

5. 3. Z Shipment

Thi.c,kol will perform final test and inspection of ground and flight equip-
ment prior to shipment to KSC and will insure that all items shipped to KSC are
addressed correctly and required ground and test support equipment, as well as
flight equipment and necessary spares, are delivered in the quantities and rates
required to meet established schedules. In addition, NASA will be notified in
advance of the status of all equipment shipments to KSC. NASA also will be
provided the required records, logs, handling and routing instructions, design
configuration, and weight and CG data for flight equipment.

5.3. 3 Receiving and Visual Inspection

Thiokol will provide personnel and equipment to perform the receiving and
visual inspection functions at KSC for all equipment supplied by Thiokol.
Operations which will be performed include, 4)ut are not limited to, the following.

1.	 Inspection for external shipping damage.

Z.	 Verification of count.

3. Identification of configuration.

4. Dimensional checks as required.

5. Physical accountability.

6. Processing of logs.

7. Providing special handling equipment as required.

:5. 3.4 Handling and Transportation

Thiokol will provide the required personnel and equipment, and will request
routine NASA support for loading, unloading, transferring, and handling of all
flight and ground equipment in and between the receiving, inspection, and storage
area as well as the SRM stage buildup area. Responsibilities are as follows.

1.	 Segments and other components will be transported
and assembled by Thiokol.
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Subsystem ordnance will be transported and
assembled by Thiokol.

3.	 NASA will transfer assembled Space Shuttle
vehicles to and from the launch area in accordance
with preplanned procedures.

5.3.5 Preassembly Inspection and Functional Test of Equipment

SRM segments and associated equipment will be inspected by Thiokol. A
functional self-check of the instrumentation test set immediately before connecting
to a live SRM segment will be performed.

Primary, secondary, and destruct ordnance devices will be inspected and
electrically tested, if required, by Thiokol in accordance with procedures pro-
vided by Thiokol and approved by NASA.

To prevent inadvertent firing of ordnance devices, only those test instru-
ments specifically approved by range safety will be used in conducting tests on
ordnance devices, motors, or graind support equipment live ordnance circuitry.

The HPU test set shall have a functional self-check immediately before
cor..necting to the HPU.

Records will be provided to show that each item of ground and flight equip-
ment has been functionally tested prior to use with other equipment. Thiokol will
prepare functional test procedures and specifications for this o uipment. Records
of testing compliance will be made available on request.

5.3.6 Assembly, Installation, and Test of Equipment

Ground and flight equipment «ill be installed or assembled and tested in
accordance with approved schedules and procedures.

5.3.6.1 Ground Support Equipment (GSE) Responsibilities

Thiokol will be responsible for the installation, checkout and modification
of all launch area GSE under the technical control of NASA. Installation and
checkout of this equipment will be accomplished to dra« , ings and procedures
supplied by Thiokol and approved by NASA.

Thiokol will be responsible for the installation of all GSE furnished by
Thiokol.

The requirement for retest of an item, following rework, will be
coordinated with NASA representatives.

4
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Thiokol will provide personnel and equipment to receive, inspect, install,
and checkoutall NASA furnished equipment. Coordination with NASA regarding
NASA furnished equipment will be accomplished by Thiokol.

The mechanical and Electrical checkout of equipment systems and facili-
ties at the KSC will be accomplished using a ground test vehicle. This checkout
will be performed to duplicate as closely as possible the operations performed with
a flight test vehicle. The operator will conduct the checkout under the direction
of NASA representatives using NASA and Thiokol supplied technical manuals.

5.3.6.2 Flight Equipment

Thiokol will accomplish all SRM Stage structural assembly, alignment,
installation, placement of subsystems and components, hookup of electronics,
or connections to ground support equipment. Thiokol quality control will provide
the required inspections for this work.

The Space Shuttle combined s y stems test will consist of individual checks of
each subsystem followed by an instrumentation check and a compatibility check to
insure proper operation of the integrated subsystems. The confiPuration for this
checkout is a functional interconnection of all parts except live ordnance devices.
The checkout will be accomplished cinder the cognizance of NASA. NASA wi l l
operate the various support equipment as required and check out the vehicle sub-
systems in accordance with established test procedures. NASA will provide data
acquisition, processing and display, and QC verification of the checkout as required.

Thiokol will perform an end-to-end test of the instrumentation subsystem.
Operation and checkout of the instrumentation subsystems will be ,accomplished
by Thiokol with the assistance of NASA as required. Thiokol's home plant will
provide tapes for use in processing flight data.

Special testing in addition to that required by established test procedures
(existing or new) may be necessary to satisfy requirements and to resolve anomalies.
Special test preparation will be the responsibility of Thiokol. Special test procedures
and results must have NASA concurrence.

A data and status review will be conducted following the combined system
test to make recommendations on Space Shuttle readiness for subsequent testing
and acceptance inspection.

After test acceptance by NASA Thiokol will install access panels and ord-
nance items.

f

	

	 Following acceptance of all subsystem checks, instrumentation calibrations
and systems tests, a formal acceptance inspection will be accomplished. An

l	 acceptance team will decide upon acceptability of the total system relati%e to its
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intended flight objectives and compliance with model specifications and range
safety requirements. All model specification waivers and/or deviations will be
approved by NASA. in general, the acceptance inspection will be a review of
preflight test data and the integrated records system. NASA signoff of the accept-
ance summary document as prepared by Tnio^k(I)l will complete the acceptance.

-f
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5.3.7 Launch Area Activities

5.3.7.1 Launch A rea Buyoff

NASA will review all area modifications made since the last launch fr(.,;n
the complex.

5.3. 7.2 Launch Countdown Operations

I^aunch countdown operations will be conducted by NASA in accordance with
.approved procedures furnished by Thiokol.

The launch countdown operations for the SRM Stage follow.

1. Safe and Arm Test--Prior to launch safe and arm
devices will be electrically monitored for continuity
and/or armed to verify their proper operation. The
test will be directed by the test conductor in
accordance with approved countdown procedures.

2. Electrical Systems Test--Prslaimch testing will be
conducted to establish confidence in the countdown pro-
cedure, the Space Shuttle system, and the launch
equipm ent .

Data. will be acquired by the NASA data acquisition
station via la.ndlines .

A data review will be conducted immediately following
electric systems test. Thiokol will support NASA with
analysis and recommendations concerning SRM Stage
readiness for launch countdown and flight.

3. Nozzle Actuation Test--Prelaunch testing of the nozzle
will be conducted to insure its operational readiness.
The test will be directed by NASA in accordance with
approved countdown procedures.

4. Postlaunch Activities--All postlaunch activities will be
conducted in accordance with the fundamental safety
plans at KSC. After each normal launch the safety
inspection team and the technical inspection team
will operate as specified in the launch countdown
document.

IM
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5.3.8 Test Data Acquisition and Processing

The Following paragraphs cover the responsibilities for acquiring, proces-
sing, displaying, storing, distributing and analyzing test data.

NASA will provide data courier and data distribution services at KSC .

NASA will provide and staff a quick-look data processing and PCM tape
conversion facility as a service for Thiokol as required. In conjunction with this
facility, NASA shall maintain a quick-look data display rocri^ in a secured area
and a central data records system. NASA also will staff and maintain a facility
for receiving and reducing engineering sequential data

Thiokol will reduce and analyze data for the following.

1. The handling, assembly, and checkout of the SRM Stage.

2. Performance of Thiokol supplied GSE .

3. Instrumentation performance.

4. SRM performance.

NASA will be responsible for the produc;.ion and delivery of the telemetry
systems calibration data package (pertains to flight test and, as required, all
systems test) as specified in Test Directive.

Thiokol will furnish actual weight and CG information on their components
to NASA in accordance with the Mass Properties Control Plan.

Thiokol will furnish predicted SRM performance data. D=rawings, configura-
tion list, and weapon systems records will be provided by Thiokol to NASA. NASA
Will maintain and distribute this data as required.

Still photography for Thiokol requirements will be provided by NASA.

All Thiokol requirements for documentary photography will be coordinated
with NASA. NASA will maintain records and appropriate files for reorders
or display of film or photos and will maintain and operate a projection and film
viewing facility for use by Thiokol.

Flight Test Data is defined as that obtained after the start of the launch
countdown on launch day. Internal flight data are all test data that originate
within the SRM Stage.
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NASA will be responsible for recording Launch Area data obtained during
a launch in accordance with Thiokol supplied procedures. Thiokol will be respon-
sible for processing, distributing, displaying, reducing, and analyzing these data.

Flight test telemetry data will be recorded ty NASA. Quick-look data will
be supplied by NASA in appropriate reproducible form to Thiokol. Quick-look data
may include certain engineering sequential films, some processed data, some direct
recordings, and occasional documentary type films. Thiokol is responsible for the
quick-look processing and display of appropriate data to NASA. NASA will determine
the data to be displayed. the form to be used, and the personnel to be admitted to the
display room.

5.3.9 Malfunction and Damage

In general, ground and flight equipment malfunctions will be isolated to the
smallest replaceable unit and this unit replaced. Minor adjustments or repair q to
support or flight equipment will be made in the area of use, if possible.

When equipment malfunction or damage occurs, Thiokol will be notified
immediately. Thiokol then will schedule a period for isolation of the malfunctions
within the Thiokol equipment, advising NASA on the adjustment or repair of this
equipment, of the effect of the malfunction on the test, and recommendations as to
where the repair or adjustment should be made. Malfunction investigations of ground
and flight equipment in the Launch Area v_ill be performed in accordance with ap-
propriate NASA instructions. Thiokol will provide personnel to accomplish th.
necessary disassembly and transporting of parts to the Contractors Operations At-ea.
All isolation, replacement, repair and retest will be recorded in accordance with
appropriate NASA procedures.

Defective components will be returned to their respective functional test areas.
Thiokol will be responsible for making onsite repairs or for returning the equipment
to his hoine facility. Component packing and handling will be accomplished by Thiokol.
All equipment malfunctions and repairs which affect SRM Stage assembly and test
schedules will be coordinated with NASA scheduling personnel.
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5. 3. 10 Main ten an ce

Maintenance is defined as servicing, Imbrication, scheduled rf•plat•ements,
periodic calibrations, alignments, adjustments, and routine functional vheeks of
equipment. Thiokol will monitor maintenance : chetiules for all Tii!okol equipment.
Aaintenance which is critical enough to warrant revising of delaNing Space
Shuttle or equipment operations will be coordinated with NASA. Maintenane v will
be performed at the "point of use" when feasible.

Thiokol will be responsible for maintaining all equipment undo i 'rhiok,)l
control and will accomplish the maintenance with Thiokol. manpowet . finaneud
support, replacement parts, procedures, and materials..

Maintenance requirements for SHM components and (;SF will be identified
by performing a maintenance engineering. :analysis (MF.A) on the SR1`i components and
associated GSE. The INIEA will identify We maintenance functions. the Vyuipmt-ni
and manpower required and approximate time moi required froquenev of each
function.

5.3. 11 NASA Equipment and Support

Equipment and services required from NASA will be est^rhlished. R o tonne
coordination with NASA conrerning such equipment and services w!ll be performers

by Thiokol in support of approved working schedules.

5. 3.12 Accountability

Thiokol will have the prime responsibility for accountability of NASA-
owned equipment pr ,.)vided at KSC. Thiokol will prepare detailed accountability
procedures. These procedures and accountability records shall be accept<abie
to NASA.

Thiokol will be accountable and responsible to NASA for the disbu rsement
history and configuration control for all equipment provided by Thiokol. Complete
records will be provided on all required items of accountability. These records
will accompany the equipment and cover all operatinns of that equipment. Thiokol
will provide NASA with advance shipping notices prior to arrival of equipment at
KSC. Copies of accountability records will be provided after equipment arrives
at KSC.

Thiokol will be responsible for maintaining accountability of list' Launch
Area facilities -ind support equipment under Thiokol's control.
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5. 3.13 Training

Thiokol will be responsible for training personnel in all operations which
will be performed on the SRM Stage components and equipment. Training of
personnel to insure systems effectifeness will be directed to all echelons and
activities.

The training program for operations (receiving, inspection, and assembly)
personnel will be initiall y based on an analysis of the system to determine required
sldlt levels. This training will be accomplished by iitrolementation of special
courses.

Personnel training and/or certification programs will include, but not be
limited to, the following functions and/or production and inspection processes:
Nondestructive testing (magnetic particle, fluorescent, penetrant, and ultrasonic
inspection), welding, brazing, soldering, electrical assembly, optical to' ► ling
and gaging, eleetroaic measuring at,d test equipment, mechanical tneasu ring
techniques, special process control, sealing and potting, alai statistical quality
control techiaiques.

All personnel will receive system familiarization by informal training
to insure a common departure point. As the program develops, the critical items
will be analyzed to determine, by comparative analysis, if further training is
required. Supplementing those data will be the Quality Audit Reports which will
highlight areas requiring greater stress and consequently further training. When
it is determined that tasks are so critical as to affect mission objectives, per-
sonnel certification wilt be required prior to assignment to the task.

Maintenance personnel for field effort will be trained in accordance with
the program as required. This training will orient personnel in maintenance
tasks for Thiokol maintenance responsibilities by lectures and on-the-job train-
ing (OJT). Personnel performing maintenance will be trained in specific tasks
by an OJT program that will utilize engineering documentation and hardware foi
skill development. In addition, maintenance capabilities will be upgraded by
utilization of information obtained from the Critical It-ms List (CIL), quality
and acceptance documentation, and failure and problem data that will identify
malfunctions or breakdown directly attribut2tle to maintenance practices and
techniques.

Certification of personnel is part of the overall training program. The
need for Thiokol launch crew positions will be jointly determined by Thiokol and
NASA and will be based on equipment and required launch functions. :here
a requirement is established, a concentrated training program will be ins"!tuted
and records of student progress and qualification maintained. The rec-rds and
certification procedures will be made available to NASA prior to participation
on the launch crew.

r^
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5.3. 14 Publications

Thiokol will prepare and maintain all puhlications required for the SRM'
Stage operations.

Technical manuals will be prepared to detail all operatinns that will be
performed. These operations include transportation and handling, receiving and
inspection, assembly and checkout, and equipment and component maintenance.
The various technical manuals will be identified through systems requirements
and maintenance analyses. The various functions will be determined and the
personnel and equipment required to fulfill the function will be identified.

Training manuals will be provided in conjunction with the training program.
The training manuals will be prepared from the systems requirements and main-
tenance analyses.

S71op travelers will be prepared for each component or end item that is
processed or used in the assemuiv of the SRM Stage. The shop traveler will
document the operations, equipment requirements, material requirements,
inspection requirements, and personnel requirements of each operation per-
formed. The shop traveler will serve as a historical document to insure the
quality of the various operations.

5.3.15 Quality Control

Thiokol will be responsible for all quality assurance aspects of t1`ie SRM
Stage at the operational site up through SRM Stage selloff to NASA. The basic
quality control procedures and philosophy established during the verification
program at Thiokol will be extended to the GTH, FTH and production operations
at the operational site.

5.3. 15.1 Quality Management

Thiokol will provide at the operational site quality management whose
prime objective will be to provide a final product of maximum quality and
reliability at minimum cost. This objective will be accomplished through
effective management of the tasks listed below.

1. Provide calibration and control of all measuring
and testing devices used during inspection.
assembly, test and ch-eckout.

2. Insure that adequate receiving, itiprocess, non-
destructive, and final inspection tests are
performed on all components, materials, GSE
and final assemblies.
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`t.	 Maintain the data retention system and assure
adequate documentation to support product
acceptability and NASA acceptance.

4.	 Provide membership on the Material Review
Board and assure a material review function
that provides for physical control and disp,)sition
of nonconforming materials and assures that
appropriate corrective action is taken.

5.3.15.2 Preparation and Maintenance of Work Instructions
r

Operation sheets which constitute a logbook/shop traveler will be preu_ ared

t	 to accompany each component or assembly through each phase of assembly. The
logbook will provide detailed instructions (or reterence documents containing
detailed procedural instructions) of the inspections to be made in every opera-
tional phase. The logbook will include the following attachments: discrepancy
log, acceptance tags, reject and hold tags, material review reports, change

j	 index, and weight and balance record as required.

5.3.15.3 Operations

Quality Control «ill participate in the receiving inspection, testing,
identification, and segregation of components and materials as discussed below.

Receiving inspection functions will be directed by the Quality Control
Procedures Manual and special Quality Work Instruction and Planning Sheets.
Materials and products will be inspected upon receipt to the extent necessary to
assure conformance to technical requirements and to assure that no shipping
damage has occurred.

All materials and components will be identified and sego gated to prevent
their use prior to quality acceptance. Serialization of components vrll be main-
tained in accordance with the engineering drawings and specifications. This will
be accomplished to maintain and verify configuration control of the SRM.

Processing and assembly operations will be controlled through the use of
the following entities: Work Instructions, Process Instructions, Quality Depart-
ment instructions, Inspection Instructions and the Shop Traveler.

Inprocess inspection will consist of, but not be limited to, the following:

1.	 Visual and dimension%l inspection during sub-
assembly, assembly, and testing operations.
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2. .assurance and verification of compliance with
process standards, specifications, and drawings.

3. Verification that materials and components
incorporated into the SRM Stage have been
properly inspected and accepted.

4. Immediate identification and processing of dis-
crepant items or conditions in accordance with
applicable procedures.

5. Assurance of proper identification, handling, and
storage of materials, parts, and assemblies.

Quality personnel will have well defined instructions relative to the accept-
ance and rejection criteria. All documentation prepared and issued as instructions
for examinations and acceptance of products will define the test and acceptance
parameters associated with the actual examination. The documentation used to
guide personnel in examination of products for acceptance will consist of the
following:

1. Acceptance specification.

2. Design requirements.

3. Inspection operation sequence documents.

4. hlanufacturing planning.

5. Quality instructions.

Recording of tests, inspection and examination parameters will be documented as
objectfv- evidence in the individual history logbook. In the event of variation from
acceptance parameters, parts will be rejected and dispositioned in accordance
with current procedures.

Inspection stamps will be used to indicate that inspection operations have
been satisfactorily completed. Each issued stamp will be controlled and trace-
able to the individual responsible for its use. Rigid control of all, inspection and
special process stamps will be maintained by Qualitv Control. Quality Control
will assure notification and cancellation of staml;,s which are changed, multilated,
and/or returned as a result of employee termination.

'. Quality Assurance will be responsible to assemble all technical, manu-
facturing and quality assurance data necessary to prepare the SRM Stage selloff
documentation. Quality Assurance shall prepare the selloff documentation and
r.hair or co-chair the SRM Stage selloff meeting. Upon satisfactory completion
of the SRM Stage selloff, Quality Assurancc will be responsible for transmittal
of all document<rtion certiNing accomplishment of the selloff to Thiokol Contracts
Administration.
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6. 0 PRODUCT ASSURANCE PLAN

6. 1 INTRODUCTION

The Solid Rocket Motor (SRM) Stage product assurance program to be con-
ducted as part of the Design, Development, Test and Evaluation (DDT & E) and
production programs is described in this plan. Product assurance imposes a
single integrated management discipline upon those critical program activities
which experience has shown must be subject to formal discipline to assure that
products will accomplish their mission. This plan specifWally addresses the
critical activities associated with the assurance disciplines, reliability, quality,
and safety. :accordingly, all critical activities related to product assurance are
identified to assure:

1. That resources in the form of documented technolo* ,
facilities and qualified personnel are developed for
each activity; and,

2. That these resources are properly applied to the
product to achieve customer requirements.

Maragement of the product assurance program is under the direction of
the Space Shuttle program manager within the program management directorate.
His management interests will include:

1. Development and implementation of this product
assurance program, establishment of work control
s%-stems to assure that program plan requirements
are communicated to all affected organizational
elements, and assurance that the program to=ks
are adequately staffed, scheduled, and completed
per schedule.

}
2. Assurance that all other necessary resources such

as faciliti-es, material, plans, etc, are available
(	 as required to support identified critical activities;

and assurance that other than routine experience	 •
obtained during the course of this program will be

!	 communicated to those with the possible need to
know, and otherwise retained as necessar y to assure
experience retention for subsequent projects.

3. Provisions for continui*ig periodic surveillance,
f '

	

	 including formal audits of product assurance activi-
ties to assure achievement of program objectives
and to correct undesirable deviations or deficiencies.

6-1



ZONALLY LEFT BLANK



Plans for each of the three assurance disciplines comprising the p: incipal
parts of this program are contained within this plan. The Quality Assuranc-3 Plan
is concerned principally with assuring the minimum number of product nonco0or-
mances. The Reliability Plan is concerned principally with minimizing the proba -
bility of a product functional nonconformance. The System Safety plan is concerned
primarily with assuring the minimum number of injuries or loss of live, and mini-
mum„ loss or damage to property.

t
To provide maximum adaptability, the extent and frequency of revision of

each plat will be tailored to its needs. Although individual plan updates are sched-
uled, a review for that purpose may reveal that no change is required. 9ibsequent
release of the whole plan 'n a loosellaf hinder will permit individual section replace-
ment. The product assurance program manager will assure that interface of
charges affecting other plans is coordinated.

6. 1.1 Organization

''he product assurance program will be cor.ducted under the direction of the
manage- of product assurance, a member of the program management organization.
He will have direct access to the program team chairman and ready access to other
resource managers. The organizational relationship is indicated in Figure 6-1.
The major tasks of the product assurance manager are product assurance program
admixistration and control, identifi^_ation of critical activities, and product assur-
ance program evaluation.

C. 1. 2 Program Administration and Control

This preliminary plan will be completed, updated, and revised as directed
by NASA, and resubmitted for approval. The tasks described in the approved plan
u-ill be subject to the functional direction and control of the program manager. He
will control resource allocation to the program. Revisions to the tasks, budgets,
and this program plan are also under his control. He will he -either the intermediary
or coparticipant in all customer discussions of product assurance related tasks.

6.1.3 C ritical Activities

The program manager will assure that: critical activities within the
assurance disciplines are identified, reviewed, and time phased; that initiating
agencies are notified; effort and milestone events are scheduled; and that docu-
mented technology, materials, facilities, and persownel resources will be avail-
able to meet the integrated program requirements. lie will develop an assurance
task plan matrix identifying such elements as schedule, manhours, assigned re-
sponsibility for the task and who provides surveillance. The task plan will be
coordinated with interfacing program managers and product assurance discipline
m anage rs .
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6. 1.4 Evaluation	 i

The program manager will continually audit and evaluate the product assur-
ance program. These audits are designed to obtain extempore, current, factual
information as to the state of product assurance elements. Product assurance
evaluation is directed to the review of audit results vs the plan at that point and
program objectives. The program manager prepares and/er has prepared the
necessary data in an analytical, purposeful, format designed to enable a program
decis± on. Thus, evaluation results will be the basis for action where warranted
a:,d unilaterally attainable, or recommendations to NASA or other contractors
where involved.

The audits, which are designed to provide assurance and vot to pinpoint
shortcomings to organizations or personnel, will include the fallowing typical
type questions.

Rescru ce Audit Considerations

Have critical activities been identified to the scope and
depth warranted?

Are those responsible for providing support docuaienta-
tion aware of that need?

Will certified personnel be required and has proper
planning been accomplished ?

What training and motiva,tiori have been scheduled?

What data sources are being drawn upon to capitalize
upon previously obtained experience?

Will facilities be needed and if so, has their availability
been established ?

Are supplier resources required and has availability
been established?

Project Audit; Considerations

Has nondeliverable project data been identified,
responsibility est iblished, and distribution and
retention established?

Is the project task required by the work staterr. ent ?
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What other commitment established the requiremen

Are the allocated resources adequate?

Is support for the task within and across orga.nizati,
adequate ?

Is it possible to aucertain that the task is adequate
this point?

Are tiie results to date in accordance with the plan?



6.2 RELIABILITY PLAN

6. 2. 1 Introduction

This Reliability Plan describes the reliability program to be conducted
during he verification ^.ialification, flight test,g	 q	 gh	 production, and delivery of
156 In. SRM Stage for the Space Shuttle. Accordingly, it specifies tasks, methods,
organization, personnel and schedules for assuring achievement of SRM Stage
reliability equal to or greater than the predicted values.

This plan is prepared in accordance with NHB 5300.4(lA), Reliability
Program Provisions for Aeronautical and Space System Contractors, and it
responds to every applicable section of that document. As specified therein, a
sAparate program plan will be prepared for the launch site. The site reliability
program plan will be combined with the quality program plan for the site and will
become Appendix A of this Procluct Assurance Plan. All other reliability effort
conducted by Tniokol inp)ant and in consort with listed suppliers is described in
this plan.

