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1.0 SCOPE

1.1 General. This part of this specification establishes the
requirements for performance, design and verification of one type
of equipment identified as the Space Shuttle Block II Solid
Rocket Motor CPW1-1900. This Contract End Item (CEI) is used to
provide the propulsion for the Solid Rocket Boosters (SRB) of the
Space Transportation System (STS) for the Eastern Test Range
(ETR) and Western Test Range (WITR). This CEI requires
interfacing with the SRB.

2.0 APPLICABLE DOCUMENTS

The following documents, of the exact issue shown, form a part of
this specification to the extent specified herein. Current issue
is shown for some documents in place of specific date and issue
when the document is under CCB control. Reference to all

applicable documents in Sections 3, 4, and 5 will be by the basic
number.

2.1 Specifications.
Military
MIL-D-1000, March 1, 1985

Drawings, Engineering and Associated Lists

Applicable Paragraphs: 3.3.1.3, 3.3.1.3.1,
3.3.1.3.2, 3.3.1.3.4, 3.3.1.3.6
MIL-B-5087B(2), August, 31, 1970

Bonding, Electrical, and Lightning Protection for
Aerospace Systems

Applicable Paragraphs: 3.2.1.6, 3.3.5.2
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MIL-W-6858C, October 20, 1964
Interim Amendment 1 (USAF), June 1965

Welding, Resistance, Aluminum, Magnesium, Non-
Hardening Steels or Alloys, Nickel Alloys, Heat--
Resisting Alloys, and Titanium Alloys, Spot and
Seam
Applicable Paragraphs: 3.3.6.6

MIL-I-6866B(2), January 30, 1969
Inspection, Penetrant Method of
Applicable Paragraphs: 4.1.1.1.3

MIL-I-6870C, March 27, 1973

Inspection Program Requirements, Nondestructive
Testing for Aircraft and Missile Materials and
Parts

Applicable Paragraphs: 4.1.1.1.3
MIL-S-7742B, Amendment 1, March 15, 1973

Screw Threads, Standard, Optimum Selected Series,
General Specification for

Applicable Paragraphs: 3.3.6.9
MIL-B-7883B, February 20, 1968

Brazing of Steels, Copper, Copper Alloys, Nickel
Alloys, Aluminum and Aluminum Alloys

Applicable Paragraphs: 3.3.6.7

MIL-S-8879A, Notice 2, March 15, 1973

Screw Threads, Controlled Radius Root with

Increased Minor Diameter, General Specification
for

Applicable Paragraphs: 3.3.6.9
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MIL-N-8922, 28 January 1972
Nut, Self-locking, Steel, 220 KSI FTU, 450° F
Applicable Paragraphs: 3.3.6.10
MIL-N-25027E, Amendment 3, 21 October 1985
Nut, Self-locking, 250° F, 450° F, 800° F
Applicable Paragraphs: 3.3.6.10
MIL-I-26860B, April 25, 1974
Indicator, Humidity, Plug, Color Change
Applicable Paragraphs: 5.2.2
National Aeronautics and Space Administration

JSC 07636C, August 1, 1984; Change Notice 11, October
17, 1984

Lightning Protection Criteria Document
Applicable Paragraphs: 3.3.5.2, 3.3.5.5

JSC 07700, Vol. X, Revision D, Appendix 10.10,
September 30, 1983 through Change No. 83, May 5, 1986

Space Shuttle Flight and Ground System
Specification, Level II Program Definition and
Requirements
Applicable Paragraphs: 3.2.7.1

JSC 07700, Vol. XII, Revision B, February 18, 1983

Space Shuttle Program Integrated Logistics
Requirements

Applicable Paragraphs: 3.4, 3.4.2
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JsC 08060 (D), January 20, 1983

Space Shuttle System Pyrotechnic Specification

Applicable Paragraphs: 3.2.1.4.12, 3.2.1.4.12.1,
3.2.1.5.1, 3.3.6.10, 4.1, 5.3

JSC 08800A, November 1974

JSC Supplement to NHB 5300.4(3A), "Requirements
for Soldered Electrical Connections"
Applicable Paragraphs: 3.2.1.6, 3.3.5.3

JSC 09084, October 1974

Coordinate Systems for the Space Shuttle Program

Applicable Paragraphs: 3.3.10

JSC 20007, November 16, 1984

Space Shuttle Lightning Protection Verification
Document

Applicable Paragraphs: 3.3.5.5

JSC~-SL~-E-0001, June 4, 1973

Electromagnetic Compatibility Requirement, Systems
for the Space Shuttle Program

Applicable Paragraphs: 3.2.1.6, 3.3.5.1

JSC-SL~E-0002A, September 16, 1974 through Change No.
12, March 10, 1986

Specifications, Electromagnetic Interference
Characteristics, Requirements for Equipment for
the Space Shuttle Program

Applicable Paragraphs: 3.2.1.6, 3.3.5.1
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JSC~-SE-R-0006A, April 2, 1973
Materials and Processes, NASA JSC Requirements for
Applicable Paragraphs: 3.2.9.2, 10.1
JSC~S5E~-S-0073B, February 1975
Space Shuttle Fluid Procurement and Use Control
Applicable Paragraphs: 3.3.9
JSC-SN--"=-0005, March 1974

Specification Contamination Control Requirements
for the Space Shuttle Program

Applicable Paragraphs: 3.3.9
MSFC-SPEC-250(1), February 28, 1963
Protective Finishes for Space Vehicles, Structures
and Associated Flight Equipment
Applicable Paragraphs: 3.3.8.2
MSFC-SPEC-445, May 1965

Adhesive Bonding, Process Inspection, Requirements
for

Applicable Paragraphs: 3.3.6.8, 10.1
MSFC-SPEC-504A, November 1977

#elding, Aluminum, Aluminum Alloys

Applicable Paragraphs: 3.3.6.6, 4.1.1.1.3
MSFC-SPEC=-522A, November 18, 1977

Design Criteria for Controlling Stress Corrosion
Cracking

Applicable Paragraphs: 3.3.8.2
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Morton Thiokol, Inc.

CPW1-3300 (Current Issue)
Performance, Design and Verification Requirements,
Space Shuttle Solid Rocket Motor Lightweight
CPW1-3300 for Space Shuttle High Performance Solid
Rocket Motor Project Operational Flight
Applicable Paragraphs: 4.2.1

ECW3-3404 (Current Issue)
Engineering Critical Component Specification Part
I of Two Parts; Performance, Design and Verification

Requirements for Space Shuttle Systems Tunnel

Applicable Paragraphs: 3.2.1.10

2.2 Standards.
Military

MIL-STD-100A, October 1, 1967
Engineering Drawing Practices

Applicable Paragraphs: 3.3.1.3, 3.3.1.3.6
MIL-STD-105D, Change 2, March 20, 1964

Sampling Procedures and Tables for Inspection by
Attributes

Applicable Paragraphs: 4.1.1.1.4
MIL-STD-129F (1), May 20, 1974
Marking for Shipment and Storage
Applicable Paragraphs: 3.3.12, 5.2.6
MIL-STD-130F (1), July 2, 1984
Identification and Marking of U.S. Military Property

Applicable Paragraphs: 3.3.12




Specification No. CPW1-1900
25 November 1986
Page I-7

MIL-STD-143B, November 12, 1969

Standards and Specifications, Order of Precedence
for the Selection of

Applicable Paragraphs: 3.3.1
MIL-STD-280A, July 7, 1969

Definitions of Item Levels, Item Exchangeability,
Models, and Related Terms

Applicable Paragraphs: 3.3.11
MIL-STD-414, Change 1, May 8, 1968

Sampling Procedures and Tables for Inspection by
Variables for Percent Defective

Applicable Paragraphs: 4.1.1.1.4
MIL-STD-453, Change 1, September 4, 1963

Inspection, Radiographic

Applicable Paragraphs: 4.1.1.1l.3
MIL-STD-454D, August 31, 1973

Standard General Requirements for Electronic
Equipment

Applicable Paragraphs: 3.3.8.1

MIL-STD-462, Notice 1, August 1, 1968, Notice 2, May 1,
1970

Measurement of Electromagnetic Interference
Characteristics

Applicable Paragraphs: 3.2.1.6, 3.3.5.1
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MIL-STD-463, June 9, 1966

Definitions and System of Units, Electromagnetic
Interference Technology

Applicable Paragraphs: 3.3.5.1
MIL-STD-681B, February 6, 1967

Identification Coding and Application of Hookup and
Lead Wire

Applicable Paragraphs: 3.3.12
MIL-STD-794D, Notice 2, December 18, 1975

Parts and Equipment, Procedures for Packaging and
Packing of

Applicable Paragraphs: 5.2
MIL-STD-810C, March 10, 1975

Environmental Test Methods

Applicable Paragraphs: 3.3.8.1
MIL-STD-1246A, August 18, 1967

Product Cleanliness Levels and Contamination Control
Program

Applicable Paragraphs: 5.2.4
MIL-STD-1472B, December 31, 1974

Human Engineering Design Criteria for Military
Systems, Equipment, and Facilities

Applicable Paragraphs: 3.3.14

|
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National Aeronautics and Space Administration
MSFC-STD-136, June 11, 1971

