W5,

G AEROJET NUCLEAR SYSTEMS COMPANY

A DIVISION OF AEROJET-GENERAL (5

NERVA

Data Item No. Specification No. CP-802%0A

£002-CP090290A-F)
Part 1 of 2 Parts

Page 1 of 89 Pages

DETAIL SPECIFICATION -
PART 1

PERFORMANCE/DESIGN AND QUALIFICATION REQBIREMENTS

FOR

ENGINE, NERVA, 75K, FULL FLOW

BASIC ISSUE APPROVED BY: BASIC ISSUED APPRCOVED BY:

I/éé?a/z?éﬁ?filézji;%<aic §i/§;%§;3

W. 0. Wetmore /pafE SNPO-C - DATE
Vice President and
NERVA Program Director

SNPO ‘ DATE

Classification Category
UNCLASSIFIED

AL s

Classifying Officer Date




i

i) AEROJET NUCLEAR SYSTEMS COMPANY

A DWISION OF AEROJET-aEneRAL (5

NERVA

Data Item No. Specification No. CP-90290A
C002-CPO90290A-F1 Part 1 of 2 Parts

Page i of 1 Pages

DETAIL SPECIFICATION
PART 1
PERFORMANCE/DESIGN AND QUALIFICATION REQUIREMENTS
for o
ENGINE, NERVA, 75K, FULL FLOW

Replace page{s) with the latest revised page{s) noted below.
Revised paragraph(s) are annotated with the latest revision in the marg1n

REV LIR A

Page DATE

No. ECP




13.5/1

Specification No. CP-80290A

TABLE OF CONTENTS

5 Page

‘ Section 1. SCOPE 10
1.1 Mission Definitions 10
1.2 tLaunch Vehicle Definition 10
1.3 Support Systems Definition 1
1.4 Man Rating Definition 11
Section 2. APPLICABLE DOCUMENTS ) 12
2.1 Government Documents ' S 12
2.2 Other Publications 14
2.3 Aerojet/Westinghouse Documents . 14
2.3.1 Aergjet Nuc]eér Systems Company Documents 14
2.3.2 Westinghouse Astronuclear Laboratory Documents 16
Section 3. REQUIREMENTS 17
3.1  Performance 17
3.1.1 Functional Characteristics 17
3.1.1.1 Primary Performance Characteristics 17
3.1.1.1.1 Operational Modes - 17
3.1.1.1.2 Vacuum Performance Rating ' 17
3.1.1.1.3 Operational Constraints ‘ 18
3.1.1.1.4 Attitude, Altitude and Temperature 18
3.1.1.1.5 Impulse and Controllability Requirements 18
3.1.1.1.5.1 Normal Mode Impulse 19
3.1.1.1.5.1.1 Prestart ‘ 19
3.1.1.1.5.1.2 Startup 19
3.1.1.1.5.1.2.1 Temperature Conditioning and Nuclear Startup 19 2
3.1.1.1.5.1.2.1.1 Temperature Conditioning 19
3.1.1.1.5.1.2.1.2 Nuclear Startup - 20
3.1.1.1.5,1.2.2 Bootstrap ' 20
3.1.1.1.5.1.2.3 Thrust Buildup ' 20
3.1.1.1.5.1.3 Steady State Operation 20
3.1.1.1.5

.1.4 Shutdown and Cooldown _ 20

[a]



13.5/2

Specification No. CP-90290A

TABLE OF CONTENTS (Cont.)

Page
3.1.1.1.5.1.5 Post Operations 21
3.1.1.1.5.1.6 Coast 21
3.1.1.1.5.2 Malfunction Mode Impulse .22
3.1.1.1.5.2.1 Single Turbopump Operation Impulse 22
3.1.1.1.5.2.1.1 Prestart 22
3.1.1.1.5.2.1.2 Startup _ 22
2.1.1.1.5.2.1.2.1 Temperature Conditioning and Nuclear Startup 22 2
3.1.1.1.5.2.1.2.1.1 Temperature Conditioning = 22 &
3.1.1.1.5.2.1.2.1.2 Nuclear Startup 22 o
3.1.1.1.5.2.1.2.2 Bootstrap ' 23 =
3.1.1.1.5.2.1.2.3 Thrust Buildup 23 .,
3.1.1.1.5.2.1.3 Steady State Operation 23
3.1.1.1.5.2.1.4 Shutdown and Cooldown 23
3.1.1.1.5.2.1.5 Post Operation 23
3.1.1.1.5.2.1.6 Coast ' 23
3.1.1.1.5.2.2 Component Malfunction Impulse : 24
3.1.1.1.5.3 Emergency Mode Operation 24
3.1.1.1.6 Restart Requirements 24
3.1.1.1.7 Engine Communication 25
3.1.1.1.8 Propellant Conditioning 25
3.1.1.1.9 Propellant Pressurization - 26
3.1.1.1.10 Thrust Vector Control 26
3.1.1.1.171 Nuclear Radiation Shielding 26
3.1.1.1.11.1 Unmanned Configuration 26
3,1.1.1.11.2 -Manned Configuration 27
3.1.1.1.12 Malfunction Detection and Recovery ’ 27
3.1.1.1.13 Engine Assembly, Checkout, and Assurance Operations 27 )
3.1.1.1.14 Nuclear Stage Assembly and Checkout Operations 27 |
3.1.1.1.15 HNuclear Stage/Vehicle Mating Cperations 27 ;
3.1.1.1.16 Vehicle Checkout Operations 28
3.1.1.}.17 Vehicle Transfer Operations ‘ ’8




jd.3/9

3.1.1.1.
3.1.1.1.
3.1.1.1.
3.1.1.
3.1.1.1.
3.1.0.1.

3.1.1.2
3.1.2
3.1.2.1

3.1.2.1.

3.1.2.2

3.1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2.
3,1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2.
3.1.2.2,

3.1.2.3

3.1.2.3.
3.1.2.3.
3.1.2.3.
3.1.2.3.

I
Specification No. CP-90290A

TABLE OF CONTENTS {Cont.)

18 Vehicle Countdown Operations

19 Launch and Boost Operation

20 Space Station Operation

21 Propellant Depot Operation

22 Coast Operations

23 Spent Stage Disposal Operation
Secondary Performance Characteristics

Operability
Reljability

1 Trend Data System

Maintainability

1° Maintenance and Repair Cycle

1.7 Maintenance Classification and Usage

1.1.1  Routine

1.1.2 Preventive

1.1.3  Corrective
1.2 Maintenance Modes
1.2.17  Manual

1.2.2 Remote
1.3  Engine Maintainability Reguirements
1.4 Maintenance Design Reguirements

1.4.1 System Constraints
1.4.2 Checkout and Test
1.4.3 Complexity

1.4.4 Human Performance

2 Service and Access
Useful Life
1 Service Life
1.1  Space Service Life
1.1.1 Operating Service Life
2 Engine Storage Life

Page
28

29
29
29
30
30
31
31
31
31
31
32
32
32
32
32
32
32
32
32
33
33
34
34
34
34
34
34
34
34
35

=)

¢ <



13.5/4

. Specification No. CP-902904

TABLE OF CONTENTS (Cont.)

Page
3.1.2.3.3  Subsystem/Component Storage Life 35
3.1.2.4 Environment 35
3.1.2.4.1 Natural Environment 35
3.1.2.4.2 Induced Environments 35
3.1.2.4.2.1 Nuclear Environment 35
3.1.2.4.2.2 Acoustic Environment _ ) 35
3.1.2.4.2.3 Thermal Environment _ 35
3.1.2.4.2.4 Vibration and Acceleration Environments 35
3.1.2.4.2.5 Electromagnetic Environment 36
3.1.2.4.2.6 Atmosphere Environment _ 36
3.1.2.4.3 Combined Environments 36
3.1.2.5 Transportability 36
3.1.2.5.1 Modes of Transport and Handling 36
3.1.2.5.2 Transportation Attitude : kI
3.1.2.5.3 Transportation Loads 37
3.3.2.5l4 Interface Requirements 37
3.1.2.5.5 Environmental Regquirements 37
3.1.2.6  Human Performance . 37
3.1.2.6.1 Maintenance 37
3.1.2.6.2 Training . 37
3.1.2.6.2.1 Number of Skills Required 37
3.1.2.6.2.2 Reliability/Safety Through Performance 38
3.1.2.6.2.3 Environmental Conditions 38
3.1.2.6.3 System Operation 38
3.1.2.6.3.1 QOperating Prccedures 38
3.1.2.6.3.2 Control Displays ' . 38
3.1.2.6.3.3 Psychophysiological Stress and Fatigue 38 (.
3.1.2.6.3.4 Adequate Emergency Systems 38
3.1.2.7  Safety 38
3.1.2.7.1 Flight Safety . - | 40




13.5/5

3.1.
3.1
3.1
3.1.
3.1
3.1.
3.1.
3.1,
3.2

3.2.
3.2.
3.2.
3.2.
3.2.
3.2.
3.2,
3.2.

3.3

3.3.
3.3.
3.3.
3.3.
3.3.
3.3.

3.3.

3.3.
3.3.
3.3.

3.3.
3.3.

Specification No. CP-90290A

TABLE OF CONTENTS (Cont.)

2.7.1.1 " Failure Identification

2.7.1.2 Malfunction Detection and Control

2.7.1.3 Malfunction Operation

2.7.1.4  Spent Engine Disposal

2.7.2 Ground Safety

2.7.3 Nuclear Safety

2.7.4 Personnel Safety

2.7.5 Explosive and/or Ordnance Safety
CEI Definition

1 Interface Requirements

1.1 Schematic Arrangement

1.2 Detailed Interface Definition

1.3 Engine State Points

2 Component Identification

2.1 Government Furnished Property List

2.2 Engineering Critical Components List

2.3 Logistics Critical Components List
Design and Construction

1 General Design Features

1.1 Structural Criteria

1.2 Electrical Criteria

1.3 Nuclear Criteria

1.4 Dry Weight of Engine

1.4.1 _Engine Weight with External Shield (Manned
Configuration)

1.4,2 Engine Weight Without External Shield
{(Unmanned Configuration)

1.4.3 Weight of Additional Equipment
1.4.3.1 Destruct Subsystem

1.4.3.2 Stage Mounted NERVA Engine I&C Cable (Supplied
: by Stage Contractor)

1.4.4 Launch Weight of Engine (Manned Configuration)
1.5 Module and Component Remote Replacement

6

s

fi‘;} ‘—"‘l‘.-




13.5/6

1
Specification No. CP-90250A

TABLE OF CONTENTS (Cont.)

Page
3.3.1.6 Gimballed Mass Characteristics 49
3.3.1.6.1 Moment of Inertia About Gimbal Point 50
.3.3.1.6.2 Gimballed Weight (Operating) _ 50
3.3.1.6.3 Center of Gravity 50
3.3.1.7 Engine Natural Freguency 50
3.3.1.8 lLeakage 50
3.3.1.9 Cleanliness o 50
3.3.1.10 Electrical Power 51
3.3.1.11 Checkout and Calibration 51
3.3.1.12 Engine Purge and Vent 51
3.3.1.13  Fluid Compatibility _ 51
3.3.1.13.1 Propellant A Y
3.3.1.13.2 Gaseous Nitrogen : 51
3.3.1.13.3  Gasesous Helium 52
3.3.1.14  Thrust Rulling 52
3.3.1.15  Security . 52
3.3.1.16 Thrust Vector Misalignment 52
3.3.1.17 Growth 52
3.3.1.18 Measurements Criteria S 52 (7
3.3.2 Selection of Specifications and Standards 52
3.3.3 Materials, Parts, and Processes' 52
3.3.3.1 Materials and Parts 53
3.3.3.1.1 Hydrogen Embrittlement : 53
3.3.3.1.2 Radiation ) 53
3.3.3.1.3 Material Activation 53
3.3.3.2 Processes ‘ . 53
3.3.3.2.1 Training ‘ 54
3.3.3.2.2 Certification 54
3.3.3.3 HNon-Destructive Testing 54
3.3.4 Standard and Commercial Parts 54
3.3.4.1  Drawings . 55
3.3.4.2 Qualification 55




13.6/4

B e et S e

Specification No.

TABLE OF CONTENTS (Cont.)

3.3.5 Moisture and Fungus Resistance

3.3.6 Corrosion of Metal Parts

3.3.7 Interchangeability and Replaceability
3.3.8 MWorkmanship

3.3.9 Electromagnetic Interference

3.3.10 Identification and Marking

3.3.11  Storage

Section 4. QUALITY ASSURANCE PROVISIONS

Sectin 5. PREPARATION FOR DELIVERY

Section 6. NOTES
6.1 Tolerances

6.2 Definitions

LIST OF TABLES

Table I - Specification Extreme Radiation Leakage
Limits at PVARA Plane

Table II - Specification Extreme PVARA Radiation
Leakage Limits at Critical Component Locations

Table II1 - Engine Reliability Assessment Parameters
Table IV - NERVA Engine Duty Cycles
Table V - Operational Phase/Natural Environment Matrix

Table VI - Normal Atmospheric Composition for Clean,
Dry Air at A1l Locations ,

Table VII -~ Sand and Dust
Table VIII - Salt Spray
Table IX - Solar Radio Noise

Table X - Induced Radiation Environment of NERVA Engine
Operating at Full Power ‘

CP-50290A

Page
55

55
56
56
56
56
56

57
58

59
59
59

63
64

65
66
67
70

7
71
72
73



13.06/5
Specification No. CP-802%04
i

LIST OF TABLES {Cont.)