6.2.2 Applicable Documents

The following documents form a part of this reliability plan to the extent
specified herein.

6.2.2.1 NASA Publications

1. Reliability Program Provisions for Aeronautical
and Space System Contractors, NHB 5300.4(lA),	 j
Glossary.

2. Elements of Design Review for Space Systems,
SP 6502.

3. Parts and Materials Application Review rbr Space 	 j
Systems, SP 6505.	 i

4. Practical Reliability, Volumes I thru V, CR 1126
thru 30.

5. !duality Program Provisions for Aeronautical
and Space System Contractors, NHB 5300.4(1B),
Glossary.
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6.2.2.2 Thiokol Documents

Management Policy 1008-22-065-Reliability Programs

Management Procedure 2550-32-01001- Reliability
Programs, System Outline for

Engineering Procedure 2550-33-A400- Engineering
Reliability Program

Reliability Manual, Wasatch Division, Thiokol
Chemical Corporation

6.2.3 General Requirements

6.2.3.1 Program Requirements

The level and quality of planning developed fur this plan is designed to
assure the attainment of reliability potential inherent in the 156 in. SRM Stage.
The major tasks are described in explicit detail, are time phased, and delineate
the portions which are the responsibility t; other organizations. Reliability's
role throughout the design, development and qualification tests and production
and fabrication operations inplant are described. Typical activities include
design review, product tests, product manufacntre and performance test analysis,
reliability assessment and reporting.

6.2.3.2 Quantitative Requirements

The Space Shuttle booster reliability requirements have not been firmly
defined. A reliability failure mode and effect analysis conducted by this con-
tractor for the preliminary SRM design, included in the volume II of this report,
has led to a reliability prediction. In the absence of an imposed requirement, the
predicted value becomes a requirement, with NASA's approval. The number of
tests will not be sufficient to demonstrate an acceptable level of reliability in the
verification and early production portions of the program. Obviousl y a critical
failure at any point is unacceptable. Assessment of reliability cemormance is
discussed in a later section.

6.2.4 Reliability Program Management

6.2.4. 1 Reliability Organization

The principal organization responsible for conducting the reliability program
as outlined in this program plan is the Reliability and Value Engineering Depart-
ment. The functional relationship of this organization to the Space Shuttle program
manager is shown in Figure 6-2. The Reliability Department (Figure 6-3) is within
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the Engineering Directorate. A m"..,,.iary statement of responsibilities and functions
of the organizations directly associated with reliability policies and their implemen-
tation for this program are as follows.

1. Program Management--The manager, Space Shuttle
Product Assurance, defines requirements, ground rules 	 j
and philosophy, and directs the reliability program in
accordance with the contractual requirements.

2. Project Engineering--The Space Shuttle project engineer
defines the scope of the engineering effort and insures
efficient and timely accomplishment of engineering assign-
ments within the established budgets.

S. Reliability and Value Engineering--The reliability func-
tion is the major portion of the Reliability and Value Engi-
neering Department responsibility. The department
manager administratively reports to the director of engi-
neering. Program direction is provided by the program
manager and the project engineer.

Technical assignments are performed within the scope of the functional char- 	 j
ter and budgetary allocations. Program activities are planned, organized, staffed
and monitored. Reliability related data are gathered, analyzed, and maintained as
necessary to support the assurance of reliability achievement. The department
includes two sections. 	

rr
t

The Reliability Engineering Section's tasks include sta-
tistical analyses; reliability design analyses, including
effects analyses, apportionment and predictions; reliabil-
ity assessment; and motor and program status reporting.

The Quality Requirements Section identifi -s process gener-
ated data which need to be gathered for reliability analyses.
Included are data obtained from inhouse processes and the
supplier. Data review for storage, data evaluations and
reporting of nonconformances and trends are also performed.
Crucial process operations are monitored using the appro-
priate process instnictions for evaluation of what is done vs
instructions vs intent or obvious need for improvement.

The Organizational responsibilities for implementation of the vari!ws docu-
ments which are used in the conduct of the reliability program are listed in Figure
6-4. The organization generating the data is shown and the means of transmittal to
the Reliability Department is indicated. Customer submitted documents generated
by Reliability, or with Reliability, input also are indicated on the matrix.
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6. 2. 4. 2 Reliability Program Plan

As indicated In the statement of purpose and application, this document con-
tains the plan for the Reliability Program to be comiucted during the SRM Stage pro-
gram. The NASA approved version of this plan will become the basis for determining
contractual compliance. The planned effort is described in subsequent paragraphs:
each paragraph constituting a task. A chart of task schedules with submittal mile-
stones indicated is shown on Figures 6-5 and 6-6. The principal documented pro-
cedures which will be used for each task in the program are indicated in Figure 6-7.

6.2.4.3 Reliability Program Reviews

Periodic reviews of reliability program status at contractor and supplier
facilities where reliability programs are being conducted are indicated on the schedule
shown in Figures 6-5 and 6-6. These reviews are designed to evaluate the progress
of the program vs the defined tasks and/or apparent needs for shifting emphasis as
program progress warrants. Supplier reviews will be conducted by representatives of
the Engineering, Program Management and Operations Directorates. Inhouse reviews
will be conducted by members of the contractor's quality audit team. All review
results will be documented and corrective action taken where indicated. Subsequent
documented verification wAl be obtained to assure satisfactory remedy of the prob-
lems, (reference Para 2.5.6).

6.2.4.4 Reliability Progress Reporting

Progress of the reliability program will be reported per the schedule shown
in Figures 6-5 and 6-6. The report will include technical progress for each program
task including:

1. Evaluation of task status vs milestone.

2. Technical problems impacting reliability, and proposed
or implemented corrective actions.

3. Significant program and technical decisions which impact
motor reliability with some elaboration as to the probable
consequences.

4. Program schedule revisions and corresponding reliability
program task se'nedule revisions.

The Thiokol Management Cost and Cor trol System (MCCS) will .report resource
expenditure vs planned rates for the reporting period and will show revised projec--
tiors at appropriate milestone intervals. Other organizations expending direct effort
in the support of reliability program tasks, such as data processing, also will be
reflected in the MCCS.
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Type

1	 PROGRAM MANAGEMENT
Plan Update 1A201
Program Reviews 1A202
Progress Reports IA203
Training IA204
Supplier Controls 1A205

I1	 RELIABILITY ENGINEERING
Specification Reviews iA301
Prediction IA302
FMF. & CA 1 A303

System

Subsystem
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Maintainability 1A304
Msign Review IA.3C5
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co,
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Parts,	 Devices & Materials 1A308

Process MGnitoring

III TESTING 9- RELIABILITY
EVALUATION
Reliability evaluation plan IA401
Testing	 1A402
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Readiness Reviews+	 1A404
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Raw Rubber Composition for Flex Rearing (vendor)
Raw Material Rubber Lot (subvendor)
if rpp licable

TABLE 6-1

SPACE SHUTTLE
VENDOR RELIABILITY CONTROL

Case Fabrication (vendor)
f	 Material - Metallurgical C ,.)ntrol (subvendor)

Internal Insulation Fabrication (vendor)
Material Control (subvendor)

Nozzle Fabrication (vendor)
Raw Material Control (subvendor)
Subcomponents (subvendor)

Raw Material Control (sub-subvendor)

Pyrogen Igniter Case Fabrication (vendor)
Material Control (subvendor)

Igniter Case/Adapter Assembly (vendor)
Material Control (subvendor)

Squibs (igntter) (vendor)

Safe/Arm Mechanism (vendor)
Subcomponents (subvendor)
Materials (subvendor)

Thrust Termination System (vendor)
Subcomponents (subvendor)
Explosive Materials (subvendor)

Safe/Arm Mechanism (TT system) (vendor)
Subcomponents (subvendor)
Materials (subvendor)
Squibs (subvendor)

',	 Thrust Vector Control (vendor)



TABLE 6-3 (Cont)

SPACE SHUTTLE
VENDOR RELIABILITY CON'T'ROL

Attach Structure Fwd and Aft (vendor)

Fwd Skirt and Nose Come (vendor)

Aft Skirt and Support (vendor)

Electrical Power and Distributi^,n (vendor)
System Components
Materials (subvendor)
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6.2.4.5 Reliability Training

As the program becomes more sharply defined, subsequent revisions of this
plan will cite specific plans for training. Course content, types and number of per-
sons to be trained also will be specified. Course development and instruction will
be shared by Personnel Development and Reliability. Training will be directed
toward developing au awareness of the fact that the product we deliver powers a
manned flight. This attitudinal development approach will be provided to a wide audi-
ence including suppliers. While this training cannot be job specific, SRAi Stage specif-
ic illustrations will be used. Tllustrations which have the greatest possible impact
will be sought. Available training materials, including films, will be reviewed to
select the most appropriate for possible use.

More specific, job related, and discipline oriented presentations will be de-
veloped for those persona closer to the hardware. These tailored sessions will include
smaller groups from departments in the Operations, Engineering and Program Man-
agement Directorates. Supplier representation at these sessions will be promoted
to assist them in the development of their own inhouse courses.

Departmental training has been routinely conducted and will continue. The sub-
jects for presentation are developed and presented by members of the department, the
objective being continued professional upgrading. The scheduled presentations are
short term and would become obsolete in the few weeks following preparation of this
plan. The progress of all training will be reported in the periodic reporting of relia-
bility program progress.

6.2.4.6 Supplier Control

A matrix of controlled methods by supplier will be shown in a subsequent revi-
sion to this plan, to provide an overview of the control methods employed to assure
the achievement of specified quality and the reliability for parts, materials and hard-
ware supplied to Thiokol. Those suppliers required to have formal reliability program
with reporting provisions will be indicated. Also, the reviewing and/or controlling
agencies for each control method, i.e., data items, tests, or inspections will be
shows;. The currently planned vendor obtained items are shown in Table 6-1.

6-iy
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6.2.5 Reliability Engineering

6.2.5.1 Design Specifications

As the design becomes more completely defined, each itern of hardware 	
Fwill be reviewed, down to the component level, to evaluate the need for a design 	 !

specification. It is currently assumed that there will be few, if any, exceptions.
In the course of the review, items having functional requirements which may
become a source of functional nonconformance will be identified. A list of hard-
ware items with identified parameters of reliability interest will be transmitted
to Design Engineering with a recommendation to include the parameter with limits.
As specifications are generated and released for review. each will be reviewed
and review comments submitted as prescribed by Engineering Directorau.- pro-
cedure. Each specification review will include the initial recommendations vs
specification content which will encompass maintainability, human factors and
safety consideration and in-use environment, including transportation and
handling. The status of each specification will be monitored vs the initially
recommended list to assure that aU items of hardware are properly covered."
In the course of the subsequent development and testing, program, and continuing j
through qualification and production, anv occasion which gives rise to the need
for specification change will be c.irefully considered and recommended, when
warranted, through the project engineer and program manager.

6.2.5.2 Reliability Prediction

The initial reliability failure modes analysis and reliability prediction have
been completed based upon the initial 156 In. SRM stage design. The basis for
the initial prediction is documented and includes a review of the use of the similar	

1materials and components in other programs and in most cases includes a very
extensive data base. The failure modes analysis will be updated periodically as
indicated on the task schedules and will subsequently include a criticality analysis
based on NASA supplied criticality factor guidelines. A functional block diagram
will be developed to serve as a reliabirtty model. Each depicted functional block
in the diagram will show the reliability level predicted and required, and the block
relationships as shown will indicate series or parallel relationships. The relic--
biiity model will be updated as shown on the task schedule.

6.2.5.3 Failure Mode, Effect and Criticality Analyses

The failure mode and effect analysci previously referenced has been trans-
mitted to the Design Department and will i e updated to identify the single point
failures. The updated analysis will be ret, •ans.nitted to design and operations
personnel with the specific request that the single point failures identified be
reviewed to determine whether it is possible to alter the design or devise other
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control methods than those cited in the analyses to reduce the probability of
occurrence. Reliability will then be responsible to assure that the identified
control methods in design, manufacturing and test are responsive to the recommenda-
tions for control for each failure mode.

6.2.5.4 Maintainability in the System and Elimination of Human-Induced Failure

In the absence of a directed maintainability program the reliability organiza-
tion will, as has been the practice, solicit maintainability considerations in the
operations analysis conducted by the integration design group. In the course of
monitoring inhouse fabrication operations, a potential for human-induced noncon-
formances which may result in functional nonconformances is always considered.
The initial and siibsequent revisions of the operations analysis which includes the

`	 s}stem block diagrams and requirements allocation sheets will be reviewed with
the analyst, using the appropriate maintainability checklists, to review the main-
tainability aspects of all tests, checkout, ins pection, replacement, disassembly
and assembly : and monitoring operations. The results of these reviews will be
dock, mented and transmitted to the p,-ogram manager and pi oject engineer with
approVriate recommendations.

6.2.5.5 Design Review Program

A series of formal design reviews will be scheduled at the component,
'	 subsystem, and system levels. The attendees at each review will include at

least those having direct cognizance over the parts involved. Typical attendees
will include the part designer, subsystem or system designer, Manufacturing,
Test, Quality Assurance, Safety and Reliability representatives. These reviews,
to be conducted per schedule not yet developed, will be documented to reflect
areas discussed and action indicated. The reliability organization will provide-
signature concurrence with each review report. The reliability organization will
assist the program manager in assuring that the following NASA requirements
are fulfilled.

Followup to assure that all action items are satisfactorily
completed and implemented.

Compilation and submittal of a detailed description of the
design review program to be used on the SRNI Stage. The
submitted design review program will include the appropriate
procedures, design checklists, typical documentation re-
quirements for pre-review packages and a design review
schedule.

Notification of NASA 15 working days prior to each scheduled
review will include the pre-review package, date, time
and location for the review.

e !
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Submittal of the design review meeting minutes to NASA
within five working days following the review. The minutes
«ill include the attendees, agencies represented, a state-
ment of decisions reached, and actions that will be taken
wit_5 the assigned responsibilities noted. Submittal of a
summary design review report within 30 days following
the review meeting, providing an account of the post-
review progress, subsequent changes in plans and current
schedules for completion.

The foregoing notification of design review and post-review submittal re-
quirements will also be imposed upon suppliers who are required by contract to
conduct a reliability program. No less than 10 days advance notice of a supplier
design review shall be provided NASA to permit NASA personnel attendance with
Thiokol personnel.

As is currently the practice, a member of the reliability organization pro-
vides representation on the Configuration Change Control Board; consequently each
engineering design change made after formal design change control has been insti-
tuted, will be submitted to the change board for review, analysis and concurrence
by the board members.

6. 2. 5.6 Problem/Failu re Reporting and Correction

Becai:se S13M stages have so few functional parts, assuring satisfactory cor-
rective action for each functionO, nonconformance is no major tank. The system
as operated by the Reliability Department is simply a formal method for recording
the occurrence of functional noneonformances, and reporting the status of investi-
gative and corrective action with the objective of insuring adequate and timely cor-
rection of the causes contributing to the nonconformance. The requirement to record
and then report regularly assures that no failures are neglected or overlooked. The
system assures documentation of all functional failures occurring inplant, at the
supplier's facility, and at the launch site. Each incidence of functional nonconform-
ance occurring at these locations wi:l be reported via the form shown in Figure 6-8.
As a supplementary means of communication each report will be distributed to all
those with a need to know, designers, manufacturing, quality, etc. Similarly, each
supplier who produces a functional part, whether he has a supplier reliability pro-
gram or not, is required to report all functional noneonformances. These reports
are tike A i se distributed to those with a need to know.

Thiokol's technical problem status log, described iu Department Instruction
1008-34-008 describes the basis for log entry of each incidence of functional non-
conformance and nonconforming hardware which may result in a functional
nonconformance. The procedure describes the log entry status with a continued
updating until corrective action has been implemented. Technical problem status
reporting will be part of the reliability program reporting and items will be carried
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in the tog reported	 PP	 Yas r orted until a ro.dmatel six months after correction has been
proven effective. Problems which require action beyond the scope of authority
and responsibility of Thiokol will only be reported a sufficient numbe-r of times tk,
assure that corrective action has been taken or until it becomes evident that rx)
further action will be taken.

The technical problem status report submitted with the reliability program
report will include the following type information for each problern line item entry.

1. Identification of the problem by serial number.

2. Site and test at which each failure occurred.,

z	 3. Criticality category.

r	 4. Occurrence date and target closeout date or actual
closeout date.

5. Identification of the hardware item by whatever desig-
nation is available.

6. Identification of the end item. i

7. A brief description of the problem..

8. Current status of the problem and expected comple-
tion dates for indicated action items.	 I ^

9. Reference to the formal docurrmentation such as
design change number which closes out the corrective
action.

6. 2. 5.7 Standardization of Design Practices

Current design practice standards used at the Wasatch Division are defined
In the Thiokol Drafting Manual, which includes the provisions of MIL-D-1000,
Drawings, Engineering and Associated Lists, and other current MIL - specifications.

NASA impostxl design or process standards will be added to these. As is
the current practice, any changes to the :aforementioned standards are reviewed by
the Reliability Department. The following cited standards will be imposed upon
specified suppliers.

TW-STD-125, Configuration Management, Systems, Hard-
ware, and Component ^Aippliers

TW-STD-123, ConiIguration Management, Chemical Raw
Material Supplier
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Those suppliers who are required to implement a reliability program will
be required to submit their standards for design practices and process specifications
for review by this contractor. Typical areas for review in supplier's standardiza-
tion system will include those listed on page 3-11 of the 1`rA.SA reliability program
provisions document.

F. 2. 5.8 Parts, Devices and the Materials Program

The Integration Design Group within the Engineering Directorate provides
special service as advisors to the designers in the selection and application of parts,
devices and materials. It's the function of this group to aid engineering utd oper-
ations personnel in the selection, reduction in number of types, specification,
qualification, application review, analysis of failures, stocking ar?d handling methods,
installation procedures, and the establishment of reliability and quality requirement:
for contract hardware. It is the function of the Reliability Department to assure tha .
on each appropriate occasion in the RDT & E program that the foregoing considerations
are an adequate part of the following cited program phases.

1. Application of existing specifications and the preparation
of new specifications for parts, devices and materials.

2. Consideration of qualification status of each hardware
item; review of all previous applicable test history;
determination of additional tests necessary for
qualification.

Assurance that suppliers with implemented reliability
programs maintain a list of qualified parts, devices
and materials. Supplier prepared qualified products
list with the necessary substantiation will be compiled
with the Thiokol's qualified products list and sub-
mitted initially as a candidate list to the NASA procur-
ing agency. Subsequent inprocess candidates will be
reported periodically in the reliability program reports
and as each piece of hardware fulfills qualification
requirements, it will be submitted as a candidate and
If approved by NASA will be added to the qualified parts
list for the program.

4. During the course of design reviews, the qualification
status and/or need for additional requirements to fulfill
qualification will be considered as a part of the pre-
design review. Each aspect of the intended use environ-
ment which differs from that for which the part has been
qualified will be cited. Factors such as anticipated life,
intended use environment. stresses, and failure history
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will be referenced. This aspect of the design review
will be documented and included in the design review
reports.

5. the contractor's control procedures for parts, devices
and materials are contained in procedures such as:

	

2450-32-010011	 Critical Supplies; Establishment of

	

2440-32-01001	 Raw Materials and Components,
Receipt and Inspection of

	

2630-32-00003	 Chemical Raw Materials for
Production Programs; Standardi-
zaton, Verification and
Evaluation

These procedures specify the minlzwm requirements for
the control of stocking and installation procedures. They
also are designed to prevent degradation of parts, devices,
and materials due to environments or faulty manufacturing
or assembly techniques.

6. The integration design group will be advised of each
incidence of failure of urn► ' ­$•• re item currently on
the qualification approved List or a potential candidate
for the list. The perceived significance of the failure
relative to identical parts and/or similar narO will by
transmitted to the integration design group with recruest
that they evaluate and reconsider the parts qualification
status.

6. 2. 5.9 Process Monitoring

k

	

	
Material physical properties, manufacturing and process data and motor

performance data measured during and after test will be stored in the Wasatch
Automated Data System for current review and potential subsequent analysis.
Current reviews will Ball for extraction via time or motors or some other charac-
teristic in a machine plotted format. Current reviews of special interest will be
presented in the project engineer/program manager.

Relatively more critical portions of the manufacturing operations will be
monitored following a review of the process instructions. Each monitored segment
of the proces4 will be reported to thr project engineer/program manager. Typically,
the3e reports include noted depart-a- es, omissions in the instructions and recom-
mendations for clarification, deletion, addition, etc.
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6.2. 6 Testing and Reliability Evaluation

6.2.6. 1 Reliability Evaluation Plan

This section of the Program Plan describes the Reliability Evaluation Plan.
Current evaluation plans include all those portions of the verification motors which
remain unchanged, and all subsequent tests on the identical hardware item. Thus,
scoring will be conducted by components, subsystemb, systems and motor assembly.
Lf, for example, the flexible bearing assemhl% remains unchanged in design from
DM1 thru production go-ahead, ali bearing assemblies will be included in the
evaluation population. In the event of a design change of relial-±lity significance,
all tests of the previous design will be excluded. A provisional pretest exclusion

}	 may be used for the first full scale verification motor and subsequent first tests
of subsystems following a design or process change to aid accumulation of data for
the reliability assessment, pending stabilization of the design and fabrication process.
Prior to each known motor test, a pretest declaration will be entered into a log
maintained for that purpose. :he motor identification, configuration, test condition,
and applicability by subsystem will be shown. A subsystem may also be post-test
excluded, without prior declaration of intent to exclude, if it is not exposed for at
least 75 percent of the programed action time due to (1) failure of another suhsy stem,
(2) facility malfunction, (3) instrumentation ui test operator error, or (4) any other
externally induced failure cause. Motors from verification, qualification, and
production tests will be evaluated for applicability in the reliability assessment.
Applicability of each motor will be determined beforehand based upon evalliatior.
of the "as-built" motor. Motor applicability for the reliability assessment will be
declared by subsystem for each of the subsystems. Thus a preproduction motor
subsystem may be pretest excluded for reasons of nonconformance to the production
configuration.

0.2.6.1.1 Reliability Assessment Method

The estimate of the delivered motors reliability, R i1I , will be determined as
the product of the success ratio for the subsystems.

R SA x S 	 x SCm	
h'A	 NB	 NC

However, because the success ratio is unity in the absence of a failure, the estimate
will be obtained from the lower 50 percent confidence limit so long as no failures
have occurred.

,j
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In the event of significant changes, design or process, an estimate for
delivered motors will be obtained in the following manner:

N	
SA x
	 x SL + N	 A x S  x SC1 ^N A	 NB	 NC	 2 NA 	NB	 NC

Rm = --	 —

N1 +2

Where N i is the prechange motors and N2 the postchange ► rotors. The affected
subsystem ratios are also split into pre- and postcbange quantities. Assessment
of the most current configuration will simply be:

R	 = SA x S  x SC
m2 NA	 NB	 NC

with the affected subsystem population including only the current configuration. In
the absence of failures, the lower 50 percent confidence limit estimate will be u,-;ed.

6.2. 6. 1.2 Failure Criteria

Specific motor failure criteria will be developed concurrent with the detailed
motor performance specification development. In general terms, however, a critical
failure of the SRM is any functional none onforrr:ance which reSURS in, or would have
resulted in, mission failure or specifically requires change to the mission plan to
accommodate the nonconformance.

6.2.6.2 Testing

The initially planned motor test program is illustrated in Figure 6-9. Test
programs for all subordinate functional hardware have yet to be developed. The test
plans as developed for parts, devices and materials qualification; components
qualification; subsystems qualification; and systems qualification will be reviewed
by the reliability organization. The review will include evaluation of the test
numbers, test techniques, environmental simulation and Lhe need and extent of

r	 overstress. As an additional part of the reliability assessment, each motor availablet
for physical post-test examination will be evaluated for its condition relative to
imminence of failure. Similarly, all data obtained from test firings and live launches
will be evaluated. This accumulated variables type data will be used to provide an
additional input into the reliability assessment. By selecting parameters which are
indicators of the quality of performance, the reliability assessment can reflect
failure prohabilities not vet revealed by attributes.

R ^

i

P, ^
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6. 2. 6.3 Reliability Inputs to Readiness Reviews

At the outset of the program, the reliability organisation will identify selected
data items to be obtained from inhouse operations and the suppliers. In order to
reflect all engineering data requirements, the data selected will be reviewed with
the project engineering organization and with their approval, formal requests for
data will be submitted to Operations and Procurement. All dats thus gathered will
be available for review on demand within a few days notice and selected data items
will be available routinely for project milestones. Typical data items will include
physical properties, functional test parameters and critical dimensional vallues.