Parts Mounting Design Categories for Soldered Printed
Wiring Board Assemblies

Applicable Paragraphs: 3.3.5.4
MSFC-STD—-154A, December 15, 1965

Printed Wiring Boards, (Copper Clad) Design,
Documentation and Fabrication of

Applicable Paragraphs: 3.3.5.4

MSFC-STD-349A, October 29, 1965
Amendment 1, July 16, 1968

Electrical and Electronic Reference Designations
Applicable Paragraphs: 3.2.1.6
JSCM 8080, Change 6, 7, and 8, December 1, 1977 (as
changed by Approved Deviation DAR SRM0O005 and standard
133B requirements are not applicable)

Manned Spacecraft Criteria and Standards

Applicable Paragraphs: 3.2.1.6.1.1, 3.2.1.6.1.2,
3.3.2.1, 5.3, 10.1

2.3 Handbooks.
Military
MIL-HDBK-5B, September 1, 1971

Metallic Materials and Elements for Aerospace Vehicle
Structures

Applicable Paragraphs: 3.3.6.2
MIL-HDBK-17A, January 19, 1971
Plastics for Flight Vehicles

Applicable Paragraphs: 3.3.6.2
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MIL-HDBK-23A(1l), December 30, 1968

Structural Sandwich Composites

Applicable Paragraphs:

3.3.6.2

National Aeronautics and Space Administration

NHB 1440.4A, July 19, 1968

Page I-10

Specifications and Standards for NASA Engineering
Data Micro Reproduction System

Applicable Paragraphs:

3.3.1.3.3

NHB 5300.4 (1D-2), October 1979

Safety, Reliability, Maintainability and Quality

Provisions for the Space Shuttle Program

Applicable Paragraphs:

NHB 5300.4(3A), May 1968

3.2.3, 3.2.6, 4.1.1.1

Requirements for Soldered Electrical Connectors

Applicable Paragraphs:

NHB 5300.4(3G), April 1985

3.2.1.6, 3.3.5.3

Requirements for Interconneting Cables, Harnesses,

and Wiring
Applicable Paragraphs:

NHB 5300.4(3H), May 1984

3.3.5.6

Requirements for Crimping and Wire Wrap

Applicable Paragraphs:

3.2.1.6
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NHB 6000.1C, July 1976

Requirements for Packaging, Handling, and
Transportation for Aeronautical and Space Systems,
Equipment and Associated Components

Applicable Paragraphs: 5.2, 5.2.5, 10.1

NHB 8060.1A, February 1974

Flammability, Odor and Offgassing Requirements and

Test Procedures for Materials in Environments That
Support Combustion ’
Applicable Paragraphs: 3.3.8.3

MSFC-HDBK-505A, January 1981
Structural Strength Program Requirements

2.4 Publications.
Military

AMCR 385-100, August 1, 1985

Army Material Command Regulation Safety Manual

Applicable Paragraphs: 3.2.6.4

DOD 4145.26M, March 1986

DOD Contractor's Safety Manual for Ammunition,
Explosives, and Related Dangerous Materials

Applicable Paragraphs: 3.2.6.4

AFM 71-4, August 9, 1971

Packaging and Handling of Dangerous Materials for
Transportation by Military Aircraft

Applicable Paragraphs: 5.3
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National Aeronautics and Space Administration
MMI 1700.17, June 4, 1982
MSFC Procedure for Acquiring Permits to Ship Rocket
Motors Containing Class B Explosives in a Propulsive
State Or With Igniters Installed
Applicable Paragraphs: 5.2
CM-017-016~2H, (Current Issue)

Interface Control Documentation Contractual Index
and Status Report, Space Shuttle Projects

Applicable Paragraphs: 3.1.4
ICD-2-00001, (Current Issue)
Shuttle Vehicle Mold Lines and Protuberances
Applicable Paragraphs: 3.6.2, Figure 4
ICD-2-0A001, (Current Issue)

Shuttle System/Launch Platform Stacking and VAB
Servicing

Applicable Paragraphs: 3.1.3.1, 3.6.2
ICD-2-0A002, (Current Issue)

Space Shuttle Launch Pad and Platform

Applicable Paragraphs: 3.1.3.1, 3.6.2
ICD-2-4A001, (Current Issue)

Solid Rocket Booster Receiving and Processing Station

Applicable Paragraphs: 3.1.3.1, 3.6.2
ICD-2-4A002, (Current Issue)

Solid Rocket Booster Retrieval Station

Applicable Paragraphs: 3.1.3.1, 3.2.1.4.10,
3.2.1.4.12.2, 3.6.2
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ICD 3-44001, (Current issue)
Solid Rocket Motor to Forward Skirt

Applicable Paragraphs: 3.2.1.3, 3.2.7.2, 3.6.2,
Figure 4

ICD 3-44003, (Current Issue)

Solid Rocket Motor to Aft Skirt and Thrust Vector
Control Actuator

Applicable Paragraphs: 3.2.1.3, 3.2.1.4.1,
3.2.1.4.4, 3.2.1.4.8, 3.2.1.4.9, 3.2.1.4.12,
3.2.1.4.12.3, 3.2.7.2, 3.6.2, Figure 4

ICD 3-44004, (Current Issue)
Solid Rocket Motor to ET Attach Ring

Applicable Paragraphs: 3.2.1.3, 3.2.7.2, 3.6.2,
Figure 4

ICD 3-44005, (Current Issue)

Solid Rocket Motor to Solid Rocket Booster Electrical

and Instrumentation Subsystem

Applicable Paragraphs: 3.2.1.4.4, 3.2.1.4.12.1
3.2.1.4.12.4, 3.2.1.5, 3.2.
3.2.1.6.1.2, 3.2.1.6.1.3, 3.2.1.6.2,
3.2.1.6.2.2, 3.3.5.1, 3.3.5.5, 3.6.2

ICD 3-44008, (Current Issue)

Systems Tunnel to SRB Systens

Applicable Paragraphs: 3.2.1.3, 3.2.1.6, 3.2.1.10.2,

3.2.1.11, 3.2.7.2, 3.6.2
SE-019-019-2H(B), May 19, 1978

Shuttle Master Verification Plan, Vol. IV, Solid
Rocket Booster Verification Plan

Applicable Paragraphs: 4.1
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Natural Environments for the Space Shuttle Solid
Rocket Motor Booster

Applicable Paragraphs:

SE-019~049-2H(A),

SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN

14, March 9,
15, May 25,
16, June 3,
17, July 12,

18, August 10,

20, October
21, October
22, October
23, October
24, October
25, January

26, March 15,

27, April 3,
28, May 15,
29, June 22,

30, August 14,

31, October
32, April 9,
33, July 12,

December 17,
13, February 2,

1977
1977
1977
1977
1977
1977
20, 1977
20, 1977
20, 1977
27, 1977
27, 1977
9, 1978
1978
1978
1978
1978
1978
10, 1979
1979
1979

34, April 10, 1980

35, August 12,
36, September 26,
37, March 26,

38, July 15,
39, May 26,

40, July 2,

41, July 23,
42, October
43, January
44, January

47, February 6,

1980

1981
1981
1982
1982

1982
15, 1982
17, 1983
7, 1983
1984

1980

3.2.7.1

1976

Vibration, Acoustic and Shock Design and Test

Criteria

Applicable Paragraphs:

3.2.7.2, 4.1
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SE-019-053-2H(E), January 1986

SRB Re-entry Thermal Environment Data Book

Applicable Paragraphs: 3.2.7.2

SE-019-057-2H(B), November 16, 1978
033, February 23, 1979
034, March 1, 1979

SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN

036, April 12,
037, June 11,

1979
1979

039, August 27, 1979
042, January 11, 1980

043, March 7,
046, August 8,

1980
1980

047, September 25, 1980
049, January 8, 1982

060, August 9,

1984

062, May 1, 1985

Space Shuttle

SRB Design Loads, Book 1

Applicable Paragraphs: 3.2.7.2

SE-019-057-2H(F), September 17, 1976

SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN
SCN

014, November
017, February
019, June 13,
020, July 25,
022, November
023, November
025, March 27,
026, April 11,

30, 1976
22, 1977
1977
1977
10, 1977
29, 1977
1978
1978

027, May 1, 1978

029, September 21, 1978
030, October 25, 1978
031, January 22, 1979
032, February 23, 1979

035, April 9,
038, June 18,

1979
1979

040, September 28, 1979
041, January 11, 1980

044, April 25,
045, June 25,

1980
1980

048, January 8, 1982
050, May 26, 1982

051, June 14, 1982
052, August 24, 1982
053, November 19, 1982
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SCN 054, February 6, 1984
SCN 055, February 6, 1984
SCN 057, April 12, 1984
SCN 058, June 7, 1984

SCN 059, June 21, 1984
SCN 061, August 23, 1984
SCN 063, May 1, 1985
SCN 064, November 1,
SCN 065, April 9,

1985
1986

Space Shuttle SRB Design
Applicable Paragraphs:
SE-019-058-2H(A), March 23, 1

SRB Contamination Contro
and 7.1.4 only)

Applicable Paragraphs:

SE-019-067-2H, December 16, 1
SCN 001, January 10, 1977
SCN 002, June 26, 19881
SCN 004, January 14, 1977
SCN 010, April 26, 1977
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Loads, Book 2
3.2.7.2, 10.1
977

1l Plan (Paragraphs 7.1.3

3.3.9

975

SRB Component Environmental Test Requirements and

Methods
Applicable Paragraphs:
SE-019-094-2H(A), March 1978

No. 237)
SCN 001, March 1983

Material Selection List
SRM/SRB

Applicable Paragraphs:
MM8040.12(A), July 2, 1976

Standard Contractor Conf
Requirements MSFC

Applicable Paragraphs:

3.2.7.2

(as modified by S/A

and Use Instructions

3.3.1.1

iguration Management

3.1.4
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American Society of Mechanical Engineers
ASME Code Section VIII, 1974
ASME Boiler and Pressure Vessel Code
Applicable Paragraphs: 4.1
American Society for Testing and Materials
ASTM E 399-74

Plane Strain Fracture Toughness of Metallic
Materials

Applicable Paragraphs: 3.3.6.2
Other Agencies
CFR 49, Parts 100-177, December 1, 1980
Code of Federal Regulations - Transportation
Applicable Paragraphs: 5.3
Rockwell International, Space Division
SD73-SH-0181-3A, September 1978
Change No. 1, March 12, 1979
Change No. 2, May 8, 1979

Change No. 3, September 26, 1980
Change No. 4, October 20, 1980

Space Shuttle Aerodynamics Heating Data Book, Shuttle

Vehicle Booster-Ascent, Volume III
Applicable Paragraphs: 3.2.7.2

SD74-SH-0144D, December 1977
Change No. 1, September 22, 1978
Change No. 2, May 12, 1978
Change No. 3, March 28, 1980
Change No. 4, April 23, 1982
Change No. 5, October 29, 1982

Space Shuttle Program Thermal Interface Design

Data Book

Applicable Paragraphs: 3.2.7.2



Project Plans

TWR-10184A, January 10, 1975 (CD)

TWR~10192C, December 1976 (CD)

TBD

TBD

Documents

DPD 400A, September 11, 1975

TWR-10195, (Current Issue)
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Fracture Control Plan

Applicable Paragraphs: 3.3.6.2

Material Selection and Control Plan for Space Shuttle
SRM Project

Applicable Paragraphs: 3.2.9.2, 3.3.1.1, 3.3.8.3

Fracture Control Plan for Space Shuttle Block II
SRM

Applicable Paragraphs: 3.3.6.2

Fracture Control Plan for the Space Shuttle Block
II SRM

Applicable Paragraphs: 3.3.6.2

Information Requirements Document

Applicable Paragraphs: 3.1.4, 3.3.1.3.5, 3.3.1.3.6,
4.4.3, 5.2.3

GFE/GFP Requirements for the Space Shuttle Solid
Rocket Motor

Applicable Paragraphs: 3.1.6
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TBD

Block II SRM Motor Internal Insulation Design and
Evaluation Requirements

Applicable Paragraphs: 3.3.6.1.3

2.5 Drawings.

National Aeronautics and Space Administration
MSFC-DWG-10A00516, September 23, 1977
SRM Alignment Criteria
Applicable Paragraphs: 3.2.5.1
MSFC-DWG-11A00950H, March 22, 1984
Paint Pattern-SRB
Applicable Paragraph: 3.1.3.1

MSFC-DWG~85M03936A-3, March 1973

EEE Parts Selection and Application Guidelines fo:-

the Space Shuttle External Tank and Solid Rocket
Booster

Applicable Paragraphs: 3.2.1.6, 3.3.1.2.1
MSFC-DWG-10509308, EO-1 (January 1967), June 1960

Welding Carbon Low Alloy Stainless Steel

Applicable Paragraphs: 3.3.6.6

3.0 REQUIREMENTS

3.1 Definition. The Contract End Item (CEI) is defined in term=

of its function, major components, missions and operational
concepts.
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3.1.1 General Description. The SRM CEI is used as a major sub-
system of a solid rocket booster for the Shuttle Vehicle. The
Shuttle Vehicle Booster will consist of two Solid Rocket Boosters
(SRBs), each of which will utilize one CPW1-1900 SRM. The two

SRMs will operate in parallel with the Space Shuttle Main Engines
and will provide impulse and enable thrust vector control to propel
and control the Space Shuttle Vehicle from liftoff to SRB staging.
The SRM will consist of a lined, insulated, segmented metal rocket
motor case loaded with solid propellant; an ignition system complete
with electromechanical safe and arm device (S&A), initiators, and
igniter assembly; moveable nozzle; exit cone with a linear shaped
charge for severance and a nozzle plug; instrumentation; and
integration hardware including electrical brackets, systems tunnel,
grounding provisions, stiffener rings, and attachment provisions

to the forward and aft SRB skirts and the SRB/ET attach ring.

3.1.2 Missions. Flight hardware and ground systems requirements
will be based on providing SRMs for operational flights.

3.1.3 Operational Concepts. The SRM design requirements have
been based on the following operational concepts:

3.1.3.1 Assembly Operations Concept. The SRM will be delivered
to the launch site in motor segments and subassemblies which are
as large as practical. The S&A device with initiators installed
will be shipped to the launch site as an assembly separate from
the SRM. Preassembly and checkout will have been accomplished at
Morton Thiokol's production facility to the maximum extent
feasible. To comply with the assembly operations concept, the

SRM will meet those interface requirements of ICD 2-0A001, ICD
2-0A002, and ICD 2-4A001 which affect SRM interface with the
Receiving Station, the Vehicle Assembly Building (ETR only), the
Mobile Launcher Platform (MLP) (ETR only), and the Launch Pad.

The SRM forward rocket motor segment, center rocket motor segments,
aft rocket motor segment, nozzle extension, and integration hard-
ware will be inspected and stored vertically or horizontally either
outdoors (with protection as required) or indoors; or further
assembled vertically in the Vehicle Assembly Building (VAB) (ETR)
or on the Launch Pad (WTR). The aft booster assembly, forward
booster assembly, and center segments will be stacked on the MLP
(ETR) or Launch Pad (WTR). Stacking of the assemblies and seg-
ments will include installation of the pin retainer assembly fol-
lowing satisfactory leak checks of all case joints to verify proper

— !
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assembly. The joint paint pattern shall meet the requirements of
MSFC-DWG-11A00950 (ETR) or ICD 2-4A002 (WTR). The S&A device
will be installed on the SRM and then the seal between the S&A
device and the igniter will be leak checked. System verification
checks will be accomplished through the Launch Processing System
(LPS) at various points.

3.1.3.2 Launch Pad Operations Concept. The SRM will be verified
ready for launch in the VAB prior to pad rollout (ETR) or on the
launch pad (WTR). Final system readiness checks will be conducted
on the launch pad.

3.1.3.3 Booster Operations Concept. During the boost phase of
flight, the two SRMs will operate in parallel with the Space Shuttle
Main Engines (SSME). The SRB will provide impulse and thrust
vector control while functioning in parallel with the SSME from
lift-off to SRB separation.

3.1.3.4 Recovery Concepts. Upon separation from the external
tank (ET), the SRBs will initially decelerate by inherent
aerodynamic drag forces. An active deceleration system will be
provided by each SRB to reduce the velocity before water entry.

A portion of the nozzle exit cone of each nozzle will be separated
to reduce the impact loads imparted to the nozzle assembly,
actuators, and case. The SRB will be dewatered with the SRB
dewatering system and then towed back to the dock to begin
refurbishment.

3.1.3.4.1 Refurbishment Concepts. The SRM will be cleansed and
disassembled into the following components: (a) casting segments,
(b) S&A device, (c) nozzle exit cone extension, and (d) stiffener
rings. The remaining portion of the nozzle exit cone extension
will be removed from the nozzle forward assembly at the field
joint. The igniter and nozzle shall be capable of removal to
allow inspection of the igniter to case and the nozzle to case
seals. The joint areas will be protected during the transportation
and refurbishment operations. All other SRM components will be
prepared for shipment and shipped to the factory where they will
be refurbished and remanufactured for reuse.
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3.1.4 Organizational and Management Relationships. The Systems
Requirements Section is responsible for the preparation and
maintenance of Part I of this specification. The Systems Management
Manager of the SRM Project/Program office is responsible for the
control of this specification. This specification is prepared in
accordance with the requirements of NAS8-37296, the Information
Requirements Document (IRD), and MM8040.12, Standard Contractor
Configuration Management Requirements, MSFC Programs, and will be
controlled to the level shown in the specification tree referenced
in Paragraph 3.1.5. All changes to this specification will be
processed in accordance with the requirements of MM8040.12. 1In
the event of conflict between requirements referenced and the
content of this specification, the order of precedence will be as
follows:

1) This document.
2) All other applicable specifications and standards.

3) MSFC SE-prefix document loads take precedence over derived
Interface Control Document identified loads.

The current status of Interface Control Documents (ICDs) may be
determined from CM-017-016-2H.

3.1.5 Systems Engineering Requirements. The relationship of the
Space Shuttle Contract End Item (CEI) Specification to other Shuttle
Program and Space Shuttle Project Systems Engineering documentation
is presented in the Integrated Logistics Support Plan. The
components covered by this specification appear on the specification
tree.

3.1.6 Government Furnished Property List. The Government Furnished
Equipment (GFE) is identified in TWR-10195, GFE/GFP Requirements
for the Space Shuttle Solid Rocket Motor.

3.1.7 Critical Components. This paragraph is not applicable to
this specification.

3.2 Characteristics. The SRM shall burn continuously as the
propulsive element in each of two SRBs in parallel with the Space
Shuttle Main Engines to provide impulse to propel the flight vehicle
and enable thrust vector control from ignition to SRB staging.

The thrust and impulse characteristics of each SRM are specified
relative to the nozzle centerline.