Page
Table XI - Induced Unperturbed Radiaticn Environment of 74
NERVA Engine Following 30 Minutes Full Power Firing
Table XII - Induced Radiation Environment of NERVA Engine 75
Operating at 80% of Full Power
Table XIII - Design Accelerations, Nuclear Engine-To-Stage 76
Interface
Table XIV - External Induced Electromagnetic Radiation ‘ 77
Environment
Table XV - Vehicle/Stage Induced Electromagnetic Lnvironment 78
Table XVI - Engine Induced Electromagnetic Environment 78
Table XVII - NERVA Flight Engine Explosive Atmosphere 79
Environment
LIST OF FIGURES
Figure 1 - NERVA Engine Operational Constraint Map 80
Figure 2 - NERVA Engine Operaticnal Phases 81
Figure 3 - kormal Mode Interface Gas Reguirements for : 8z
Propeltant Tank Pressurization
Figure 4 - Extreme Humidity Cycle - 15 Day Exposure ' 83
Figure 5 - Low Humidity Cycle - 10 Day Exposure 83
Figure 6 - Probability - Vefocity Distribution (Sporadic) 84
Figure 7 - Meteoroid Flux, Average Annual Cumulative Total 84
Figure 8 - Isokerma Rate and Isoflux Nuclear Environment 85
Contour Map (Full Power)
Figure 9 - NERVA Acoustic Environment Data 86
Figure 10 - Schematic Arrangement : ' 87
Figure 11 - Engine -~ Nuclear Subsystem Interfaces ‘ 88
Figure 12 - Normal Operating Power Profile & 89
ATTACHHMERTS
I Format for Emergency Operation Mede Summary 11 ;
11 Engine State Foints ‘ 11-1 thru 1I-18 (Zf




' f
) _ Specification No. CP-50290A

Section 1. SCOPE

This part of this specification defines the requirements for the
performance, design, and qualification of equipment identified as the NERVA
Nuclear Rocket Engine, Contract £nd Item {CEI} No. 90290 as established by
the NERVA Program Reguirements Document, SNPO-NPRD-1. This CEI, herein-
after referred to as the engine, is used as a source of primary propulsive
power for both manned and unmanned space wehicle applications. The engine
is designed to operate at a vacuum thrust level of 75,000 1bs and a specific
impulse of 825 seconds and shall be man rated. The engine requires externally
supplied liquid hydrogen, command signals, and electrical power. Rated thrust
js achieved at a nominal thrust chamber pressure of 450 psia and a nominal
design thrust chamber temperature of 4250° Rankine and with a nozzle having
an expansion ratio of 100:1. Endurance at rated temperature shall be 600
accumulated minutes. The operating time is utilizable in multiple cycles up to
60 with durations of varying lengths up to 60 minutes.

1.1  HMission Definitions - The following missions are used in the de-
finition of NERVA requirements. Payloads shall be-maximized consistent with

the engine performance requirements of this specification.

(a) Reusable Interorbit Shuttle - To shuttle payloads {manned
and unmanned) between a 262 nautical mile earth orbit and a space station in
lunar or geosynchronous earth orbit and return for reuse.

(b) Unmanned Deep-Space Injection - To place a large unmanned
payload on a deep space trajectory using the reusable nuciear shuttle from
262 nautical mile earth orbit and returning the shuttle vehicle to earth orbit

for reuse,

1.2 Launch Vehicle Definition - The engine shall be capable of being
launched into earth orbit by an INT-21 (SIC/SII) launch vehicle modified for a

nuclear third stage.

10
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1.3 Support Systems Definition - The engine shall be compatible with

the“following support systems:

a. Orbiting Propellant Depot
b. Space Stations {(Lunar and Geosynchronous)
¢. Spacecrafts and Space Vehicles
d. Operational Ground Faciiities
e. Aerospace Ground Equipment
f. Aerospace Space Equipment
1.4 Man Rating Definition - The engine shall be defined as man rated &

when it has met the rqujrements of this specification.

1
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Section 2. APPLICABLE DOCUMENTS

2.1 Government Documents - The following documents form a part of

this specification to the extent specified herein. The issue used shall be

that controlled by the latest
When the requirements of this

approved contractor’'s controlled documents Tist.
specification and other documents are in conflict,

the following precedence shall apply:

(a) NERVA Program Requirements Document

{(b) This Specification .

{c) Other documents referenced herein

(d) Documents subsidiary to those referenced herein

SPECIFICATIONS

Military
MIL-D-1000
MIL-B-5087
MIL-E-6057

MIL-I1-6866
MIL-I-6868
MIL-W-8160

MIL-E-B189
MIL-1-8500

MIL-1-8950

National Aeronautics and

Drawing, Engineering and Associated lLists

Bonding, Electrical, and Lightning Protection,
for Aerospace Systems

Electromagnetic Compatibility Requirements,
Systems

Inspection, Penetrant Method of
Inspection Process, Magnetic Particle

Wiring, Guided Missile, Installation of,
General Specification for

Electronic Equipment, Missiles Boosters and
Allied Vehicles, Specification for

Interchangeability and Replaceability of
Component Parts for Aircraft and Missiles

Inspection, Ultrasonic, Wrought Metals, Process for

Space Administration

MSFC-SPEC-234
MSFC-SPEC-356
MSFC-SPEC-364

Nitrogen, Space Vehicle Grade
Hydrogen, Liquid
Helium

12
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Office

SNPO - C-1
SNPO - C-6
STANDARDS
Military
MI.-STD-100

MIL-STD-130
MIL-STD-143

MIL-STD-171
MIL-STD-453
MIL-STD-1247

MIL-STD-1472

PUBLICATIONS

Department of Defense
DOD 5220.22-M

Air Force
AFETRM 127-1

Atomic Energy Commission

Manual Chapter 0529

CG-RR-3

Space Nuclear Propulsion

Structural Design Specification
External Environments - Definitions and Requirements

Engineering Drawing Practices
Identification Marking of US Military Property

Specifications and Standards Order of Precedence
for the Selection of .

Finishing of Metal and Wood Surfaces
Inspection, Radiographic

Marking, Functions and Hazard Designations of Hose,
Pipe, and Tube Lines for Aircraft, Missiles, and
Space Systems

Human Engineering Design Criteria for Military
Systems, Equipment and Facilities

Industrial Security Manual for Safeguarding
Classified Information ’

Air Force Eastern Test Range Manual

Safety Standard for the Packaging of
Radicactive and Fissile Materials

Rover Classification Guide

Office

SNPO-NPRD -}

NERVA Program Requirements Document

13
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2.2 Qther Publications - Not applicable.

2.3 Aerojet/Westinghouse Documents -

2.3.1 Aerojet Nuclear Systems Company Documents. - The following documents
form a part of this specification to the extent specified herein. The issue
used shall be that controlled by the iatest approved contractor's controlled
documents 1ist. When the requirements of this specification and other subsidiary
documents are in conflict, the following precedence shall apply:

(a) This Specification.
{b) Other documents referenced herein.
{(c} Documents subsidiary to those referenced herein.

SPECIFICATIONS
EC-90117 Propeilant Shutoff Valve & Actuator
EC-90121 Turbine Block Valve & Actuator
EC-90122 Bypass Control Valve & Actuator
EC-90149 Turbopump Assembly
EC-9015] Nozzle Assembly Subsystem
EC-90152 Thrust Structure Subsystem
EC-90154 Pressure Vessel and Closure Subsystem
EC-90192 Structural Support Coolant Valve
EC-90214 Instrumentation and Control Subsystem
EC-90218 Propellant Feed Subsystem
EC-907242 Dastruct Subsystem
EC-90243 External Shield Subsystem
EC-90244 Gimbal Assembly Subsystem
EC-50246 Pump Discharge Check Valves
£EC-90257 Bypass Block Valve and Actuator
EC-90258 Cooidown Supply Control Valve and Actuator

EC-90261 Structural Support Block Valve and Actuator

14
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EC-90276
EC-90281
£C-90283
DS-90176
DS-90196
DS5-90251
DS-90263
DS-90264
0S-90267
DS-90269
DS-90284

STAHDARDS
AGC-STD-1004
AGC-5TD-4004
AGC-STD-4005
AGC-STD-4006

AGC-5TD-9012
ASD-5223

PUBLICATIONS

Reports
2275

Data Item
€103-CPG90250-F1
P017-55090205-F1
R101-CP0302%C-F1
S007-CPE90290-F1
S015-CP090255-F1
S021-CPO90230-F1
$131-CP090290-F1

Specification No. cp-50290

Cooldown Shutoff Valve and Actuator
Turbine Discharge Block Valve and Actuator
Turbine Throttle Valve and Actuator

Nozzle Extension

Nozzle

Gimbal Actuator

Stage Tank Pressurizaiioh Line and Check Valve
Engine Purge Unit

Upper Thrust Structure

Lower Thrust Structure

Propellant Lines

NERVA Program Terminology
Engzneer1ng Acceptance Criteria for Castings

Engineering Acceptance Criteria for kelds

Engineering Acceptance Criteria for Wrought
and Forged Products

Wiring, Routing and Tgrmination of
Metals, Dissimilar, Definition and Use of

Materials Properiies Data Book

Measurement Design Requirements

Product Assurance Program Plan
Reliability Program Plan

Electromagnetic Compatability Plan
Safety Plan _
Contawmination and Corrosicn Control Flan

Materials Plan

15
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DRAWINGS

1136393

1137401
1136403

~. 1137101
N

11374007

{
Specification No. CP-30290A

NERVA Flight Engine Nuclear/Non Nuclear
Interface Control Drawing

75K NERVA Flight Engine Flow Diagram
NERVA Engine Module/Stage

NERVA Engine Specification Tree

75K NERVA Flight Engine Layout, Full Flow

2.3.2 Mestinghouse Astronuclear Laboratory Documents - The following

documents form a part of this specification to the extent specified herein.
The issue used shall be that controlled by the latest approved contractor's

controlled documents list.

When the requirements of this specification and

other subsidiary documents are in conflict, the following precedence shall

apply:

(a) This Specification.
(b) Other documents referenced herein.
(c) Documents subsidiary to those referenced herein.

SPECIFICATIONS

CP-677555
EC-677558
EC-677559
EC-677561
EC-677562
EC-677564
EC-677565
EC-677566
EC-677575
EC-677576
EC-677585

Nuclear Subsystem

Cluster Hardware

Reflector Assembly

Support Plate and Plena

Internal Shield

Core Periphery

Nuclear Subsystem Instrumentation
Fuel Elements )
Structural Support Coolant Assembly
Structural Support Coolant Valve Actuator
Control Drum Drive Assenbly

16
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Section 3, REQUIREMENTS

3.1 Performance - The engine shall be capable of meeting the per-

formance requirements specified herein.

3.1.1 Functional Characteristics.- The engine shall be capable of

performing operational functions specified herein.

3.1.1.1  Primary Performance Characteristics.-

3.1.1.1.1  OQperational Modes - The engine_shall be capable of performance
as specified in 3.1.1.1.5, (Impulse and Controllability Requirements) while
operating in the following modes: (See Section 6.2 for definition of operational

modes. )

(a) Normal Mode

{b} Malfunction Mode
(1) Single vurbopump Operation
(2} Component Malfunction

(¢} Emergency Modes

3.1.1.1.2 Vacuum Performance Rating - The engine perfdrmaﬂce rating is
based on nominal vacuum thrust using liquid hydrogen as specified in MSFC
Specification 356 with a 100:1 nozzle area ratio as follows:

5co

(a) Thrust - 75,000 + 2009 1b which includes a + ¥B 1b control-
lability tolerance. (Thrust considered parallel to the pressure vessel axis).

(b) Specific Impulse - 825 sec + 0.75% {which includes a + TBD %
controliability to]erancefbut dqséﬂggt include allowable operating HZ 1eafqge
?) Mininum Specific Impulse - % 5%@

nor H, required for tang&~”e? T
whasl fuawy Veryiele _Ls? TR UG R L

17
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(c) Nominal Chamber Pressure - 450 psia (The nominal chamber

pressure is the stagnation pressure).

(d) Nominal Chamber Temperature - 4250°R (The nominal chamber

temperature is the stagnation temperature}.

{e) Normal Mode Endurance - 600 minutes at rated temperature (ac-
cumulated in up to 60 cycles of varying duration up te 60 minutes maximum per

cycle).

(f) In meeting the thrust and impulse requirements all components

mist perform within their specified:to1erances.

3.1.1.1.3 Operational Constraints - The engine shall be capable of
operating at any selected point within the operational constraint map shown

in Figure 1.
During thrust buildup and retreat, the engine shall be capable

of chamber temperature ramp rates of 150 + 25°R/sec and chamber pressure ramp
rates of TBD psi/sec at a pressure less than 293 psia and at a rate of 50 * 10
psi/sec at a pressure greater than 293 psia.

3.1.1.1.4  Attitude, Altitude and Temperature - The engine shall start,
operate, and shutdown satisfactorily independent of engine gimbailed position
32§ attitude and with exposure to the external environmental conditions specified
in Egﬁumn 1 of Table V. The engine shall start satisfactorily in & zero-g
field when liquid hydrogen is supplied in accordance with the requirements

of 3.1.1.1.8 (Propellant Conditioning}.

3.1.1.1.5 Impulse and Controllability Requirements - The specific impulse
shall be maximized during engine operaticn consistent with-the restrictions of
3.1.1.1.3 (Operational Contraints), with propellant supplied as specified in
3.1.1.1.8 {Propellant Conditioning} in the environments specified in 3.1.2.4

(Environments) and when operating over the duty cycles specified in 3.1.2.3
(Useful Life). | |

18
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3.1.1.1.5.1 Normal Mode Impulse - The engine shall be capable of meeting
the following performance requirements when operating in the normal mode. The
normal operating cycle shall be initiated by a vehicle command signal to depart
from a coast {shutdown) condition or previous operating cycle and is completed
upon termination of cooldown flow, post operational status checks and coast
preparation, i.e., system power-down, or the receipt of a command signal for
restart. The normal operating cycle is shown in Figure 2.

3.1.1.1.5.1.1 Prestart - The engine shall be capable of performing function
and status check operations as commanded to assure readiness for startup. There
shall be no propellant flow other than permitted by 3.3.1.8 (Leakage)} during pre-
start operations except as required for cooldown during restart. Prestart time
shall be TBD + TBD minutes.

3.1.1.1.5.1.2  Startup.- Startup consists of temperature conditioning,
nuclear startup, bootstrap, and thrust buildup. Startup is initiated upon
receipt of a command signal to initiate propellant flow or nuclear startup
and is completed when rated performance has been achieved within the specffied
controllability limits. The engine shall be'capabie of accomplishing temperature
conditioning and nuclear startup simultanecusly or sequentially depending on
prior operating history. The engine shall be capable of meeting the following
requirements during normal startup operations.

3.1.1.1.5.1.2.1  Temperature Conditioning and Nuclear Startup.-

3.1.1.1.5.1.2.1.1  Temperature Conditioning - Temperature Conditioning is
initiated at engine startup and consists of non-nuclear component and reactor
thermal conditioning. These operations may be conducted separately or simul-
taneously depending on engine thermal conditions ét startup. The engine shall
be capable of being temperature conditioned for the initiation of bootstrap
within TBD seconds and shall consume less than IBD ibs of propeliant during this
time. The time required for this function shall be predictable within + TBD
seconds and propellant consumption shall be predictable within + TBD 1b.
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3.1.1.1.5.1.2.1.2  Nuclear Startup.- Nuclear startup may occur separately
or simyltaneously with temperature conditioning. During nuclear startup i ]
reactor criticality shail be achieved and temperature control shall be iiy ;
The time required for this functien shall not exceed TBD sec and

established. !
shall be predictable within + TBD sec for each nuciear startup. _ i

3.1.1.1.5.1.2.2 Bootstrap.- Bootstrap startup begins with initiation of :
flow through the turbines, and ends when program control has been achieved to
initiate thrust buildup. Temperature control shall be maintained during boot-
strap, and the engine shall be brought under program control when chamber pressure -
has increased to TBD + TBU psia. The engine shall be capabie of completing S
bootstrap startup within IBD sec and shall consume less than TBD 1b of propellant
during this time. These parameters shall be predictable to within + TBD sec
and + TBD 1b propellant for each bootstrap startup throughout the engine operating

life. . NG

3.1.1.1.5.1.2.3  Thrust Buildup - The engine shall be capeble of thrust
buildup through the engine throttle point, and shall maintain ratedAspecific
impulse from the throttle point to steady state operations. For each thrust
buildup cycle during the engine useful life, the thrust and specific impulse
shall be predictable as a function of time and engine history. These parameters
shall be controllable to + TBD percent thrust and + TBD percent specific impulse

of instantaneous predicted values.