6.2. 6.4 Reliability Evaluation Program Reviews

As indicated in the task summary sheet, reliability program reviews,
particularly reliability evaluation program reviews, will be conducted by the
reliability organization. These reviews are desi&*d to reveal progress relative
to planned effo rt and to reveal the need for re--evaluation of the subsequently planned
effort for motor reliability evaluation. T,.e results will be documented for report
transmittal to NASA and will. include th,- current status of the evaluation program
and recommendations, if any, for changes. In the event that action is indicated
within the report, a responsible agency will be indicate4 and also a time scheduled
for completion of the action.
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6.3 QUALITY ASSURANCE PLAN

6.3. 1 Introduction

Thiokol has a comprehensive Quality Assurance (QA) System at the Wasatch
Division which was developed to meet the requirements of MIL-Q-9858 and 21549C
(as modified for the Poseidon Program). Thr.- system encompasses all aspects
of quality assurance from initial coordination of design requirements with engineer-
ing through final selloff of configuration items to the customer.

This Quality Plan, which describes Thiokol's Quality Assurance Program
for the 156 in. SRM Stage for the Space Shuttle, follows the outline of NASA
Publication NHB 5300, 4 (1B), Quality Program Provisions for Aeronautical and
Space System Contractors. Accordingly, it defines the quality assurance system
that will be implemented upon initiation of the Space Shuttle program. Most of
the aspects of Thiokol's present QA system comply with the NASA requirements;
where additional controls are required, they will be implemented.

6.3.2 Quality Program Management and Planning

, The responsibility for product quality ultimatel y rests with the General
Manager who has delegated single point responsibility to the Manager, Quality
Assurance. Each organization at Thiokol has specific responsibilities- for the
quality function. Management, Division and Department procedures establish
organizational responsibilities for all quality related activities. The Manager
of QA has general responsibility for assuring compliance to all QA contractual
requirements and has access to top management to insure that adequate corret tive
action is taken. The program manager for product assurance, a member of the
Program Team, has the specific responsibility for assuring compliance to the
SHM Stage QA contractual requirements.

Quality Assurance will establish and maintain a comprehensive manned
flight awareness program in which operating and inspection personnel will be

r	 trained and/or certified for specific tasks. Recertification will be accomplished
when process changes are necessary, work assignments change, work is

} j	 unsatisfactory or in all cases at specific predetermined intervals.

The QA system is defined in a manual consisting of procedures from
Quality Assurance, Manufacturing, Engineering. Procurement, etc These
procedures define QA systems and are approved by the Manager of Quality
Assurance.

The entire QA system is audited annually by QA supervisors n( ►t in%-olved in
the area being audited. Special audits are also performed on an unscheduled basis.
The results of audits are distributed to top managerent and contain statements of
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findings and recommendatims for corrective action. Followup audits are performed
to insure adequacy of the corrective actions.

6.3.3 Design and Development Controls

All aspects of the manufacturing and procurement systems will be completely
documented for the Space Shuttle, including drawings, specifications, purchase
orders, inspection plans, process instructions and shop travelers. Each of these
will be reviewed by QA for incorporation of all pertinent design, procurement,
manufacture, test and inspection criteria. Changes to each of the above documents
will be approved by the Configuration Control Board chaired by Program Manage-
ment, with representation from Engineering, Manufacturing, and Quality
Assurance. Change submittal for customer approval will be accomplished by
Program Management in accordance with contractual requirements. Incorporation
of each approved change will be verified by QA and permanent records will be
maintained. All documents controlling procurement and/or manufacturing will
have effectivity established and will be distributed to the cognizant organizations
in a timely and controlled manner.

6.3.4 Identification and Data Retrieval
t

Thiokol's manufacturing and quality assurance systems provide for complete
data accumulation, retention and retrieval. All items used in the manufacture of
configuration items will bear a unique identification number (either Part or Stock)
and significant items will be further identified by serial or lot numbers. These
identification numbers will be entered on all associated data and compiled in such
a manner as to establish complete configuration identification. The drawing treest	
define where each item will be used in an assembly. Serial/lot numbers from
scrapped items will not be reused for similar materials.

Indentured parts lists will be maintained as a part of the engineering data
system.

Quality Assurance will maintain an organization whose sole responsibility
is to review records for accuracy, verify configuration and store the record:, in
such a manner as to facilitate a complete and accurate data retrieval.

6.3.5 Procurement Controls

Thiokol's quality assurance system maintains complete control over the
procurement of materials to assure that only acceptable items are procured for
use. Before any supplier can be used for a new program, he must be approved
by QA. This approval is based on either a review of his history of producing like
items, or by are on-site survey of his QA system by Thiokol QA personnel, or
both.
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End item component and raw material purchase orders will be reviewed by
QA just prior to issuance to the vendor to assure that proper engineering criteria
and adequate QA controls have been specified, including assurance that the
supplier has been approved by QA; definition of the required supplier QA system
and requirements that the supplier may not change their process without Thiokol
approval; requirements for supplier data and records retention, identification and
retrievability, certificate of analysis, preservation, packaging and shipping con-
trols and age controls. Inspection Plans to be followed by the supplier, Thiokol
Source Inspection Plans, Government Source Inspection Requirements, etc,will
be included in each Purchase Order, as required,and their inclusion will be
verified by QA.

Quality Assurance personnel will be stationed at suppliers' facilities during
qualification of supplier processes and continually under the following conditions: (1)
the quality of the item is controlled by processes and cannot be verified uper ►
receipt; (2) acceptance tests are destructive or cannot be duplicated by Thiokol;
or (3) poor quality history of the supplier.

The duties of all supplier representatives will be defined by means of an
Inspection Plan prepared specifically for each item and approved by the Space
Shuttle Senior Qualitv Engineer and the Program Manager. All items to be used
in the end items will undergo receiving inspection. This consists, as a minimum,
of review of supplier's data for completeness and accuracy to contractual require-
ments, proper serialization and identification, and shipping damage. Periodically
the !accuracy of supplier data will be verified by reinspectior,.

All suppliers requiring process control and who do not have resident Thiokol
QA representatives will be audited periodically to assure proper process control,
data accumulation, identification and retention. During the audits, reinspeetions
will be made to verify supplier data for parameters that are uninspectable upon
receipt. Deficiencies detected during these audits will be documented, and
corrective action will be required. All audit reports must be approved by
Quality Assurance and Program Management.

Records will be maintained of all receiving inspection and vendor generated
data and will form the basis of the Vendor Quality Rating. Suppliers will be
notified of substandard performance and required to take immediate corrective
action. In addition, the vendors will be notified of all defects contained in their
items immediately upon detection, whether detected at the supplier, during
receiving inspection, during fabrication, during test or during use.

Inspection data will be interchanged between Thiokol and vendors for all
propellant and liner materials and selected component measurements. All items
will be clearly tagged to indicate their inspection status, i. e. , accepted, hold
for MRB, scrap, etc.

19-
it
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6.3.6 Fabrication Controls

Thiokol's control over fabrication assures compliance with contracted
requirements. 	 Shop Travelers will be used throughout the manufacturing process
to define the item to be fabricated, inspections to be performed, tools to be used,

t
characteristics to be obtained, detailed processes to be followed, environmental
controls, and workmanship standards required. 	 The Shop Travelers will contain
certification of satisfactory work completion by both Manufacturing and QA per-
sonnel and will become a permanent record reflecting the quality of the part.
Since all materials required for a particular manufacturing task will be drawn
from stores at time of use, only acceptable materials will be available for use.
Definite shelf life materials will contain the following statement on the accept
tag, "Definite Shelf Life Material, DO NOT USE After 2400 Hours 	 (Date)	 . "
Articles having a definite cycle life will have allowable and actual number of uses
recorded on the accept tag. 	 Materials requiring special handling are tagged
"SPECIAL HANDLING REQUIRED. " 	 All manufacturing processes will be per-
formed in environments compatible with the engineering requirements. 	 When
special environments are required, these will be noted in the Shop Traveler and
controlled accordingly. 	 Some processes involved in t4he manufacture and test
of the Space Shuttle booster will be selected for certification by QA, Engineering
and Program Management prior to being used. 	 These processes will be certified
by QA and will be performed by certified personnel, and inspected by certified
inspectors.	 The certifications will-be documented and retained on fife. 	 Re-
certification of personnel will be repeated periodically using a planned recertifi-
cation program.	 Tooling used to control parameters will be certified by QA and
Manufacturing to assure proper results.	 These tools will be reinspected
periodically to assure continued accuracy.	 Samples of workmanship standards
waif be provided where they are felt to be advantageous. 	 These standards will be
jointly agreed to by Thiokol and NASA personnel.

6.3.7 Inspection and Test

All inspections and tests wilt be accomplished in accordance with planning
defining the item to be inspected, providing for recording of configuration data
and requiring objective evidence (stamp imprint) of their accomplishment. Plan-
ning will be designed to obtain the optimum economical utilization of equipment,
test and materials. All static testing (of completed configuration items and
qualification testing of components) will be performed in accordance with Test
Plans which are based upon contractual requirements. Inprocess testing will be
performed in accordance with the appropriate specifications. The Shop Traveler
prepared from the test plan will be used by Test personnel to perform and
document all test activities. Each configuration item will be inspected and tested
in accordance with procedures unique to that item in a manner simulating, as
much as possible, operating conditions. Upon initiation of a new program, QA
prepares a Master Inspection Plan which lists and classifies all attributes of the
configuration item. components and materials, and establishes the method and
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frequency of verification of each parameter. From this Master Inspection Plan,
vendor inspection plans, vendor representative inspection plans, aad process
inspection plans will be prepared which serve as operating documents for QA
personnel and require recording of configuration data and objective evidence of
compliance or noncompliance of the parameters. These completed IP's
are retained and, with the completed Shop Traveler, provide the detailed con-
figuration identification necessary for customer acceptance of the configuration
item. Special Inspection Plans are prepared as required to handle specific
tasks such as qualification testing either inhouse or at the vendor's facility.

Prior to commencing a test which will or may be destructive, QA will
conduct a thorough record revie% and item inspection just as they would prior
to selloff of an item. Particular attention will be given to verification of
configuration and assurance that no undispositioned nonconformances exist.
All static tests will he witnessed by QA to assure adherence to the Test Plan,
complete and accurate recording of data and rework of nonconformances if any.
Post-test activity by QA will include verification of corrective action to prevent
like defects if any, and accumulation and retention of a I I data in a traceable,
retrievable manner.

6.3.8 Nonconforming Article and Material Control

Thiokol's material review system assures that all nonconformances are
reported and dispositioned. Immediately upon the detection of a nonconformance
by any organization, Quality Assurance will prepare an Inspection Rejection
Report (IRR): place a -Hold" tag on the item, and enter the fRR number and a
"D" stamp in the planning. The ERR is a prenumbered form comtaining space for
pertinent configuration and serialization information, description of "Should Be"
and "Is" condition and a statement of cause and corrective action. The IRF, is
signed by the inspector and his supervisor as well as the individual(s) responsible
for cause and corrective action statements. After the above steps have been
completed, the ERR will be forwarded to Preliminary Material Review (QA and

•	 Engineering) for classification of defect and dispositio p . QA and Engineering
personnel will determine if the item can be (1) returned for rework or completion

a of operations, (2) scrapped, or (3) returned to the supplier. If the item cannot
be dispositioned via the foregoing methods, it will be submitted for full MRB

IA
	 action. Appropriate action to disposition the material will be taken and copies

of the ERR will be distributed to operating organizations involved and to the
customer. If a nonconformance will affect safety, reliability, durability,
performance interchangeability, weight or the basic objectives of the contract,
the nonconformance may either be dispositioned scrap by Thiokol or submitted
tc the contracting officer through MRB via Program Management. In all such
cases, the nonconforming item is withheld for production until written NASA
Contracting Officer approval is obtained. The original IRR is retained for the
MRB files. The disposition will be complied with, the "Hold" tag removed, the
"D" stamp cleared with an accept stamp, and the item will proceed. The QA
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member of MRB will assure corrective action has or will be taken to prevent
recurrence and will perform followup activities to insure effectiveness of the
corrective action.

6.3.9 Metrology Controls

Thiokol maintains the most complete metrology laboratory in the Rocky 	 { 1
Mountain area with extremely accurate environmental controls. All measuring
and test equipment used in the metrology laboratory or by Manufacturing/Inspection
personnel will be inspected prior to use and at scheduled intervals to assure
compliance to NBS standards. (All Metrology Laboratory Standards are calibrated
directly to NBS Standards at the NBS Laboratories.)

All special measuring equipment, i.e. , electronic consoles, will	 checked
for accuracy prior to their initial use and again at scheduled intervals. 	 Records of
calibration of all inspection and metrology equipment will be maintained which show
date of initial calibration, recycle calibration, repairs or adjustments made, and
the individual performing the inspection. 	 To minimize material measurement
errors, devices with a measuring sensitivity 10 times greater than the tolerance i
band are normally used for inspection of items or calibration of the measuring
device.	 In cases where known measuring error s might exceed contractual allow- i
antes, prior written approval will be obtained from the customer. 	 Metrology
personnel will be responsible for assuring proper handling and storage of measuring
equipment and require immediate corrective action of any deficiencies detected.
Each measuring device will bear a calibration sticker with a unique serial number,
date of calibration, date due for recalibration and stamp of individual performing
calibration.	 The metrology laboratory will establish and adjust calibration intervals
based upon history of an item and will maintain a positive recall and pickup system
for out-of-calibration devices.	 Records of all activities will be maintained in a R
permanent file. 	 the Shop Traveler will serve as a use record of significant {^
measuring devices used to inspect an item so that, if during calibration, a device
is found sufficiently out-of-tolerance during calibration as to permit a nonconform-
ance Lo go undetected, said item can be recalled.

6.3. 10	 Stamp Control

Thiokol maintains a complete system of stamping and tagging to identify
inspection status of each article. Space Shuttle certified personnel will be given
stamps with a unique design and all Space Shuttle associated tags will uniquely
identify the item as "Manrated." Manufacturing and QA personnel will each have
different configuration stamps. Each configuration stamp will he numbered and
issued via a controlled log which will be retained as a permanent history to provide
traceability of the individual performing a given function.

0'
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6.3.11 Handling, Storage, Preservation, Marking, Labeling, Packaging, Packing
and Shipping

The QA system assures that positive control is maintained over handling
acid storage to minimize and detect r,onconformanc • es occurring in these areas.
Thiokol will maintain "Iii-Plant Handling and Storage Manuals" which define proper
methods of handling and storage of items to prevent damage. Adherence to this
document is verified by inspection. Materials will be labeled and stored in such
a manner as to prevent deterioration.

Detailed packing instructions developed from engineering packaging drawing
requirements will be used to assure that no damage is encountered during off-site
shipment. QA will monitor packing operations and must verify acceptable packing
prior to shipment. Shipment controls will include verification of completion of all
manufacturing operations, proper identification, packing, suitable transportation
devices, and adherence to the Handling Manual. Complete documentation packages
are included with each shipment as required by contract.

6.3.:2 Sampling Plans, Statistical Planning and Analysis

Thiokol maintains a Quality Engineering (QE) group for statistical analysis
of materials, processes, components, etc. This group detects undesirable process
trends and prepares sampling plans. However, sampling will only be employed to
a limited degree on the Space Shuttle program and then only when the tests are
destructive. All sampling plans will have the written approval of NASA prior to
implementation. Statistical analysis will be used to detect undesirable trends and
prevent nonconformances in process, both inhouse and at the supplier. Charts of
quality trend data %% ill be posted in conspicuous locations to remind operators of
current quality conditions.

6.3.13 Government Property Control

Thiokol maintains a complete system for accountability of Government
Furnished Property. This system will provide for initial inspection upon receipt,
maintenance as required, and records for identification and inspections performed.
Functional testing is performed as specified in the contract prior to use.

Unsuitable Government property is documented on a "Government Furnished
Property Rejection Report" and withheld from use pending Government written
disposition.
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6.4 SYSTEM SAFETY PLAN

6.4.1 !ntroduction

This System Safety Plan describes the requirements of the safety discipline.
System safety is intended to minimize the loss of life, loss due to injury, and loss of
property during the verification, qualification, flight test and production phases of
the SRM Stage Program for the Space Shuttle.

This plan is written in response to the Safety Program Directive No. 1 -
Revision A (SPD-1A) and responds to every applicable section of that dcx: umerA.

6.4.2 Applicable Documents

The following documents form a part of this System Safety Plan to the extent
specified herein.

6.4.2. 1 NASA Publications

1. Safety Program Directive No. 1 (SPD-1A)

2. Manned Space Flight Safety Program, NMI 1.700.2

3. NASA Safety Manual, Volume 1, Basic Safety

s
	 Requirements, NH B 1700.1 (VI).
i
!	

6.4.2.2 Thiokol Publications

_.	 1. 2180-22-001 - Safety Program

2. 2180-34-5303-1 - System Safety Requirements

3. 2180-31-5202-1 - Safety Inspections

6.4. 2. 3 Dt he r Publ ication s

1. DOD 4145.26M - Contractors Safety Manual for Am-
munition, Explosives and Related Dangerous Material

2. Tariff No. 23 - Hazardous INLaterials ReguLationss of the
Department of Transportation.

l
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6.4.3 Requirements

6.4.3. 1 System Safety Plan (SSP)

The System Safety Plan is divided intA) three subsections: (1) Organization,
(2) Management and Contrrol, and (3) Program Review.

6.4. 3. 1. l Organization

The System Safety Organization is within the Operations Directorate. The
Manager of Safety, reporting to the Director of Operations, has the primary respon-
sibility for conduct of the safety program. Daily operational management of system
safety will be the responsibility of the Systems and Programs Supervisor. The
management organization is shown in Figure ti-10.

6.4. 3. 1.2 Management and Control

The System Safety organization has the principal responsibility for the conduct
of the safety program as defined in this plan. The scheduling, staffing and routine
accomplishment of the tasks are under the c ontr4d of the Manager of Safety. Budg-
etary and functional control will be under the direction of the Product Assurance
Program Manager. Thus, emphasis of effort, priorities and redirection within the
scope of the plart, or an approved revision, will he provided by the Program Manager.
The currently planned System Safety tasks include the following:

1. All engineering drawings and changes will be reviewed
and approved prior to releasing documents to insure
compliance with all safety regulations and requirements.

2. System Safety Engineering personnel will perform pre-
liminary, detailed hazard, and operating hazard analyses
on all hazardous areas within the SRM Stage.

3. T rrdeoff studies will be conducted with other Departments,
i . c• . , Project Engineering, Manufacturing, Process and
Development Engineering, Program Management, Chemical
Laboratory Personnel, etc, to resolve conflicting problems
and processes. Safetv will insert all safety re.ommendations
necessary to insure specific functions conform to current
safety requirements.

4. Safety will review all manufacturing procedures, technical
data and orders, test manuals and applicable change orders,
prior to their release, to insure that they comply with all
contrautural safety requirements. All documents will
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include necessary special safety instructions that will
insure strict compliance with current safety standards.

5. Safety Engineering personnel will be in attendance at all
tooling and equipment functional checkout meetings to
insure that the pacts perform as designed. All discre-
p :ncies will be documented and items will not be released
until they are modified or reworked to comply with
necessary specifications and drawings.

6. Facilities and opera flonal malfunctions and incident
reports will be reviewed by the Safety Department to
determine cause and necessary corrective action procedures.

7. All incidents and accidents will be investigated by the
Safety Department to evaluate corrective action methods.
Safety will submit necessary reports to customers and
management detailing circumstances for alleviating
recurrence.

8. Studies will be formulated and conducted to thoroughly
investigate the cause(s) of accidents. Failure data will
he utilized to upgrade future like systems to insure
against recurrence

9. Safety education activities will be directed toward develop-
ing increased safety awareness and a full understanding
of hazardous potentials while performing operations
involving propellants, explosives, and toxic chemicals.
Emphasis will be placed on strict compliance to safety
rules and regulations Through films, posters, brflletins,
manuals, and safety meetings. Safety training will be
accomplished primarily by supervisory personnel through
job safety instruction, with assistance from the Safety
Department in such areas as explosives, propellants and
ether potentially hazardous items. First line supervisors
will he trained in accident prevention principles and tech-
niques. The main program objective will be to develop
proper safety attitudes and conditions at Thiokol and
at the launch site.

10. Active files will be maintained of all personnel injuries,
accidents and incidents to insure compliance with federal
regulations. Documents will be current and available for
necessary reviews and iaspcetions.
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11. System Safety Engineering will perform necessary and
periodic surveys of all operational functions to insure
that federal industrial hygiene (noise, toxicity, etc)
limitations are not being violated. Reports stemming from
these surveys will be compiled and filed for future reference.
All deviations will be brought into compliance through
engineering methods by Sv stem Safety.

As program master schedules are developed for critical activities such as
design reviews, facilities checkout, tooling validation, testing, documentation reviews,
orations validation. etc, the System Safety task schedules will be expanded and more
sharply defined. The current schedule is shown in Figure 6 -11. This continuing proc-
ess of development to reflect the program dynamics provides a current map of the state
of those activities that require Safety's attention, The occurren oc, of changes in sched-
ule of critical activities will be routinely learned via weekly program team meetings.

The recurring, unscheduled audits and followup of the product assurance
program manager will also assure that tasks are completed per schedule.

As the hardware, facilities and tooling are being defined, specific safety
oriented technical problems will be identified. To the extent possible, the impact
of these problems on program requirements will be assessed, and, if a solution has
been developed, a detailed solution with a program outline will be proposed. The
subsequent status of all such technical problems, such as the changes implemented
and their effectiveness or need for additional changes will be reported as required
in the contract data requirements. Similarly, identified hazards and state of re-
duction will be reported until eliminated. System safety requirements identified as
a result of the hazard analyses to be performed will be transmitted via inplant memo-
randum to the effected persons. Routinely transmitted data to affected organizations
includes:

1. Hazard data.

2. Accident prevention, investigation data.

3. Sp fety reports,

The program manager for Product Assurance will be provided with a critical
System Safety activities matrix schedule which will reflect added requirements and
reveal the impact upon existing activities or the need for additional activities.
Similarly, data required by System Safety will be requested via memo to the gener-
ating agency with a memo copy to the program manager to assure programing of
the requirement to a scheduled completion date.

,
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6.4.3. 1. 3 Program Review

The System Safety Plan shall be reviewed and updated annually.

6.4. 3. 2 Hazard Analysis

6.4. 3.2. 1 Preliminary Analysis

A preliminary analysis will be conducted early in the Design, Development,
Test and Evaluation(DDT & E) phase to provide a comprehensive, qualitative aalysis

t	 of the system /sub system/ecluipmert in its intended operational environment to detect
an,' riefir!epotential hazards. The following factors will i-- considered in the preliminary
analy 4is.

1. Isolation of energy sources.

2. Fuels and propellants: tleir characteristics, hazard levels
and quantity distance co :straints; handling, storage, and
transportation safety features: compatibility tactors, etc.

3. Proposed system environmental constraints.

4. Use of explosive devices and their hazard constraints.

.i. Compatibility of materials.

F. Effect of transient current, electromagnetic radiation, and
ionizing radiation. Design of controls to prevent inadx erterit
activation of initiation circuits.

7. Use of pressure vessels and associated piping.

R. Documentation for safe oper€tion and maintenance of the system.

9. Training and certification pertaining to safe operation and
maintenance of the system.

10. Fire sources and protection.

11. Resistance to shock damage.
F

12. Long term storage.

1	 13. Human factors.
r
i
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A preliminary gross hazards analysis has been performed and is contained
in Volume II of this report.

6.4.3.2.2 Detaifled Hazard Analysis

The Detailed Hazard Analysis will he an expanded hazard analysis from the
preliminary analysis defined above. From this analysis, the catastrophic hazards
shall be eliminated or controlled.

6.4.3. 2. 3 Operating Hazard Analvels

The operating analysis contains the :;afety requirements for personnel, pro-
cedures, and equipment used in installation, maintenance, winport, testing, operations
and training, . From this analysis, Thiokol will be able to determine (1) design changes,
where feasible, to eliminate hazards. (2) inputs to the warning, caution and emergency
procedures section of test operating and maintenance procedures and instructions;
(3) identification of a hazard period time span and actions required if such hazards
occur; and (4) special procedures for servicing, handling. storage and transportation
of equipment.

6.4.3. 3 Hazard Reducing Precedence sequence

When the hazard analysis cited in Section 6.4.:3.2 is completed. Safety will
comply with the established order of precedence. shown l,elow, in the reduction of
hazards.