Specification No. CPW1-1900
25 November 1986
Page I-23

3.2.1 Performance. The SRM shall function from sea level to
200,000 feet over a motor propellant mean bulk temperature (PMBT)
(see 6.1.1) range of +40 to +90° F during and after the motor has
been exposed to the thermal environments of 3.2.7. SRM performance
requirements shall be based on a PMBT of +60° F. The specified
performance limits and tolerances shall apply to the qualification
configuration and to all deliverable flight SRMs.

3.2.1.1 General Performance. The propulsion system shall conform
to the following performance characteristics.

3.2.1.1.1 Ignition Characteristics. The following ignition
characteristics shall be applicable to an SRM over a PMBT range
of +40 to +90° F during the ignition transient.

3.2.1.1.1.1 Ignition Interval. The ignition interval shall be
between 170 and 340 milliseconds after ignition command to the
initiators in the S&A device up to a point at which the head-end
chamber pressure has built up to 563.5 psia.

3.2.1.1.1.2 Pressure Rise Rate. The maximum rate of pressure
buildup shall be 109 psi for any 10 millisecond interval.

3.2.1.1.2 Motor Characteristics. The SRM shall meet the following
performance characteristics.

3.2.1.1.2.1 Nominal Thrust-Time Curve. The nominal (see 6.1.1)
vacuum thrust-time data for the SRM is tabulated in Table I.

Also tabulated are upper and lower bounds about the nominal curve
that represent the population range expected to encompass the
nominal thrust-time trace using all appropriate SRM flight motors
when corrected to the target burn rate at a PMBT of 60° F.
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3.2.1.1.2.2 Performance Tolerances and Limits. The nominal value,
tolerance, and limits for selected performance parameters are
tabulated in Table II for individual flight motors. The delivered
performance values for each individual motor when corrected to a

60° F PMBT shall not exceed the limits specified for any performance
parameter in Table II. The PMBT used in the performance calculation
for each motor will be based on air temperature measurements taken
at the launch pad. Maximum matched pair performance difference
values for applicable parameters are also tabulated in Table II

for matched pairs of motors. The difference for each parameter

for a matched pair shall be determined by dividing the absolute
value of the difference by the arithmetic mean value of the pair.
These values expressed in terms of percent for each matched pair
shall not exceed the maximum differences specified in Table II.

The differentials for matched pairs are applicable throughout the
PMBT range of 40 to 90° F assuming a maximum PMBT difference of

1.4° F between motors of a flight set. The maximum PMBT difference
is based on calculations using prelaunch meteorological data taken
at the launch pad and is not verified by motor case temperature
measurements.

3.2.1.1.2.3 Thrust Differential. With a maximum PMBT difference
of 1.4° F between the two SRMs on a Shuttle Vehicle, the
differential thrust between the two SRMs shall not be greater than
the values given in Table III at any time during the periods shown.
These differentials are applicable over PMBT range of 40 to 90° F.

3.2.1.2 Pressure Seals. The design and performance of the pressure
seals used in the SRM shall be in accordance with the following
requirements.

a. Redundant, verifiable seals shall be provided for each
pressure vessel leak path except for the flex bearing.

b. Sealing shall accommodate case rounding, axial elongation,
clevis/tang relative motion, nozzle rotation, and any
other structural deflections which may occur. This
shall apply for the actual as-built dimensions of each
joint (all components) at mating. Sealing shall not
require, but shall accommodate, pressure assistance.

c. Seals shall provide zero leakage (no evidence of blowby
or erosion) under worst case flight environment.
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Seals shall be capable of operating within a temperature
range resulting from all natural and induced environments
specified in paragraph 3.2.7 and all manufacturing
processes.

No single undetectable failure mode shall result in the
loss of joint sealing capability.

All leak paths shall remain sealed at both primary and
secondary seals at all times, i.e., from the final leak
test through the entire ignition pressure transient and
the motor burn without evidence of blow-by or erosion.

The verification process must not degrade the performance
or integrity of the system.

O-ring seal design shall be consistent with the following
parameters:

Min (%) Max (%) Gland Surface Finish (Microinches)

Squeeze Squeeze Fill (%) Top Bottom Sides
10(1) 35 < 90 32 32 63
10(1) 35 < 95 32 32 63

Minimum squeeze shall be 10%, including effects of
temperature, compression set, and pressure effects.

Where additional standards are required, consensus seal

indus

try standards shall be used for sizing seals and seal

glands, determining tolerances and establishing required
surface finishes.

3.2.1.2.1
Seals.

a.

b.

Field Joints, Nozzle to Case Joints and Nozzle Internal

Failure of the primary seal shall not result in failure
of the secondary seal(s).

Both the primary and redundant seals shall provide
independent sealing capability without evidence of blow-
by or erosion.

A minimum of two seals for each leak path shall be
verifiable after all ground environments which could
affect seal performance have been experienced.
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d. Bore seals must be verifiable in the proper sealing
direction.
e. Each seal shall maintain a sealing margin of 100% (based

on seal/metal tracking velocities) without pressure
assistance, including the effects of manufacturing
tolerances, permanent joint deformatlons, natural and
induced environment, and changes in geometry during
motor burn.

.2. Flex Bearing Sealing. The flex bearing shall maintain

3.2.
a po tlve gas seal between its internal components.

3.2.1.3 Case. The case shall function as an integral part of
the combustion chamber in accordance with the following
requirements:

a. When performing as part of the combustion chamber, the
case shall be capable of containing the internal MEOP.

b. The structural integrity of the pressurized portion of
the case segments shall be demonstrated and verified
prior to each use. Verification shall include a proof
pressure test. In local areas where proof pressure
tests are inadequate to reach the required stress level,
inspection and fracture mechanics analysis shall be
used to verify structural integrity.

c. The case shall contain risers for attaching the ET/SRB
aft attach ring as defined in ICD 3-44004. The risers
shall be part of the pressurized section of the case
and shall not degrade the integrity of the case.

d. The case shall meet the SRB forward and aft skirt
interfaces as defined in ICD 3-44001 and ICD 3-44003.

e. The case shall have SRB systems tunnel components and
electrical grounding straps bonded to it as specified in
Paragraph 3.2.1.6.b and ICD 3-44008.

£. The case segment mating joints shall incorporate
provisions to insure proper segment orientation and
alignment to facilitate joining, stacking, disassembly,
and refurbishment for reuse.

weh
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g. The case segment mating joints shall not permit entry
of external moisture when exposed to the natural
environment of paragraph 3.2.7.

h. The forward and aft segments of the case shall have
ports for the installation of the ignition system and
the nozzle assembly respectively.

i, The case cylindrical segments shall be designed using
biaxial improvement in the analysis.

J. The case segments shall be designed using motor internal
pressure drop from head end to aft end during motor
operation in the analysis.

k. The case joints shall not experience chemical dissolution,
loss of strength or paint degradation when protected in
accordance with paragraph 3.2.1.8.

3.2.1.4 Nozzle Assembly.

3.2.1.4.1 Vectoring. The nozzle assembly shall be movable and

be capable of omniaxial vectoring to a minimum of 8 degrees (may

be reduced up to 0.5 degree for alignment error) from the nozzle
null position at all aft end stagnation chamber pressures above

75 psig. Vectoring in the retract direction shall be limited to

-8 degrees (retract) at 75 psig aft end stagnation chamber pressure
and decreased linearly to =-3.5 degrees at O psig. Minimum nozzle
gimbal rate and angular acceleration capability shall meet the
requirements of ICD 3-44003.

3.2.1.4.1.1 Actuator Stall Force. The nozzle assembly shall be
capable of withstanding the loads induced by an actuator stall
force of 103,424 pounds in the plane of the actuator.

3.2.1.4.2 Geometric Thrust Vector. The geometric thrust vector
shall not deviate from the limits illustrated in Figure 1 and
stated below:

a. Maximum radial displacement of the nozzle centerline
relative to the SRM centerline shall not exceed 0.25
inch.

b. Maximum angular displacement of the nozzle centerline

relative to the SRM centerline shall not exceed 0.50°,
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3.2.1.4.3 Dynamic Thrust Vector. The dynamic thrust vector during
firing from MEOP to 35 psia, shall not deviate from the limits
illustrated in Figure 2, and stated below:

a. Misalignment of the dynamic thrust vector with respect
to the nozzle centerline, between null and 8°, shall
not deviate more than one degree.

b. The radial offset between the dynamic thrust vector and
nozzle centerline at the movable nozzle throat plane
shall not exceed 1.13 inches.

3.2.1.4.4 Exit Cone Severance. The nozzle assembly design shall
provide a capability to jettison a portion of the exit cone assembly
upon receipt of an electrical signal initiated from the SRB via a
double shielded electrical cable. Provision for severing the aft
exit cone shall be in accordance with ICD 3-44003 and ICD 3-44005.

3.2.1.4.5 Nozzle Alignment. The nozzle alignment verification
shall be possible prior to, or during assembly of the SRM.

3.2.1.4.6 Flex Bearing Protection. The nozzle assembly shall
incorporate a nozzle snubbing device suitable for preventing flex
bearing damage resulting from water impact. This device shall
limit the flex bearing axial travel to approximately one inch
when the nozzle is in the null position and shall not adversely
affect the nozzle assembly deflection capability.