3.1.1.1.5.1.3  Steady State Operation - Steady State Operation is initiated
when rated performance has been achieved within specified controllability limits,
and is terminated by receipt of a command signa] to begin retreat from this
condition. During Steady State Operation the engine shall be capable of providing
the vacuum performance specified in 3.1.1.1.2 (Vacuum Perfermance Rating).

3.1.1.1.5.1.4  Shutdown and Cooldown - Shutdown consists of throttling,

throttle hold, temperature retreat and pump tailoff, and is initiated by a
command signal to depart from rated conditions and is completed upon termination
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of powered pump cperation. During shutdown the engine shall be capable of steady-
state hold at the engine throttle point. Cooldown is initiated upon completion

of engine shutdown and is completed upon termination of propellant flow or the
receipt of a command signal for restart. Cooldown propellant is supplied at

tank preséure conditions as defined in 3.1.1.1.8, (Propellant Conditioning}.

The total delivered impulse during shutdown and cooldown shall be predictable

within + TBD percent of the total startup and steady-state impulse as a function !_ﬂf
of engine operating history and shall be controllable as a function of time ’
after initiation of shutdown. Provisien shall be made for a TBD sec steady state
hold at the throttle point, and for each shutdown cycle during the engine operating
life the thrust and specific impulse shall be controllable to + TBD percent thrust
and + TBD percent specific impulse of instantaneous predicted values from '
initiation of shutdown to termination of steady state hold at the throttle

point. The total impulse delivered after termination of the steady state hold

at the throttle point shall be controllable to within + 20,000 1b sec at ter-
mination of cooldown. The time of termination of cooldown impulse shail be
predictable within + 15 sec. Cooldown thrust shall be not less than 30 1b and
average cooldown specific impulse shall be not less than 400 sec.

o

3.1.1.1.5.1.5 Post Operations - The post operation period begins with the
termination of cooldown and ends when the engine is powered-down for coast or
space storage. During this period, the engine shall be capable of functional
and status check operations. The time for this operation shall not exceed TBD
minutes, There shall be no propellant flow other than permitted in 3.3.1.8

{Leakage).

3.1.1.7.5.1.6  Coast - The coast operation period is initiated upon com-
pletion of the post operation period and continues until receipt of a signal to
initiate restart operations. During coast operations the engine thrust (due to
allowable non-operating leakage} shall not exceed TBD 1b.

21



13.1/1

!
Specification No. CP-3029CA

1,1.1.1.56.2  Malfunction Mode Impulse - The engine shall be capable of

meeting the following performance requirements when operating under the following
malfunction conditions. The engine shall be capable of direct transition to the

malfunction modes during any phase of engine operation.

3.1.1.1.5.2.1 Single Turbopump Operation Impulse - The engine shall be
capable of operating with one Propellant Feed Subsystem leg inoperative.
Operation in this mode shall be initiated or completed as specified in 3.1.1.7.5.]
(Normal Mode Impulse), or by receipt of a command signal demanding the engine to
switch to this mode of operation from the normal mode startup, steady state or

shutdown functions.

3.1.1.1.5.2.1.1 Prestart - There shall be no propellant flow other
than permitted in 3.3.1.8 (Leakage) during prestart operations except as
required for cooldown during restart. Prestart time shall be TBD + TBD

minutes.

3.1.1.1.5.2.1.2 Startup - The engine shall be capable of the following
requirements- during single Turbopump startup operation.

b

3.1.1.1.5.2.1.2.1 Temperature Conditioning and Nuclear Startup.- (Zg}

3.1.1.1.5.2.1.2.1.1 Temperature Conditiening - The engine shall be
capable of being temperature conditioned for the initiation of bootstrap within
TBD seconds and shall consume less than TBD 1b of propellant. The time
required for this function shall be predictable within + TBD sec.

3.1.1.1.5.2.1.2.1.2 Nuclear Startup.- Nuclear startup may occur
separately or simultaneously with temperature conditioning. During nuclear
startup reactor criticality shall be achieved and temperaturé control shall be
established. The time required for this function shall not exceed TBD sec and

shall be predictable within + TBD sec for each nuclear startup. E

—

1
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3.1.1.1.5.2.1.2.2 Bootstrap.- Bootstrap startup begins with initiation
of flow through the operational turbine, and ends when program control has been
achieved to initiate thrust buildup. Temperature control shall be maintained
during bootstrap, and the engine shall be brought under program control when

of completing bootstrap startup within TBD sec and shall consume less than

TBD 1b of propellant during this time. These parameters shall be predictable to |

within + TBD sec and + TBD 1b propellant for any Single Turbopump bootstrap
startup occurring throughout the engine operating,iife:

3.1.1.1.5.2.1.2.3  Thrust Buildup - For each thrust buildup cycle
during the engine useful life, the thrust and specific impulse shall be
predictable as a function of time and engfne history. These parameters
shall be controllable to + TBD percent thrust and + TBD percent specific
impulse of instantaneous predicted values,

3.1.1.1.5.2.1.3 Steady State Operation - The engine when operating with
one PFS leg shall provide the vacuum specific impulse spe¢ified in 3.1.1.1.2
{Vacuum Performance Rating) and & nominal vacuum thrust of 60,000 1b. The
engine shall be capable of operation at extended duration as required to deliver
a single burn total impulse equivalent to that which would have been required for

normal mode operation.

3.1.1.1.5.2.1.4 Shutdown and Cooldown - The engine shutdown and cooldown
requirements for this mode of operation shall be as specified in 3.1.1.1.5.1.4
(Shutdown and Cooldown) for normal mode operation.

3.1.1.1.56.2.1.5 Post Operation - The engine post operation requirements
shall be as specified in 3.1.1.1.5.1.5 (Post Operations) for normal mode
operation.

3.1.1.1.5.2.1.¢ Coast - During coast operations the engine thrust (due
to allowable non-operating leakage) shall not exceed TBD 1b.

™
Lo

|
|

/I

chamber pressure has increased to TBD + TBD psia. The engine shall be capable >

-~

¢
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3.1.1.1.5.2.2  Component Malfunction Impulse - When operating with ri-
component malfunctions other than those which would cause operation with a single
PFS leg as specified in 3.1.1.1.5.2.1 (Single Turbopump Operation Impulse), or
emergency operation as specified in 3.1.1.1.5.3 (Emergency Mode Operation), the
engine shé}l be capable of operating under the conditions specified in 3.1.1.1.5.7

(Normal Mode Impulse).

3.1.1.1.5.3 Emergency Mode Operation - The engine shall be capable of
operation in an emergency operating mode. No more than one emergency cycle shall
be required of the engine. The emergency operating modes shall be initiated
manually or by a command from the malfunction detection and contro] system or
the trend data system demanding the engine to an emergency mode of operation
from any point on the engine operating map. The engine shall be capable of a
transition to the emergency operating mode during any portion of startup or
steady state operation. For emergencies occurring during shutdown, the engine '/T\
shall be capable of cooldown for up to five hours prior to entering the emergency /
operating mode. The engine shall be preserved in a restartable condition if it
can be done at no additional risk to the population, passengers or crew. The
engine shall be capable of providing emergency mode impulse at selected points
{TBD) within the operational constraint mab shown in Figure 1. Emergency mode
impulse requirements shall be determined during the engine development program,
The minimum emergency mode impulse and thrust shall be ]08 ib.sec. and 30,000
1b. respectively, as specified in 3.1.2.7.1.3 (Malfunction Operation). Minimum
emergency mode specific impulse shall be 500 sec. A summary of the emergency
mode operating conditions is shown in Table TBD. (The format of this table is
provided as Attachment I to this specification.)

3.1.1.1.6 Restart Requirements - The engine shall be capable of entering
the engine prestart phase for restart at any time after completing the shutdown

phase of a previous operating cycle.
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3.1.1.1.7 Engine Communication - The engine shall be capable through the
Engine/Stage interface of receiving, processing, and distributing command signals
for engine operation and checkout functions through normal input channels from
the stage, spacecraft, vehicle instrumentation unit (I.U.)}, the Vehicle
Emergency Detection System (V.E.D.S.), and the range safety decoder. The engine
shall provide engine output data through the Engine/Stage interface to the I.U.
and stage systems, the V.E.D.S., and to the spacecraft and spacecraft systems
display equipment as specified in 3.2.1.2 (Detailed Interface Definition).

3.1.1.1.8 Propellant {onditigning - The engine shall be capable of
operating at the conditions stated herein when supplied with liquid hydrogen as
specified in MSFC Specification 356 delivered at the tank outlet (upstream of
the main prgpéllant shutoff valve). The pressure and vapor quality shall be as

follows:
Tank © Saturation
Pressure Pressure Vapor,

{a} HNormal Qperation psia psia Percent

(1) Startup TBD to 30 TBD 0

{2} Rated Condition . 28 28 0

(3) Cooldown T8D ' T8D TBD
(b} Single Turbopump Operation _

(1) Startup TBD to 30 T8D 0

(2) Rated Condition 30 28 0

(3) Cooldown TBD TBD 8D (4,
(c) Component Malfunction

Operation

(1) Startup Same as Normal Operation

{2) Rated Condition Same as Normal Operation

{3} Cooldown TBD 18D 8D
(d) Emergency Operation '

(1) Startup TBD to 30 18D 0

(2) Emergency Point 30 . 28 0

(3} Cooldown 18D 18D : TBD
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3.1.1.1.9 Propellant Pressurization - The engine shall be capable of
providing hydrogen gas for propellant tank pressurization. The gas delivered
to the interface shall have properties as shown in Figure 3.

3.1.1.1.10  Thrust Vector Control - The engine gimbal system shall be
capable of providing the following thrust vector control in all directions:

(&) Angle from null, degree (°), ¢-30
(b} Angular velocity, °/sec, 0 -0.25
{c) Angular acceleration, °/sec2, ~ 0-0.5

3.1.1.1.11  Nuclear Radiation Shielding - Engine components shall be
protected from radiation emitted from the nuclear subsystem by a shield internal
to the reactor pressure vessel. The engine shall be capable of incorporating
an external radiation shield to reduce the dose due to engfne radiation to
permissable levels within manned spacecraft. The engine design shall minimize
the sources of radiation and thereby reduce the pené]ty for meeting crew pro-

tection requirements.

———

3.1.1.1.11.17  Unmanned Configuration - In the unmanned configuration
(no external shield) the internal shield (internal to the pressure vessel) shall
be no larger than is necessary to prevent radiation damage or heating of engine
components which would preclude meeting their specified ﬁerformance requirements.
The internal shield shail limit Pressure Vessel and Reactor Assembly {PVARA}
radiation leakage through a plane located at a height of §3 inches forward
of core center, perpendicular to the engire axis, to the levels shown in
Table I, within the radius defined by the pressure vessel outside radius.
Additionally, the PVARA leakage radiation at critical locations in the engine
system shall be 1imited to the levels shown in Table II.

&

The internal shield shall be limited to an envelope within the inside radius
of the pressure vessel and an overall thickness not to exceed 18 inches {including

structural and coolant regions).
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3.1.1.1.11.2 Manned Configuration - In the manned configuration the
engine shall be capable of providing external shielding which in conjunction
with vehicle and spacecraft shielding reduces the dose per round-trip to 10
rem at the location of each passenger and 3 rem at the Jocation of each flight
crew member in the spacecraft. The manned shield (external shield) shall be
capable of being removed in space for unmanned fiight and replaced for manned
flight. Variations in crew shielding attenuaticn capability, based on mission | -
requirements, shall be possible with minimum redesign. (i)

3.1.1.1.12 Halfunction Detection and Recovery - The engine shall
be capable of detecting malfunctions and providing corrective action as
established by the analysis techniques specified in 3.1.2.7 (Safety). The
engine control system shall be capable of evaluating the malfunction condition
and directing the appropriate malfunction recovery action.

{~=

3.1.1.1.13 Engine Assembly, Checkout, and Acceptance Operations - f
The engine shall be capable of manual assembly using AGE and facility equipment
as specified in 3.2.1.2 (Detailed Interface Definition). The engine shall be
capable of functional checks to assess engine operational status. Capability for
poison wire insertion subsequent to engine acceptance shall be TBD.

3.1.1.1.14  Nuclear Stage Assembly and Checkout Operations - The
engine shall be capable of the procedural requirements as specified in 3.2.1.2
{Detailed Interface Definition) and shall be capable of remote functional
testing and checkout of all engine operational parameters using stage control
system circuits. The engine shall be capable of monitoring and self-check

. "-......\_

operations to provide assessment of engine reliability safety and operational
status. Other specific requirements are TBD.

3.1.1.1.15  Nuclear Stage/Vehicle Mating Operations - The engine shall be
capable of the procedural requirements specified in 3.2.1:2 (Detailed Interface

Definition), and shall be capable of monitoring to provide assessment of enging
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safety. The engine shall be capable of peripheral poison wire removal prior to
nuclear stage/vehicle mating operations. Other specific requirements are TBD. g

3.1.1.1.16  Vehicle Checkout Operations - The engine shall be capable
of fuﬁctiona? testing and checkout of all engine operational parameters using
vehicle control system circuits. The engine shall _e capable of monitoring
and self-check operations during vehicle checkout to provide assessment of

engine reliability safety and operational status. Otner specific requirements A
N

are T80.
3.1.1.1.17  Vehicle Transfer Operations - The engine shall be capable <5

of withstanding the Joads and environments specified in 3.1.2.4 (Environments)
during vehicle transfer to the launch pad. During this operation the engine
shall be capable of monitoring all functional parameters critical to engine
safety, and shall be capable of interfacing with AGE/Facility equipment as
specified in 3.2.1.2 (Detailed Interface Definition). Other specific require-

ments are TED.