1. Insure maximum safety through the selection of appropriate
design features such as fail-safe, redundancy, and increased
ultimate safety factor.

2. insure that appropriate safety devices are included in systems,
subsystems, or equipment when hazards cannot be eliminated
through design selection.

3. Incorporate a warning device that will indicate possible known
hazards in the system. These detection units will be built
so as to minimize the probability of improper personnel re-
action to the signal.

4. Develop special procedures when it is not possible to reduce
the magnitude of a hazard or potential hazard through either
design or safety and warning devices.

5. Any residual hazards, those which cannot he controlled or
isolated by procedures 1. P^, 3, or 4, shall b. , specifically
identified to Safety and Program :Management. An effort will

C
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be made to eliminate all residual hazards an(A any retention
of a residual hazard will be documented.

6.4.3.4 Safety Training and Certification Programs

Personnel who are required to perform any hazardous operation will receive
complete instructions in the possible haz.ard3 involved, and will be issued the ap-
propriate safety equipment. Proficiency demon strattoris w:11 be re q uired for these
performing these tasks, to assure adequacy of the training.

6.4.3.5 Human Engineering

All operational procedures (Strop Traveler, resident planning, test plans,
process instructions, technical manuals, etc) for critical activities will be reviewed
to identify possible changes which would minimize human error during the design,
verii c ation, manufacture, test, maintenance, and operation of the SRM sys+rem.

Consideration will he given to physiological and psychological stresses
imposed by the task.

6.4.3. 6 Interface with Other Program Functions

Overlaps and conflicts between the planned Safety Division effort and ether
program effort will he eliminated by the integration of the Safety Program with other
program activity by the Product Assurance Program Manager.

6.4.3. 7 Industrial Safety and Public Safety

The Safety Division will search for and identify all safety critical activities
that have industrial or public safety implications. As these are identified they will
be brought to the attention of the appropriate agency and a coordinated effort will
be attempted.

6.4.3.8 Hazard Data Collection, Analvsis and Corrective Action

Thiokol has three programs in effect for reporting, collecting, analyzing and
correcting hazards. Two of these programs have been in effect for several years
(C-A-R-E and EWI) and have been effective tools for hazard reporting, an.-dysis and
corrective action. The third program (Safety Discrepancy Report) was recently
implemented and is also proving to be effective. These existing programs will be
utilized in Space Shuttle SRM development.
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6.4.3.9 Safety Data

Repetitive design deficiencies will be prevented by utilizing safety data supplied
by NASA as well as other data sources.

Safety analyses and studies conducted in compliance with NASA requirements
will be delivered as required. Data generated but not delivered will be filed and
maintained by Thiokol for the duration of the contract period. These data will be
made available to NASA upon request.

6.4.3. 10 Mishap Investigation and Reporting

All mishaps will be investigated according to appropriate NASA and Thiokol
documents. The findings, conclusions and recommendations will be documented
and provided to the appropriate action agencies for disposition.

6.4.4 System Safety Implementation Assurance

6.4.4. 1 Margin of Safety Testing

All safety critical devices or components will have their margin of safety
validated by testing. Where it is required to demonstrate the failure mode of critical
components, induced failure tests will be considered.

6.4.4.2 Safety Monitoring

Safety personnel will ob verve all first time operations with hazardous potential,
and subsequent operations as necessary to insure compliance with established safety
requirements and checklists. Di 3ision Procedure 2180-31-5202. 1, Safety Inspections,
prescribes the frequency and method of monitoring.

6.4.4. 3 Safety Audits

Safety personnel will perform audits of all functions within the SRM program;
in manufacturing, at assembly, prelaunch chackout, recovery and refurbishment. These
self audits will assess degree of conformance to the System Safety Plan and imple-
mentation of established safety requirements. Subcontractors will be audited as
appropriate, particularly in the transportation and handling and launch site operations.
Recommendations will be submitted to the affected agency and the Product Assurance
program manager where necessary to insure compliance with established safety
requirements.
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6.4.4. 4 Review of Changes

Safety analyses will be performed on proposed design and procedural changes
to identify and resolve possible hazards that may be introduced into the system.
Safety analysis results will be made available to the Configuration Control Board
(C,CB) for consideration

6.4.4.5 Postflight Evaluation

System safety personnel will participate in postflight reviews to assure that
accumulated flight safety data is analyzed and utilized in preparing for future flight
sequences.

6.4.4.6 Data Requirements

All safety data generated on this program will be filed, maintained and made
available for review and use by authorized representatives of NASA upon request and
will be provided to NASA in accordance with enntractual requirements.

4
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7.0 CONFIGURATION MANAGEMENT PLAN

7. 1 INTRODUCTION

A-.; program inception, a Configuration Management Office will be established
within the Space Shuttle program management structure which will be the focal
point of configuration management. The Configuration Manager will serve as chair-
man of the Configuration Control Board (CCB) with authority to act for the Program
Manager. All changes will be coordinated with the responsible program team
member to assure that all change interfaces have been considered and resolved.

7.2 ORGANIZATION

An organizational chart for the Wasatch Division of Thiokol, which illus-
trates the corporate structure for program management, is shown in Figure 7-1.
The chart also shows the relationship of the CCB to Thiokol's other processing
elements. The configuration management system at TCC consists of three organi-
zational elements.

1. Configuration Manager--Responsible for identifying,
delegating, and monitoring the achievements of con-
figuration management requirements, and for approving
changes.

2. Configuration Control Board--Provides liaison and
r	 coordination between Program Management, Engineering,
t	 Quality Assurance, Manufacturing, and Contracts

and has the authority to act as an independent review
t!	 and approving organization to the limit of assigned
i	 authority.

3. Design Control Section-- Performs r. l itine processing
t	 and control functions of configuration management

for all programs. The section coordinates the review
and release of documents and performs configuration
accounting operations.

The membership of the CCB for the Space Shuttle Program is identified in
Figure 7-1, which also shows the relationship of the members to the corporate
structure. The lines of authority for the organizations that participate in the CCB
and in other configuration management functions also are shown. The function of
the CCB and the line organizations in the flow of documents through the configura-
tion management system is shown in Figure 7-2. These flow diagrams indicate
the relationship of change control to specification preparation, change preparation,

!	 engineering release, ECP preparation, and configuration accounting. As each4

engineering document is released, the Design Control Section records all data
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which affects the configuration. These data are entered into the release records,
status accounting records and into the End Item Bill of Material system.

The End Item Bill of Material system produces a manufacturing planning
worksheet which reflects the "as-engineered" configuration for each assembly
and subassembly. As the manufacturing planning for each item is corapleted, the
"as-engineered" and "as-planned" configurations are compared and any differences
are reported to the Project Engineer. These differences are reconciled until the
planning and engineering configurations are in agreement.

Engineering qnd the Thiokol CCB will continually enter all changes affecting
configuration (such as SCN numbers, new part numbers, and effectivities of
changes) into the configuration identification system.

The Design Control Section will maintain the configuration identification
records up to date at all times. This section also will mainta:Ln the specification
change logs end item configuration charts, and other configU ration accounting
reports for inhouse and contractual requirements.

The following Thiokol policies and procedures insure implementation of
all configuration management requirements.

	

2240-3?-00004	 Part Numbering, Serialization, Lot
Numbering, and Name Plate Identifi-
cation; Control of

2410-32-01017 Configured and vnconfigured Bills
of Material and Procurement Data
Lists

2520-32-00001

2530-321-01001

2530-32-01002

2530-32-01003

2530-32-01004

2630--32-00002

2660-32-00001

0808-33-A1 thru
A3500

Engineering/Manufacturing Support
Documentation; Control of

Configuration Management, System;
Outline for

Engineering Changes; Processing
and Implementing of

End Item; Obtaining Customer
Acceptance and Selling of

End Item Specification; Development
and Maintenance of

Process Changes; Control of

Product Manufacturing; Control of

Engineering Procedures Manual

B1000 thru B3500	 Engineering Drafting Manual
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7.3 CONFIGURATION IDENTIFICATION

Configuration identification provides for -the identification of the end item
documentation that defines the approved functional and product baseline as established
by contractual requirements. Any change to the characteristics defined on this
controlled documentation must be known and approved "before-the--fact" by the
Thiokol C'CB.

The development of the functional configuration identification will be based
upon the requirements of the Statement of Work. The functional configuration
identification will he documented by a Configuration Item (CI) Specification, Part
I. in accordance with contractual require:,rnts. The preliminary Part I specifica-
tion will be available for customer approval at the functional configuration audit.

The preliminary product design will be documented by the preparation of
engineering drawings and specifications in accordance with contractual require-
ments. These drawings and specifications will be formally released through the
Thiokol engineering release system and copies submitted at the Phase I design
review for sponsor approval of the preliminary design. As the development effort
progresses, the product definition will be expanded by releasing, and subjecting
to Thiokol change control, all of the data generated.

A preliminary Configuration Item (CI) Specification, Part II, in acccrdance
with contractual requirements, will be prepared and be available for customer
approval at the physical configuration audit.

All design releases for this program will be processed through the Thiokol
engineering release system and the Thiokol CC B in accordance with the Engineering
Procedures Manual. Release records in accordance with contractual requirements
will be prepared and maintained for the duration of the contract. These records
will include all configuration identification beginning with the baseline documents
and continuing with the addition of proposed and approved changes from those
baselines.

Identification numbers will be applied to specifications and to drawings in
accordance with contractual requirements.

Part numbering and the identification marking of each configuration item
will be in accordance with contractual requirements.

The functional and product configuration will be mutually consistent and
compatible. Should conflict arise between such identification, the order of
precedence will be (1) functional and (2) product.
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7.4 CONFIGURATION CONTROL

Performance changes subsequent to the functional configuration audit and
design changes subsequent to the physical configuration audit will be submitted
for customer approval prior to implementation. The Thiokol CCB will insure
that ati data required for the effective evaluation of a proposed change is avail-
able to the customer at the time the evaluation is made. The data provided will
include an analysis on the performance of `he configuration item, as prescribed
by the functional configuration identification, when changes are proposed to the
product configuration identification.

The preliminary product design drawings will be presented for customer
approval of the preliminary design at the Phase I design review. Prior to design
review, these drawings will be subject to Thiokol control only. Subsequent to
customer approval of the preliminary design, design concept changes will be
submitted for customer approval prior to implementation of the change. The
revised drawings will be submitted within 10 days after customer approval for
each change requested. Iterative design changes to component parts, which do
not change the basic design concept, will be subject to Thiokol CCB control only,
however, change documentation will be submitted to the customer for information
within 10 days after the release of each change.

The preliminary Part I CI specification will be presented for customer
approval at the Functional Configuration Audit. After customer approval of the
specification, performance changes will not be implemented without prior customer
approval of the change.

The preliminary Part U CI specification will be ava:iable for customer
approval at Physical Configuration Audit. The final specificttion will have
incorporated all Physical Configuration Audit and customer directed changes.
Subsequent to customer approval of the specification, the specification will not
be changed without prior customer approval of the change.

7.5 CONFIGURATION STATUS ACCOUNTING

,fhiokol will implement and maintain configuration status accounting
{	 r --^rtis in consonance with configuration identification and change control
`-	 p:..;edures. These records will identify the documentation used to define the

coniiguration item and will provide for the integration of data to define the "as-
bui,t" configuration of each configuration item. Thiokol will maintain internal
configuratinn records which will include, but not be limited to the following:

1.	 An indentured parts list prepared to make a record
of the current approved configuration w. • ailable on a
continulr^g basis.
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2.	 FCP status report that records the current status of	 i
all ECP's from inception through approval (or disapproval)
to the final incorporation into drawings, specifications,
and hardware.	 "t

j	 3.	 "As-engineered" configuration status record for all
items. This record will be kept current at all times	 F1

'	 by expanding an existing configuration accounting system.

4. "As-built" configuration status record with supporting
documentation for all deviations and waivers from the
"as-engineered" configuration..

7.6 CONFIGURATION AUDITS	 rT

Thiokol will insure that the functional and physical characteristics of the
CI match those of the approved configuration identification. 	 f l

Thiokol will Conduct a Functional Configuration Audit (FCA) to insure that
the configuration item has been satisfactorily developed and will perform as
specified.

Thiokol will provide the test data required to accomplish this audit and
will maintain the technical documentation necessary to describe the functional
configuration of each CI for which the test data are verified.

Thiokol will conduct a Physical Configuration Audit (PCA) on a unit of the
CI selc. -Aed jointly by the customer and Thiokol. This configuration audit will be
conducted to insure that the unit's documented configuration identification (PCI)
matches the "as-built" configuration of the hardware. Thiokol will provide PCA	 i
planning documents prior to the PCA. Thiokol will have available at the PCA
adequate technical documentation for the verification of the "as-built/as-specified"
comparison.

In addition to the FCA and PCA, Thiokol will conduct formal design reviews
as specified by contract. Thiokol will act as host, provide facilities, specifications,
drawings, manufacturing records, and inspection and test records. Formal
minutes of each review will be documented by Thiokol for submission to the
customer.

7.7 CONFIGURATION ASSURANCE

Thiokol's configuration management system was developed to meet the
requirements of AFSCM 375-1. It has been, and will continue to be, modified as
required to comply with the philosophy and practices of DOD Directi-e 5010. 19
and DOD Instruction 5010.21. It is anticipated Lhat only minor modifications will
be required to satisfy NASA requirements.
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Thiokol will provide surveillance and direction in regard to Configuration
Management to subcontractors, suppliers, and vendors supplying critical raw
materials and components. Standard operating procedures and/or process base-
lines will be obtained from the subcontractor/vendor supplying the item or
material. Upon acceptance by the Configuration Management office and the
Thiokol Configuration Control Board, these baselines will be formalized and
controlled. Subcontractor/vendor conformance with the approved baseline will
be audited by Quality Assur.ince representatives and the Configuration I1lanagement
office.
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8.0 TOOLING PLAN

8.1 VERIFICATION PROGRAM

This Tooling Plan describes the basic policy, organizational responsibilities,
and management controls to be used in the Space Shuttle Solid Rocket Motor (SRM)
Stage Special Tooling effort in the v-rification program.

Hard tooling, that is, tooling which is production oriented and has sufficient
durauil ;;y/design features and interchangeability considerations to be classified as
permanent tooling available for use on a repetitive basis, will be employed from
the outset. This will insure a minimum of transition problems as the program
proceeds from the ED & D phase through the flight program.

All tooling will be toid proofed. That is, it will be verified that tooling
will produce component parts which consistently meet all design requirements.
Tool proofing includes visual observation and approval of the performance of the
toot b,, represertatives of Satety, Process Engineering, Qualit y Enginecring,

i	 Manufacturing Engineering, and Works Engineering. In addition. the first artic k
produced during t:ht proofing will be examined and verified for coniplete acceptabilit.
by Qualit% Assurance personnt•I.

A review and approval of all special tooling designs by a representative of
the Safety Office %%ill be required. This will assure a detailed analysis of the
design concept by a trained safety engineer.

Reevele inspection will be used to assure that the tooling continues to pro-
duce acceptable parts to drawing tolerances. As a general rule, those tools which
control part configuration are recycled. The frequency- of the inspection is established
by Quality Engineering based on the complexity, usage, and the degree to which the
motor would be affected if the tool is deficient. Because of the manrating aspect
of this program, maximum use of the recycle inspection concept will be instituted.

It is recognized that special tooling murt be properly controlled from initial
determination of the need for the tool to the production of the delivery unit to assure
economical, on schedule production of acceptable end items. Vendor manufactured
tooling will be controlled in a manner which assures compliance with the basic
requirements of government regulations and company policy. This control includes

i	 provision for review of tool designs to (1) assure that basic quality and safety aspects
have been satisfied, and (2) provide for approval of the tool control system to be
used by the vendor. Works Engineering wiL' be responsible, under the direction of
Manufacturing Engineering, for the total tool control. effort. Manufacturing Engineer-
ing will initiate the need for a tool. Works Engineering will design, initiate fabri-
cation and tool proof on all tooling, with the advice and concurrence of Safety,
Quality Assurance, and Manufacturing Engineering.
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Tooling budgets will be monitored and controlled by the Tool Ledger System.
The Tool Ledger will show budget, estimate at completion, and actual costs on each
tool, thus giving a visual account of performance on each program. A recent example
of tool control performance is the Third Stage Minuteman Qualification Program.
The tooling bud-net was 2.3 million dollars and was accomplished within cost and on
schedule. All program objectives were met allowing Thiokol to become a qualified
production source for this motor.

8.2 PRODUCTION PROGRAM

The tooling effort in the FToduction program will consist in part of obtaining
the additional quantities of tools to meet the production rate. Identical tools will
have been tried and proven in the verification program, and changes will be minimal.

All of the concepts described for the %erification program will remain the
same in production.

Tool sustenance will be a primary tooling function in proOuction. This is
the effort required to maintain program tooling; in "as ne%%" condition, and also all
administrative effort required for configuration control and record keeping necessary
to meet applicable governnu c nt specifications. Tool sustenance is comprised of
the following functions.

Recycle inspect certified tools,

Rework defective certified and noncertified toots
to print.

Replace worn out or damaged toots.

Modify tools to meet proven changes.

Process documentation for tool rework/modification.

Issue EO's and update drawings.

Control fiscal expenditure for tooling.

Supply materials for tool rework/modification.

Maintain tool record packets.

Refurbish (paint, etc) tooling as necessary.

Continuously monitor acceptability of tooling.
(i
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Make spare parts available for tool sustenance.

Supply new tools required for procees changes.

The attached tool lists show the tooling requirements for both the verification
and production programs.



8. 2. 1 Case Preparation Special Tooling

DDT & E (ti antity Total Froduction Quantity

a

Vertical Stand l 0
Headend Plug 1 0
Aft End Plug 1 0
Handling Arrangcment 1 0
Grit Blast Dolly 1 I

Work Platform 1 I
De^-reasing Seal and Wand l 1
Roller Assembly 1 4
Wcrk Stand - vertical 1 1
Pneuma-Grip Harness 2 3

Handling Fixture - Skirt Extension
Insulation Mold Ring

(Shim s Included)
Handling Sling
Chocks

8. 2. 2 Insulation Special Tooling

Cutting Table
Cutting Dies
Patterns
Work Platform - Forward
Work Platform - Center

1	 1
G	 1.:

1	 1

2	 10

DDT & E Quantity	 T-^ta.l Production (,quantity

1	 1
1	 1
1	 1
1	 1
1	 3

Work Platform - Aft	 1	 1
Boll Feeding Assembly - Forward 	 1	 1
Roll Feeding Assembly - Center	 1	 3
Roll Feeding Assembly - Aft	 1	 1
Skiving Machine	 1	 4

Rollers	 2	 8
M EK Applicator	 2	 8
Insulation Contour Template - 	 1	 1

Fo rw and
Insulation Contour Template - Center	 1	 2
Insulation Contour Template - Aft	 1	 1
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Tool Name DTYI' K E Qu an_T^_ Total Prmfuctio ►n l,u:inta

Vacuum Bag - Forward 1 2
Installation Tool - Vacuum Bag - 1 2

Forward
Vacuum Bag - Aft 12
installation Tool - Vacuum Bag - 1L

Aft

Vacuum Bag - Center 1 3

Holding Fixture - Magnetic - 3 5n
} Center

Autoclave Doily
Handling Fixture insulation 1 I

Mold Ring
Machining Fixture - Joint 1 1

8.2. 3	 Propellant and Lining Special Tooling

t
Tool Name 1) DT & E qu:cntity Total Produc •tlom quanti ty

T Handling Harness 1 2
i Lifting Ream - Vertical  1

Work Stand 1 2
Breakover Trailer I 1

Rotating Dolly 2 .^

Handling Dolly- Harness 1 2
Insulated Conical Container 1 1

! Casting Arrangement- Forward 1 1
Casting Arrangement- Center I 1
Casting Arrangement - Aft 1 1

Casting Base - Center - Aft 1 9
Core - Center 1 9
Core Dolly - Center 1 9
Mold - Aft End 2 12
Centering Ring - Core .1

Casting Funnel 1 3
Air Deflector 2 15
Vacuum Bell 1 3
Deacration Assembly 1 3
Transfer Hopper Assembly i 3
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Tool rJame	 DDT & E Quantity Total Production quantity

Core - Aft 1 3
Casting Sleeve 2 12
Casting Dam 1 3
Shirt Protector 1 3
Headend Alignment Sleeve 1 :3

Casting  :Stand 2 15
Core - Forward 1 3
Casting Stand Adapter - Forward 1 3
Casting Stand Adapter - Aft 1 3
Core Dolly - Forward l 3

Core Dolly - Aft 1 3
Exhaust Hood 1 1
Lining Pit Stand 3 3
Liner Masking Sleeve 3 3
Liner Cure Seals 3 3

Weighing Tools 1 2
De ae rator 1 2
Sling Assembly 1 1
Core Popping Arrangement 1 1
Work Grating 1 3

Pit Grating 2 15
Over-last Propellant Press 1 1

Li I

^i

i

I

8. 2. 4 Igniter Special 'fooling

Tool Name	 DDT & E (quantity Total Production(2!!antity

Vibration Arrangement	 1	 0
Vibration Fixture	 1	 0
Firing Arrangement.	 1	 1
Test Stand (0) Component	 1	 1
Lifting Beam	 1	 1

Layup Dolly- Horizontal	 1	 2
Insulation Mold Ring	 2	 4
Vacuum Bag	 1	 2
Handling Dolly - Case	 5	 5
Handling Sling	 1	 1

8-6

6



Tool Name DIY1' 8: E	 antity Total Production S^!^wtity
t_

:eft Grain Mold 12 12
Casting Sleeve 12 12L
Core Guide 1.2 12
Core 1.2 12

.^ Core. Retainer 12 12

Casting Adapter 3 3
Casting Piping 1 1
Core Popper 1 1
Handling Container 20 30
Casting Arrangement 1 1

i?

-- 8.2.5	 Nozzle Special Tooling

I- 
Tool game DDT	 E (,uantity Total Production	 antity

Handling Fixture Actuator i 1
Holding Fixture 1 1
Holding Fixture 1 1

E Mounting Tool - Magnetic 1 1
` Particle Inspection
^^rr !
4!

Drill Fixture 1 1

Tank and Rotab Ultrasonic 1 1
Inspection

Handling Sling 1 1
Handling Sling Assembly 1 1
Holddown Clamp and Riser Shim 1 1
Holding Fixture 2 2

Drill Fixture 1 1
Work Stand - Mold 1 1
Meld 1 1
Lifting Sling 1 1
Holding Fixture - VTL, 1 2

Special Dial Bar Gage 2 2
Vacuum Holding Fixture No. 1 1 1
Vacuum Holding Fixture No. 2 1 1
Vacuum Holding Fixt ire No. 3 1 1
Vacuum Holding Fixture No. 4 1 1
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Tool Name	 DLYF & E (,pantity Total Production (quantity

3
3

Vacuum Holding Fixture No. 5 1 1
Vacuum Holding Fixture No. 6 1 1
Vacuum Holding Fixture No. 7 1 1
Vacuum Holding Fixture No. 8 T 1
Vacuum Holding Fixture No. J 1 1

Rotating Table 1
Work Stand - MF.K 1 I
Work Stand - Drying 1 1
Spray Booth Tools 1 1
Work Stand - Layup 1 1

Worl. Stand - Cutting 1 1
Work Stand - Assembly 1 1
Work Stand - Assembly 1 1
Work Stand. - Hand Trim 1 1
Work Star-d - Layup 1 1

Fork Stand - Bonding 1 1
Flex Joint Mold 1 1
Insulation Blanket I 1
Lifting Harness 1 1
Cutting Template 1 1

Work Stand 1 1
Work Bench 1 1
P res ,.i re Band 1 1
Pressure Plate 1 1
Shipping Container 1 1

Handling Chock - Rail System 1 1
Vibration Arrangement 1 1
Supports - Ling Shaker 1 1
Slip Plates 1 1
Burst Arrangement 1. 1

Burst Test Stand 1 1
Burst Fixtures 1 1
Flexible Bearing Test Fixture 1 1

u

r
l
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r- DT & E Quan^t	 'Total Production antit

4 8
1 2
8 12
1

1	 1
1
	

1

8. 2. G Fin,,.l Assembly Special 'fooling

Tool Name

Work Station Jacks
Work Platform
Rotating Dolly
Igniter Cable Bracket Installation

Tool
Pyrogen Lifting Fixture
Triangular Lifting Beam

8.2.7 'Thrust Termination Special Tooling

Tool Name	 DDT & E (!!ant
	 Total Production Qusaotilty

Firing Arrangement
	 1	 1

Test Stand - Single Component
	 1	 1

Forward Core Assembly	 1	 4
Pad Locating and Bending Tool

	 1	 1
TT Port Mold Removal Too!