3.2.1.4.7 Environmental Protection.

a. The nozzle assembly shall contain a covering and/or
plug to protect the SRM from the environments specified
in 3.2.7.1 during storage after assembly.

b. The nozzle assembly shall contain a covering and/or
plug to protect the SRM from the environments specified
in 3.2.7.2 in the event of an on-pad SSME shutdown prior
to SRB ignition. The covering and/or plug shall withstand
an overpressure of 1.0 pounds per square inch. The
covering and/or plug shall be capable of being expelled
without damaging any part of the shuttle system or
adversely affecting the SRM performance.

|
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3.2.1.4.8 TVC Actuator Attach Points. The nozzle assembly shall
have attach points for the government furnished TVC actuators and
shall be compatible with the requirements defined in ICD 3-44003.

3.2.1.4.9 Nozzle Assembly/Aft Segment Interface. The nozzle
assembly without the exit cone assembly, shall be capable of being
inserted into an assembled SRB aft skirt as defined in ICD 3-44003.

3.2.1.4.10 Nozzle Assembly/Dewatering System Interface. The
nozzle assembly shall be compatible with the SRB dewatering system
in accordance with ICD 2-4A002.

3.2.1.4.11 Flex Bearing.

3.2.1.4.11.1 Total Deflection. The flex bearing shall be capable
of providing a total deflection of 85° during each flight duty
cycle.

3.2.1.4.11.2 Bearing Torque Limits. The flex bearing torque at
59 vector angle (using linear regression analysis of acceptance
test sine wave event at 2 degrees and 7 degrees vector angles)
shall not exceed the limitations shown in Figure 3.

3.2.1.4.12 Aft Exit Cone Severance Ordnance Ring. The aft exit
cone severance ordnance ring shall sever a portion of the nozzle
exit cone. Severance shall be accomplished by using a detonator
cartridge, and a Linear Shaped Charge (LSC) as defined in ICD
3-44003. The LSC and its Electroexplosive Detonator shall meet
the requirements of JSC 08060. Initiation of the LSC shall not
damage the SRB aft thermal shield to the extent that it cannot
perform its intended function.

3.2.1.4.12.1 Detonator. The aft exit cone severance ordnance
ring shall use one government furnished detonator cartridge as
defined in ICD 3-44005. The detonator cartridge includes an
initiator as a piece part and will comply with the performance
characteristics defined in JSC 08060.
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3.2.1.4.12.2 Post Firing Hazards and Obstructions. Subsequent

to the ordnance ring firing and the severance of the aft exit
cone, the exit cone plane shall be free from any protrusions which
are hazardous to personnel or which prevent insertion of a
recovery/retrieval plug as referenced in ICD 2-4A002.

3.2.1.4.12.3 Mounting Provisions for Ordnance Ring Blast Shield
and Aft Thermal Shield. The ordnance ring shall be designed to
mount on the aft exit cone assembly, aft of the compliance ring.
The thermal shield blast protector (blast shield) shall be designed
to be mounted between the ordnance ring and the aft thermal shield
in accordance with the requirements referenced in ICD 3-44003.

3.2.1.4.12.4 Ordnance Cables and Brackets. The aft exit cone
severance ordnance cable and brackets shall be installed in
accordance with the requirements referenced in ICD 3-44005.

3.2.1.5 Ignition System. The SRM shall use a head-end mounted
ignition system comprised of two initiators, an electro-mechanical
safe and arm (S&A) device, and an igniter. The ignition system
design shall meet the requirements specified in ICD 3-44005,
Paragraph 3.2.1.6 and the following:

a. The ignition system shall preclude hot gas leakage during
and subsequent to motor ignition.

b. The igniter and the S&A shall be separable from each
other.

3.2.1.5.1 S&A Device. With the S&A device in the "arm" position,
a pyrotechnic charge contained in the barrier-booster assembly
shall be ignited when either one or both of the initiators are
fired. Firing of the initiators shall be initiated upon receipt
of electrical power from the Pyro Initiator Controller (PIC) in
the SRB. Gases generated by the ignited booster charge shall be
vented axially into the igniter initiator chamber to provide the
energy flow required to achieve igniter initiation. The design

of the S&A device shall have the capability to meet the following
requirements:

a. Enable and inhibit ignition.

b. Perform its intended function when either or both of
the initiators are fired with the S&A device in the
armed position.
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Prevent ignition when the S&A device is in the safe
position and either or both of the initiators fire.

Provide change of position from safe-to-arm and
arm-to-safe through simplex command and control circuits
and simplex actuation devices.

Provide simplex remote position indication in both the
safed and armed positions.

Provide direct visual position indication in both the
safed and armed positions.

Permit manual safing.

Prevent manual arming.

Provide a 90° (minimum) out-of-line mechanical barrier.
Provide a mechanical safety pin that prevents rotation
of the barrier while it is in place and moves the S&A
device into the safe position from the full arm or any
intermediate position when manually installed.

A "safe-arm" talk back switch shall be provided. This
switch shall be located on the barrier booster end of
the S&A device motor drive shaft.

Shall use two initiators (government furnished equipment)
and shall comply with the requirements of JSC 08060.

Prior to S&A shipment, each initiator shall be installed
in the S&A and 100 percent leak checked following
installation.

Shall allow installation in only one position (rotational
orientation).

Shall allow each initiator to be lockwired in place.

Provide for the installation of two initiators into the
barrier-booster.
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3.2.1.5.2 Igniter Design. The igniter design shall be in
accordance with the ignition system requirements specified in
Paragraph 3.2.1.5. The igniter design shall provide ports to
accommodate the instrumentation as specified in ICD 3-44005 and
provide ease of service, access, and replacement. The igniter
hardware and materials shall not form any debris which is capable
of damaging any other component from the beginning of ignition
interval to the end of action time. The igniter shall be capable
of being installed in only one predetermined rotational position
onto the forward end of the SRM forward segment. Installation

shall be accomplished from the outside of the SRM forward segment.

3.2.1.6 Electrical and Instrumentation. The electrical and
instrumentation system is comprised of electrical components that
are attached to the SRM and shall comply with the following
requirements:

a. The electrical power, instrumentation and electrical

control interfaces shall meet the requirements specified

in ICD 3-44005.

b. The SRM shall provide the necessary mounting for
installing the systems tunnel as defined in ICD 3-44008.

c. The electrical and electronic equipment shall meet the

requirements of JSC-SL-E-0002 and MIL-STD-462. Specific

tests which are to be performed will be approved by
MSFC.

d. In addition to the tests conducted per JSC-SL-E-0002,
the susceptibility characteristics of critical input
circuitry shall be determined by tests or analyses.

e. The design shall meet the electromagnetic compatibility

requirements of JSC-SL-E-0001, JSC-SL-E-0002, MIL-B-5087,

and MIL-STD-462.

f. The structural and electrical parts shall meet the
electrical bonding requirements of MIL-B-5087.

g. Criticality 1 and 2 electrical, electronic, and
electromechanical (EEE) parts shall be selected and
controlled in accordance with MSFC-DWG-85M03936 "EEE

Parts Selection and Application Guidelines for the Space

Shuttle External Tank and Solid Rocket Motor Booster',

h. Electrical and electronic reference designations shall
be in accordance with MSFC-STD-349.
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i. Electrical solder joints, where required, shall be in
accordance with NHB 5300.4 (3A) as supplemented by JSC
08800.

3. Crimping and wire wrap requirements shall be in accordance

with NHB 5300.4 (3H).
3.2.1.6.1 S&A Electrical Characteristics.

3.2.1.6.1.1 Electrical Circuits. The following JSCM 8080 Manned
Spacecraft Design Criteria and Standards shall apply to the design
of the electrical circuits: 4B, 12a, 13, 18, 19, 20A, 28, 31, 32,
36, 37, 69, 77, 80, 81, 85, 95, 98, 99, 100, 109, 112, 115, 116,
119, 121, 125, 128, and 148.

3.2.1.6.1.2 Electrical Connector. The electrical connector for
the arming and monitor circuits shall be of the Bendix "Aquacon"
series and shall be in accordance with ICD 3-44005. The "Safe-Arm"
talkback switch shall utilize Bendix connector NAJ-OH-8-35P as
defined in ICD 3-44005. The type of connector mounting to the

S&A shall be optional. JSCM 8080 Standards 63 and 101 shall apply.

3.2.1.6.1.3 Power Supply. The S&A device shall meet all
performance requirements of this specification using a power supply
furnished for S&A device operation which has the following
characteristics as defined by ICD 3-44005:

a. Steady state voltage limits of 24 to 32 vdc

b. Transient voltage limits of 20 to 36.7 vdc

c. Recovery to steady state limits within 200 milliseconds
3.2.1.6.1.4 Safe and Arming Time/Voltage. The S&A device shall
"arm" or "safe" within one second at 24 plus 1 minus 0 vdc. The

S&A shall cycle with the specified voltages at an atmospheric
pressure of from 630 to 770 millimeters of mercury.

3.2.1.6.1.5 Current Requirements. The current required in the
motor circuit for actuation shall not exceed 3 amperes at 32 vdc.
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3.2.1.6.1.6 Electrical Bonding Resistance. The electrical
resistance between A&M and the B-B portions of the S&A device and
between the S&A device and the igniter shall be less than 2.5
milliohms at initial assembly.

3.2.1.6.2 Instrumentation. Operational flight measurements shall

be as defined in ICD 3-44005. The instrumentation shall be capable
of launch readiness checkout after ground system connection on

the launch pad. Sensors to control heating shall be as defined in

ICD 3-44005.