3.1.1.1.18 Vehicle Countdown Operations - During pre-launch {vehicle
countdown} operations for the operational period specified in 3.1.2.3 {Useful
ife} the engine shall be capable of the following:

{a) Being exposed to the natural environments
specified in 3.1.2.4 {(Environments) without degradation.

{(b) Interfacing with AGE and facility equipments
as sp cified in 3.2.1.2 (Detailed Interface Definition).

(c) Maintenance and functional testing as specified
in 3.1.2.2 (Maintainability).

(d) Installation of destruct system detonators.

(e) Attachment and removal of radiatioft monitoring
equipment.

(f) Reactor central pcison wire removal.
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(g) Monitoring all functional engine parameters
required to assess engine reliability, operational and safety status.

(h) Reactor central poison wire reinsertion T8D. &>
(i) Other requirements TBD. »
3.1.1.1.19  Launch and Boost Operation - The engine shall have the <z>

following capabilities during launch and boost:

{a) Exposure to the natural and induced environments
of 3.1.2.4 (Environments)} without degradation of performance potential.

(b} Response to a destruct signal and fragmentation
and disposal of the reactor fuel elements in accordance with 3.1.2.7 (Safety).

(c) Response to a signal to render the engine destruct

system inoperative (safe) after completion of launch and boost operations.

{d} Monitor all engine parameters required to assess

engine safety and reliability.

(e} Other requirements TBD.

e

3.1.1.1.20 Space Station Operation - The engine shall be capable
of functional testing and checkout while the nuclear stage is docked at the
lunar space station or the geosynchronous space station. The_ specific require-

ments of this operation are TBD.

3.1.1.1.21  Propellant Depot Operations - The engine shall be capable
of the following functional requirements while the nuclear stage is docked at
the 262 nautical mile earth orbit propellant depot.

{a) Removal of the expendable equipment required for
launch, including the anticriticality destruct subsystem, launch support
structure and gimbal locking devices, and central poison wires.
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(b) Installation, removal, and replacement of the

extefna? radiation shield.

(c) Engine maintenance functions as specified in

3.1.2.2 (Maintainability).
H .
(d) Functional testing and checkout as required

to assess engine condition and verify engine operability and reliability.
{e) Other requirements I@Q:f

3.1.1.1.22  (Coast Operations - The engine shall be capable of maintaining
a restartébie condition during coast periods not to exceed TBD days with exposure
to the natural and induced environments of 3.1.2.4 {Environments}. The engine
shall provide capability for monitoring all functional engine parameters required
for assessment of engine safety and restart capability. Engine electirical

power requirements during coast operations shall be minimized and shall not exceed

the power consumption levels specified in 3.3.1.10 (Eiectrical Power).

3.1,1.1.23  Spent Stage Disposal Operation - Except after emergency
mode operation the engine shall be capable of providing impulse for spent
stage disposal. Disposal operation shall be conducted within the operational
modes specified in 3.1.1.1.5.1, (Normal Mode Impulse) and 3.1.1.1.5.2,
(Malfunction Mode Impulse) and the engine useful life specified in 3.1.2.3,
(Useful Life.) During disposal operation the engine shall retain the following

capabilities:

(a) Command override of engine control functions.
(b) Control reactor coolant to prevent core vaporization following

the final engine thrust cycle.
(¢) Remote monitoring of all engine operating functions.
(d) Other requirements TED.
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3.1.1.2 Secondary Performance Characteristics - No secondary performance

characteristics have been established for the engine.

3.1.2 Operability -

3.1.2.17  Reliability.- TBD i:i?

12,10 Trend Data System - The engine shall have the capability
such that its operational statugqg?-gapability may be assessed at any time
during its service 1ife. Trend characteristics or parameters with operating
1imits shall be selected during the design process and monitored during
the engine service life to provide an effective status indication of the
system and system performance factors subject to wearout and/or deterioration.
The engine controT system shall be capable of calculating the probability
of m1ssron success at any time during a mission, using trend data and approprwate

reliability analyses.

3.1.2.2 Maintainability - The engine shall be capable of being
maintained by redundancy, adjustment, and/or replacement of key components.
Maintenance action except for switching to redundant components shall be
limited to ground or earth orbit. The design of the engine for maintainability
shall not compromise reliability (mission success) and the effect of maintain-
ability on engine weight and performance shall be minimized. The engine shall
be designed to meet the following repair time allocations,

{a) Space - The time allowed for engine repair including
engine removal and replacement shall be in accordance with vehicle turn-around

time allocation TBD.

(b} Launch Pad - The time allowed for engine ma1ntenance shall
be in accordance with time allocation as follows:

1. Prior to propellant servicing TBD.
2. Subsequent to propellant servicing TED.

31



13.2/1

Specification No. CP-90290A

(c) Engine/Vehicle Assembly - The time allowed for engine
maintenance shall be in accordance with the assembly/checkout maintenance

allocation TBD.

3.1.2.2.1 Maintenance and Repair Cycle -

3.1.z2.2.1. Maintenance Classification and Usage -

3.1.2.2.1.1.1 Routine - There shall be no routine engine maintenance
required. Routine inspection shall be permitted.’

3.1.2.2.1.1.2 Preventive - No scheduied maintenance or repair cycles
shall be required. Preventive maintenance shall be limited to checkout and

purge reguirements,

3.1.2.2.1.1.3 Corrective - Corrective maintenance shall be performed
wﬁen check-out and trend data indicate that maintenance (replacement) is required.
Component replacement shall be 1imited to those components and assemblies SpECTf]ed
in 3.1.2.2.1.3 (Engine Maintainability Requirements).

3.1.2.2.1.2 Maintenance Modes -

3.1.2.2.1.2.1 Manual - The engine shall be capable of manual maintenance
during ground operations. Manual maintenance shall not be required where
radiation dose levels exceed those established by radiation guides IBD. =

3.1.2.2,1.2.2 Remote - The engine shall be capable of remote maintenance
in hostile environments.

3.1.2.2.1.3 Engine Maintainability Requirements - Engine ma1nta1nab111ty
capability shall be limited to the following:
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(a} The engine shall be capable of manual assembly and disassembly
to the stage during ground operations, and remote separation from and reassembly
to the stage while in earth orbit. Additionally, stage mounted engine components
shall be capable of remote replacement when located in hostile environments, and
mey be capable of manual replacement when maintained in a non-hostile environment.
{b) Engine component valve assemblies, drum actuators, gimbal actuators, {:,
external shield, turbomachinery and electronic logic packages external to the
reactor pressure vessel and nozzle shall be remotely maintained by replacement
or substitution (switching or redundancy) when in a hostile environment, and may
be capable of manual replacement when maintained in a non-hostile environment.

{c} The reactor, pressure vessel and nozzle including physically
associated instrumentation shall not be replaced.

(d) Corrective maintenance on the NERVA Digital Instrumentation s
and Control Electronics (NDICE).

(e} For module and component remote replacement requirements see s
3.3.1.5 (Module and Component Remote Replacement). ~

3.1.2.2.1.4 Maintenance Design Requirements -

3.1.2.2.1.4.1 System Constraints - The engine shall be designed to with-
stand the angular and offset axial misalignment and the docking load impact
when installing the engine to the stage during space maintenance operation as

follows:
(a) Angular Misalignment - TBD

(b} Offset Axial Misalignment - TBD
(¢} Docking Load Impact - TBD

33



13.2/3

f
' , Specification No. CP-90290A

3.1.2.2.1.4.2 Checkout and Test - A1l components shall be capable of
remotely conducted functional and electrical checks after engine assembly or

maintenance.

3.1.2.2.1.4.3 Complexity - The engine compcnents/modules design for
maintenance shall be as simple as possible. Where maintenance design guidelines
cause undue complexity or weight, consideration shall be given to adding com-
plexity to the support -equipment rather than to flight components, and to the
use of single components rather than modules. Safety and reliability analysis N
techniques shall be used to establish maintenance design guidelines.

)

3.1.2.2.1.4.4 Human Performance - The maintainability features of the
engine for human performance shall be as specified in 3.1.2.6 {Human Performance).

3.1.2.2.2 Service and Access - Access shall be provided for remote
removal, reinstallation, and rheckout of replaceable modules or components.

3.1.2.3 Useful Life - The engine shall have a minimum useful 1ife
as defined in the following subparagraphs.

3.1.2.3.1 Service Life -

3.1.2.3.1.1 Space Service Life - The engine shall be capable of meeting
the performance requirements of this specification for a minimum of 3 years under
the in-space environmental conditions specified in 3.1.2.4 (Environments).

3.1.2.3.1.1.1 Operating Service Life - The engine shall be capable of
operating for a minimum of 600 minutes accumulated in multiple burn cycles up
to 60 of varying length up to one hour for normal mode operations and TBD hour
for single turbopump operation, at a nominal thrust chamber temperature
of 4250°R. The engine shall be capable of the duty cycles as specified in
Table IV. The engine shall be capable of completing any single mission as
specified in 1.1 (Mission Definitions) under the malfunction conditions specified

in 3.1.1.1.1.2 (Malfunction Mode).
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3.1.2.3.2 Engine Storage Life - The assembled engine shall have a

minimum ground storage and pre-launch operational 1ife as follows:

{a) Storage (controlled environment) 5 years
(b) Launch Pad Environment 6 months
3.1.2.3.3 Subsystem/Component Storage Life - Engine subsystems

and components shall have a minimum ground storage life of TBD months under

controlled storage environments.

3.1.2.4 Environment - The engine shall meet all performance re-
quirements of this specification during or after exposure to the following
environments as applied to the engine or its protective container for the
service and storage durations specified in 3.1.2.3 (Useful Life).

312,401 Natural Epvironment - Extreme values of the natural environ-
ment are specified in Tables V through IX and Figures & through 7.

3.1.2.4.2 Induced Environments -
3.1.2.4.2.1 Nuclear Environment - The engine induced nuclear environ-
ment {is specified in Tables X, XI, and XII. The isoflux nuclear environment (“
: r »

contour map is specified in Figure 8 TBD.

3.1.2.4.2.2  Acoustic Environment.- The acoustic environment applied

at the engine boundaries is specified in Figure 9.

3.1.2.4.2.3 Thermal Envivonment - TBD.

3.1.2.4.2.4 Vibration and Acceleration Environments - Vibration and:

acceleration environments and the interface locations where applied are
specified in Table XIII TED.
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3.1.2.4.2.5 Electromagnetic Environment - Extreme values either radiated
or conducted, of the externally induced electromagnetic radiation environment
and the vehicle/stage induced electromagnetic environment are specified in
Tables XIV TBD and XV TBD. The engine induced electromagnetic environment
resulting from engine {nuclear) operation shall not exceed the values specified

in Table XVI TBO.

3.1.2.4.2.6 Atmosphere Environment - The atmosphere environments
which may be developed as a result of permissable hydrogen leakage are
specified in Table XVII TBD.

3.1.2.4.3 Combined Environments - The performance requirements of this

specification shall be met when the environments specified in 3.1.2.4.1
(Natural Environment)} and 3.1.2.4.2 (Induced Environments) are applied sequentially
and in combination to produce augmented environmental stresses.

3.1.2.5~ Transportability - The engine shall be capable of perform-
ing as specified herein subsequent to the following transportation and handling
conditions. '

3.1.2.5.1 Modes of Transport and Handling - - The engine and its sub- }
systems shall be capabie of being handled and transported by land, sea, or air | (?f
after final checkout when suitably packaged. Specific requirements are TBD. i

3.1.2.5.2 Transportation Attitude - The engine shall be capable of ra

R A AL

transportation in any attitude when suitably packaged and shall be capable

of being handied in the horizontal, rotational, and vertical (nozzle up and

nozzle down) attitudes during assembly. The engine shall be capable of transportation
in the vertical (nozzle down) or horizontal attitude when attached to the stage/

airframe.
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3.1.2.5.3 Transportation Loads - Engine allowable loads as specified in (32)
B L et numend
3.1.2.4.2.4 {Vibration and Acceleration Environmerts) will not be exceeded (E)

during transport and handling.

3.1.2.5.4 Interface Requirements - The engine shall be capabie of
providing for the attachment of fixtures required for assembly and transport.
These interfaces shall be as specified in 3.2.1.2 (Detailed Interface Definition).

3.1.2.5.% Environmental Requirements - The.engine shall be capable
of allowing internal environmental control during transport and handling.

-3.1.2.6 Human Performance - Design practices for the engine
shall integrate man into the system in Such areas as maintenance, training, and
system operation by means of human engineering design principles and practices
as specified in MIL-STD-1472.

3.1.2.6.1 Maintenance - Engine design shall take into account the
special human performance factors associated with maintenance. Engine design
shall consider: ({1} malfunction identification; (2) ease of component removal,
replacement, and repair; {3) manual and remote operation where required; (4) align-
ment aids where necessary; and {5) incorporation of calibration techniques with
related test and checkout points.

3.1.2,6.2 Training - The engine shall be designed to minimize re-
quirements for personnel training programs required to develop human performance
necessary in the operational maintenance, suppert, and contirgl of the engine

system in a specified environment.

P

3.1.2.6.2.7  HNumber of Skills Required.- The engine shall be designed
to minimize the level and extent of personnel skills required for assembly,

maintenance, and system operations.
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3.1.2.6.2.2 Reliability/Safety Through Performance -~ The engine shall
be designed such that personnel shall have the capability to override automatic
devices which control their lives and engine performance.

3.1.2.6.2.3 Environmental Conditions - Those parameters conducive or
restrictive to man, and which have a strong influence on his reliability, shall

be considered in the engine design.

3.1.2.6.3 System Operation - A systematic method shall be developed
for determining optimum manned design solutions to engine system problems.
Functions will be allocated between operating personnel and the engine system
to promote optimum capability between equipment and human performance.

3.1.2.6.3.1 0Operating Procedures - The engine shall be designed such
that effective procedures may be written for each level of tasks to be performed
during inspection, checkout, maintenance, and troubie shoeting. These procedures
shall be prepared and validated during development of the engine system.

3.1.2.6.3.2 Contrcl Dispiays - The man relationship to control displays
shall be as specified in MIL-STD-1472.

3.1.2.6.3.3 Psychophysiclogical Stress and Fatique - The interface (1)
between the engine design and man shall consider ease of operation and promotion

of decision wmaking.

3.1.2.6.3.4 Adeguate Emerqgency Systems - The selection of emergency
systems shall take into consideration the potential for human error in the
operation of the system under emergency conditions.

3.1.2.7 Safety - Maximum effort shall be directed toward elimination
of single failures or credible combinations of errors and/or failures qgjﬁh pre-
clude mission completion or endanger successful mission termination, ground
personnel, space crews, launch crew, general public; or which cause serious
facility damage or engine loss. The following order of precedence of safety
criteria shall be appiied to engine design: o
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(a) Major effort shall be made throughout all phases of design to
insure inherent safety through the selection of appropriate specifications,
design features, and qualified components. This effort shall include a thorough
review of system configuration compatibility with maintenance, test and mission
operations, and cther test requirements to minimize the probability of system

degradation because of personnel error.