	
1	 1

8. 2. 8 Pc.vcr Supply Special Tooling

Tool Name	 DDT & E Quantity  Total Production Quanta

Checkout Stand	 1	 1

8.2. 9 Ground Test Special Too ll ng

Tool Name

Test Stand - 1 Component
Rounding Harness
Support Jacks - Segment
Firing Arrangement
Optical Alignment Tool

Lifting Beam
Rotating Dolly
Antiilight Device
A PU Attach Bracket
A for G Component Stand

DDT & E ce-,antity 'Total Production. Quantiq

1	 0
3	 0
1	 0
1	 0
1	 0

1	 0
2	 0
1	 0
2	 0

0

	

r^
	 Cradle - Rail System	 1	 0

	

s
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9.0 FACILITIES PLAN

I^

9. 1 INTRODUCTION

j This plan presents the existing facilities, facilities modification, and new
facilities requirements for Thiokol to conduct the Design, Development, Test and
Evaluation (DDT & E) and Production. Programs for the Solid Rocket Motor Stage for

	

I	 the Space Shuttle. This plan is divided into three sections, plant site facilities,
operational site facilities, and vendor facilities.

9.2 PLANT SITE FACILITIES

9. 2. 1 Plant Location and General Description

Thiokol's Wasatch Division was constructed specifically for the development
and production of large, solid propellant rocket motors and related hardware. No
solid propellant contractor has comparable facilities or experience.

The remote location in Northern Utah, 26 mi west of Brigham City, is ideal
for processing and testing production quantities of extremely large motors. The
30 ^(j mi plant site contains 304 buildings. Most are 10 years old. Figure 9-1
shows the plant location.

The Wasatch Division consists of the Research and Development Plant (R & D
Plant) , occupying almost 18, C00 acres, and the Thiokol -operated Air Force Plant 78
covering 1,515 acres. Combined facilities have produced 156 million lb of solid
propellant. Current mixing capacity is 10 million lb a month.

r
Motor size limitations, without facility modifications, are:

R & D Plant - 200 in. diameter, 38 ft length and 200 tons;
Plant 78 - 100 in, diameter, 22 ft length and 50 tons.

a r-^

	

1 +[[....ttl	 The R & D Plant provides all development and testing capability as well as
extensive production capability.

Plant 78 was designed for high rate production of Stage I Niinutpman
Motors.

9.2.2 Facility Investment Summary

	

t^
	 The following summary apportions the $72,998,288 acquisition cost of

Wasatch Division facilities by ownership and general category.
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Government	 Thiokol

Land	 $	 9,469	 $	 180,511
Buildings and Installations	 22,122,435	 16,155, 145
Machines and equipment 	 18, 291, 209	 13, 493, 348
Rolling stock	 2,349,865	 396,306

	

Total: $42,772,978	 $30,225,310

Government facilities are provided by Contracts AF 04(694)-719 (R & D Plant)
and F04694-67-C-0132 (Plant 78) under cognizance of:

Ogden Air Force Plant Representatives Office
Thiokol Chemical Corporation
Wasatch Division
Attn: L. B. Larsen
P. O. Box 524
Brigham City, Utah 84302	 s

9. 2. 3 Security Clearance, Plant Protection

The Wasatch Division has a secret security rating. Plant areas are fenced.
A security guard is maintained 24 hr a day.

Adequate fire equipment and personnel provide 24 hr coverage.

9.2.4. Functional Allocation of Land, Floor Space

Wasatch Division acreage is apportioned to general areas as follows:

R & D Plant: Manufacturing & Support 	 10,050
High Performance Propellant Plant	 850
Test Area	 1,150
For expansion and other	 5, 730

	

Subtotal	 1-7,780

Plant 78:	 Manufacturing and Support 	 1,51

Total acreage 19,295

Figures 9-2 thru 9 -5 identify the major plant areas and the major facilities
in each.
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Floor ipace, in totally enclosed buildinhs only, is:

Administration and Engineering 3309688 sq ft
Inspection 36, 992
Manufacturing: Assembly 82,962

(+ Inert parts 203,844
! Motor process 140,830

Propellant mfg 55,976
Storage: Flammable 29.610

Inert 102,76R
Motor 41,480

Test: Environmental 35. 83h
Static firing 15,281

F, Utilities and Support 63,062
Laboratories: Development 95,875

U
Quality 34,995

Total 1.270, 199 sq ft

9.2.5	 Transportation, Utilities

Transportation systems are adequate including all airline, truck. and rail-
road carriers servicing the area and an onsite airstrip. Both plants are located on
Utah Highway 83.

L
Major utilities include 46,000 k% power, water storage of 2. 4 million gal

supplied by Thiokol-owned wells providing 600 -pm. All utilities are tieing utilized
to a small percentage of capAcity and are in good condition.

1
9. 2.6 Summary of Capacity/Utilization

Space Shuttle Verification Program (156 in.) :

Facility Available
Capacity Capacity Requirements
At 100% After Other For Shuttle

- Pacing Utilization Programs Verification
Operation Facility (seg/ mo) (seg,%mo) (seg/mo)

Case prep, line Lining pits 80 80 5
Oxidizerindin^	 g Mills 27 16 5
Premix
Mixing

Mixers
2 mixers

40
31

40
31

5
5

Casting/curing 4 pits 14 14 5
X-ray 1 Linac 11 11 5

j	 Assembly -- 50 50 :i
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Space Shuttle Production Program (156 in.):

Facility Available
Capacity Capacity Requirements
at 100% After Other for Shuttle

Pacing Utilization Programs Production
Operation Facility se s/mo _(Se s/mo) (segs /mo)

Case prep, line NI-111 80 80 50
Oxidizer grinding M-39, M-606 103 92 50
Premix Mixers 80 80 50
Mixing 4 mixers 80 80 50
Casting/curing 15 pits 54 54 50
X-ray 4 Linacs 60 60 50
Assembly M-67, M-104 100 100 50

The capacity shown above is based on provision of the facility additions
identified in 9. 2.8.

9. 2. 7 Major Space Shuttle Facilities

9.2.7. 1 Case Cleaning, Lining

Building M-111 will be the primary motor case preparation facility. It contains
four 15 by 15 by 36 ft lining pits, 17,580 sq ft with 51-1/2 ft ceiling. Present 10 ton
hoists will be replaced by 12-1/2 ton units.

Overflow, if necessary, can be accommodated in M-52, a 27,482 sq ft area
with a 48 ft ceiling and 20 and 30 ton bridge cranes. A 15 by 32 by 18 ft grit blast
chamber, 14 by 14 by 38 ft ovens and a degreasing system adaptable for 156 in.
segment processing are available.

9.2.7.2 Propellant Manufacture, Oxidizer Grinding

Wasatch Division capacity in M-606 of 4,140, 000 lb/mo will supply the develop-
ment program. Space Shuttle production will utilize a new facility moved immediately
adjacent to the mix/cast comple:^ and providing conveyorized handling. This system
will provide 5,520, 000 lb /mo. Standby capacity of 4, 140, 000 lb /mo will be provided
by existing systems.

In propellant premixing, a new system is proposed to optimize material han-
dling efficiency. Existing facilities will provide s-Landby capability.

9.2.7.3 Propellant Mixing

Wasatch Division has three 600 gal; three 300 gal; one 150 gal; and two standby,
300 gal mixers. Space Shuttle will use three existing 600 gal mixers automated to

9-14



I H

produce 14, 000, 000 lb /mo. One standby mixer will be provided. Siting is available
for additional mixers in the present mixer area.

In production, mixer feeding will be conveyorized for maximum efficiency.

9.2.7.4 Casting

Wasatch existing facilities: 15 cast/cure buildings with 12 by 40 by 32 ft
pits and twelve 20 by 20 by 40 ft cast/cure pits with related support equipment.
Space Shuttle will use w4 twelve 20 by 20 pits, rail-mounted gantry cranes, rated
to 200 tons, and two casting houses.

Additional pits, gantries, and casting louses will be added as soon as possible.

The three existing linear accelerators, one 8 mev and two 15 mev, are now
in buildings which are unsuitable for large segment handling. In production, new
buildings will be constructed suitable for two Linacs. Sixty flights a year will re-
quire two buildings.

9.2.7.5 Assembly

Wasatch total assembly area is 43, 000 sq ft. Space Shuttle is assigned two
buildings, each with existing 50 ton bridge cranes. Standby capability exists with
50 ton handling, Boors on final assembly buildings must be enlarged to accommodate
the 156 in. segments.

9. 2. 7.6 Static Test

Wasatch Test Area is 1, 150 acres and includes seven static test bays, one
with 2-1/2 million lb thrust capacity.

Space Shuttle will utilize the large bay, modified to withstand 3 million lb
thrust. A 200 ton gantry exists at the bay.

Conditioning chambers of 12 by 12 by 40 ft are available. However, for the
156 in. configuration, a new chamber will be provided.

Vibration testing capability exists for forces to 400; 000 lb and specimens
up to 26 by 27 by 69 ft. The existing board course will be required for use on the
Space Shuttle Program.	 I

Suptorting facilities are adequate including general handling, inspection,
and metrology equipment. Engineering support includes an IB;N1 370 system and
peripheral computation systems.

New, loaded-case trailers are required to support tl.e production rates. One
^00 ton trailer is available for loaded segments and several 25 to 40 ton trailers for

I H
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inert harts handling. Available motor surge magazines are inadequate. A new surge
area will be provided.

9.2.8 Additional Facilities Required

Tables 9-1 and 9-2 list all new facility requirements for the Verification
and Production programs.

9.3 OPERATIONAL SITE FACILITIES

9.3. 1 Introduction

This section describes the facility requirements to transport the SRM seg-
ments from Thiokol/Wasatch Division to Kennedy Space Center, Florida; receive,
inspect, and store the segments; transport the segments to the final assembly area;
and assemble the SRM Stage.

The SRM segments for the Space Shuttle SRM Stage will be manufactured at
Thiokol/Wasatch Division located approximately 27 mi west of Brigham City, Utah.
After being manufactured, the segments will be transported across state highways
to the railroad near Corinne, Utah. At the railroad, the segments will be trans-
ferred to railcars for shipment to Kennedy Space Center (KSC), Florida. At KSC,
the segments will be removed from the railcar and placed in a receiving, inspection,
storage and subassembly (RISS) building until required for SRM Stage buildup. From
the KISS building, the segments will be transported by semitrailer to the Vehicle
Assambly Building (VAB) from SRM Stage buildup.

9.3.2 New Facilities Required

New facilities will be required at the railhead in Utah, and at the RISS area
at KSC. A new roadbed will be required between KISS building and at the VAB at
KSC a new rail spur from the existing railroad at KSC to the RISS building. 	 1

9.3. 2. 1 Railhead Facility

A building with approximately 4, 000 sq ft of floor space will be required to
support the transfer of segments from the semitrailer to the railcar. The building-^
will house the lifting equipment and provide protection during operations that must
be performed during inclement weather.	 }

The building will be• constructed over a section of the rail track where the
railcars can be positioned for transfer of the segments. The floor of the building
and apron leading into the building will be reinforced concrete to support the weight
of the loaded semitrailer.

A 200 ton crane will be located within the building. The crane will be used
in conjunction with a pneumatic lifting device to transfer each segment from the
semitrailer to the railcar.
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TABLE 4 -1

SPACF. SHI,'CTLF
VERIFICATION PROGRAM FAMWT]" nftfn a F I

Design lmtallatiw,
Time rime t orp -rote

Ares Illdg Requirement Uuxnttt ihr) (hr) Purchase : urdod

COW Prup M-:l I Remove section of partition [u -0) 16k,
Relocate existing bench work 100 M1 :d1t•

Provide trenches, stools 10 !	 _,INN
Utilities to work stations 100 A0 1.000
Replace hotel and trolley 10, OM,

M_67 Mixer, adhesive 1,500

Lining M°111 F'xhaust s ystem IMEIQ 10.000
Mixer,	 liner. 75 qal '

	 IM.

Propellant Pits Gantry crane modification .Iu.000
Casting house modification 5.000
Pump, vacuum, 500 cfm •.000
Polywax building 75. (Kit
Pit covers 2 Wow
Pads for segment at pit 1 3. (Ice

M-1't0 Pre.nlx building addition It(+
Feed, weigh, premix system 104111

Bins, 95 eu it 10 10.000

M-39 Apportioning systetr, 1110.000

M-YO Conveyor. mixer feed pilot 1+•, 1110

R- my New X-ray building 1a 7. WK,

New Boller N)USe 7U. 000
Relocate 13 me, l trlac 600 I, 21g , 2.000
Foundation for jack station 20 100 4. t1UU

Assembl y M - 47 Enlarge doors t 190 0 B. n00
ExhaLA 4100
Utilities to work stati-ms ..0 100 200
Foundation for tack station '0 400 1,000
Painting stall.." 48, IN11,

.tandling Iractoi	 trailer. 200 tor 7u,OtN1
Pads, case and nozzle storage '01.

Flex licuring M50% Oven. heat treat .00,000
Tank, ultrasonr, I,.i00
Rotator 1.500
Scale. 100 lb 1.40111
convenor, IDo h 311.006
Pre". eompiessinn mulding, • Oy a ft 145.000
Cold ho,	 • by 4 bt	 N 6.000
F- xhaust hind ".000
IVKO. spra y t0, 0ou

duality Control M-n Rotary table, Ir0 in 200,000
Surface plate 10.000
Process . ontrol lab ltVilpment 95 000

I est T-24 MVdtfv bay tn,	 oil,
remp"rar y pump installation 350 +00 4. 000
rarust termination pad 3,500 U 457,600
Conditioning chamber I .0, 000
Data system, mobile 200.000

.^ lbard course rehabllltatlon 120 1,000 10,000
Pad, hydroburst 200 1.000 3.000

T -63 Add instrumentation W.OLO
Cameras 5 20,000

Totals 5, 330 6.100 $500.400 $3,431_44.41
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TABLE 9-2

SPACE SALTTLE
PRODI CTION PROGRAM FACILMES

69 FLIGHTS A YEAR

Design inatallrtion
Time Tirr.e Corporate

Bid& Requirement	 tit y (hr) _—(Ajjj_ Purcnaae Furnled f

Camtrig Fite Pit covers 10 S	 120. WI
Pads at pits 14 21 004-
Modify castirg house -0 try
Motorize costing house -10. (*O
Nov casting house 195,000

Modlfv gantr). 50 torts 30,00()
uartry crane. 200 toes a n00.000
Modify pantry. 200 tons 20.ro^i t
Rehabilitate pits 2 1.960 9, 0(K. S 68.300
New pits vent of existing 2 h6h. t►W
New Pat in new romplex 172, 200
Utilities, mad 46.5,00

• Cooling system, mobile S 60.000
Pump, vacuum 2 16.000

Mixing Mix boats 4 Afl,tr01,
Trallers, mhx bowl 6 21.0W 1	 l

Conveyorize miter feeding 3 450,00V
M-23 M:per. 600 =I 330 0n()

Mixer 'shadings and miser, 600 gal 2 1.000 400

Uump station, replace M-23 7u. 000
Addition to mixer control 40.0041

Oxidizer M-39 Modification for grindim 460 04N
Bins. 95 cu N 2 _.W,.

Painting Painting building wiequip. 140,000

C o mpres sor -'.00(I 
Foundations. Iackstand 2 41, vu 4,400

tjually Xddttioral WC lab equipment 50,000

St)rage Pad, cases 0•04*

Pad, nozzles 15.000

crane, mobile 100•006'
Cold box. 44 , by 40 by 14 R 100,1104-

Motor surgt . area 250•000
F(-undationb. motor wurge 10 200 2,004- 20,000

Transport T r•actnr'tralaer. 200 tons KO. OW'

X-ray Linear accelerators. 15 mev 3 1.02S.000
Film processors 3 51.00
X-ra) building 430.000

Foundations, jackstand 3 60 600 6,[100

Roadway so.000

Fencing 10, Ono
Warning system 06•500

Assembly FoundatuAts, Fackstand 20 200 2.000 1- 1
Compressor, central 75,000

Utilities/ Addition to botler hour- 70.000
Services Addition to maintenance shop 110,000

Office furniture and equipment 300.000
Addition to change twust 7i, 000

Flex Bearing Lathe. %'TL 's 600,000

Totals 2.260 12.200 (100,300 $9,199.200

F

f

i

r
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Figure 9-6 shows a conceptual drawing of the required facility at the railhead
in Utah. The total estimated cost of this facility including the crane is $210,000,
NASA funded.

9.3. 2.2 RISS Building

Upon arrival at KSC, the segments will be transferred to the RISS building
for receiving, inspection and storage. The RISS building will be a multipurpose
building with approximately 30, 000 sq ft of floor space.

Each segment will be brought into the building and transferred from the rail-
car to storage chocks. The floor of the building will be reinforced con; rete to support
the semitrailer during transfer and to support the segments during storage. Sufficient
space will be required to perform receiving and inspection functions and store up to
15 segments as well as other components such as the attach structure, nose fairing,
and miscellaneous components.

Space will be required to receive, inspect, and store miscellaneous components
such as the nose fairing, attach structure, segment attach hardware, raceway covers,
miscellaneous black boxes, etc. Rack and shelves should be provided for this storage.

The RISS building will house the offices and support areas required in the ad-
ministration of the SRM operations. Support areas would include document storage,
tool storage, reproduction area, restrooms, etc.

The entire segment storage area must be serviced by an overhead crane with
a 200 top. capacity. The crane will be used while transferring the segments from
the railcars to storage chocks and then to the semitrailer.

Auxiliary hoists to 10 ton capacity will be required to service the receive
and storage areas of the miscellaneous components.

Figure 9-7 shows a conceptual drawing of the required RISS facility at KBC.
The estimated cost for this facility, including the 200 ton gantry crane, is
$1,500,000, MASA funded.

9.3.2.3 Roadway

A new roadway will be required between the RISS building and the VAB. This
roadway must have sufficient capacity to support the loaded semitrailer. The esti-
mated cost for this roadway is $25,000, NASA funded.

9.3.2.4 Railway

The segments will be brought onto the KSC from the railhead at Titusville,
Florida. A new spur will be required from existing trackage to the new RISS building.
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This spur will have sufficient capacity to support a train with a minimum of five
segments loaded on flatcars. The estimated cost for this rail spur is $40, 000,
NASA funded.

9.3.3. Existing Facilities

SRM Stage buildup will be performed in the existing VAB on one of the mobile
launcher platforms. Existing cranes in the VAB have sufficient capacity to lift the
segments and components. The work platform in the VAB probably will have to be
modified to provide work space at the appropriate levels on the SRM's.

9.4 VENDOR FACILITIES

Vendor facilities requirements have been identified for both the DDT & E
program and the production program.

During DDT & E, facilities will be required by the vendors for case forging
and case machining and the vendor for nozzle fabrication. The estimated facilities
costs are $2,994,200.

During production, additional facilities will be required by the above vendors,
and in addition, a major facility expansion will be required by the ammonium Per-
chlorate vendor. The total estimated cost for these facilities is $101, 603, 000.

9-20

1



I

;141 ..—Ws

Figure 9-6. Railhead Facility



I

i e

-	 1

e

i 0
a	 ^

-	 o

lool

1

36175-70

Figure 9-7. Receiving, Inspection, Storage, Subassembly (RISS) Facility



10.0 MASS PROPERTIES CONTROL PLAN

10.1 I NT RO DU CT ION

This Mass Properties Control Plan for the Solid Rocket Motor (SRM) Stage
of the Space Shuttle Program specifies the tasks to be accomplished and establishes
the system that will be used by Thiokol for mass properties control, determination,
and verification. This plan also provides for the preparation and submission of
mass properties reports to comply with the mass properties requirements and
objectives of the Space Shuttle Program. This Control Plan complies with the
requirements of MIL-M-38310A, Mass Properties Control Requirements for Missile
and Space Vehicles.

Thiokol will establish and maintain a mass properties control system to
assure the fatlowing.

1. Compliance with the requirements established by the
procuring activity to insure mission mass properties
objectives are achieved.

2. That mass properties limits, when established, are
achieved.

3. Compliance with the Data Procurement Document
(DPD) requirements of the contract.

4. Determination and reversal of adverse trends in mass
properties characteristics.

5. That the required data are reported accurately and on
tim e.

Thiokol will develop supporting plans for the system of mass properties
control to insure the effective execution of control functions including, as a mini-
mum, a verification plan, and an operational Held support plan.

10.2 ORGANIZATION

The responsi4ility for the implementation of this plan rests with the Project
Engineering organiza;1on under the cognizance and direction of the Program Manager.
Project Engineering will direct, coordinate, and integrate to assure the correct and
timely completion of the requirements of this program. Mass Properties Analysis
will be accomplished at the component and subsystem level by the Mass Properties
Control Engineer under Project Engineering direction. The organization relation-
ships are shown in FYgure 10-1 and the data flow process is shown in Hgure 10-2.
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10.3 TECHNICAL

10. 3. 1 Establishment of Mass Properties Base for Control and Reporting

Component mass properties will be determined from detail drawings. These
data will be compiled and submitted in the first detail mass properties report within
30 days after contract go-ahead. This report, after approval by NASA, will estab-
lish the baseline for control and reporting of mass properties data.

10.3.2 Mass Properties Control

Thiokol engineers specially trained in weight control will be assigned to
monitor design activities, It is their established duty to influence the design so that
the released drawing weight will be equal to or less than the base weight established.
During fabrication of parts and assemblies in the factory, monitoring will be provided
to assure, for example, the proper use of attachments and potting compounds,
accurate routing of circuitry and plumbing, etc. The receiving-inspection facility
personnel will check the weight of incoming items as a part of their standard procedure.
In-tolerance weight will be a criterion for acceptance of the part.

An integral part of control through design monitoring is the authority vested
in the engineer performing the function. All drawings, engineering change orders,
specifications, and other documents will be reviewed, and those affecting mass
properties will be approved by the responsible mass properties engineer before they
are released; or if released without approval, this shall be so noted. Following
current standard procedure, detail weights will be calculated and recorded in thu
unit weight column of the list of materials on every drawing produced by Thiokol.

Thiokol will establish and maintain a summary of potential design improve-
ments which could be used to offset mass properties or performance degradations.
This summary will be updated monthly aad reported in the mass properties status
reports for review and final action by NASA.

The uncertainty for each of the critical mass properties will be established
by Thiokol using analytical methods. These established uncertainties will be used
in dispersion studies, for analytical verification of computed nomina values, and
in the identification of system elements which warrant verification by experimental
m ethod s.

Thiokol will provide and maintain, in a form available for review by the
procuring activity, an account which identifies the nature, magnitude, arid sequence
of each change in proposed mass properties from the initiation to the termination of
the program.

The mass properties center-of-gravity data will be based on the coordinate
system shown on Figure 10-3.
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Thiokol will perform analyses W assist NASA in the establishment and
maintenance of contractual mass properties limits. The analyses will support and
establish the allowable limiting values based upon mandatory and acceptable system
objectives and functions under the current design.,

10.3.3 Vendor Mass Properties Control	 8
An appropriate mass properties section, comparable to and compatible with

the contractual requirements, will be incorporated into each procurement document
negotiated with a subcontractor who is supplying properties significantly affecting
the system mass properties. 	 a

Subcontractors with design responsibility will be required to submit mass
properties reports to Thiokol in accordance with Table 10-1. These reports will
be used to insure subcontractor compliance with mass properties requirements
and as inputs to mass properties reports submitted by Thiokol to the customer.
Vendors also will be required to comply with paragraphs 10. 3.3. 1. 19 2, and 3.

10.3. 3. 1 Subcontractors Fabricating Thiokol Designed Parts

Subcontractors fabricating components to Thiokol design disclosures will be
required to comply with the following requirements.

10.3.3.1.1 Compliance with Maximum Requirements

All subcontractors manufacturing and supplying Thiokol parts, components,
or assemblies with maximum weight requirements specified on the drawing or in
the specification describing the part will be required to comply with these
requirements. Each procurement specification will include a statement requiring
the subcontractor to submit a calibration system plan showing compliance with

s	 Specification MIL-C-45662A for all scales used to verify compliance with the maxi-	 ` I
}

	

	 mum weight requirement. Compliance with all maximum weight requirements will
require verification by mass measurement that each item shipped to Thiokol is less
than or equal to the maximum specified weight. Compliance requires the use of
scales that are graduated in increments of small enough size, and calibrated to a
close enough accuracy, to insure that the measured weight of any part, component,
or asser_ibly will be at least one-half dial division or the specified scale accuracy
(wnichever is larger) below the required maximum weight.