3.2.1.6.2.1 Operational Flight Instrumentation. The Operational
Flight Instrumentation (OFI) shall monitor the chamber pressure

of the SRMs over the range from 0 to 1000 psia. The chamber
pressure measurement shall be accurate to plus or minus 15 psi.

The instrumentation shall operate at a steady state input voltage
level of from 22 to 32 vdc which has transient levels of from 20

to 36.7 vdc for periods of up to 200 milliseconds. The
instrumentation shall provide a signal from 0 to 5 vdc with a
response of 50 Hz. The operational pressure transducers (OPTs)
shall be capable of withstanding a 5000 psi maximum assembly test
pressure without leakage when leakage is defined as a visual
indication of test fluid. After being subjected to a 5000 psi
maximum assembly test pressure, the OPTs shall not be required to
function. To provide the required redundancy, three operational
pressure transducers (OPTs) shall be used to monitor the SRM chamber
pressure. The OPT pressure seals shall meet the requirements of
3.2.1.2. For protection of the redundant components, the OPTs
shall be mounted to provide the physical separation and orientation
consistent with the accomplishment of their function as defined

in ICD 3-44005.

3.2.1.6.2.2 Cable Mounting Brackets. Cable mounting brackets
for sensor leads, power supply cables, operational flight
instrumentation and nozzle LSC double shielded cables shall be
installed as required. Conductive bonding material is not
required. Brackets shall preclude the abrading of attached cable
harnesses as defined in ICD 3-44005.

3.2.1.6.2.3 Ground Environmental Instrumentation. The Ground
Evironmental Instrumentation (GEI) shall monitor the temperature
of the SRBs while on the ground at the pad. It is not required
to function during flight. These instruments will be monitored
on the ground through cables with liftoff breakaway connectors.
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3.2.1.7 Propellants. The SRM and igniter propellants shall be
developed, characterized, and qualified composite propellant
formulations that are capable of being bonded to the applicable
chamber via appropriate insulation, liner, and other inert
materials.

3.2.1.8 Insulation. Insulation shall be designed to ensure that
the mechanical properties of the case are not degraded by flight
and/or subsequent thermal soak for worst case PMBT over a range
of 40 to 90° F.

3.2.1.8.1 Igniter Insulation. The igniter insulation shall provide
thermal protection for the main igniter chamber and adapter metal
parts to ensure that SRM operation does not degrade their functional
integrity or make them unsuitable for refurbishment. The insulation
shall ensure a maximum adapter to insulation and igniter chamber

to insulation interface temperature of 300° F during action time

and a maximum temperature of 400° F during thermal soak conditions
following web burnout.

3.2.1.9 Reuseability. Reuseability goals are listed in Table
IV. Reusability requirements shall not result in degradation of
SRM hardware below the design safety factor.

3.2.1.10 Systems Tunnel. The systems tunnel shall provide flight
environment protection to the SRB cabling and LSC, and shall be
designed and shall perform according to ECW3-3404.

3.2.1.10.1 Systems Tunnel Design. The systems tunnel shall be
designed to attach to the case, accommodate the GFE LSC, provide
for the Operational Flight Instrumentation (OFI) and as a goal,
provide for at least 30 percent of the volume of OFI for the
Development Flight Instrumentation (DFI).

3.2.1.10.2 Thermal Protection. When exposed to the thermal
environments of 3.2.7.2, the tunnel shall maintain cable and LSC
temperature at or below that specified in ICD 3-44008.




Specification No. CPW1-1900
25 November 1986
Page I-36

3.2.1.10.3 Venting/Sealing. Tunnel must be designed to the extent
necessary to prevent rain and hot gas entry into the tunnel.

Tunnel venting will be used if necessary to relieve internal
pressure loading.

3.2.1.10.4 Structural Integrity. The structural integrity of
the systems tunnel shall withstand the induced environments
identified in 3.2.7.2.

3.2.1.10.5 Grounding. The cable tunnel shall provide a low

resistance path which is electrically continuous both axially and
circumferentially. Bonding across joints and interfaces shall be
2.5 milliohms or less. The tunnel shall be grounded to the motor
case every five feet or less to provide a path for lightning current’
from the tunnel to the motor case.

3.2.2 Physical.

3.2.2.1 Design Envelope. Design geometry shall conform to the
dimensions shown in Figure 4 and meet the interface requirements
referenced in Paragraph 3.6.2.

3.2.2.2 Mass Properties.

3.2.2.2.1 Control Weight (Inert). The inert weight (see 6.1.1),
excluding GFE items installed by others, shall not exceed TBD.

3.2.2.2.2 Propellant Weight. The total loaded propellant weight
(see 6.1.1) shall be a minimum of TBD.

3.2.2.2.3 Center of Gravity. The center of gravity shall be
within the envelope defined below.

Longitudinal Vertical Lateral

Condition Axis (x) Axis (2) Axis (Y)
Inert (See 6.1.1) TBD -0.2 to +0.2 TBD
Loaded TBD -0.3 to +0.3 TBD
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3.2.2.2.4 Accuracy Requirements. The weight and CG accuracy
requirements for each measurement shall be within 0.2 percent and
1.0 inch respectively for the reduced mass property.

3.2.3 Reliability. The reliability program shall comply with

the requirements established in NHB 5300.4(1D-2). The design
shall minimize the probability of failure in a cost effective
manner taking into consideration the potential failure modes
identified and defined by Failure Modes Effects Analyses. However,
cost shall not be considered as a criteria in selecting between
two or more design solutions with differing reliability potential.
Reliability will take precedence over cost effectiveness.

3.2.3.1 Primary Structure, Thermal Protection, Pressure Vessels.
The primary structure, thermal protection, and pressure vessel
subsystems shall be designed to preclude failure by use of adequate
design safety factors, relief provisions, fracture control, or

safe life and/or fail safe characteristics.

3.2.3.2 Flight Vehicle Subsystem Functional. The redundancy
requirements for subsystems (except primary structure, thermal
protection, and pressure vessels) shall be established on an
individual subsystem basis, but shall not be less than fail safe.
This fail safe requirement does not apply to the premature firing
failure mode of pyrotechnic devices and functional systems, except
associated avionics (electrical and instrumentation).

3.2.3.3 1Isolation of Subsystem Anomalies. Isolation of anomalies
of time-critical functions shall be provided such that a faulty
subsystem element can be deactivated either automatically or
manually without disrupting its own or other subsystems. During
ground operations, capability to fault isolate to the Line
Replaceable Unit (LRU) (or group of units) without disconnections
or use of carry-on equipment, shall be provided.

3.2.4 Maintainability. Any maintenance and/or replacement
functions required during or after stacking shall be capable of
being accomplished within the 160 hour Shuttle turnaround
requirement. The times required to remove/replace Line
Replaceable Units (LRUs) shall be identified and verified.
Interface connections and maintenance operations are to be
performed with standard tools wherever possible. Subsystem
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elements, e.g. electrical, ignition and nozzle assemblies, shall
be capable of checkout and servicing while installed. Components
that require hoisting or lifting devices for installation shall
be self-aligning. Accessability of all LRUs for maintenance
functions shall be a design consideration.

3.2.5 Operational Availability.

3.2.5.1 Assembly/Disassembly of Segments. The SRM shall be
capable of assembly/disassembly in both the vertical and
horizontal position. The SRM shall be capable of vertical
assembly in a manner to meet the alignment criteria of MSFC-DWG-
10A00516 without a requirement for optical equipment.

3.2.5.2 Assembly and Checkout Schedule. Assembly and checkout
of the SRMs (2) shall be compatible with the space shuttle
turnaround schedule and shall be accomplished within the time
allotted for buildup and checkout of the SRB. Each critical path
of redundant subsystems shall be capable of verification of
operational status during ground operations.

3.2.5.3 Hold, Launch, and Recycle Requirements. The SRM shall
be capable of supporting a Shuttle launch within a twenty-four
hour notification-for-launch period and maintaining a launch
standby status for 24 hours. The SRM shall also be capable of
being launched from a standby status within 120 minutes.

3.2.5.4 Solid Rocket Booster to External Tank Buildup and
Mating. The SRM assembly and verification on the mobile launcher
(ETR) or launch pad (WTR) shall be required prior to mating to
the external tank.

3.2.5.5 Retargeting. The SRM shall be capable of meeting the
Space Shuttle retargeting to a dissimilar mission requirement
within 16 hours and this requirement shall not preclude the
capability to retarget within two hours.
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3.2.5.6 Useful Life. Both new and refurbished SRMs components
and subassemblies shall be capable of meeting the performance
requirements of this document after a maximum storage period of
five years in uncontrolled humidity, within a temperature range
of +32° F to +95° F, and/or exposure to uncontrolled humidity and
to ambient temperatures and times during transportation and
handling as specified below:

a. Transportation to ETR 1/ 2/

(1) Up to 3 hour exposure: minimum temperature -7° F,
maximum temperature 102° F.

(2) 24 hour exposure: average daily minimum
temperature 5° F, average daily maximum temperature
89° F.

(3) 9 days exposure: average daily minimum temperature
16° F, average daily maximum temperature 85° F.

b. Transportation to WIR 1/ 2/

(1) Up to 3 hour exposure: minimum temperature 3° F,
maximum temperature 113° F,.

(2) 24 hour exposure: average daily minimum
temperature 11° F, average daily maximum
temperature 98° F.

(3) 9 day exposure: average daily minimum temperature
20° F, average daily maximum temperature 93° F.