(b} In all instances where known hazards exist and cannot be eliminated,

appropriate protective systems shall be employed.

{c) Where it is not possible to preclude the existence or occurrence
of a known hazard, reliable devices shall be employed for timely detection of the
condition and the generation of an adeguate warning signal. Warning signals shall
be standardized within 1ike types of systems to minimize the probability of improper
personnel reaction to the signal{s).

“{d) Where it is not possible to reduce the magnitude of existing
or potential hazards through design change or the use of safety warning devices,
appropriate emergency procedures shall be developed.

(e) The engine shall be designed using reliability and safety
analysis techniques of hazard analysis, contingency analysis and fault tree
analysis in accordance with Safety Plan SOT3-CP0S0290-F1 and Reliability
Program Pian R-101-CP0%0290-F}. Failures shall be categorized according to
failure effects as defined in Section 6.2{(h) using the guidelines in
3.1.2.7.1.3, (Malfunction Operation). To the extent feasible, all single L
failures shall be reduced by appropriate design to Category I or Category 11
in stated order of preference {3.1.2.7.1.3). Where it is not feasible to
reduce such failures to Category I, it is mandatory that the trend data and
the maifunction detection systems include provisions to detect the failure

A e Pt A, TRl

{or approach thereof) and provide appropriate action. The detection and
warning systems for Category II, III, and IV failures shall consist of at
least two completely independent circuits.
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(f) Means shall be provided to prevent accumulation of com-
bustible or explosive mixtures of hydrogen and air in the engine during ground
acceptance test, prelaunch operations, and the ascent phase. The engine design
shall minimize the use of materials that will support combustion in the event of
fire. Where such materials are regquired, fire resistant protective coverings

shall be utiiized as appropriate.

3.1.2.7.1 Flight Safety -
3.1.2.7.1.1 Failure Identification - Single failures or errors shall
be identified and categorized as to their effects on the system. Multiple {3)

failures which Tead to Category III or IV failure effects shall be identified
and their effects on the system shall be assessed.

3.1.2.7.1.2 Malfunction Detection and Contrpol - The engine shall
incorporate means for detection of Category II, III, and IV failures. ’">
Control logic shall be provided to permit engine operation at maximum
performance capabilities consistent with the nature of the malfunction or

-

failure.

3.1.2.7.1.3 Malfunction Operation - The engine shall be capable of
operation under malfunction conditions resulting from single or multipie
failures in accordance with the foliowing guidelines.

L

{a) Category I - No additional functions required

(b) Category II - Operation in the Component Malfunction Mode
specified in 3.1.1.1.5.2.2 {Component Malfunction Impuise) for all Category

11 failures.

(c) Category IIIA - Operation with only one leg of the propellant
feed system cperational as specified in 3.1.1.1.5.2.7 (Single Turbopump
Operation Ispulse).
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(d) Category I1IB - Operation in Emergency Mode Operaticn in a
manner consistent with the control philosophy of 3.1.2.7.1.2 (Malfunction
Detection and Control). Minimum engine performance in an Emergency Mode
shall be estabiished considering the nature of the failure, the reliability
of retreating to and operating at an Emergency Mode point, and using optimumly
the remaining propeliant. Minimum engine performance in any Emergency Mode

Operation shall be not less than:
(1) 30,000 pounds thrust.
(2) 500 seconds specific impulse.
(3) 108 1b-sec. total impulse, including cooldown.
(e) Category IV - Retention of maximum capability to protect

vehicle and crew consistent with the control philosophy of 3.1.2.7.1.2.
{Malfunction Detection and Control).

(f} The ability to override the engine programmer remotely by the
crew and ground control, and the capability for remote thrust cutdown independent
of the erngine program shall be incorporated.

3.1.2.7.1.4 Spent Engine Disposal - TBD

3.1.2.7.2 Ground Safety - The reactor and the engine shall be capable
of being shipped in accordance with AEC Manual Chapter 0529.

3.1.2.7.3 Nuclear Safety - The engine shall include provisions for
preventing the inadvertent attainment of reactor criticality through any

single or credible multiple feilures, malfunctions, or operaticns during all
ground, launch, flight, and space operations in accordance with the following:
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{a) During reactor assembly and for all subsequent shipping,
storage, engine assembly, and handling operations prior to movement to the
launch pad, the reactor shall be provided with a poison wire system such that
the effective neutron multiplication factor shall not exceed 0.55 if the reactor

is flooded with water or liquid hydrogen.

(b} The poison wire system shall remain effective if the reactor
or engine as packaged for shipment is subjected to the Hypothetical Accident
Conditions set forth in Annex 2 of AEC Manual Chapter 0529 Appendix.

{¢) The central poison wires alone shall be capable of retaining the
reactor in a subcritical state if all control drums are rotated to their most
reactive position or if the reactor is subjected tc a compaction accident.

(d) For ground cperations which are conducted with poison wires
removed, as well as for enging use in space flight, protection against
inadvertent ¢criticality shall be provided both by safety measures that prevent
inadvertent roii-out of control drums; and safety measures that prevent valve
operations that could permit LHZ to flow from the propellant tank to the reactor
through either the normal flow path or the cooldown flow path. The safety
measures applied to the PFS valves shall also prevent inadvertent flow of LHZ
to the reactor following propellant lcading and during launch, boost, and space

operations.

(e} The engine shall provide a means of destruct during launch
and ascent so as to assure sufficient dispersion of the reactor fuel upon
earth impact to prevent nuclear criticality with the fuel fully immersed in
water. The destruct system shall be capable of removal prior to initial reactor

startup in space.

?
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(f} The engine shall include provisions for the safe determination
of sub-critical multiplication when all poison wires have been removed.

{g} Tne engine shall have a minimum reactivity shutdown margin o

(no 82 flow, poison wires out, control drums full-in position) of'ﬁllﬁorat (l)
540°R at all times.

{h} The engine shall include provisions for monitoring the neutron
flux during engire non-operating periods during space flight. The monitor shall
provide an appropriate alarm signal to indicate an abnormal increase in the

neutron level.

3.1.2.7.4 Personnel Safety - Maximum practical provisions for
personnel safety shall be incorporated in the engine and its components so
that assembly, checkout, acceptance test, transport, storage, mainienance,
inspection, repair and rexlacement shall be accomplished with minimum hazard to
personnel. Particular consideration should be given to the safety aspects of
required personnel access to the engine. The hazards to be considered
include but are not limited to the following: '

(a) Electrical Shock

{b} Sharp protrusions

(¢) Release and/or entrapment of inert fluids to confined spaces
(d) Exposure to cryogenic temperature

(e) Release of projectiles

(f) High pressure fluid releases

(g) Unguarded moving machinery

{(h) Excessive radiation levels

3.1.2.7.5 Explosive and/or Ordnance Safety -"All ordnance, including

associated power supplies and circuity, shall be capable of meeting the require-
ments of Section C, Paragraph 8 of AFETRM 127-1.

43




13.3/3

Specification No. CP-90290A

-

3.2 CEI Definiticn - This section defines the components and subsystems
which constitute the NERVA Engine CEI, including the Nuclear Subsystem CEI. <:
The following paragraphs specify the interface requirements and component

identification of the Engine CEI.

3.2.1 Interface Reanuirements - The engine as delivered for assembly to

the nuclear stage shall consist of the following separate assemblies:

{a)} NERVA Digital Instrumentation and Control Electronics (NDICE) (é
Assemblies :

{b) Two Propeilant Shutoff Valve (PSOV) Assemblies

(c) One Cooldown Supply Module Assembly

(d) One Engine Module Assembly

{e) One Destruct Subsystem {i&

The functional, dimensional, physical and procedural interfaces
between the engine assemblies and other system equipment and facilities shall
be as specified in the following subparagraphs.

3.2.1.1 Schematic Arrangement.- The schematic diagram identifying engine
assembly interfaces with related system equipments is shown in Figure 10. The
schematic diagram identifying engine assembly interfaces with the Nuclear
Subsystem CEl is shown in Figure 11. Graphic portrayal of the engine interfaces
shall be as shown in the following drawings and diagrams:

(a) 75K NERVA Flight Engine Layout, Full Flow, Dwg. No. 1137400
(b) 75K NERVA Filight Engine Electrical Schematic, Dwg. No. TBD
{c} 75K NERVA Flight Engine Assembly, Dwg. No. TBD

(d) 75K NERVA EPIC Assembly, Dwg. No. TBD

(e) 75K NERVA PSOV Assembly, Dwg. No. TBD

(f) 75K NERVA Cocldown Supply Module Assembly, Dwg. Ro. T8D

{g) 75K NERVA Flight Engine Flow Diagram, Dwg. No. 1136401

(h}) 75K NERVA Destruct Subsystem, Dwg. No. TBD

Py
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3.2.1.2 Detailed Interface Definition.- Detailed definitions and design
requfrements for the physical, functional, and procedural characteristics of the
interfaces shown in 3.2.1.1 {Schematic Arrangement) shall be as provided in the

following Interface Control Drawings:

{a) NERVA Flight Engine Nuclear/Non-Nuglear Interface Control, {ji)
Dwg. No. 11363893

(b) NERVA Engine Module/Stage, Dwg. No. 1136403

{¢c) PSOV/Stage, Dwg. No. TBD

(d) Cooldown Supply Module/Stage, Dwg. No. TBD.

{e) EPIC/Stage, Dwg. No. TBD '

(f) NERVA Engine/AGE, Dwg. No. TBD

(g) NERVA Engine/Facility, Dwg. No. TBD

{h) NERVA Engins/Propeilant Depot, Dwg. No. TBD

{i) NERVA Engine/Space Station, Dwg. No. TBD

(j) Destruct Subsystem/Stage, Dwg. No. I@g <:)

3.2.1.3 Eﬁgine State Points.- The schematic diagram identifying engine i
state point locations, and a tabulation of flow rates, temperatures, and : f
pressures at these locations is provided as Attachment II to this specification. !

3.2.2 Component Identification.-

3.2.2.1 Government Furnished Property List.- TBD.

3.2.2.2 Engineering Critical Components List.- Components of the engine
are individually specified as subsystems and as engineering critical (EC) or
Design (DS) components. These components and their categorization are as shown
on Drawing 1137101 and are identified as follows:

EC-90218 Propeliant Feed Subsystem
£C-90149 Turbopump Assembly
EC-80117 Propellant Shutoff Valve & Actuator
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EC-90122
£C-90257
EC-90121
EC-90246
EC-90258
EC-90276
EC-9028]
EC-90261
EC-90283
DS-90263
DS-90764
DS-90284

EC-90242

EC-80151
S-90196
DS-80176

EC-GC214
EC-50152

DS-86267
DS-0026°

EC-80243

£C-90244
BS-90251

{P-677855
EC-077575

- Specification No. CP-90290

Bypass Control Valve & Actuator

Bypass Block Valve & Actuator

Turbine Block Valve & Actuator

Pump Discharge Check Valves

Cooldown Supply Contrel Valve & Actuator

Cooldown Shuteoff Valve & Actuator

Turbine Discharge Block Valve and Actuator

Structural Support Block Valve & Actuator

Turbine Throttle Vaive and Actuator
_Stage Tank Pressurization Line and Check Valve
JEngine Purge Unit

Jigope1lant Lines

Destruct Subsystem

Hozzle assembly Subsystem
Nozzle
Nozzle Extensicn

Instrumentation & Conirol Subsystem

Thrust Structure Subsystiem
Upper Thrust Structure
fower Thrust Structure

External Shield Subsystem

Gimbal Assembly Subsystom
Gimbal Actuator

) [

Pressure Vessel & Closure Subsystom

wuctear Subsystom

Structural Suppert Cootant Assembly

S e e - m e T P R A [
£C-gatsz Structural Suport Goodant Vaive

FC-G77576 Struciurai Sunnord

£y
vy
-
o
[o
—
%
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EC-677566 Fuel Elements

EC-677558 Cluster Hardware

EC-677564 Core Periphery

EC-677561 Support Plate & Plena

EC-677562 Internal Shield

EC-677559 Reflector Assembly

EC-677585 Control Drum Drive Assembly
£C-677565 Nuclear Subsystem Instrumentation

3.2.2.3  Logistics Critical Components List.- There are no logistics

critical components in the engine.

3.3 Design and Construction.-

3.3.1 General Design Features.- The engine shall be designed as a
single module {engine) utilizing a full flow cycie to drive the engine turbopumps.

3.3.1.1  Structural Criteria.- The structural criteria for engine design
shall be in accordance with the requirements of SNPO-C-1.

3.3.1.2 Electrical Criteria.- The NERVA engine electrical systems shall
meet the requirements of MIL-E-8183. A1l wiring installations shall comply with
requirements of MIL-W-8160. Bonding shall comply with the reguirements of
MIL-8-5087. Grounding requirements for all electrical systems shall be based
on a controlled approach which permits cptimum performance. Wherever possible,
a single path-to-ground (i.e., only one path from any point in a circuit to
ground) grounding philosophy shall be utilized. The ground reference shall be
the structure ground points in the vehicle and the power source interface with
the facility ground system in the AGE. Where redundancy or EMI/EMC requirementis
dictate, they shall take precedence over single-path reqﬁirements.

3.3.1.3  Nuclear Criteria.- The engine shall be capable of withstanding the

engine induced nuclear radiation envivonments as specified in 3.1.1.1.11, (Nuclear

Radiation Shielding), and 3.1.2.4.2.1 (Nuclear Environment).
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3.3.1.4 Dry Weight of Engine.~

3.3.1.4.1 Engine Weight with External Shield {Manned Configuration).- The
target dry weight of the engine with a graphite core and consisting of the engine
module, NDICE, two PSOV's and a cooldown supply module, shall be 32,400 lbs.
The weight breakdown shall be:

{8} Engine Module 31,600 1bs.
(b) NDICE 500

(c) PSOV's (two) 200

(d) Cooldown Supply Module 100

3.3.1.4.2 Engine Weight Without External Shield {Unmanned Configuration).-
The targef dry weight of the engine with a graphite core and consisting of the
engine module, NDICE, two PSOV's and a cooidown supply module shall be 22,400
1bs. The weight breakdown shall be:

(a) Engine Module - 21,600 1bs.
(b) NDICE 500
(c) PSOV (two) 200

{d) Cooldown Supply Module 100

3.3.1.4.3 UWeight of Additional Egquipment.-

3.3.1.4.3.1 Destruct Subsystem.- The target weight of the Destruct
Subsystem shall be 300 1b, including the support structure and attached devices.