10.3.3.1.2 Mass Measurement Requirements	 I
All components, parts, or assemblies which are not required to comply with

a drawing or specification specified maximum weight, but which are (1) considered
part of the motor inert mass, (2) manufactured by a subcontractor, and (3) expected
to weigh ten pounds or more shall be weighed by receiving inspection personnel.

1	 7
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TABLE 10-1

SUBCONTRAC -rOR MASS PROPERTIES REPORT

Retort Element	 Schedule of Submittals

Title Page	 X
Table of Contents	 X
Introduction	 X

Contractor Mass Properties Organization 	 +
Mass Properties Summary 	 X
Detail Mass Properties
Mass Propertie-- Change Analysis	 X

Trade Data	 +
Pending Mass Properties Change Analysis 	 X
Summary of Improvement Potentials	 X
Unreso!ved Problems 	 X
Mass Properties History Log

I

	

	 Sequenced Mass Properties Data 	 X
Powered Flight Mass Properties
Diagrams	 X
Mass Properties Substantiating Data

Government Furnished Equipment 	 +
Computer Cards or Tapes 	 (X)
Mass Distribution
Mass Properties Dependent Design Information 	 +
Structural Increments for Design Features

Records for All Measurements
Records for Dry Mass Properties Measurements
Records for Fluid Mass Properties Measurements
Summary of Critical Mass Properties 	 X
Evaluation of Flight

`	 Critical Mass Properties Uncertainties	 +
Mass Properties Limits 	 +
Parameters and Inventory of Fluids and

Propellants Loaded
Capacity and Loading Information for Fluids

and Propellants

{
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TABLE 10-1 (Cont)

SUBCONTRACTOR MASS PROPERTIES REPORT

Report Element
	

Schedule of Submittals

Mass Properties Verification Plan
Operational Support Plan for R & D
Operational Support Plan for Orbital Phase

Proposed Statement or Work
Operational Support Plan for Targeting
Operational Targeting Data
Program Plan

Notes- 4- update only - submit changes to the data information or analvses
contained in the last published report of these items

(X) submitted as required by procuring activity

X design- first of each month after approved definitive contract Pp
(or go-ahead) and ending with delivery of last item.

U

n
Q
0
u



When fifteen or more such parts have been weighed, the mean weight and the
standard deviation about the mean will be calculated and compared with the weight
envelope requirements established above. If the values are within the envelope,
the weighments will be discontinued until a design change occurs, If the values
fall outside the envelope, a maximum weight for the item will be established and
subcontractor required to comply with 10.3.3. 1. 1 above.

10.3.3.1.3 Records

All mass and balance data shall be recorded by part number and serial
number.

10.3.4 Mass Properties Accounting and Computing System

The mass properties accounting system, utilizing high speed digital com-
puters, will systematically record and store the information necessary for
determining and evaluating the Space Shuttle Solid Rocket Motor Stage weight,
center-of-gravity, and moments of inertia.

A solid rocket motor detail parts list that includes drawing number, part
identification, next assembly, anti end item designation will be used by mar s proper-
ties engineers to insure that the mass properties of each detail component has been
determined. Mass properties data for the various end items, ie, forward closure
assembly, aft closure assembly, segment assembly, 'Thrust Vector Control (TVC)
assembly, etc, will be stored in such a manner that if a change is required, new
end item data can be substituted in a minimum amount of time. Coordination will
be maintained with field personnel so that complete current information will be
available a(mstantly.

Mass properties calcul ptions will be performed through the use of high speed
digital computers. The computer programs are based on the calculus definition of
volumes, moments, and moments of inertia with the necessary integrations being
performed by the computer. Output date, consisting of weight, three axis center-
of-gravity and three axis moment of inertia are generated in such a manner that
reproduction directly from output sheets is possible. An example of the printout is
shown in Table 10-2. Mass properties data as a function of time also are generated
utilizing the computer. Grain configurations at various times during motor operation
are geometrically defined, based on thrust versus time and accounting for the effect
of erosive burning. Inert mass properties data versus time, based on temperature,
time exposed, material properties, and location in the motor, are generated and
input to the computer. Output data, consisting of weight, three axis center-of-gravity
and three axis moment of inertia as a function of time are generated in such a man-
ner that reproduction directly from output sheets is possible. A sample of the for-
mat can be found in Table 10-3.
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FABLE 10-2. DETAIL MASS PROPERTIES ST I NCMARY SAMPLE FORMAT

BASELINE SOLID ROCKET MOTOR SPACE SHUTTLE 156 IN BOOSTER-PARkLLEL BURN

ME IGHT CENTER OF	 GRAVITY MOMENT OF	 INERTIA
1LBSI LUNG. LAT. VERT. PITCH POLL YAV

CASE ASSEMBLY 102754.980 918.487 200.000 200.000 2951.267 130.792 2951.261

FORWARD SEGMENT 14 39 5. 715 3 82.32 7 200 .000 200. 000 16.934 11.215 16.934
FORWARD CLOSURE 382 1.543 3 29. 384 200.000 200.000 3.644 6.033 3.649

IGNITER BOSS 50.879 282.480 200.000 200.000 0.000 0.001 0.000
FURMARD SKIRT 2017.368 339.235 200.000 200.000 1.410 2.644 1.410
BASIC SHELL 3759.296 324.732 200.000 200.000 2.155 3.388 2.155

CYLINDER 8568.172 418.336 200.000 200.000 7.361 11.183 1.361
bASI(	 SHELL 8031.024 415.095 200.000 200.000 6.723 10.489 6.713
ATTACH FLANGE -FEMALE 537.148 466.797 200.000 200.000 0.347 0.694 0.347

CENTER SEGMENT N0.	 l 22943.254 6C9.37S X0.000 200.000 49.313 29.955 169.373
ATTACH FLANGE -MALE 64.637 469.44y 2OU.000 200.000 0.041 0.083 0.041
P,ASIC	 SI^FLL 22341.469 606.440 200.000 200.000 46.433 29.179 46.433
ATTACH FLANGE -FEMALE 537.148 748.297 200.000 200.000 0.347 0.694 0.341

c	 CENTER SEGMENT N0. 2 22943.254 890.875 260.000 200.000 49.373 29.95S 119.373
i	 ATTACH FLANGE-MALE 64.637 750.949 200.000 200.000 0.041 0.083 0.041

c	 OASIC	 SI-ELL 22341.469 881.944 2 CU. 000 200.000 46.433 29.179 46.433
ATTACH	 FLANGE -FE04ALE 537.148 1029.797 200.000 200.000 0.347 0.694 0.347

CENTER	 SEGMENT N0.	 3 22943.254 1172.375 200.000 200.000 49.373 29.955 49.373
ATTACH FLANGE-MALE 64.63i 1032.449 200:000 200.00G 0.041 0.063 0.041
BASIC	 Sl FLL 22341.469 1165.440 200.000 200.000 46.433 29.179 4:x.433
ATTACH FLANGE-FEMALE 537.148 1311.297 200.000 200.000 0.347 0.694 0.347

AFT	 SEGMENT 18950.505 1425.965 200.00G 200.000 29.052 22.953 29.052
CYLINDER 12744.432 1389.686 200.000 2030000 14.223 16.643 14.223

ATTACH FLANGE-MALE 64.637 1313.949 200.0000 200.000 0.041 0.083 0.041
BASIC SHELL 12619.795 1390.072 200.000 200.000 14.101 16.560 14.101

AFT CLCSURE 6206.072 1500.465 200.000 200.000 3.774 6.310 3.774
6AS I C SHELL 3110. 1.035 14S6.589 2GU. 000 200.000 1.781 3.042 1.7411
AFT	 SKIRT 2i13.739 1490.292 200.000 2000000 1.436 2.765 1.436
NOZZLE BOSS 982.148 1534.634 200.000 200.000 0.252 O.SO3 0.232

SEGMENT	 ATTACH PROV d S IUNS 579. {1300 921.929 2CO.000 200.000 14.409 0.758 L4.40c.
DINS 307.200 889.350 2CO.000 200.000 6.770 0.404 6.170
RtTA1NERS 82.800 889.350 200.000 200.000 1.825 0.109 1.825
BULTS 34.000 885.350 200.000 200.000 0.749 0.045 0.749
SEALANT 155.000 101i.050 100.000 200.000 4.702 0.2GO 4.702

MOMENT OF INERTIA IS IN SLUG FEET SQUARED 01VIDEO BY 1000 ABOUT AXES
THRU THE CENTER OF GRAVITY



TABLE 10-3. SEQUENTIAL MASS PROPERTIES DATA SAMPLE FORMAT

bASELM SULID ROCKET MOTOR SPACE SHUTTLE 156 IN BOOSTER-PARALLEL BURN

WFIUH T CENTER JF	 GRAVITY MOMENT OF	 INERTIA
I LBSI LONG. LAT. VEPT. PITCH ROLL YAW

LAUNCH 1371144.854 917.536 100.273 200.046 38553.706 1055.334 38551.094
TIME	 C.00

VEG I N ACT ION TIME 1314 3271 . 9q b 918.65r 200.2 79 200.046 37710.543 104 1.589 37 101.931
TIME	 =	 3.00

10 PERCENT 1,2%6381.0-06 912.45 1 20U.300 200.050 34299.927 100 3.581 34 79 7. 313
TIME	 a	 13.42

[0 PERCEN T 1115974.479 918.900 100.336 200.05t 30918.134 943.825 30915.511
]!ME 	 =	 26.8 4

30 PERCENT 985013.030 9 33.897 200.380 100.063 27163.359 877.719 27160. 739
TIME	 •	 40.26

0

w+ 40 PERCENT 854314.116 938.100 200.438 200.073 23534.930 803.122 23531.30;
T IME	 =	 53.68

SO PERCENT 724800.541. 941.441 200.517 200.086 20063.675 720.812 20061.046
T IME	 67.10

b0 PERCENT 597716.164 943.741 200.6k? 200.1CS 1`780.959 628.410 16778.320
TIME	 =	 80.51

70 PERCENT 474068.236 944.40b 200.790 200.131 13712.109 526.046 13110.057
TIME	 =	 93.93

r,0 PERCENT 354914.226 941.986 201.056 200. 1 /b 10881-106 413.741 10878.433
TIME	 =	 107.35

90 PERCENT 24 1 S32 . 02 8 932.926 201 . 551 200.159 8345.499 292.360 8342. 706
TIME	 a	 120.77

ENU OF	 ACT ICN TIME 146780.677 941.321 202. 5S1 200.425 6645.357 171.245 6b42.S66
TIME	 134.80

MUMLNT OF	 INERTIA	 IS	 IN SLUG FEET	 SQUARED OIVIOEC	 BY 1000 ABOUT AXES
TMRU THE CENCEK	 OF	 GRAVITY

i
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10.3.5 Mass Properties Verification

Each critical mass property shall be verified by Thiokoi. The nicthod of
verification will be presented in the verification plan and used only after appnval
of the procuring activity.

Contract end item massro erties µill he verified b Thiokol us i ng methodp P	 Y	 jg a
of verification to be presented in the verification plan and used only after approval of
the procuring activity.

10.3.6 'Mass Properties Report Plan

Reports will W submitted by Thiokol in accordance with MIL-M-38310A
unless altered by this document or the procuring activity.

Reports submitted during the acquisition phase shall be as required in
Table 10-4. P ragraphs quoted under "Tasks" and "Report Elements" are referenced
from NIIL- M-38310A.

Fxcc'P tions to MIOL-NI -38310 4 as shown in Table 10-4 include: 	 L^

t
1. Deletion of the requirements to provide "pa..rameters	 Sand inventory of fluids arxi propellants loaded" and

"capacity and loading information for fluids and pro-
pellwits" data from all reports since they are of
primary use when dealing with liquid rocket motors.

2. Deletion of the requirement to provide in the firstq 
status report a "mass properties verification plan,
an operational support plan for R & D, and a program
plan. These plans will be submitted as separate
procedural reports.

3. Deletion of the requirements to provide an operational
support plan for orbital phase either as a separate
report or in the first status report since the SRM Stage
is used and jettisoned prior to orbital phase.

4. Deletion of the requirement to supply a detail report
annually.

5. Deletion of the requirement to supply a "Fluid and
Propellant Verification Plan" which is primarily for
liquid rockets.

10-12	 1



TABLE 10-4. RvioftT CONTENT AND SUBMITTAL SCHEDULE
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10. 3. 6. 1 	 Mass Properties Reports

As a substitution for the mass properties history log required for each SRM,
'Thiokol will provide a "Weight and Balance Record Report," an "Actual Weight and
Balance Report, " and a "Sequential Mass Properties Report.

10.3.6. 1. 1	 Weight and Balance Record ReportPort

The Weight and Balance Record Report will provide actual weight and
measured or calculated cg data of the end item as shipped. 	 The report will become
a part of the contract end item log and will remain with the contract end item until
it is fired.	 Responsible personnel will use this report to maintain weight and balance
control in the field.

withinFollowing is a brief summary of the d:it:r that will be contained 	 rthir the
Weight and Balance Record Report and a sample of the proposed format.

1.	 Title Page--The title page contains the title of the report,
the serial number of the end item and approval signature.

2.	 Introduction--The introduction will contain a brief
description and intended usage of the charts and forms
contained within the report. `t

3.	 Center-of-Gravity Reference Diagram--This page will
be for use by field personnel to locate items added or
removed from the end item; it also provides pertinent
end item dimensions (see Figures 10-4, 10-5 and 10-6).

4.	 Weight and Balance Data Sheet--This page will be used
to determine the end item weights and center-of-gravity.
These data will include harness components which sup-
port the end item at the time of weighing.

5. Component Weighing Check List--This page will provide
weight and center-of-gravity of components added to or
deducted from the end item weight as shipped ( see
Table 10-5).

G. Weight and Balance Change Record--This page will
provide a talydation, weight, arm, and moment of
items added or deducted to derive the weights as
shipped. This page also will be used to record times
added or deducted in the field (see Table 10-6).

10-14
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TABLE 10-5. C011P0NEN'I' k%El6III P;G C'IIECK LIST
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TABLE 10-6. 1'I f.IG1iT AND BA I-ANCE CHANGE REC0I11)

G
Iti
CC

WEIGHT AND BALANCE CHANGE RECORD

ASSOCIATE CONTRACTOR	 CONTRACT NO.	 REPORT NO.
COMPONENT	 __	 LOT NO.	 CATS
MODEL NO.	 DRAWING NO	 PREPARED

';ERIAL NO.	 U.O. MISSILE	 __	 __	 _.	 _	 APPROVED

EQUIPMENT CHANGE RECORD
WEIGHT AND BALANCE

WEI;,HT
X AXIS Y AXIS

ARM	 MOMENT

Z AXIS

S.'N

`
DESCRIPTION OF EQUIPMENT lRM

^"
MOMFNT ARM MOMENT

IT

FORM rC NO. 97'



7. Specification Comparison Page--This page will provide
a comparison of the actual values to the specification
values of weight and center-of-gravity (see Table 10-7).

10.0".6. 1.2 Actual Weight and Balance Report

An Actual Weight and Balance R^port will provide the actual weight arri
center-of-gravity of the components that make up a complete SRM.

Following is a brief summary of the data that will be contained within the
Actual Weight and Balance Report and a sample of the proposed format.

1. Title Page--The title page will contain the title of the
report, the serial number of the motor being reported
on, and the approval signatures.

2. Introduction--The introduction contains a summary of
the report contents and a summary of the motor weight
and center-of-gravity.

3. Center-of-Gravity Reference Diagram--This page pro-
vides pertinent motor dimensions ( see Figure 10-3).

i^
4. Summary Mass Properties- -This page will contain a

summary of expended and unexpended weight, center-
of-gravity, and moment of inertia (see Table 10-8).

10.3.6 . 1.3 Sequential . Mass Properties Report

A Sequential Mass Properties Report will provide weight, center -of-gravity,
and moment of inertia as a function of time (see Table 10-3).

10.3.6 . 2 Inputs to Other Reports

Thiokol will provide the following mass properties uiputs to other reports.

10.3.6. 2.1 Motor Test Plans

Thiokol will include in each motor static test plan the regtirements for
measurement and reporting of post-test mass properties prior to and during dis-
assembly of each static tested motor.

10.3.6. 2.2 Quick-nook Reports

Thiokol will include in each Quick-Look Report for each static tested motor
the total motor. (CEI Configuration), measured mass and center-of-gravity and "he
measured total motor propellant and inert weights.

IO-20	 ^^
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TABLE 10-8. MASS PROPERTIES SUMMARY SAMPLE FORMAT

BASELINE SOL[9 ROCKET MOTOR SPACE SHUTTLE 156 IN BOOSTER- PARALLEL BURN

1

O

N

WE IGHT CENTER OF	 GRAVITY MOMENT OF	 INERTIA
1L8S1 LONG. LAT. VERT. PITCH ROLL YAM

CASE 102754.980 916.487 200.000 200.000 2951.267 130.792 2951.261
FORWARD SEGMENT 14395.115 362.327 2(0.000 200.000 16.934 17.215 16.934
CENTER SEGMENT	 1 22943.254 6C9.3?5 200.000 200.000 49.373 29.955 49.373
CENTER SEGMENT	 2 22943.254 89C.875 200.000 200.000 49.373 29.955 49.373
CENTER SEGMENT	 3 2294 3.254 11 12.315 200.000 200.000 49.373 29.955 49.373
AFT SEGMENT 189501505 142S.9a5 2CJ.000 200.000 29.052 22.953 29.OS2

INSULATION 11905.618 925.203 200.000 200.000 5950196 13.010 595.196
EXPENDED PAT 0.949 386.019 200.000 200.000 0.000 01000 0.000
EXPENDEC TORT 4076.941 920.789 200.000 200.000 199.181 4.404 199.181

FORWARD SEGMENT 1300.023 374.124 200.000 200.000 1.549 1.413 1.549
CENTER SEGMENT 1 468.6411 606.018 200.000 200.000 1.862 0.587 1.862
CENTER SEGMENT 2 468.640 881.518 200.000 200.000 1.862 0.587 1.832
CENTER SEGMENT 3 468.640 1169.018 200.000 2000000 1.8612 00587 1d862 
AFT SEGMENT 1310.999 1473.273 200.000 200.0002.100 1.231 21100

UNLXPENDE0 EAT 7827.727 927.579 200.000 2000000 395.307 8.605 395.307
FORWARC SEGMENT ?t12.546 319.002 2CO.000 200.000 2.658 2.948 2.858
CENTER SEGMENT 1 82r.304 609.136 200.000 200.000 2.355 1.075 2.355
CENTEk SEGMENT 2 927.304 891.236 200.000 200.000 2_355 1.075 2.355
CENTER SEGMENT 3 827.304 1172.736 200.000 200.000 2.355 1.075 2.355
AFT SEGMENT 2733.269 1484.911 200.000 00.000 3.422 2.433 3.422

LINED 1271.973 912.128 200.000 200.000 36.395 1.562 36.395
EXPENDED PAT 3.370 811J.975 200.000 100.000 0.098 0.004 0.098
FORWARD SEGMENT 0.534 388.281 200.000 200.000 0.001 0.000 0.001
CENTER SEGMENT 1 0.745 581.765 200.000 200.000 0.003 0.001 C.003
CENTER SEGMENT 2 0.745 663.265 2(0.000 200.000 0.003 0.001 0.003
CENTER	 SEGMENT 3 0.745 1144.765 200.000 200.000 0.003 0.00I J.003
A FT SEGMENT 0.603 1311.510 200.000 200.000 0.001 0.001 0.001

E X PF NDE D TDAT 636.271 8 88.6 73 200.000 200.000 25.159 0.754 2 5. 759
iURMARC SEGMENT 180.124 377.361 2CJ.000 200.000 0.203 00199 0.203
CENTER	 SEGMENT 1 95.697 609.371 200.000 200.000 0.341 0.120 0.341
CENTER SEGMENT 2 95.697 890.811 200.000 200.000 0.341 0.120 0.341
CENTER SEGMENT 3 99.697 11 12. 371 200.000 200.000 0.341 0.120 0.341
AFT SEGMENT 168.456 1433.475 200.000 200.000 0.27( 0.1% 0.270

UNLXPE140ED EAT 638	 333 935.683 200.000 200.000 10.385 0.625 10.385
FORWARD SEGMENT 1.430 390.370 200.000 200.000 0.001 0.002 0.001
CENTER	 SEGMENT 1 192.927 6C90259 200.000 2000000 0.244 0.249 0.244
CENTER SEGMENT ? 192.52 7 89(.759 200.000 200.000 0.244 0.249 0.244
CENTER	 SEGMENT 3 192.927 11 72.259 200.000 200.000 0.2+4 0.249 0.244
AFT	 SEGMENT 58.120 1356.475 200.000 200.000 0,045 0.075 0.045

MOMENT OF INERTIA IS IN SLUG FEET SQUARED 0[VIOEO BY LOCO ABOUT AXES
THRU THE CENTER OF GRAVITY



Inal Motor Reports

will include in each final motor report the following mass properties
motor.

1. A comparison of the measured motor mass properties
and the contractual requirements.

2. The motor weight and balance summary showing major
assembly weights of the motor in the as-built configuration,
CEI configuration, post-fired configuration, and CEI end
action time configuration.

3. A weight and balance record documenting the changes from
the "As-Weighed" prefire and post-fired configurations to
the "CEI Prellre" and "CEI End Action Time" configurations.

4. A center-of-gravity reference diagram.

10.3.6. 2.4 Final Test Series Summary Reports

Thiokol will include in each Final Test Series Summary Renort the following
mass properties data.

1. A mass properties summary showing major assembly
weights, total inert weight, total propellant weight, total
prefire motor weight and three axis center-of-gravity
data (CEI Configuration) and total end action time for
each motor. It also will show the mean, standard
deviation, and three sigma variation as calculated for
the entire group of motors for each of the mass proper-
ties reported on individual motors.

2. A comparison of the group means and three sigma
variations as calculated above with the contractual
requirements.

3. Recommendations for changes in production mass
properties limits based cn the measured data shown
for the entire group of motors tested.

10-L3
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10. 3. 6. 3 Production Phase Reports

Reports submitted during the production phase will include:

1. Detail Report at FACI per column 11, Table 10-4.

2. Weigh and balance record per paragraph 10.3.6 for
each end item.

3. Actual Weight and Balance Report for each complete
SRM.

4. Operational Targeting Data Report as required by
the customer.

Table 10-4 constitutes the required schedule of submittals. The weight and
balance record will be included in the motor log book with a copy being shipped with
the end item. The Actual Weight and Balance Report will be submitted within 14 days
after SRM assembly completion at the launch site.

10.3.6 . 4 Approvals

Procedural reports listed in Table 10-4 "(for approval)" must be
approved by NASA. All others are for information only.

10.3.7 Actual Weight and Balance Program

Parts fabricated by Thiokol will be weighed according to special weighing
procedures documents prepared by the mass properties engineer. The procedures
documents, coordinated with planning and scheduling activities, will specify the
item and assemblies to be weighed, the status of the assembly at weighing, the
methods of weighing, recording, and forwarding actual weight data to the mass
properties section. The implementation of these procedures will assure that pre-
cise and accurate mass properties will be provided on a timely basis.

All weighments at the contractor ' s facility will be performed on equipment
that is certified by authorized specialists at scheduled intervals according to
Specification MIL-C-45662A. Readout devices shall be- capable of indicating weight
as specified in Table 10-9. Equipment will be calibrated to an accuracy of + 0. 17
of capacity.

Thiokol will design, develop, fabricate, or acquire the the test equipment
required to measure the center-of-gravity of the assembled motor segments. The
equipment will be designed to obtain the measurement accuracies needed to comply
with the center-of gravity limits specified by the customer.

10-24
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TABLE 10-9. WEIGHING EQUIPMENT

Weight Range (lb)	 Readout Increments (lb)

0-25	 0.01

0-175	 0.10

0-500	 0.25

0-5,000	 0.50

0-20,000	 1.00

0-40,000	 5.00

Detailed parts and subassemblies will be weighed in the shop as fabrication
is completed. Major assemblies will not be weighed until they are at least 95(1

i	 complete. A missing items list will be prepared at each major weighiag so that
j	 missing item actual weights can be added when available.

Total SRM Stage weight and cg will be determined by combining the actual
weight and measured or calculated cg data of the major assemblies and other indi-
vi(Nally measured items, and computing total characteristics.