The five year useful life begins following SRM component
acceptance by NASA.

l/ Logarithmic interpolation shall be used for determination of
requirements for exposure times which are between 3 and 24 hour
or between 24 hour and 9 days.

2/ 1Interior temperature shall be measured and recorded during
transportation in each shipping container for each shipment.

3.2.5.7 Recovery and Refurbishment. The SRM and its subsystems
shall be capable of reuse following recovery and retrieval after
submersion in sea water for up to seven days (168 hours) in
accordance with the reusability goals in Table IV.




Specification No. CPW1-1900
25 November 1986
Page I-40

3.2.6 Safety. The Safety Program shall comply with NHB 5300.4
(1D-2) and the following safety requirements:

3.2.6.1 Flight Safety. The SRM and its subsystems shall
eliminate hazards by appropriate design features, or prevent
hazards through the use of safety factors and safety devices, or
counter hazardous conditions by special procedures.

3.2.6.2 Ground Safety. The SRM shall preclude and/or counteract
failures or hazards that would jeopardize personnel safety or
damage/degrade the SRM during manufacturing, handling,
transportation, turnaround, maintenance and refurbishment
operations.

3.2.6.3 Personnel Safety. Provisions for personnel safety shall
be in accordance with the following:

a. Safety Devices. Known hazards which cannot be
eliminated through design selection shall be reduced to
an acceptable level through the use of appropriate
safety devices as part of the system, subsystem, or
equipment.

b. Warning Devices. Where it is not possible to preclude
the existence or occurrence of a known hazard, devices
shall be employed for the timely detection of the
condition and the generation of an adequate warning
signal. Warning signals and their application shall be
designed to minimize the probability of wrong signals
or of improper personnel reaction to the signal.

3.2.6.4 Explosive and/or Ordnance Safety. The propellants for
the SRM and the igniter shall meet the requirements of hazard
classification 1.3 as defined in the Army Material Command
Regulation Safety Manual AMCR 385-100, or DoD Contractor's
Safety Manual for Ammunition, Explosives, and Related Dangerous
Materials, DoD 4145.26. The SRM segments and ignition system
less initiators shall have a DOT explosive classification of
Class B.
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3.2.6.5 Debris Prevention. The SRM shall be designed to preclude
the shedding of debris (see 6.1.1) from the elements during
prelaunch and flight operations that would jeopardize the flight
crew and/or mission success,

3.2.7 Environment.

3.2.7.1 Natural Environment. The SRM shall withstand the natural
environments defined in JSC 07700, Volume X, Appendix 10.10, and
the air and sea temperature environments and salinity of
SE-019-043-2H.

3.2.7.2 Induced Environment. The SRM shall withstand the induced
environmental conditions as defined in the following documents:

Thermal

Base Heating - SD73-SH-0181-3

Launch and Ascent - SD73-SH-0181-3
Re-entry - SE-019-053-2H

Interface - SD74-SH-0144, ICD 3-44003

Loads

Vibration, Acoustic and Shock - SE-019-049-2H and
SE-019-067-2H. In case of conflict, SE-019-049-2H shall
take precedence over SE-019-067-2H.

Prelaunch through Separation - SE-019-057-2H, Book 1 as
changed by SA42-280-86

Post Separation through Recovery - SE-019-057-2H, Book 2

(interpolated for a vertical velocity of 85 feet per
second) ICDs 3-44001, 3-44003, 3-44004, 3-44008

Dynamic Aeroelasticity

External panels shall be free of panel flutter at 1.5 times
the local dynamic pressure at the appropriate temperature
and mach number for all flight regimes.

Transportation Loads
During transportation, the flight structure shall not be
subjected to loads more severe than the structural
capabilities if the SRM and of its components which have
been designed to meet the flight locad requirements.
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3.2.8 Transportability/Transportation. The SRM and its component
parts, when protected in accordance with the Preparation for
Delivery requirements of Section 5, shall be capable of being
handled and transported by rail or other suitable means to and
from fabrication, test, operational launch, recovery/retrieval,
and refurbishment sites. The SRM and its components shall be
compatible with the handling, packaging, and transportation
systems to the extent that:

a. The size and weight of the SRM and its components does
not exceed the limitations of handling, packaging, and
transportation systems. The shipping envelope
limitations for routine rail transportation shall be as
shown in Figure 5.

b. No loads are induced in the SRM and its components
during transportation and handling which will produce
stresses, internal loads, or deflections in excess of
the structural capability of the SRM and its components
which have been designed to the requirements of 3.2.7
and 3.3.6.1 through 3.3.6.5.

c. The SRM and its components are adequately protected, by
passive means, against natural environments during
transportation and handling.

3.2.9 Storage.

3.2.9.1 Post Acceptance Requirements. The performance capability
of the SRM or of any of the separate deliverable end items which
comprise the SRM after accceptance by NASA shall not be adversely
affected by a maximum storage period of five years within a
temperature range of +32 to +95° F. The assembled SRM shall be
capable of being stored in the vertical position for up to 180
days launch pad stay time and capable of holding on the launch
pad for 14 days without GSE support. The assembled SRM shall
meet all requirements specified herein, provided the propellant
operational mean bulk temperature is within the limits of +40 to
+90° F. Prior to final assembly, the SRM segments and subsystems
shall be capable of being stored in either a horizontal or
vertical position in either their shipping containers or with
protective end closures and covers.
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3.2.9.2 Storage/Age Control. Storage monitoring of the SRM and
its subsystems shall require only electrical grounding and visual
inspection. Natural rubber items, propellant and liner contained
in safety critical components, except for electrical connectors,
accessories and the nozzle flex bearing, shall be age controlled
in accordance with the requirements of JSC-SE-R-0006 (as changed
by approved deviation RDWOOO1lR2, see 10.1) as defined in the
Material Selection and Control Plan, TWR-10192.

3.3 Design and Construction Standards.

3.3.1 Selection of Specifications and Standards. All materials,
parts and processes shall be defined by specifications and
standards selected in accordance with MIL-STD-143, except that
NASA documents referenced in this specification shall take
precedence. Rationale for the selection of contractor
specifications and standards over existing higher order or
precedence standards and specifications shall be compiled and
maintained for historical record and shall be made available to
the procuring activity upon request. This rationale shall include
an identification of each higher order or precedence specification
or standard examined and state why each was unacceptable. For
purposes of this order or precedence, commercial materials, parts
and processes shall be considered equivalent to contractor
standards.

3.3.1.1 Selection of Materials, Parts, and Processes. All SRM
materials, parts, and processes shall be selected in accordance
with the requirements of TWR-10192 and shall be defined by
specifications and standards suitable for the intended purpose and
approved by Morton Thiokol material and engineering personnel
prior to their incorporation into the SRM design. The SRM
material selection list and use instructions requirements shall

be in accordance with SE~019-094-2H as defined in TWR-10192 except
that in lieu of MSFC Material Usage Agreement Form 551, the Morton
Thiokol Material Usage Agreement Form TC 4658 shall be used.

NASA approved authority and responsibilities for SRM materials,
parts, and engineering processes shall be as specified in
TWR-10192.

3.3.1.2 Parts Selection.
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3.3.1.2.1 EEE Parts. EEE parts shall be selected in accordance
with MSFC-DWG-85M03936. When EEE parts listed therein will not
satisfy design requirements, selection of parts shall consider
previously qualified parts and selection shall minimize the number
of styles and generic types.

3.3.1.2.2 Standard and Commercial Parts. MS, AN, or MIL-STD
parts shall be used whenever suitable for the intended purpose.
If no suitable MS, AN, or MIL-STD parts are applicable or
available, commercial parts may be used provided they conform to
the requirements of this specification and do not affect the
qualification status of the end item hardware.

3.3.1.2.3 Instrumentation Selection. Commonality of sensors and
measurement range standardization with other Shuttle system
elements shall be implemented where practical.

3.3.1.3 Drawing Standards. Drawings and associated lists shall
be prepared in accordance with requirements of MIL-STD-100,
MIL-D-1000, Form 2 for Categories B, C, E, F, H, I, and J;
MIL-D-1000, Form 2 or Form 3 for Categories A, D, and G; and the
following subparagraphs. Drawings and associated lists shall be
identified by the contractor's code identification and number.
Deviations from these requirements are permissible, and encouraged
if cost effective, with the prior approval of MSFC.

3.3.1.3.1 Flight/Non-Flight Critical Items. Drawings and
associated lists shall be prepared in accordance with the
requirements of Category E, Form 2 of MIL-D-1000.

3.3.1.3.2 Deliverable Non-Flight Items. Drawings for deliverable
non-flight items shall be prepared in accordance with requirements
of applicable Categories C, E, F, G, or H, Form 2 of MIL-D-1000.

3.3.1.3.3 Legibility. Drawings and reprints shall be of
sufficient clarity such that every line, number, letter, and
character data is clearly legible and readable. Microfilming

shall be in accordance with NHB 1440.4 for Type 1, Class I
microfilm.

3.3.1.3.4 Drawing Quality. The drawings shall be in accordance
with the quality assurance requirements of MIL-D-1000.
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3.3.1.3.5 Delivery Requirements. The delivery requirements for
drawings shall be as specified in the Information Requirements
Document DPD 400.

3.3.1.3.6 Drafting Practices. Drawings shall be prepared using
the drawing practices requirements of MIL-STD-100, specified in
MIL-D-1000, with the conditions and exceptions, delineated in DPD
400.