3.3.1.4.3.2 Stage Mounted NERVA Engine I&C Cable (Supplied by Stage

Contractor).- The target weight of the cable, including connectors to NDICE
and engine module wiring harness and mounting devices to the stage, shall be
2500 1bs.
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3.3.1.4.4 Launch Weight of Engine (Manned Configuration).- The target
launch weight of the engine with a graphite core shall be 35,200 1bs. consisting

of:
(a) Engine Module 31,600 1bs.
(b} NDICE 500
(¢} PSOV (two) 200
(d} Cooldown Supply Module 100
(e} Destruct Subsystem 300

{f) Stage Mounted NERVA Engine 2,500
I4C Cable (Supplied by
Stage Contractor)

3.3.1.5 Module and Component Remote Replacement.- The engine shall be
designed to meet the maintainability requirements specified in 3.1.2.2.1.3,
(Engine Maintainability Requirements). The following modules and components as
shown on drawing 1137400 shall ke designed and packaged for remote removal

and replacement:

(a)- TPA and valves module

(b) Turbine bypass module

{c) Structural Support Module

(d) Cooldown Module

(e) Propellant Shutoff Valves

(f) Gimbal Actuators

(g) Control Drum Actuators

(h) Miscellaneous Valves

(i) NERVA Digital Instrumentation and Control Electronics
(j) External Shield

3.3.1.6 Gimballed Mass Characteristics.- Characteristics for the
gimballed portion of the engine with graphite core and 10,000 1b external shield,
and excluding the Destruct Subsystem, shall be as specified in the following sub-

paragraphs.
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3.3.1.6.1  Moment of Inertia About Gimbal Point.- The moments of
inertia about the three principal axes of the engine without propellant shall

H
€
£
!

not exceed the following:

Roll Axis: 6000 slug-feet squared
Pitch Axis: 120,000 slug-feet squared
Yaw Axis: 120,000 siug-feet squared

3.3.1.6.2 Gimballed Weight (Operating).- The target weight including
propeilant shall be 31,200 1b.

3.3.1.6.3 Center of Gravity.- The center of gravity without propellant
shall not exceed 144 inches from Engine Station Zero.

3.3.1.7 _Engine Natural Frequency.- The TBD engine natural fregquencies
during launch and boost operations shall be TBD Hz and during the nuclear space
- operation phase TBD Hz.

3.3.1.8 Leakage.- The engine shall be designed to minimize fluid joints
where leakage could occur. Maximum Teakage during all non-operating periods
shall not excesd 400 standard cubic inches of hydrogen per minute. Maximum
teakage during all operating periods shall not exceed TBG 1b of hydrogen per
minute. The engine shall be capable of handling 1eakage'w1thout incurring
problems such as ice formation, including solidified hydrogen, in any place
in the engine or engine valving.

3.3.1.9 (leanliness.- Engine components shall be designed to minimize
blind passages that reduce assurance of effective contamination contral and
cleaning. The engine shall be designed to handle any unlimited flow {rate) of
600 micron or less particles throughout its operating 1ife: The estimated -
weight to be handled is 220 grams of material with the density of aluminum.
The design and construction of the engine shall satisfy the requirements of
Data Item S021-CP090290-F1, (Contamination and Corrosion Plan). All requirements
of this paragraph also apply to self-contamination.
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'3.3.1.10  Electrical Power.- The engine, including NDICE, shall be
designed for operation with an instantaneous electrical power consumption
not to exceed 10,000 watts at 28 + 2 VDC. This power requirement shall be
minimized as a design goal. The engine operating power profile shall be

as shown in Figure 12,

3.3.1.11  Checkout and Calibration.- The engine shall be capable of
preoperaticnal checkout and calibration tests as specified in 3.1.1.1.13,
(Engine Assembly, Checkout, and Acceptance Operations), 3.1.1.1.14, (Nuclear
Stage Assembly and Checkout Operations), and 3.3;1.1;16, {Vehicle Checkout
Operations). Checkout and calibration tests shall be performed prior to
launch and subsequent to ground and space maintenance operations. Additicnally,
the engine shall be capable of complete functional and status checks to '
establish engine operational status throughout the engine operational life.

Functional and status checks shall satisfy the prestart and post operation
requirements of 3.1.1.1.1.7, (Normal Mode); 3.1.2.1.1, {Trend Data System);
3.1.2.6, (Human Performance); and 3.1.2.7, (Safety). The requirements of
3.1.1.1.7, (Engine Communication), shall apply to the conduct of functional

and status checks.

3.3.1.12  Engine Purge and Vent.- The engine shall be capable of venting
and purging as required to prevent the accumulation of explosive concentrations
of Hydrogen and to provide environmental protection to sensitive engine components.
The engine shall be capable of inert gas purging as preventive maintenance
during all ground, launch and boost operations. Specific requirements for
engine vent and purge capability shall be T8D.

i -

(i}

3.3.1.13  Fluid Compatibility.-

3.3.1.13.1  Propellant.- The engine propellant shall be as specified in
MSFC-SPEC-356. '

3.3.1.13.2  Gaseous Nitrogen.- Gaseous nitrugen shall be as specified
in MSFC-SPEC-224.
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©3.3.1.13.3  Gaseous Helium.- Gaseous helium shall be as specified in
MSFC-SPEC-364. '

‘ 3‘3.1.1$ Thrust Nulling.- The engine shall be designed with internal
features as required for the possible future addition of a thrust nulling
system capable of cancelling engine thrust between TBD and TED 1b.

3.3.1.15  Security.- The engine shall be deéignéd, packaged and protected,
such that a1l items identified in Rover Classification Guide CG-RR-3, shall be
protected from disclosure to unauthorized persons at all times inwgggggggx;;¢gj$
the prov151ons of Dol Industrial Security Manual DoD 5220.22-M.

- R i
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3.3.1.16  Thrust Vector Misalignment.-  TBD.

3.3.1.17  Growth.- The reactor and nozzle design will incorporate such
features as necessary (exclusive of fuel element features) to allow growth
as shown by analysis to operaticn at 4500°R nominal mixed mean chamber
temperature for twe hours duration (12 cycles) at TBD thrust, based on a
reactor and nozzle design optimized for nominal operaticn at 4250°R chamber
temperature and 450 psia chamber pressure.

3.3.1.18 Measurements Criteria.- The engine shall include provisions
for the measurement of all parameters essential to engine cperation and to
the determination of engine operational and safety status. Instrumentation shall
be provided in accordance with the provisions of C103-CP090230-F1, (Measurement

Design Requirements).

3.3.2 Selection of Specificaticns and Standards.- MIL-STD—14375hé1T be
used for criteria and order of precedznce in the selection of specifications and

standards tec be used for the design and construction of the HERVA engine.

3.3.3  Materials, Parts, and Processes.-
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3.3.3.1 Materials and Parts.- Materials shall be selected on the basis of
resistance to degradation of properties_in the predicted NERVA environments (SNPOT .<:
C-6 External Environments - Definitions and Requirements), and as required
by design and reliability. Design properties of materials shall be taken
from ANSC Report 2275 and Data Release Memoranda in accordance with $131-CP090230-F1.
Parts having multiple applications, such as fasteners, shall be standardized

whenever possible,

3.3.3.1.1  Hydrogen Embrittlement.- Mater1a]s shall be selected to (i}
avoid degradation due to hydrogen embrittlement and sha11 be compatible with ’

mission environment.

3.3.3.1.2 Radiation.- Materials shall be selected and qualified by
appropriate tests to be compatible with the radiation environment specified

in 3.1.2.4 (Environments).

3.3.3.1.3 Material Activation.- The use of materials which become ; (a
radioactive when used in a nuclear environment shall be minimized. ’ ‘

3.3.3.2 Processes.- Fabrication processes shall be selected with the
intent of using techniques that assure the most reliable performance and
reproducible results. Materials fabrication procedures, such as forming,
welding, heat treating, service finishes and coatings, shall be incerporated (i)
into the component design documentation. Protective coatings shall be selected
and applied as necessary to protect the engine from deterioration when subjected
to the environment specified in 3.1.2.4 (Environments). MIL-STD-171 shall
be used in the selection and application of protective treatments and surface
finishes. Cleaning procedures and solutions shall conform to S021-CP090290-F1,
{Contamination and Corrosion Control Plan). An assembly process (including
welding) of an unusual nature shall be demonstrated by a suitable mockup prior ; .
to initiation of fabrication. Proprietary processes may be used only if the f {,¢
NERVA contractor reviews and un&g?ngHEERTEé“ﬁFﬁéé§§méHBMEbﬁfbes'iiufhfbﬂgh '

the vendor's qud11ty progran or through other means such as a res1dent in-plant

a2

qua¥}ty monztor
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3.3.3.2.1 Training.- A training program shall be maintained for quality
assurance, purchasing, manufacturing, and other disciplines whose decisions
or actions affect achievement, measurement or maintenance of product quality.

3.3.3.2.2 Certification.- €ontractor and subcontractor personnel
responsible for controlling and/or performing special processes (such as
welding, soldering, wiring, heat treating, non-destructive testing, etc.,}
having -an effect upon quality of NERVA hardware shall be certified by
standard codes, subject to the apgrqvg)_of the procuring agency. f{;i}'

3.3.3.3 Non-Destructive Testing.- Non-destructive testing requirements
and standards shall be incorporated into the component design documentation
as specified in P017-55-080205-F1, (Product Assurance Program Plan). MIL-STD-453
shall be used for radiographic inspection, MIL-I-6866 for penetrant inspection,
MIL-1-6868 for magnetic particle inspection and MIL-I-89580 for ultrasonic
inspection. The standards for castings shall be in accordance with AGC-STD-4004,
for weldments AGC-STD-4005 and forgings and wrought metals AGC-STD-4006.
Specialized requirements and standards for non-destructive testing shall be
defined in the component design documents. Definitive nondestructive testing
procedures shall be prepared to insure the implementation of these inspections
and interpretation of tests resulting in accordance with the design intent. Al1l
non-destructive test operations and inspectors shall be gqualified by standard
codes subject to the approval of the procuring activity. '

3.3.4 Standard and Commercial Parts.-  Standard and commercial parts
as defined in AGC-STD-1004 may be used only if an appropriate standard cannot
be selected as specified in 3.3.2 (Selection of Specifications & Standards)
and if it is not economically or logistically feasible to prepare a contractor )
drawing or standard. Al1 standard and commercial parts shall be controlled
by specification or source control drawings in accordance with MIL-STD-100. i

!

Proprietary parts may be used only if:

e it e 2
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{a) The vendor agrees to reveal his design and design analysis through

i

|

some medium such as a protective agreement; or, I
| o

{b) The vendor agrees to divulge his Failure Mode Analysis data |

which must be of the same level of detail and technical quality as the NERVA %

j

Contractor's Failure Mode Analysis or which can be carried to such level of

r

33 detail and technical adequacy.
3.3.4.1 Drawings.- The requirements to be incorporated on the control
drawing shall be determined from a review of the supplier drawings supplemented

by inspection and test requirements.

3.3.4.2 Qualification.- A source control drawing shall be used when
qualification is a requirement. The drawing will include the requirement:
“Oniy‘the‘item(s) described on this drawing when procured from the supplier(s)
listed hereon are abpreved by Aerojet Nuclear System Company (ANSC} for use
on the NERVA Program". AJ1 changes to supplier drawings, specifications,
materials, and methods of fabrication, processing, inspection and testing shall
require approval and effectivity established by ANSC. '

3.3.5 Mpisture and Fungus Resistance.- Requirements for moisture and
fungus resistance shall be as defined in S021-CP090250-F1 (Contamination and
Corrosion Control Plan).

3.3.6 Corrosion of Metal Parts.- Use of dissimilar metals as defined
in ASD-5229 in intimate contact with each other shall be minimized. A1l metal
parts shall be finished to provide protection from corrosicon throughout their
expected 1ife or protected by an inert purge during ground operations, including
storage. The selection, control and application of finishes shall be in '
general accordance with the requirements specified in S021-CP0S0290-F1 (Contamination
and Corrosion Control Plan) consistent with the constraints of 3.1.2.4,
(Environments} and 3.3.1.13, (Fluid Compatibility).
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3.3.7 Interchangeability and Replaceability.- All major assemblies,
subassemblies and components having the same manufacturers part number shall
be physically and functiorally interchangeable within the engine. Changes
in manufacturer's part numbers shall be governed by the regquirements of
MIL-D-1000 or interchangeability and replaceability tc the extent required

by MIL-1-8500.

3.3.8 Morkmanship.- A1l details of workmanship, unless defined by
specific standards, shall be consistent with the design imtent, as represented
by the other quality reguirements, such as the dimensional tolerances and
surface finish standards, considering the function or use of the product.

When the quality imparted in the process of fabrication could have an effect on
reliability, strength or function, a standard for workmanship shall be

'incorporated into the design documentation. The general workmanship reguire-

ments for electrical/electronic equipment shall be in accerdance with AGC-STD-8012.

3.3.9 Electromagnetic Interference.- The engine shall be electro-
magnetically compatible with all associated vehicle, propellant depot, space
station, and other operational systems, ecuipment, and related electromagnetic
radiation environments. The engine shall comply with the wequirements of
MIL-E-6051 as specified in S007-CP090290-F1 {Electromagnetic Compatibility Plan.)

3.3.10 Identification and Marking.- Parts of the NERVA Engine shall be
marked with the applicable suppiiers code identification number and part number
in accordance with the requirements of MIL-STD-130. Pipes, hoses and fluid
lines shall be identified as to fluid contents and direction of flow as required
by MIL-STD-1247,

3.3.11  Storage.- The engine shall be capable of meeting all performance
requirements of this specification subsequent to storage while protected from
the ground environmental conditions specified in 3.1.2.4, (Environments), for
the ground storage 1ife specified in 3.1.2.3, (Useful Life).
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Section 4.  QUALITY ASSURANCE PROVISIOHS

This section will be prepared at a later date.

57



13.4/5

Specification No. CP-902904A
Section 5.  PREPARATION FOR DELIVERY

This section is not applicable to this specification.
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Section 6. NOTES

6.1 Tolerances.- Unless otherwise stated, all tolerances and 1imits
are 2.326 standard deviations (+ 2.326 sigma).

6.2 Definitions.-

(a) Normal dMode - The operation of the engine when all subsystems

and components are capable of being operated as designed.

(b} Malfunction Mode

{1} Single Turbopump Cperation - The operation of the engine
with only one leg of the propellant feed subsystem.

(2) Component Malfunction Mode - The operation of the engine
when a component has malfunctioned, other than one which would require single
turbopump cperation or emergency operation or results in a Category IV failure
effect. This mode of operation allows the engine tc operate the same as in
the normal mode, but without the advantage of the normal mode redundancy.