Part weights taken in the shop will be recorded on a form which will give
each part a unique identification (eg, drawing number, next assembly, nomenclature,
Contract End Item (CEI) number, etc). Actual weight data will be taken from these
records and placed in the accounting data storage and retrieval system. The data
flow pattern is illustrated in Figure 10-2.

10.3.E Field Program

Since weight data will be determined on all components before they leave the
f	 contractor's facility, no extensive field program is planned. A system will be

developed who	 s	 nu	 s	 he field shall be for-whereby oriel tuber of components changed in t 	 i
warded to the mass properties section. These revisions will be incorporated and
the revised miss properties report will be submitted to the customer. Implementaticn
of this plan will provide critical performance mass property inputs for trajectory

r	 simulations which will be in agreement with the current configuration and planned
propellant utilization.
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10.3.9 Postflight Weight Analysis

11The postflight weight analysis program will. provide the capability for post-
flight analysis to determine modifications needed in the critical performance weights
to be used for succeeding flights.

Weight conditions at launch, determined as part of the Field Program will be
compared to the final preflight weights. An evaluation will he made of the critical
flight performance weights (minimum burnout, main impulse propellant, wid weight
at the start of web action time), and the uncertainties experienced.

10.3.10 Improvement Potential Program

A program will be established for the purpose of identifying areas of EHitential
weight reduction. All significant outputs of this program will be included in the
design phase niass properties status reports for review and final action by NASA.

n I
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11.0 LOGISTIC SUPPORT PLAN

11.1 INTRODUCTION

Thiokol Chemical Corporation will provide logistic support for the Solid
Rocket Motor (SRM) Stage equipment during the site activation, flight test and
production programs. This effort will include depot level maintenance and over-
haul support at Thiokol's or the vendor's facilities and site level maintenance
support.

Thiokol will pr ,)vide adequately trained and certified personnel to perform
the inspection, checkout, calibration, maintenance and operations support functions
for the SRM Stage equipment. Spare support to satisfy the maintenance and over-
haul requirement of the SRM Stage and associated ground support equipment (GSE)
will be provided.

Modes of transportation, including methods of packaging and preservation
S	 of hardware, will be provided which best satisfy the system requirements.

This Logistic Support Plan will be used as the basis for implementing, in
conjunction with NASA, Thiokol's Logistics Program. The procedures contained
herein v1111 provide the Management tools required for efficient and economical
utilization of human and material resources in the performance of an integrated
logistic support program.

11.2 OPERATIONAL SUPPORT

Thiokol will develop Logistic Support concepts and requirements at the
earliest possible time in the program. Thia will assure the timely delivery of
ground support equipment, operation and maintenance manuals, spare parts,
etc, to support the SRM Stage. Upon receipt of contract go-ahead Thiokol will
implement a system requirement analysis, operations analysis, and maintenance
engineering analysis program to develop detailed Logistic Support requirements
and equipment as a parallel effort to the SRM Stage verification program.

The following paragraphs define (1) a recommended preliminary Logistic
Support concept, (2) a preliminary operational ground support equipment list,
(3) technical manual development and (4) a preliminary list of recommended spares
to support the operational site.

11.2. 1 Operational Support Equipment Concept

Operational Support is defined as all required support of the SRN1 Stage
from SRM Stage shipment from Utah, through delivery to the Kennedy Space
Center (KSC), to completion of the assigned mission. To form a basis for

0
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developing ground support equipment requirements, the following assumptions were
made.

1. On pad maintenance will consist of removal and
installation of modules or subassemblies. Removable
Items are listed as spares under paragraph 11.2. 4
below.

2. Ordnance unit checkout after space shuttle vehicle
integration will be limited to monitoring to assure
safe or arm condition and connector mating integrity.

3. Tb a integrated space shuttle system orbiter or
ground power will furnish all required excitation
and stimuli to perform a complete functional check
of the Thrust Vector Control system after SRM
Stage/Space Shuttle integration.

4. Maximum assembly of SRM Stage components will be
accomplished prior to transfer to the VAB for SRM
buildup.

5. All components coming from vendors directly to the
KSC will be packaged for shipment by the vendor and
shipped via common carrier.

6. The facilities used for assembly of the Space Shuttle
Vehicle will be capable of lifting a 200-ton load.

7. A railroad extension will be provided from the
existing railroad to a building (RISS Building) to

•	 be built near the Space Shuttle Vehicle Assembly
building.

8. A roadway will be built from the new RISS building to the
Space Shuttle Vehicle Assembly building that will
handle approximately 400, 000 lb loads.

0.	 Checkout of the SRM before integration with the
Space Shuttle will be accomplished to the maximum
extent possible to preclude a tear-down due to
anomalies found during combined system tests.

10. Ordnance safe and arm devices will not be installed
until after the combined system tests. Simulators
will be used to this point.

11. All shipment of SRM segments to the KSC will be
via railroad.
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12. A low pressure test of the assembled SRM
will be required to check for leaks in the SRM.

13. The support base on which the SRM Stage is
assembled will have capability for SRM vertical
alignment.

	

14,.	 The support base will be provided by NASA.

	

15.	 Maintenance will be performed either at the site,
at 'Thiokol /Wasatch, or at the vendor, as
applicable.

The above listed assumptions form a basis from which the preliminary
system requirements analyses (SPA), performed as a part of this contract, were
generated. Those items of GSE identified along with other data contained herein
are resulte of the preliminary SRA and these assumptions. After contract award
for future work, as changes occur to the assumptions or additional facts are
generated, appropriate changes to the SRA and consequent clAnges to the lists,
etc, herein will be made.

11.2.2 Ground Supi. o t Equipment List

The following preliminary list and description of GSE have been defined,
through a preliminary operations analysis, for use for SRM shipment from
Thiokol/Wasatch to the KSC and throughout all operations at the KSC.

1. Ordnance Test Set--The ordnance test set will be
used to completely test all ordnance units and
associated cabling used on the SRM Stage. This
will include cycling time, squib and motor resist-
ance, continuity resistance, and hi-pot leakage
resistance. Test currents will be fail-safe
limited to prevent inadvertent firing of electro-
explosive devices.

2. Electrical System Checkout Set, Rocket Motor--
The electrical system checkout set will consist
of all necessary adapters, connectors, etc, to
provide for checkout of accelerometers,
temperature sensors, and pressure transducers.
The unit will check all transducers used on the
SRM Stage using actual stimuli where possible
to assure proper transducer operation. It will
detect stray voltage in the electrical system and
check continuity of combined SRM electrical
circuits.

11-3
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3. Safe and Arm Device Simulator--A safe and arm
device simulator will be used to facilitate a
complete checkout of the SRM Stage/Space Shuttle
interface during combined system tests. The test
will include checkout of safe and arm signals and
firing voltages and currents.

4. Semitrailer--A semitrailer will be used to support,
restrain, and protect the SRM segments from
dynamic environments during transportation from
Thiokol/Wasatch to the railnead at Corinne, from
the railhead at KSC to the RISS building and from
RISS building to the VAB.

5. Tiedowns--Tiedowns will be used during rail and
highway transport.

6. Electrical Lead--Electrical leads are required to
provide static electric grounding of the SRM segment
during transfer.

7. Tractor--A tractor is required to provide mobility
to the semitrailer.

8. Breakover Stand--A breakover stand is required to
support SRM segments and break these segments
over from horizontal to vertical with the use of a
crane and lifting devices.

9. Segment Lifting Device--A segment lifting device
is used to lift the segments in transfer and
assembly operations.

10. Support Chocks--Support chocks are required to
support the SRM segments during highway and rail
transport.

11. Rocket Motor Leak Test Set--A test set is required
to enable the assembled SRM to be leak checked,
at low pressure, after assembly.

12. Work Platform--Work platforms are required to
enable inspection, subass 3mbly, assembly
preparation, and SRM assembly operations.

Nozzle Alignment Set- .•A nozzle alignment set is
required to enable nozzle checkout and alignment
with the Shuttle vehicle.



14. Storage Chocks--Chocks are required at the storage
area to s°.c'>;:art the SRM segments.

15. Protective Cover--A protective cover will be used over
the SRM segments during shipment to prevent damage
to the case and propellant.

16. Battery Charger and Test Set--The battery charger and
test set will be used to chargo- the SRM airborne
batteries and check the charge level of the batteries
at various times.

17. Dummy Storage Battery--The dummy storage battery
will be used to permit system electrical checkout
without using the airborne batteries.

18. Electrical Cable Test Set--All electri cal cabling will
have end-to-end continuity checks using the electrical
cable test set.

19. Ladder, Nose Cone--Access to the assembly points
for various components that are in the nose cone
wall be provided by using the nose cone ladder.

20. Shipping Container, Nose Cone--A container for nose
cone shipment will be provided.

21. Lifting Adapter and Lifting Sling, Nose Cone--In
order to handle and lift the nose cone, all adapter
and slings used will interface with the facility

.,,,..,	 crane.

22. Nozzle Shipping Links--Shipping links are required
to secure the nozzle during shipment of the aft
segment with nozzle on.

23. Case Stiffeners--Stiffeners for case shipment
and handling will be required at the case joints.

24. Shipping Containers, S & A Device--Containers for
shipping safe and arm devices will be provided.

25. HPU/Nozzle Test Set--A test set will be required
to check out the HPU and HPU/nozzle during
operations at the RISS building and Vehicle
Assembly building.

26. O-Ring Fabrication Tool--An O-ring fabrication
tool will be needed for fabrication of O-rings
used in SRM assembly.
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27. Lifting Beam, Loaded Se7ment--A lifting beam which
interfaces with the .segment lifting device and the 200-
ton cranes will be provided.

28. Lifting Sling--Miscellaneous lifting slings will be required
for handling components during assembly and -ubassembly
operations.

11.2.3 Technical Manuals

As a result of the SRA, operations analysis, and MEA, the requirements
and required content of the operation and mair tenance manuals, calibration
and test procedures, checkout procedures, etc, are identified. These manuals
will be prepared in accordance with Thiokol standard procedures and NASA
requirements. The manuals will enable a technician to properly operate,
assemble, check out and mainLiin all subsystems and components of the
SR M Stage.

11.2.4 Spare Parts List

The following is a preliminary SRM Stage spare parts list for those items
required at KSC to support production of the Space Shuttle Vehicle.

_t	 Name

TBD Safe and arm devices
TBD Electrical cabling
TBD Raceway covers
TBD HPU
TBD TVC Actuators
TBD Battery Set
TBD Assembly Hardware
TBD Power Distribution Box
TBD Ordnance Distribution Box
TBD Recovery System Components
TBD Thrust Termination System components
TBD Attack Structure Components

In addition, the following spare parts will be required for the :1SE: TBD
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11.3 MAINTENANCE

Thiokol will satisfy the maintenance requirements for the SRM Stage
system through stablishment of a system maintenance program. This program
will assure system readiness of the SRM Stage and provide effective support for
both ground and airborne systems. The maintenance program %k ill enumerate
all t,ystem support action required for retaining or restoring the equipment to
an acceptable operating condition.

11.3. 1 Maintenance Program

Upon contract award a maintenance analysis will be conducted on a parallel
basis with the SRM Stage verification program. Maintenance functions and require-
ments will bE developed for all items of flight hardware and ground support equip-
ment in accordance with NASA requirements. The maintenance requireents will
be coordinated with the maintainability programs. These data will be incorporated
as qualitative maintainability requirements to minimize complexity, design for
minimum quantity of tools and test equipment, and provide optimum accessibility.
Maintenance time predictions will be provided by maintenance engineering  for
comparison with the apportioned maintenance times established in the quantitative
maintainability analyses.

Subsequent to the development of maintenance functions and requirements,
'be list of maintenance equipment needed to support the systems operation will
be completed and recorded in the Configuration Items list. :Maintenance loading
wal be established as 3 result of trade study analysis of equipment, spares, and
personnel required to effectively maintain Thiokol's equipment. The correlation
of the equipment, spares, personnel and queuing of maintenance requirements will
establish the total maintenance ground equipment (NIGE) and maintenance personnel
required at the site and depot maintenance locations.

The equipment and personnel quantities and maintenance loading data Hill
be submitted for review by NASA. Technical direction from this review will permit
a Preliminary Design Review (PDR) of the design approach for the maintenance

i 
1	

facilities and maintenance equipment. Based upon the results of the PDR, i.e.,
` approval or incorporation of changes that may be recommended, the design of the

maintenance equipment and facilities will be initiated. The design of the mainten-
ance equipment will be coordinated by maintenance engineering personnel and will
reflect any changes required to provide maximum system effectiveness. During
design of the equipment, Thiokol will, as contractually directed by NASA, prepare
calibration, certification, and measuring standards to be utilized at site or depot
level maintenance.

Based upon system engineering documentation, Thiokol will, ^%Jth approval
of NASA, establish final quantiry requirements for equipment. End item mainten-
ance documentation will be used as the criteria for establish.ng NIGE quantities.
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Based upon the approved quantities of equipment and maintenance loading, the
selection and identification of spares quantities will be established. These spares
quantities will be sufficient to support the Integration and Checkout during DDT&E
and production for the SRM Stage.

The Functional Configuration Audit (FCA) for operations and maintenance
equipment will be con&,cted by Thiokol as specified by NASA. Successful com-
pletion of the FCA will initiate production of the equipment required in the program.

Demonstration and verification of operations and maintenance equipment will
be accomplished as specified by NASA. The Physical Configuration Audits (PCA's)
are required prior to acceptance test/verification. All changes to the equipment
subsequent to the PCA will be accomplished by means of ECP's. Installation and
checkout and test procedures %rill be reviewed to assure the maintenance require-
rnents are satisfied.

Evaluation and verification of the maintenance task times established for the
SRM Stage will be initiated during the installation and checkout of Thiokol's equip-
ment. Completion of the evaluation and verification of the maintenance task times
will be accomplished during the flight test program, however, special hardware
tests will not be performed. The maintenance task times will be compiled during
activation and flight test periods, utilizing maintenance activity required for the
SRM Stage and systems support h-rdware. The compilation of the task times will
serve for conside7ation of design and/or maintenance planning during the opera-
tional phase of tie SRINI Stage.

11. 3.2 Maintenance Responsibilities

System support for maintenance of the SRM Stage will be provided by
Thiokol in accordance with the specified launch requirements. Launch site main-
tenance will be the responsibility of Thio^:ol's launch operations organization. The
responsibility for depot maintenance is assigned to Thiokol's manufacturing organi-
zation.

Prime responsibility of this launch site maintenance organization is to
assure systems readiness of the SRM Stage. This readiness will be accomplished
primarily through planning, scheduling, and controlling maintenance of the ground
sy stems such that any required maintenance will not interfere with planned opera-
tions of the airborne systems. For the airborne systems, the launch site responsi-
bility will be to maintain the launch readiness requirement of the SRM Stage and,
if required, perform corrective mainter_ance to return the SRM Stage to an opera-
tional status within a specified period of time. The launch site maintenance program
will be coordinated with NASA to assure timely and efficient achievement of the
maintenance activities. During the flight test program, the launch operations
personnel will establish design and maintenance criteria for incorporation in the

0 
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maintainability program. These criteria will be based upon knowledge gained
in Thiokol's solid rocket motor programs (Minuteman) and advanced research
programs on 120 in. and 156 in. diameter solid motors.

The depot maintenance organization will be responsible for establishing
and sustaining the capability for returning the ground and flight systems to a
serviceable status with specified tests and maintenance equipment, within a
specified period of time and at a specified percent of unit cost. The requirements
for depot maintenance and material support will be accomplished within the manu-
facturing organization of Thiokol. Thiokol will establish the required maintenance
support for the SRM Stage including maintenance facilities, maintenance procedures
and training, and spares handling and storage. Coordination will be maintained
witl'i the systems design and maintainability program personnel to assure cornpati -
bility with the maintenance program requirements.

11.3. 3 Maintenance Levels

The contractor will implement the maintenance program to support two
discrete maintenance levels, i.e., site and depot maintenance.

1 L. 3.3. 1 Site Maintenance

The basic philosophy for the site maintenance program is to conduct both
scheduled and unscheduled maintenance for the ground support equipment (GSE)
and to conduct only unscheduled maintenance for the airborne equipment. The

_	 scheduled maintenance program for the CSE will provide procedures for inspection,
testing, servicing, calibration, and reconditioning the equipment at regular intervals.
The objective of this preventive maintenance program is to prevent equi pment failures
in service, and to retard wearout deteriorations. During the design and verification
program the maintenance engineering group will establish the period'i'c maintenance
program for the ground equipment, based upon calendar or use time for each item.
This periodic maintenance program for the launch site does not include overhaul.
All overhaul activities associated with the ground support equipment will be con-
ducted at Thiokol's or vendor's facilities. As stated previously, the maintenance
program for the airborne equipment will be unscheduled maintenance. This un-
scheduled, i.e., corrective maintenance, will be performed to restore the airborne
equipment to a specified operating condition, within a specified time, such that
system readiness of the SRM Stage will be assured. Maintenance engineering will
coordinate with the maintainability program to establish criteria for corrective
maintenance of the airborne equipment. This criteria will include qualitative and
quantitative requirements and will be directed at achieving maximum effectiveness
of she maintenance resources.

Subsequent to FACI, the launch site maintenance program will operate
under the principle of management by exception. This implies that actions or inei-
den'b ^Oiieh vary markedly from estahlished standards will be singled out or
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"excepted" for special management consideration. This includes subsystems and/
or components which consistently fail to attain readiness standards, and sub-
systems and/or components which have an abnormally high maintenance support
index. All "excepted" items would be evaluated through design reviews, and
corrective designs will, with the approval of NASA, be incorporated. This process
of management by exception is particularly adaptable to data processing techniques
wherein historical documentation of maintainabiiity index would be provided for
management control. of the maintenance program.

t;
Two items of special consideration for the site maintenance program are

the use of mobile maintenance teams, and the philosophy of ca.,mibalization as a ^i
source for replacement of components. In the event that problem areas do arise, 	 i
selected individuals from Thiokol's or vendor's facilities would be utilized for on-
site inspection and evaluation, with the maintenance activities being accomplished 	

r

by Thiokol launch operations personnel as part of the site maintenance. The
requirement for cannibalization, as a source for replacement of components, is
dependent upon the spares provisioning program . t%ii adequate processing and
provisioning program will be implemented to eliminate tnY requirement for
cannibalization.

11. 3.3. 2 Repot Maintenance

The depot maintenance program will be conducted at Thiokol ' s or vendor's
facilities. Objective of the depot maintenance program is to directly support the
site maintenance activities through an effectual provisioning of the ground and
airborne systems. Depot maintenance activities include overhaul, repair, and
testing of unserviceable items commensurate with a specified criteria for replace-
mert based on a percentage of end item cost. During the design and verification
program, criteria for repair or replacement will be established. In addition, the
maintenance engineering activity during these early months will include coordina-
tion with the design and maintainability program, establishment of maintenance
cycles, and establishment of maintenance procedures. The logistics cycles will 	 -

i
be established based upon predicted IVITBr systems requirements and periodic
sy stems requirements for the ground and airborne items. As the systems
operating and maintenance characteristics become known, the logistics cycles will 	 t

t;
be varied to sustain sufficient replacement items for site maintenance activities.

11.3.4 Maintenance Cycles 	 I t

The contractor will establish the scheduled and unscheduled maintenance
requirements for the airborne equipment and GSE, as applicable. The systems
maintenance requirements will be developed utilizing NASA required documenta-
tion. These data will be summarized to identify and correlate frequency of main-
tenance occurrences and personnel, VIGE, and spares provisioning. The
compilation of calibration requirements will be integrated in the maintenance 	 •!!
task analysis to define measuring and alignment standards.
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For the initial phase of the flight test program, the schedu ied maintenance
times will be based on anticipated equipment utilization and equipment MTBF data.
As the equipment is utilized in the program, operational availability data will be
utilized to update the scheduled maintenance tasks.
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t 1.3.5 Maintenance Disposition

The airborne equipment and GSE of the SRM Stage normally will be restored
to an acceptable operating condition by providing removal and replacement of items
that have malfunctioned. However, it may be deemed necessary, based on systems
readiness requirements, to perform onsite repairs of the equipment. The standard
disposition for establishing whether an item will be repaired or replaced will be
through utilization of malfunction reports (MR's) and material review actions

•	 (MRA's) . The MR and MRA systems provide documentation and authorization for
each replace/repair action performed. Items which have malfunctioned and are
not repaired at the launch site will be shipped to Thiokol's facilities. At Thiokol's
facility, the item will be processed for disposition using the launch site prepared
MR and MRA forms. A Material Review Board composed of Thiokol engineering and
quality and government quality representatives will review the returned items and
recommend final disposition, i, e. , failure analysis, scrap, modify, or restore
to an operational status. All modified or repaired items will be processed through
Thiokol's or the vendor'; facilities for restoration and subsequently will be quality
accepted and introduced back into the program.

11.3.6 Calibration

The alignment and/or adjustment of the ground and airborne equipment
installed at the launch site will be accomplished using portable calibration
equipment when and wherever practical. Ground and airborne equipment that
must be removed or equipment which may require special calibration will be
transported to either a calibration laboratox iv at the launch site or an off-site
calibration facility. Any operations equipment that requires off-site calibration
will be replaced prior to shipment for calibration unless it can be ascertained by
Thiokol, with the cognizance of NASA, that operational readiness of the SRM Stage
will not be degraded if the equipment is not replaced during the time of calibration.
Accordingly, each item in this special requirements category would be reviewed
and approved separately by the cognizant authority.

11.3.7 Maintenance Procedures

Effective and comprehensive preventive maintenance procedures (PMP)
will be established for inspection, testing, and reconditioning of the ground and
airborne systems. The procedures will enumerate personnel, skills, AIGE
utilization, and time requirements including frequency and time for repair
for each item considered. The personnel to be employed in the preventive
maintenance program will be trained with respect to performing the routine
preventive maintenance tasks such as lubrication, calibration, and cleaning.
Ir. addition, the personnel will be trained to recogrnize potential problems
such as corrosion, contamination, or other system degradation that may require
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aoecial maintenance. Documentation of the special requirements will be maintained
and, where applicable, special procedures will be established to minimize problem
areas and assure systems readiness of the SRM Stage equipment. Maintenance
procedures will be developed in accordance with NASA. requirements.

11.3.8 Maintenance Records

The operations and maintenance status and historical records for SRM Stage
ground and airborne equipment for which Thiokol is responsible will be maintained
in accordance with NASA requireiiaents. A systematic method for documentation of
equipment status will be used including: operations, replacement, maintenance, and
modifications. Thiokol will implement these requirements by establishing standard
procedures for maintaining the records, and training personnel in the use and
compliance with the recording procedures. Personnel authori?ed to inspect and/
or sign exceptional release of repaired equipment will be designated by Thiokol.

The calibration requirements documentation that will be prepared during the
design and verification program will establish the calibration requirements for
the SRM Stage equipment. Those items which impose requirements on NASA
calibration facilities will be coordinated with NASA during the flight test program
to assure compatibility. In addition, periodic calibration requirements will
be scheduled with the appropriate facility so that calibration can be accomplished
on a noninterference basis if practicable.

11.3.9 Maintenance Facilities

11.3.9.1 Calibration Facilities

Two calibration facilities will be utilized by Thiolcol for onsite calibration
of ground and airborne equipment. The.prirr_ary calibration laboratory will be
the government operated Precision Measurement Equipment Laboratory (PMEL) .
The PMEL will be used for calibration of test equipment, 	 government
standard, commercial standard, or SRM peculiar equipment, which present
calibration requirements within the capabilities of PMEL.

The secondary, or emergency, calibration laboratory is to be provided
by NASA. This calibration facility will be utilized for adjustment and/or alignment
of SRM Stage operational equipment which is removed for calibration, and SRa
Stage peculiar test equipment.

11.3.9.2 Depot Facilities

Contractors--Thiokol will accomplish the depot-level maintenance program
through utilization of Thiokol's and/or vendor's manufacturing/repair facilities.
The actual disposition of where the depot maintenance vAll be conducted, i.e. , at
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Thiokol's or the vendor's facilities, will be dependent upon the maintenance action
requ i red. The maintenance location will be established during preparation of
the end item maintenance analysis.

Mobile Depot Team--In providing systems support of the SRM Stage, it is not
anticipated that a mobile depot team will be required. However, in the event of some
unforeseen happening, Thiokol will utilize a mobile team to effect the repair and
return the system to a state of readiness in a minimum time with maximum efficiency.
This team will be technical specialists, the makeup of which will be dependent on
the required repair action.