3.3.1.4 Units. The requirement for use of the international
system of units has been waived.

3.3.1.5 Traceability. Traceability shall be provided by
assigning a traceability identification to each SRM part and
material and providing a means of correlating each to its
historical records, and conversely, the records must be traceable
to each part and material throughout the life of each component.

3.3.2 General.

3.3.2.1 NASA/JSC Standards. The SRM shall comply with the
applicable standards listed in JSCM 8080. JSCM 8080 Standards
requirements shall not be applicable to off-the-shelf hardware.
JSCM 8080 Standard 88 shall be applicable to SRM wire splicing.
JSCM 8080 Standard 107, "Separate Stock for Spaceflight Parts and
Material", requirements as changed by DAR SRM 0005 (see 10.1)
shall be applicable. JSCM Standard 133B requirements for harness,
wire, and connector testing are not applicable.

3.3.3 Aeronautical. This paragraph is not applicable to this
specification.
3.3.4 Civil. This paragraph is not applicable to this

specification.

3.3.5 Electrical. Electrical and electronic equipment shall
meet the following requirements:
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3.3.5.1 Electromagnetic Interference. The SRM shall be designed
and tested in accordance with the requirements of JSC-SL-E-0001,
JSC-SL-E-0002, MIL-STD-462 and ICD 3-44005. Definitions and
system of units shall comply with MIL-STD-463.

3.3.5.2 Electrical Bonding. Structural and electrical parts
shall meet the bonding requirements of MIL-B-5087 in all areas,
except in the area of lightning protection where the requirements
of JSC 07636 shall apply.

3.3.5.3 Soldering. Soldering of all electrical connections shall
comply with the requirements of NHB 5300.4(3A) as supplemented by
JSC 08800.

3.3.5.4 Circuit Boards. Soldered printed wire board assemblies
shall be designed in accordance with MSFC-STD-154 and parts shall
be mounted in accordance with MSFC-STD-136.

3.3.5.5 Static Electricity and Lightning Protection. Static
electricity and lightning protection shall comply with the
requirements of JSC 07636, JSC 20007, and ICD 3-44005.

3.3.5.6 Harnesses and Cables. Harnesses and cables shall comply
with the requirements of NHB 5300.4(3G).

3.3.6 Mechanical.
3.3.6.1 Design Safety Factors.
3.3.6.1.1 General Safety Factors.

Before SRB separation
Yield factor of safety = 1.10

Ultimate factor of safety = 1.40

|
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After SRB separation before water impact
Yield factor of safety = 1.10
Ultimate factor of safety = 1.25
During water impact
Stiffener rings = 1.00%
Yield factor of safety = 1.10%
Ultimate factor of safety = 1.25%
* This is a design goal only for water impact loads. Analyses

will be conducted on the effects of water impact loads for
the following water entry conditions:

a. Nominal vertical velocity of 85 fps.
b. Horizontal velocity of 0 to 45 fps.

c. Impact angle -5 to +5 degrees.

3.3.6.1.2 Safety Factors for Pressures.

Before SRB separation

Yield pressure = 1.20 x limit pressure
(6.1.1)

Ultimate pressure

1.40 x limit pressure
After SRB separation before water impact

Yield pressure = 1.10 x limit pressure

Ultimate pressure

1.25 x limit pressure
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puring water impact

I

Yield pressure 1.10* x limit pressure

Ultimate pressure

1.25*% x limit pressure
Buckling pressure = 1.00%
* This is a design goal only for water impact loads. Analyses

will be conducted on the effects of water impact loads for
the following water entry conditions:

a. Nominal vertical velocity of 85 fps.
b. Horizontal velocity of 0 to 45 fps.
c. Impact angle -5 to +5 degrees.

Results of these analyses will be evaluated and the calculated
factors of safety will be the basis of attrition rate
determinations.

3.3.6.1.3 Internal Insulation. The SRM internal insulation
system consisting of case side wall thermal insulation, stress
relief flaps, and propellant grain inhibitors shall utilize the
SRM component design configurations (Ref. TWR- TBD) as baseline.
Safety factors are determined based on a comparison of material
affected depth against minimum design thickness. Post-test and
post-flight verification of insulation compliance with design

safety factor requirements shall be based on a comparison of
material affected depth against minimum design thickness.

3:3.6.1.3.1 Case Insulation. The case insulation shall have a
minimum safety factor of 1.5 assuming normal, motor operation and
1.2 assuming loss of a castable inhibitor.

3.3.6.1.3.2 Metal Part Joint - Insulation. Case insulation
adjacent to metal part field joints and extending over factory
joints shall have a minimum safety factor of 2.0.

3.3.6.1.3.3 Multiple Insulation Materials. Case insulation in
sandwich constructionn regions (aft dome and center segment aft

end) shall have a minimum safety factor of 1.5 (performance ratio
TBD) .
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3.3.6.1.3.4 Inhibitors. The aft facing, castable, propellant
grain inhibitors shall have a minimum safety factor of 1.25. The
forward facing, propellant grain inhibitors shall have a minimum
safety factor of 1.5.

3.3.6.1.3.5 Insulation Performance. Insulation performance shall
be calculated using actual pre- and post-motor operation
insulation thickness measurements. Compliance with safety factor
requirements shall be calculated using minimum insulation design
thickness.

3.3.6.1.4 Insulation/Liner Bond. The safety factor for the
physical properties of the insulation/liner bond shall be 2.0
minimum during the life of the SRM. The bond safety factor shall
be based on the bond strength of the bond line. The procedure
for determining bond line strength shall be submitted to MSFC for
approval.

3.3.6.1.5 Propellant and Propellant/Liner Bond. The safety
factor for propellant and propellant/liner bond shall be 2.0
minimum during storage and launch with the exceptions that the
propellant safety factor during horizontal storage shall be: 1.4
in the forward segment transition region, 1.8 in the forward
segment flap and 1.7 in the center segment flap. The safety
factor requirements are for a minimum PMBT of +52° F for the five
year life.

3.3.6.1.6 Nozzle Safety Factors. The minimum design safety
factors for the nozzle assembly primary ablative materials shall
be as listed below for the worst nozzle environment over a PMBT
range of +40 to +90° F.

a. All components except flex bearing thermal protector

1. Erosion: 2.0 times maximum predicted local final
erosion depth.

2. Char: 1.25 times maximum predicted local final
(end of action time) char thickness.

b. Flex bearing thermal protector: (material affected depth) 1.5
times the maximum predicted final material affected depth.

3. Thermal Protection: 1.0 on the insulation.
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3.3.6.2 Allowable Mechanical Properties. Fracture control
requirements and applications shall be as specified in TWR-10184,
SRM fracture control plan, supplement 2 fracture control plan for
Space Shuttle Ignition System, TBD, fracture control plan for
Space Shuttle Block II SRM motor case, and TBD fracture control
plan for the Space Shuttle Block II SRM nozzle. Fracture
mechanics properties of materials shall be determined in
accordance with ASTM E 399. Values for other allowable mechanical
properties of structures and joints in their design environments;
i.e., subjected to single stresses or combined stresses, shall be
in compliance with MSFC sources and/or MIL-HDBK-5, MIL-HDBK-17,
MIL-HDBK-23, or supplier guaranteed and approved properties.
Where values for mechanical properties of new materials, or
properties of existing materials in a new environment are not
available, they shall be determined by analytical or test methods
approved by MSFC. Generally, a larger safety factor shall be
incorporated into data supported by a small number of samples as
opposed to that data supported by a large number of samples.
Where tests are required, they shall be of sufficient number to
establish values for the mechanical properties on a statistical
basis. The effects of temperature, thermal cycling and gradients,
and detrimental environments shall be accounted for in defining
allowable mechanical properties.

3.3.6.3 Ultimate Combined Loads. The external, thermally
induced, and internal pressure loads should be combined in a
rational manner according to the equation given below to determine
the design loads. Any other loads induced in the structure,

e.g., during manufacturing, shall be combined. No load conditions
which exceed manned flight loads shall be considered. 1In no case
shall the ratio of the allowable load to the combined limit loads
be less than the designated Safety Factor (SF).

(K1) L(external) + (K1) L(Thermal) + (K2) L(Pressure) = Ultimate
Combined Load

K1, K2 = SF of 1.4 for boost conditions when the term is
additive to produce the ultimate combined load.

K1, K2 = Calculated after SRB separation based upon
conditions prior to separation. Calculated values
shall be the basis for attrition rate
determination.

Kl, K2 = 1.0 when the term is subtractive to produce the

ultimate combined load.
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L(External) = Mechanically external applied loads, e.g.,
inertial loads, aerodynamic pressure

L(Thermal) = Thermally induced loads

L(Pressure) = Maximum expected operating pressure (MEOP)
where additive to produce the ultimate
combined load.

L(Pressure) = Minimum expected operating pressure when

subtractive to produce the ultimate combined
load.

This equation is applicable to either tension or compression
loads. All structural components that are subject to compressive
inplane stresses, including loads resulting from temperature
changes, shall be investigated for buckling failure. The
evaluation of buckling strength shall consider the combined action
of primary and secondary stresses and their effects on (1) general
instability, (2) local or panel instability, (3) crippling, and
(4) creep. Design loads for buckling shall be ultimate loads.
Loads tending to alleviate buckling shall not be increased by the
ultimate factor of safety. Destabilizing limit loads shall be
increased by the ultimate factor of safety although stabilizing
loads shall not.

3.3.6.4 Proof Pressure Factors. Fractur