{(c) Emergency Mode - The operation of the engine at a Jevel to effect
safe crew return or to prevent danger to the earth's population subsequent to

a fatlure effect Category 111 failure.

{d) Single Failure Point - Any single mode of failure occuring at
the part, component or subsystem level that can be attributed to a specific
internal failure mechanism at the part level and that results in inability of

the engine to meet its normal-mode performance or service life requirements.
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(e) System Power Down - Reduction of engine power to a minimum level

consistent with the operating requirements for that particular phase of operation.

(f) Prestart - The phase of an operating mode where all functions of
the engine are performed prior to initiating propellant flow other than that

required for cocling from a previous operation.

{g) Startup - The process of conditioning and bringing the engine
to the first steady state operating point.

(h) Failure Effects

(1) Category I - Failures which produce no significant performance |
or safety degradation of the system, allow continued operation in the normal mode
throughout the rated engine life, and do not result in an increase in the number
of Single Failure Points.

(2} Category II - Failures from which the engine can recover '
and still meet its normal mode performance and service 1ife requirements by (&}

—

switching to or reverting to a recovery mode, but which do resuit in an increase
in the number of Single Failure Points. Failures in this category are further

subdivided as follows:

a ITA - Failures which degrade the safety of continued
operations but which do not produce transient effects and, at the time of
failure, do not require automatic or manual action for the recovery mode.
Failures of safety systems and standby-redundant components fall within this

category.

b IIB - Fajlures which are compensated for automatically

by the normal control mode or which produce transient effects which can be
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tolerated by the system and which permit time for human judgement to be
exercised on the method and desirabiiity of the recovery mode. Failures
which require the functioning of safety systems or redundant components to
preclude Category IIIB effects fall within this category.

¢ IIC - Failures which require immediate malfunction
detection and subsequent action to remove Or lessen the transient effect and
to preclude system damage. Switching to the recovery mode is usually
accomplished automatically by the malfuncticn detection system or by the engine
control system. Failures which require the automatic functioning of safety
systems or redundant components to preclude Category IV effects fall within

this category.

{3} Category III1 - Failures which result in inability of the
engine to meet its normal-mode performance and service-life reguirements but
which allow Emergency Mcde Opzration or Single Turbopump Operation. Failures
in this category are further subdivided as fo]lows:' P

a I1IA - Failures which require Single Turbopump Operation.

b ITIB - Failures which require Emergency Mode Operation.

(4) Category IV - Failures which result in direct injury to the
crew, endanger the earth's population, or damage the spacecraft or other stage
modules upon which crew survival depends, and/or which preclude Emergency Mode
Operation. This category includes failures which produce one or more of the

following system effects:

a Uncorrectable thrust vector misalignment.

b Loss of thrust to less than that required to effect

Emergency Mode {peration.
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¢ Inability to reduce thrust or unsuccessful shutdown

and/or cocldown which preciudes engine restart.

d Unsuccessful startup to attain thrusl equal to or

greater than that required for Emergency Mode Operation.

(i} Kerma - A term used to describe the energy deposited by radiation.

It is an acronym for Kinetic Energy Released in Material.
used to describe the intensity of gamma radiation.

€2

In this document it is
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TABLE 1
%
SPECIFICATION EXTREME RADIATION LEAKAGE LIMITS AT
PVARA PLANE

{(Plane is 63 inches Forward of Core Center)

RADIATION LEAKAGE LIMITS
TYPE OF RADIATION

WITHIN PRESSURE VESSEL OUTSIDE RADIUS

Gamma Carbon KERMA Rate 1.8 x 107 Rad(c)/hr

Fast Neutron Flux 2.0 x ¥O12 n/cmz-sec,
E>1.0 Mev
n

Intermediate Neutron Flux - 3 Olzn/cmzwsec,

0 x 1
0.4 eve< g;il,ﬁ MeV

Thermal Neutron Flux 6.0 x ]0H n/cmznsec,

Eﬁi 0.4 ey

NOTE: These radiation limits are specification extreme values in that engine
component designs are based directly on these limits, with no
identifiable factors of uncertainty involved in the use of these data.
Component design is based directly on these induced radiation environ-
ments and has overall component reliability limits of 2.326 o.

-
L)

\
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TABLE II

.
SPECIFICATION EXTREME PVARA RADIATION LEAKAGE LIMITS AT CRITICAL COMPONENT LOCATIONS

Location Neutron Flux {n/cné-sec)
Radius Distance Fwd of Gamma KERMA Rate. Thermal intermediate Fast
Component (Inches) Core Center {in.) Rads{carbon)/hr, E<.4 ev A evg E<T MeV  E>1 MeV

Lower Thrust ,
Structure-] 19.5 65.5 2.1 x 107 - . 2.8 x 1014

-2 19.5 67.5 » 1.8 x 107 - - 2.8 x 1014

-3 19.5 76.5 <2§;) 1.8 x 107 - - 2.8 x 1014~
Turbopump f
Assembly~] 36.0 107.0 7.0 x 106 1.0 x 1012 5,0 x 1012 1.0 x 1012

?::
* NOTE:

These radiation limits are specification extreme values in that engine
component designs are based directly on these limits, with no
identifiable factors of uncertainty involved in the use of these data.
Component design is based directly on these induced radiation environ-
ments and has overall component reliability limits of 2.326 o.

®
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Normal or
Component
Maifunction
{Spec,Para.No.)

3.3

3.1.1.0.2

3.1.1.1.5.1.4

3.1.1.1.10

TABLE III

ENGINE RELIABILITY ASSESSMENT PARAMETERS

Single
Turbopump
Operation

(Spec.Para.No.)

3.1.1.1.5.2,1.3

Title

Response Variable

Thrust Build-up and Thrust
Retreat

Steady State QOperation

Cooldown

Thrust Vector Control

Chamber Pressure Change
Rate, psi/sec.

Chamber Temperature Change
Rate, °R/sec.

Isp (vacuum), sec.
Thrust (vacuum), 1b.

Isp {vacuum), sec.
Thrust, vacuum 1b.

Angle from null, degree

Angular Velocity, °/sec

Angular Acceleration, "/sec2

sor uotieoLiiosds
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TAZLE 1V

RERVA ENCINE INTY CYCLES

Manned Interorbit Shuttle

Unmanned Interorbit Shuttle Dosp.Srace Tpiactinng
Norral Made Inrle TPA Mode Normnl Mode Stnele TPA Mode Normal Mode Single TPA Mode
e Tima e Time Time Time
Tl Dotyczn Do twech Between Between Petween
Durm | Duration Burns Duration Burms Duretion Burns Durntion Burna Duretion Burns Turation Burns
Humbher {Minutes)  (Meurs}  (Minutes)  {Hours) {Minutes)  (Hours) {Minutes} (Hours) {Minutes) (Hours) {(Minutes) {ficurs}
i. 2h oD 3 TBD 15 oD
12 TBD &l TBD i TRD
2 2 TED T TBD 21 TED
8 TED 107 : TBD o] TBD
2. : b TBD 3 TBD 10 TBD
B TBD 65 TBD : 5 80
L. 2 TED 8 TED 3 TED
L8 TED
5. 2 . T2D .
8 TBD
6, 1 TBD
8 TED
7. 1 . TBD .
T2 18D

mrrent o ande

-t
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Fravirone-ent

Gmorrazhle Logations

Altitude

Atmnruhepis
Precrure, psla

Space Operatiens

In space betveen 263
It ecrth orbit and
& 1 lunar erbit,

202 to G0 104 lunpar
orbit

2 x 1070 at 262 my
erbit. 1.5 x 10713 at
80 1M lunar orbit,

2700 at 262 I orbit

Primarily, N and N+
with trace of H,. at
wxiren® nliituces,

Nepliglble

W2

Fot Applicshle

Rot Applicmble

Not Appilcable

TABLE V
OPERATIONAL PRASE/RATURAL ENVIRONMENT MATRIX
2 3
Vehicle Ansembly
and Chenkout
Flight Vehicle Boost Teuneh Onerntionn
{rrm) o (X5C ond £TR)
Eantern Test Range Xennedy Space Center
and Eastemn Test Range
8.L, to 262 ™ Sen Level
See colum 1 and 3 Min i bk Max 15.0 2
HPAL nox = HP max w003 16f10.
in ) hour,
See Column I and 3 Min. 488 - Max 5%9
See Table VI See Table VI
Negligible See Flgures 4 and 5
incluafve
hha Max normal to purface
Iy = Lo Diffuse aky
radiotion 1, w 166
a1
No boost during rain, Max rate in/hr 3¢
. Wind specd, ftfoec 55
None . None

No boost during hall Mnx size 1 inch diameter
probability one in 30
yearo, Veloclty of fall
66 ftfoee. Pall density
50 Jb/red.

Transportation
Cround

Sacraronto to Michoud
and large, ILarge to
Michoud and Gulf
Trancportation.

Senl Lovel to TOCO £,

Min, 11.0 Max 15.2
APuax = 0.09 1bfin.
in 1 hour

Min k20 Max 585
Bame a8’ column 3.

Same a8 column 3

Sane a8 columa 3

Same a8 column 3

Max snov lond w 20 lb/rte

Max size 2 {neh dimmeter
Probability once in 15
yeors, Veloeity of fall

300 ft/sec, ¥ail density

- 50 1u/red,

Page L of 3

5
Engine,
Bubaysten and
Component {Assy and
Srorape) - Siage Assy

Sacromento, Large, Michaud
and NTF.

Sea Level to 890 f¢

Min 13,1 ¥ax 15.2 4
AP max » 0.0 16/in,
in } hour.

Min 420 Max S7S
Same as column 3.
Sare a8 column 3.

Same as column 3,

Bane as colwm 3

Max snov losd = 10 1b/r®

Sare a8 column b -

o
<t
%
3
e
)
-
“
o
r+
(=3
a
=
=]
“r
s
)
w0y
£
[
~r
<1
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Phase

Envtronment

Vind, ftfsce

vand and Duat
Salt Spray.

Pungt end Bacteria

Atmoapheric
Electricity

Sefsmle Eavirooment

¥armetic Fleld, avg.
Tutal Causs, raAX.

Metaoroids
Ratiatinn-fiph

Enercy Farticle

Nedinticn~Trapmed
Particles/ind/flight

Radtation - ultre
violet nqd X-ray
wattofret

Space Oparations

Mot Applicable
ot Appllicable
Not Appliceble
Not Applieable

Not Applicable

Not Applicable

.35, at 262 1 to
€107 60 1M duner
orbit

See Figures 6 and T

1.2 x 307 particles/1n®fyr

V. 6,
Yigh eneray €30 47 i1

1o1 partic
energy € 100 MeY.

10 protons with energy ¢ 30
1. TiD electrona with

encrpy € _ MNY.

-4
Hlurp violet 2.0 x 10

Xeray U.0 % 1077 max.

“

TABLE ¥ (CONTINUED)

OPERATIONAL PEASE/MATURAL EIVIROIMENT MATRIX

2

Flight Vehicle Boost

(=)

Max 2L6 n/nec-
Neplipgible

8ne Table VIIT
™HD

Rioe to 100,000 smps in

oMees. Decoy to 50,000

amps in 20 paoeg.

ot Appliceble

V.52

Bee Figures 6 and T
Kegliatble

Heglipidble

Some as coluwn 1

3
VYehlicle Asoembly
and Chapknigta

saunch Uperntions

! HSC and ¥THY

Max 150 ft/cec
Ses Table VII
Sea Table VIII
TRD

Same an colum 2

0.52

"Not Applicable
Hot Applicable

Not Applicable

Not Applicable

Transportation

!Gro'mdz

Max peak wind 17 ft/aen
Bee Table VII
Hegligible

TR

Seme an column 2

‘Hot Applicable

Not Appiicsble ‘

Yot Applicable

Hot Applicable

Pags & of‘a

5
Pagine
Bubayntem and
Component, (Asay and
Storare) - Stase Assy

Same as column b
fee Table VII
Negligible

TRD

Same as coluem 2

Mot Applicetls
Not Applicable .

Wot Applicable

Nat Applicablie

He52065~¢3 TN UOLIRI0adS



Prans

Environment

Andlntion «» Earth
Thersnsl, E,
Stu/ru fhr

fadintion - Larth
Sl Ln

B’.u[;‘;""/TJ

Paiistion « lunar
theamal, L,
B/ o fuy

faltation - Lunar
rlieio, my, Bruf
o e

Ienonrhere « fondied
clcotron density

#ftn,d

Eolar Padlo Noiss

Solar I1limination
Yunens/m*

b 3

Spaee Onerations

KLLT 0 t
j-nQE*Ale)

Altp « Altitude sbove
enrth in 1M

- Wk
ap = lTj'u(ymMaAnE

w3

fo10 948 2
933:.&1('. 1,

- 938 2
o, = 56 ggmrg)

$x 106 at 262 N4 decrean-
ing tod 5700 a% 60 1M lunar

orbit

See Table XX

1.27 x 104

TAME ¥ {CONTINUED}

OPTRATIONAL PEASE/RATURAL EXVINONMENE MATRIX

2

Flight Vehicle Boost
{FTR)

Bea colunn 1

Bee column )

Negligible

Regligible

Nms:lo?aﬁlmm
Altitude, ¢ 107 belov
50 104

See Toble XX

Not atgnificant

3
Yehicts A=mcerblw
and Checkout
Launch Operntions

! LG nnd 1;'1‘}1!