Government-- Depot level repair and/or overhaul of GF P will be the
responsibility of Thiokol on those iterns for which Thiokol has assigned maintenance
responsibility and will be provision ;d as required to sustain readiness of the
launch site. Disposition for repair of an item will be authorized by the appropriate
NASA Representatives. There are no system peculiar items of GFP identified
in this plan that require authorization for approval of repair.

Site--Thiokol will conduc t, site level maintenance utilizing the RLSS building
to be built near the final assemlly buildin .
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11.4 SPARES

Spare parts requirements will be defined by Thiokol Chemical Corporation's
maintenance analysis. The data derived from the maintenance anal yses will
support Federal stock number screening requirements and the preparation of
reports and applicable documentation for the provisioning of spare parts. Factors
that Thiokol will consider in the identification and selection of spare parts and
quantities include, but are not limited to, the following: installation status;
maintenance function; maintenance limitations of the equipment; functional
area (maintenance at Kennedy Space Center or NASA, or maintenancv performed
at Thiokol Plant or vendor facility); source code (manufactured or procured),
shelf life; reparable or nonreparable characteristics; repair cycle time. wearout
rates (percentage condemnation of reparable item); percentage of operating time;
calibration frequency; inspection frequency; consumption data and reliability
history (failure rates and reports, reliability factors), units /assembly / installation
total program usage; effectivity; need dates /program schedules; and lead time, cost,
and experience with like type equipment. After careful consideration of the above,
Thiokol will establish a recommended maintenance factor to be used in the
following computational formula: recommended maintenance quantity factor
(percentage of spares required to support one line item on one end item for
one month) times the quantity of the line item used on one article times the
number of end articles procured times the number of months of required support
equals the total quantity recommended. Strict inventory controls, consumption
reports, and failure reports established by Thiokol will be used for updating
inventory levels at the applicable maintenance sites.

11.4.1 Spare Parts Selection

Items selected as spare parts will be screened against government
furnished equipment parts lists, excess and long supply lists, Thiokol's records
for common item assets available in our other government programs, and

`	 identification of existing Federal stock numbers. Department of Defense assets
s	 will be screened to insure maximum utilization of existing items. This will be 	 fo

accomplished by screening manufacturers' part numbers or Federal stock numbers
agaiilst the Defense: Logistics Service Center catalogue files for the 

puI'lo, 
se of

revealing or validating Federal stock numbers. Items that are cumen^in
government inventory will be requisitioned through the NASA Contracting Officer

,r
(NCO) as applicable to meet program need dates. Inventory level;3 will be
programed to vary with anticipated wage and maximum utilization shall be
made of existing assets.

11.4.2 Interim Release

Tfdokul will interim release items of long lead time to insure delivery
by predetermined need dates. Items identified as long lead time items will be interim
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released in quantities providing adequate support at minimum inventory level so as
to minimize obsolescence due to desigm changes. In effecting interim release action,
Thiokol will not exceed the funds administratively reserved for spare parts when
there is evidence of such reservation. Interim released items will be included in
the first subsequent spare parts provisioning list not to exceed 30 days from the
date of release. The interim release clause of the contract will be used only
until such time as the first spare parts provisioning list is approved.

11.4.3 Preparation of Spare Parts Provisioning List (SPPL)

The Spare Parts Provisioning List will be prepared in accordance with
NASA's provisioning acquisition documents. The provisioning list will be
sectionalized per each end article being supported and will be an item number
sequenced within each sectiva. All interim released items and Federal stock
numbered items will be identified. i hese lists will be updated at 30 da y intervals.
reflecting new recommendations, changes, deletions, prices, and item delivery
status.

11.4.4 Item Numbering

Thiokol will assign item numbers in sequence to each spare part released
or listed on the Spare PartsProvis;oning List the first time the item is submitted.
If a part is completely superseded, the numeric portion of the item number will
be retained on the superseding part and the alpha indicator will be changed to
the next consecutive alpha letter (e.g., OOO1B). Alpha letters I, O and Q will
not be used as part of the item number. Once an item number has been assigned
to a part number, it will not be reassigned or used in relation to another spare
part furnished under the same contract.

11.4..5 Receipt and Processing of Customer Spare Parts Orders

Upon receipt of spare parts orders in the form of the approved Spare Parts
Provisioning List (SPPL), Thiokol will issue purchase orders to vendor for purchased
items in accordance with applicable procurement specification or release
manufacturing orders to shop units for Thiokol fabricated parts.

Incoming spare parts from vendors or individual Thiokol manufacturing
units will undergo receiving inspection and testing operations in accordance
with applicable specifications currently in use or new specifications that may
be designated by NASA.

Upon completion, of receiving inspection and/or flight acceptance test,
the items will be placed in the Spares Bonded Stores.

Spare parts processed for Bonded Stores will be prepared for delivery in
accordance with NASA's requirements for preservation, packaging ar_d marking of
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spares for protection against moisture, physical damage and other forms of
deterioration during handl.ing, shipment, and storage.

11.4.6 Priced Spare Parts List

Within 60 days after --eceipt of tie approved SPPL, Thiokol will prepare
and submit to the NCO a Priced Spare Parts List ('PSPL) covering items and
quantities ordered. The PSPL will be in the same format and sequence as the
SPPL except the budgetary estimated prices will be replaced by firm ► ,rices.

11. 4.7 Revision to Priced Spare Parts List

Thiokol will maintain the PSPL by preparing and submitting revisions as
additional spare parts orders are received. These lists will be submitted to the
NCO for approval at intervals no greater than 60 day,.

11.4.8 Substantiation of Prices

The unit prices and extended unit prices listed on the PSPL and revisions
thereto will not include charges for compliance with preservation, packing,
and packaging requirements. These charges will be listed at the end of
the lists and will reflect the total price for preservation, packing, and packaging
of all items contained in the list. The price for all items listed on the PSPL
and revision thereto will be totaled on the last page of each document. Thiokol
will provide estimated cost breakdown (e.g., labor hours, material, procurement,
etc.) in sufficient detail to substantiate the prices of major items listed on the
PSPL and revisions thereto.

11.4. g Cancellation Addendum

The charges incurred by Thiokol for spare parts subsequently canceled
1	 by NASA action will be included in a Cancellation Addendum and submitted to

the NCO. Thiokol will endeavor to use those spares quantities cancelled by
the government by diverting such quantities to production. or other uses. The
Cancellation Addendum will, if required, be prepared and processed in the same
manner at the PSPL and appended to the list.

11.4.10 Spare Parts Exhibit

After the prices in the PSPL have been negotiated by the NCO, the list
will be established as the Spare Parts Exhibit by Supplemental Agreement to the
contract. As revisions to the PSPL are negotiated. they will be added as supplements
to the Spare Parts Exhibit and the target cost, target profit, and ceiling prices
appropriately adjusted.
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11. 1.11 Unit ^rice and Target Price

The "unit price, " as used in the SPPL, the PSPL, the Spare Parts Exhibit 1i t

and the supplements thereto, is defined as the unit cost of a spare without preserva-	 0
tion and packing cost and without profit. The "target price" of an item will be the
unit price shown in the Spare Parts Exhibit, or supplement thereto, plus a percentage 	 pi,
factor to cover the preservation and packing cost and profit.

11.4.12 Material Management

A system to accomplish the functions of spare parts, property accounting, 	 T
and inventory control will be developed and maintained by Thiokol.

11.4 .13 Inventory Control and Spares Delivery
s^

Thiokol will maintain property accounting records for all spare parts furnished
under the terms of the contract. Item data records will be compatible with those
used by NASA.

Spare parts will be delivered concurrently with end article deliveries and
shall he in conformance with engineering drawings and/or specifications prior to
release. Major components and spares will be stored in tonded storage areas
at the maintenance locations. Provisions will be made to insure proper
environmental control for flight components and ground support equipment
spare parts consistent with antieinated transportation modes and normal storage
conditions. Items requiring time cycle inspection or having a short term life
span will be identified ana shipped as such. Stock record and consumption
recording will be governed and maintained by Thiokol's provisioning organization
for all parts being controlled. Usage, as recorded from consumption reports	 1
received from maintenance site personnel, will be evaluated on a monthly basis
to determine average monthly consumption for each part and to maintain proper
inv entory levels at the maintenance site. If an emergency condition exists for
an item, the requirement will normally be met from available production stock. 	 »
L this is not possible, the item will be handled on a priority basis 	 9%

The removal of a spare item from Thiokol Spares Bonded Store for shipment
to KSC will be accomplished by completing a Shipping Request Form. This shipping
form will direct the spares storekeeper to ship the items) to Thiokol's personnel
at KSC. It will be the responsibility of Thiokol to select and use the method of
shipment which will be most economical to the Government, considering the
urgency of the individual shipment

I



Upon receipt of the item (s) at the KSC, Thiel:^1 personnel will:

1. P,eceive, store, issue and maintain custodial
responsibility records.

2. Accomplish receiving and shipping actions and
prepare applicable documentation.

3. Provide transpA)rtation, pickup and delivery services.

Spares will be issued to authorized personnel upon receipt of a malfunctioned
or damaged component (except for consumables) accompanied by a signed
requisition form.

Thiokol personnel at KSC will have the full responsibility for monitoring
and 'issuing all spare parts and consumable materials. Each issue will be
reported to the 'Thiokol plant for inventory updating. Spares quantities at the
KSC will be maintained in accordance with an approved allocation list as listed
in the Spares Monthly Status Report (SMSR) . Thiokol personnel at KSC will
check the SMSR upon receipt of each issue and report any variances to the
Thiokol plant for corrective action.

11.1.11 Spare Parts Configuration Management

Thiokol spares provisioning organization will provide configuration control
board representatives to obtain advance information_ concerning design changes or
new engineering releases affecting spare parts recommended and/or on order.

If a design change occurs which affects any spare part on order, the spare
mart order will be prorated and/or adjusted to agree with the design change and
the spare parts provisioning list updated accordingly.

Thiokol, in revising the quantity of spare parts on order as a result of a
design change, will take into consideration a' 1 known factors such as design
improvements, increased operating life. etc, which might warrant an overall
reduction of the total quantity on order.

Spare parts that have been categorized as requiring serialization and control
will be serialized in accordance with the customer requirements. This will include
items that are reparable or subject to removal or replacement at a designated
time and/or items removed for reliability evaluation.

i
	 11.4.15 Spare Parts Modification and Repair Cycle

All reparables generated at the site will be packaged anci shipped to the
Thiokol plant or vendor (as applicable) for disposition. The Material Review
Board will recommend the optimum disposition. (repair, modification, or scrap)
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of returned items. Repair or replacement decisions will be based on need
dates and repair costs as compared to replacement costs. Thiokol will perform
an analysis for those items to be repaired to minimize the repair parts required
and expedite their return to a serviceable condition. Outstanding modifications
will be incorporated upon request of the NCO. Such modifications will be con.sistent
with changes that have received prior approval from the configsiration control
board. Surplus and obsolete parts that cannot be economically repaired or modified
will be reported for disposition.

11.4.16 Stock Balance and Consumption Report

From data contained in the property accounting records, Thiokol will maintain
and furnish to the NCO a Stock Balance and Consumption Report as required by
the contract or as directed by the NCO. The report will reflect as a minimum
item number, part number, Federal stock number, location, total ordered, and
cumulative issues.

This will provide a management tool for replenishment of items and
adjustment of the stockage position by comparing consumption against assets

11.4.17 Lists of Spare Parts

Equipment supplied by Thiokol to another contractor having maintenance
responsibility will be supplied with supporti-ag documentation in the form of
drawings, operating and maintenance procedures, and Lists of recommended
spare parts.

11. 4.18 Data to Support GFP Spares Provisioning

Equipment furnished to Thiokol as Government Furnished Property (GFP)
also will require data in the form of Government Furnished Equipment Parts
Lists (GFEPL), drawings, operating manuals, and maintenance manuals. These
lists will be screened for available assets and requisitioned through the NCO.
Items appearing on the list that are required spares but are not currentl y availablei	 PP	 g	 eQ	 P	 _
in government inventory will be listed on the SPSL and submitted to the NCO for
approval.

11.4.19 Disposition of Excess and Surplus Property

Property which is no longer required to complete any portion of the contract
will be analyzed by Thiokol to determine if the property can be used in support of
other government programs. Spares that become obsolete because of engineering
changes or failure will be analyzed for future application. klodcrnization cost will
be weighcli against factual and predicted requirements. The propemv will be
considered for training purposes and breakdown for spares backup. Spares will
not be termed excess until Thiokol is assured that further utilization is not

ai
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ai

t-

11-20



economically justified. If the property is determined in excess to all applications
available to Thiokol, disposal procedures will be initiated in accordance with the
terms of the contract. Items declared excess will be inspected for condition and
stored until disposition instructions are received from the NCO.
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11.5 PRESERVATION AND PACKAGING

Thiokol will pre.3are preservation, packaging, and packing data for config-
uration items, and spare parts to support requirements of the Space Shuttle SRM
Stagc. Coded data will be furnished on standard "Preservation and Packaging Data
Forms" in accordance with NASA requirements. Preservation, packaging pro-
cedures, and material requirements will conform to NASA requirements.

Preservation compounds will not be applied to surfaces of items to be
packaged which are, protected with solid film lubricants, vitreous or plastic coatings,
rim coated o painted, nor will they b appliedprime c	 d r pa to ,	 r	 ey a pp red to items fabricated from textiles,

plastics, rubber, leather, or items such as prelubricated bushings, or certain 	 •
types of electrical or electronic parts and equipment. Neither will preservation
compounds be applied to items which would suffer damage to mechanisms or struc-
tures where malfunction or unsafe operational conditions would result due to -ipp;i-
cations or removal of preservative compounds, or if removal cannot be readily
accomplished in the field.

End items will be protected for domestic shipment and immediate use.
Packing will be the minimum required to adequately protect the items in view of
the destination, mode of transportation, and anticipated storage conditions.

Items, sturdy enough to withstand shock and handling incurred during move-
ment, will be shipped devoid of packing. Criteria established to identify such items
will depend upon carrier requirements. Design criteria for packing will be in
accordance with NASA requirements for packages weighing up to 250 lb gross.
Delivery of such items devoid of packaging would result in significant saving in
material and labor costs. Sturdt- items, shipped for immediate use, woul-'. frM
in this caiegory.

In addition, Thiokol will prepare packaging designs for special or sensitive
items which present special transportation, packaging, shock, vibration, environ-
mental, or handling problems. Packaging designs will be prepared when the
physical characteristics of the items being packaged require special blocking,
bracing, cushioning, suspension systems, or specially designed nonspecification
containers to provide the necessary protection. Basic isometric or perspective
views will be used to show the various components of the package in relation to
each other and the contained item. Design drawings will corntwain complete preser-
vation and packaging instructions and will be prepared on Thiokol engineering
drawing format.

f^
Dangerous materials to be transported vis military aircraft will be in con-

formance with NASA and/or military requirements as applicable. Any material
!hat is an oxidizing agent and that by virtue of its properties is flammable, corrc-	 u
siti•e, combustible, explosive, toxic, radioactive, or unduly magnetic (sufficient
in. gnetic field stren:;th to cause aircraft compass devirtion) are considered
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dangerous materials. Such material will be packaged and packed in containers
conforming to Department of Transportation Regulations. Deviations from standard
packaging procedures may be authorized when dangerous materials are to be air-
lifted in tactical or transport military aircraft, provided the policies are estab-
lished by NASA and/or the Air Force.

Packaging; and container marking will be in accordance with NASA require-
ments.

Personnel experienced in government packaging; techniques, and well ap-
prised of Federal specifications and Military standards, will administer packaging
requirements.

11. G TRANSPORTATION

This program will serve as the guideline for the safe and economical
handling and transportation of SRM components, spares, GSE, component parts,
reparables and facility equipment during the flight test and production programs.

It will function in compliance with Government regulations and regulatory
boards as applicable and be fully coordinated with the cognizant transportation
activities as required. The plan will be administered by Thiokol's Traffic and
Transportation Department.

Analysis and trade study reports performed indicate that rail shall be used
as the primary mode of transportation for oversize /overweight components. High-
way transportation will provide the secondary mode or backup for the movements
of the larger units as required. Other shipments will be made by the mode of
transportation best adapted to provide the required service at the lo%est cast to
the Government.

Com,,-onents assembled at Thiokol ' s Wasatch Division will be shipped to the
launch sites by rail. Thiokol will load assemblies on heavy duty highway equip-
ment utilizing a 200-ton mobile crane. Assemblies then will be transported by
inotor carrier to the rail head where they will be transferred to 200-ton capacity
rail cars equipped with shock mitigating undercarriage and special tiedown attach-
ments. The transfer will be made by an overhead bridge crane. Special tiedowns

t	 which comply with the applicable blocking and bracing requirements will be used
to assure safe transportation of items. Reusabia containers will be consolidated
for the return movement to Utah thereby minimizing transportation costs. Loading
of com ponents on flatbed trailers will be accomplished directly from Thiokol's
shipping dock using Thiokol owned and installed equipment.

Components shipped by rail to the KSC will remain on the rail cars until
receipt-inspection. The processing, at the RISS building; will include transferring
the segments from the special rail cars used in transcontinental shipment to
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storage chocks. Components arriving by highway transporter will be off loaded at
the RISS building.

A one time shipment of items of GSE will be made to support the site acti-
vation function at the KSC. A listing of GSE is found in Section 2.2 of this plan.
The items which are overdimensional will be shipped by rail with motor carrier
as a secondary mode. Other items of GSE will be shipped by the most economical
method consistent with the requirements of the program.

Consolidation of these smaller items with the overdimensional components
for shipment by rail will be analyzed to get maximum use of the transportation
equi pment and attendant cost savings.

Thiokol will prepare packaging designs for special or sensitive items
which present special transportation, packaging, shock, vibration, environmental,
or handling problems. Packaging designs will be prepared when the physical
characteristics of the items being packaged require special blocking, bracing,
cushioning, suspension systems, or specially designed nonspecific ation containers
to provide the necessary protection.

11. 7 TRAINING

The approach to personnel training for the SRM Stage operations is based
on three factors:

1. The time element wherein personnel must develop
c«pabilities concurrent with hardware.

2. The basic skills programed to phase into the
program.

3. The previous experience of personnel that permits
the implementation of such a program.

11.7. 1 Thiokol Personnel Training Program

On the job training (OTJ) will be: initiated in the motor verification phase
followed by classroom training. The classroom training will phase in with the
initial draft of operation, maintenance, and transportation. procedures. This will
insure that all necessary training will be completed in time to support the flight
test program..

The training program will be implemented with selected field personnel
gaining subassembly familiarization by active participation in, and observation
of, rnanufacti:;ring processes. SRM assembly techniques will be developed during
verification program. SR11 static firings.

P, I
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Supplement':4 these training techniques will be a ground support equipment
orientation and familiarization period for personnel who will phase into the program
early. Whenever data indicate a deficiency in skill knowledge, retraining or ad-
ditional training will be conducted.

11.7.2 Certification of Personnel

Manufacturing/processing skill certification constitutes an inherent part of
the inplant training program. The operational and maintenance engineering analyses
will be analyzed to establish skill requirements. From this analysis special train-
ing courses will be developed and presentee! to the required personnel. Upon com-
pletion of these courses, the trainees will be tested to insure their capability in the
specialty needs and the results made a part O f their training record. Periodic
recertification, when considered necessary by Production/Quality Control, will be
performed.

Thiokol launch crew certification requirements will be established jointly
by Thiokol and NASA. The skills and proficiencies incumbent upon the crew will
be organized into a concentrated training course. Certification scope will be
established as a Thiokol/NASA agreement. Acceptance of a Thiokol launch crew
representative will he subject to such certification.
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DES I GN
_

_
PROCURE MATERIALS_

FABRICATION__
XXLOT _ SUPPORT E UIP MENT AND _SPARIS

}	 1
I	 1

_	 1

-01	 AIRBORNE VEHICLE SPA RES
•02 _ GROUND SUPPORT EQUIPMENT %so

DESIGN

PROCUREMENT

FABRICATION

►R;;OF TEST

DELIVER (SHIM
B) GSE S►ARC

XXIN	 FLIGHT TV T SUPPORT

1 ? _T

XXI0/	 OPERATI= SUPPORT

01	 111 MOOS:
'

-9	 OPERATIONALSITE

XX110	 DATA '	 +	 !
-01	 MANAGEMl1FT
-02	 ENGINEERING

-a9 TECHNICAL ORDERS ANO MANUALS — .^1a.a.N..a..n e^w_
XXI20	 RAW MATERIALS AND COMPONENT PROC
XX201	 PRODUCTION I ) I '

-01 GO-MEAD---__
-02	 FIRST SRM STAGE DELIVERY

OPTION !
XXU1h01 RECOVERY SYSTEM

D EVELOPMENT PROGRAM
—DESIGN _-

P R
I

I PRODUCTION RATE AS REQUIRED 10 MEET 111E NASA_
M FLI QHT MI >irf01 MODEL

FABR_ICAT I ON

TEST

QUAL IFICATION PROGRAM
FABRICATION

i

f
I

)
1

_
TEST
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TABLE 2-1. MOTOR TEST MATRIX

F f41Ri )N Jr[Z; NTAl. —
TEST COMPONENTS TESTS* OND T j ' -

PROPELLANT FLEX k U611 TEMP TRANS EMI I'LST TEST THRUST EXTEN- COMB.
SICTOR TEST OBJECTIVES IGNITER CASE AND LINER NOZZLE BEARING TVC CYCLE AND BAND. SURVFI KITE STAND TERM. ll	 F:tiC 11 I11RUST PRESS. FVENTS SOMITER STRAIN %IBRAT ON ACOUSTIC TEMP PROD. TI ST DATE-

DSt-1 EVALUATE GRAIN, BALLISTICS. CASE. X X X X \ X TUC MULTI- \ 19 :,,• l	 l lU i5 30 :12 30 TIME ZER(j
INSULATION, NOZZLE, AND IGNITION COMP

hV—' EVALUATE GRAIN, BALIIS':1CS, CASE. \ \ X X S X I	 t MULTI— \ 7 19 5r II In 1; 32 u l NO
INSULATION, NOZZLE, ANIGNITIONP. COMP

( I

AFTER BEING TEMPERATURE CYCLED

DM-3 EVALUATE GRAIN, BALLISTICS, CASE, X X X X X TCC SINGLE X 1 19 Sr sU 32 3(o t MO
NOZZLE, INSULATION, IGNITION, COMP 50`{ BUR':
THRUST TERMINATION, AND DESTRUCT

15 30 32 30 MO
1)`1-, EVALUATE GRAIN. 111ILLLISTICS1. CASE. X X X X \ X I'LC MULTI- 19 5• 11 !u

INSULATION, NOZZLE, AND IGNITION _ -- COMP

DPI- -, EVALUATE C.,RAIN, BALLISTICS, CAST, K X X X X X TCC MU1.I'l X

—

1'+ 5t, 11 10 1 ss 32 MO
INSULATION, NOZZLE, AND IGNITION COMP
AFTER TRANSPORTATION AND
HANDLING TESTS

PFRT 1 VERIFY AND EVALUATE. GRAIN, BA L- \ X X X X TCC MULTI- >. 19 5b 11 l0 15 .;0 32 30 10 MO
iISTiCS, CASE, INSULATION, NOZZLE, COMP
AND IGNITION

PERT G \ EItIF'T AND EVALUATE GRAIN, BAL- X X X X X TCC MULTI- \ 7 1'.+ St. 11 10 15 30 32 30 12 MO
LISTICS, CASE, INSULATION, NOZZLE. COMP
AND IGNITION

I'FRT 3 VERIFY AND EVALUATE GRAIN, BAL- X X X X X X TCC MULTI- X 7 11, 5s 11 0 15 30 :12 30 1 , 510
LISTICS, CASE, INSULATION, `•ttZZLE, COMP
AND IGNITION

PF Rf "3 1"ERIFY AND EVALUATE GRAIN, BAL- X X X X X \ TCC MULTI- X 7 15 5n 1) 10 15 30 32 30 16 MO
LIS_'ICS, CASE, INSULATION. NOZZLF. I COMP 
AND IGNITION

1: Sh i! in I" 30 32 a 1^. MO
PF'RT 5 VERIFY AND EVALUATE GRAIN. BAL- X X X X X X TCC MULTI- X

LISTICS, CASE, INSULATION, NOZZLE.

l
COMP

AND IGNITION
I I I I I I

• E`NIRONMENTAL TESTS WILL BE CONDUCTED ON UNASSEMBLED SE1,\IE!rTS OF THE MOTOR;

Illl..^(̂^ 	

ONE SEGMENT EACH OF FOR%X ARD, AFT, AND CENTER

r

r
r
r

t

I

x

<sr

1
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