Not Applicable

Not Apslicable

Not Appliceble

Not Appliceble

Not Applicable

See Toble IX

Not significant

Transportation

Cround

Not Applicable

Not Appliceble

Hot Applicable

Not, Applicable

Not Applicable

Not Applicabla

Not algnificant

Page § of 3

5
Engine
Suhsysten and
Component {Assy and
Stornpe} « Stase Asny

. ot Applicable

Not Applicable

Not Applicable

Kot Applicakle

Not Applicedle

Not Applicabls

Not significant

W 06206~4) "ON uoy3eI3 510345
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1

TABLE VI

NOPMAL ATMOSPHERIC COMPOSITION YOR CLEAN,
DRY AIR AT ALL LOCATIONS
{VALID TO 48,6 NAUTICAL MILE GEOMETRIC ALTITUDE)

Gas Percent by Volume Percent bv Height

Nitrogen (%) 78.084 ' 75.520

Oxygen (0,) 20.9476 23.142

Argon (Ar) 0.934 : 1.288

Carbon dioxide (002) 0.0314 | 0.048

Neon (Ne) 1.818 x 1072 1.27 x 1073

Heliuvm (He) 5.24 x 1070 7.24 x 107°

Krypton (Kr) 1.16 x 1074 3.30 x 107

Xenon (Xe) 8.7 x 107° 3.9 x 1072

Hydrogen (Hz) 5 x 10'-S ' . 3 x 10-6

Methane (CH,) 2 x 1074 o 1x107°

Nitrous Oxide (N,0) 5 x 1077 8 x 107°

Ozone (04) summer 0 to 7 x 1078 0 to 1.1 x 107>
winter 0 to 2 x 107° 0 to3x 10°°

Sulfur dioxide (50,) 0 to 1 x 107% 0 to 2 x 107%

Nitrogen dioxide (NO,) 0 to 2 x 107° 0 to 3 x 1078

Ammonia (NH3) 0 to trace . 0 to trace

Carbon monoxide {CO) 0 to trace . 0 to.trace

Todine (I,) ' 0tolx 1670 0 to9 x 1070
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SAND AND DUST

Sand : Dust
Size of Particles 0.0031 to 0.03¢ 3.9 x 10°% to 3.1 x 1073
Diameter, in. 90% between 90% between 6

0.0031 and 0.012 3.9 x 1076 and 7.9 x 107

Hardness and Shape >50% of particles composed of angular quartz
or harder, 7 to 8 on MOH's scale

Number, Distribution and 1.2 1b/ft3-during 3.7 x 10~? 1b/ft3

Associated Conditions sand storm umiform distribution

-10% between
0.079 and 3.3 ft
above ground 907
below 0.079 7t

Relative humidity 30% or less wind velocity
32.8 ft/gec it 10 ft altitude

TABLE VITI

SALT SPRAY

Salt Spray Exposure TBD
. = -6 -4
Salt Accumulation (Extremes) 3.94 £ 10 to 7.87 x 10
Particle Size, inches 987 of total greater than
3.15 x 1073
Accumulatrion (Fallout) 10.2 x 10“?
1b/ft2/day, Max During Rain Storm
. ; -8
Min 5.12 x 10

Unevenly Distributed.

1
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TABLE IX

SOLAR RAPIO KCISE

Quiet Sun Toise Power
vatts/£t° /caps

Solar Storm Noise Power Increase
{orders of magnitude)

Variation with Sunspot Between
2.5 and 80 inch wavelength
Orders of Magnitude

fl

Noise Power Flux

i

vhere T

Varies from 10720 at 0.4 in. wavelength

to 10723 at 160 inech wavelength

1 te 8

Up to b

3.0 x lO-su gl watts/in. 2/cps

frequency in cps
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TABLE X

NDUCED RADIATION ENVIRONMENT OF NERVA ENGINE OPERATING AT FULL POWER
(GRAPHITE_CORE REACTOR)

Location Gamma Neutron Flux (n/cmé-sec)
Distance from KcRHA Rate Therma]*** Intermadiate Fast
Foiar finnie Dircction Core Center Rads(Carbon}/hr., E<.4 eV .4 ev< E <] MeV E>1 Mev
0° Forvard* 6 Feet 1.8 x 10/ 6.0 x 1011 3.0 x 1012 2.0 x 1012
90° Padial 10 Feet (1.2 + 0.4)x 108 (1.2 + 0.7)x10'3 (4.0 + 4.0)x 1013 (9.0 + 4.5)x 10'?
Qutward**
at Cere
Midolane
190° Bfrex 5 Feet (3.0 + 1.8)x 1012 (1.4 + 1.4)x10'% (9.0 + 4.5)x 1013

(3.2 + 1.0)x 108

envirsnment at distances greater than 10 ft is proportional to l, where r 1is the distance from the
., ’ Py

cagiatizn levels in the forward direction are controlled by the specification for the Internal Shield.

EET oo

¢ are nominal levels + the maximum anticipated calculational uncertainty (~3 7).

_ The uncertainties
necestarily symmetric about the neminal value. Thet is, negative

radiation levels have nc physical

w o ihermal neviron flux shown at 92° is appropriate for a radial not in line with a control drum.

*oy uoljenLyioads
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TABLE XI

INDUCED UNPERTURBED RADIATION ENVIRONMENT OF NERVA
ENGINE FOLLOWING 30 MINUTE FULL POWER FIRING

(GRAPHITE CORE REACTOR)

Distance From

Polar Angle Location Core Center

Gamma KERMA Rate’ (Rads (Carbon)/hr)

0° Forward 10 Feet
§0° Radial Outward 10 Feet
at Core Mid-
plane
180° Aft 10 Feet

1 Day 1 Week 1 Month
After Firing After Firing After Firing

(79 + 119) (8.6 + 12.5) (1.8 + 2.7)

(1.7 + 0.5)x 10 (1.9 + 0.6)x 103 (3.8 + 1.1)x 102

(1.3 +0.8)x 104 (1.5 +0.5)x 103 (3.0 + 0.9)x 102

Radiation environment at distances greater than 10 ft is proportional to 1. where r is distance from

core center.

T

*Gamma KERMA Rates are the nominal level + the maximum anticipated calculational uncerta1nty (~3¢), The
uncertainties are not necessarily symmetric about the nominal value. That is, negative KERMA rates have

ng physical meaning.

oM unt1pdtrinade
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TABLE XII

INDUCED RADIATION ENVIRONMENT OF NERVA ENGINE OPERATING AT 80% OF FULL POWER
(GRAPHITE CORE REACTOR)

tocation Gamma Neutron. Flux (n/cm?-sec)
Distance from KERMA Rate - Thermal*** Intermediate Fast
Polar Angle Direction Core Center Rads (Carbon)}/hr. E <.4 eV 4 eve E < 1 MeV E>1 Mey
0° Forwards 6 Feet 1.4 x 107 4.8 x 10" 2.4 x 1012 1.6 x 1012
09° Radial 10 Feet (9.6 + 0.3)x 107 (9.6 + 0.6)x1072 (3.2 + 3.0)x 1013 (7.2 + 3.6)x 1012
Outward** -
at Cors
Hidplane
180° AftHr 5 Feet (2.6 + 0.8)x 108 (2.4 + 1.4)x10'2 (1.1 + 1.1)x 1014 (7.2 + 3.6)x 1073

Radiation environment at distances greater than 10 ft is proportional to ]
core center,

5 where r is the distance from the
r

*Radiation levels in the forward direction are controlled by the specification for the Internal Shield.

**These are nominal levels + the maximum anticipated calculational uncertainty (~3c). The uncertainties
are not necessarily symmetric about the neminal value. That is, neqative radiation levels have no
chystcocal weaning. . ’
. A The thermal neutron flux shown at 90° is appropriate for a radial not in line with a control drum.

The tzble is appropriate for single TPA operation.

The acove datea is applicable to a graphite core reactor.
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TABLE XIii
@

) DESIGH ACCLLTTATIONS, WUCIEAR ENGINT-TO-STAGE INTEITACE

Time lengitudinal Longitudinal leteral Acoustics Acoustics
or Time Static Dyraanie innamic Vibratiens
Interval Acceleration Acceleration Acceleration (Yes/ Ko} (Yes/lio)
Qenpohinnsl Fhros cod S s {Seconds) [(3) {c) (2}
ground Handling v.nling accelerntions skall oot - :-ced Flight Design Accelerstion
fransportation Treasportation eccelerstiow =tzll not exceed Flight Design Acceleration
taunch and Boost
Ignition lst Stage T-4/7-0 1.0 ¢ LY Yer Yes
Release/Liftoff 1-0/1+10 1.4 42,25¥% + 1.5+% Yes Yes
{3 - 35 Hz) {©.1 - 15 8=z)
tet Stage Steady State 410/ T+65 1.4/2.0 0.3 + 0.3% Yes Yes
(3 - 35 Hz) (©.1 < 15 Hz)
" Mach 1 Transonic TH65/T475  2.0/2.2 40.3 + 0,3% Yes Yes
(3 - 35 Ex) .1 -~ 15 Hx)
Max ¢ +75/1485 2.2/2.4 +0.3 4+ 0,3* Yes Yes
_ G- 35 ) ®.1 - 15 Hz)
Max Acceleration - T+156/T+160 5.0/5.2 4.3 + .10+ No Ko
(3 - 35 Hz) Q.1 - 15 Hz)
Cutoff/Separation Ist Stage T+160/T+165 o 42,25% * .0.3% No No
: {3 ~ 35 Ez) ®.1 - 15 Hz)
Igoition 2nd Stage T™+170 0.75 Smal}l Small No No
Roost 2nd Stage 4170/ 24470 1.50 Sma)l tmall No ¥o
Space Operations (78D}
‘Docking/Undocking
Start

Steady State Thrust
Shutdown
Cooling
. Coast
e

HOTE:
* These Transient Accelerations decay to zero within 6 seconds,

% The peak accelera'tion occurring during this transient motiea {s + 1.5z as listed below. Decomposition into the
fndividual latera}l modes of the frequency band 0,1 Hz, - 15 Hz. results in the following modal peak accelerations:

Mode No, Katural Frequency (Hertz) Peak Acceleration (g)

1 1.15 + 0.05

2.46 + 0,38
3 4,50 +0.79
& . 5.37 + 0.49
5 6.22 : + 0,01
6 6.47 * 0,01
? 7.32 + 0,00
8 7.99 + 0,11
$ ’ 9.30 ¥ 0.26
10 C11.2 ¥ 0.15
1 13.2 ¥ 0.07
12 14,6 T 0.01
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TABLE X1V

EXTERNAL INDUCED ELECTROMAGNETIC RADIATION ENVIRONMENT

RADIATION SPECTRUM

OPERATION =2 1 Miz 1 Miz - 10 Mizl 10 Mlz -~ 100 Miz] 100 Miz - L GHz 2 1 GHz
' m(lg
- ~
Ingine Assembly & Checkout vepla %
vrr(3)

[P

Enpgine Acceptance Test

Transportotlon and Storage

Viehicle Assembly

FPre-Launch Opérationa

Launch and Boost

iropellant Depot

202 nm Orblt

Transiunsr Trajectory

Lunar Orbit

Space Stations

2

(3) taximum repetition rate, exposures/hr

{lg Incident power level, watts/ft“ (at engine boundary)
Pexinum exposure duration

¢06206-d2 "ON uo13eaL}123ds
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IABLE XV,

VEHICLE/STAGE INDUCED ELECTROMAGNETIC ENVIRONMENT

A, Rediastion

Fregquency Power Level Mex. Duration Repetition Rate

B. Conduction

Fregquency Voltage Power Level Max. Duration Repetition Rate

TABLE XVI
b

ENGINE INDUCED ELECTROMAGRETIC ENVIRONMENT

POWER IEVEIL
Frequency Rated Thrust 80% Thrust 609 Thrust Decay Rate

78
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' _ TABLE XVII

NERVA FLIGHT ENGIMNEG
EXPLOSIVE ATUOSPLERE ELVIRCIZENT

AVERAGE Hp MAX Hp CONCENTRATION (Vol.%)

QFERATION CONCENTRATION{Vol.%) AND LOCATION

Engine Acceptance
Testing

Pre-Launch
Operations

Launch and
Boost
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PRE-START pPOST .
OPTRATIONS STARTUP \ STATE SHUTDOWN COOLDOWN OPERATIONS COAST
TEMPERATURE
CONDITIONING THROTTLE
n THROTTLING .» HOLD
NUCLEAR - THRUST
TEMP PUMP
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Figure 2 - NERVA Engine Operational Phases
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Ficure b
T T ..

Extreme Hunmidity Cycle - 15 Dey Exposure

100 100%
et T | g ”'T i { H H 1 ¥ Y T
g ; 82°r  27.8%

! 73°F  22.8%C e
' § « _
§§ 60 L
§§
E,g 4 L
& B
59 20
b2 Rl i

4] 1 I 1 1 I L ) 1 1 1 i

0 4 ' 8 12 - 16 20
Pime from Start of Cyecle - Hours .
t ,
Floure § v
Low Humidity Cycle - 10 Day Exposure-
lOO ¥ L] L I . +- 1] n ¥ .] E ¥
= .

ot 80 1
° B 72°F  22.2°C . .
PR 60 F 15.6 C
ot 60
3E o
g = '
a : Ly
B2 w0 | e ———— b _ _—— -
&8 2% N
b D —— — =~
e 20 |

O 1 1 i 1 1 1 i i L 1 i

0 4 8 12 16 20 z

Temperatiure

— — — Relative Humidity

83




1 HE 1 .
T —] ' Figure 7
. METEOROID FLUX, AVERAGE
\\ ANNUAL CUMULATIVE TOTAL
I ] I
10-2 ‘ . ™~ Meteoroid Mass Density , -
é? “\\\ Assumed to be 0,5 gm/em .

Lo : | I J o '
I \ | Multiply Flux Values by 0,66
ng g N ] ‘to account for Average 1
o O /) . - Gravitational and Body
T Shielding Factors
o PO _}4
% nom 10
a9
ST _\\\

i N
! L D
10-6 AN
58 o 10HE 1074V 109
. T T A 13 T T 1
o ~1 " Pieure 6
_2}; - -—"‘.,........___.“"":_—;.'-'“,_..* . N
_ Probability~Velocity
. 20 L Distribution (Sporadic) i
d -
o 10
X
;%‘ T 6L |
R
i E
S5 12 L ~
s O ' \
Py .
~.a .08 & Average Veloeity -
g £ . 20 xm/sec 1010
£2m LOh L \\\
&3
, o , |
0 20 1070 1074 1072 - 10°

 Atmospheric Entry Velocity, km/sec M-Meteoroid Particle Mass, Grams

Y06206~40 *ON uoiiestiioads



Specification No. CP-902904

NG

TRD
Note: KERMA Rate and Flux
Contours are based on a
Graphite Core Reactor
Figure 8

Isokerma Rate and Isoflux Nuclear Enviromnment
Contour Map {Full Power)
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FPigure 9 NERVA Acoustic Environmmant Data
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NERVA ENGINE/SPACE STATION
NERVA ENGINE/PROPELLANT DEPOY
NERVA EHGINE/FACILITY

NORVA ENGINE/AGE

COOLDOWN SUPPLY MODULE/ STAGE

@ NERVA ENGINE/AGE

A
COOLDOWN SUPPLY \ y
ODULE NERVA ENGINE

MODULE

]

s \m
% 4 NDICE /STAGE

(5 NERVA ENGINE/AGE
6} NERVA CNGINE/FACILITY
{7) NLCRVA ENGINC/PROPCLLANT DEPOT

o
=t

NLRVA ENGINE MODULE/STAGE -
NERVA ENGINE MODULE/FACILITY
NCRVA ENGINE/PROPLLLANT DEPOT
NERVA ENGINE/SPACE STATION

ENGINE/NUCLEAR SUBSYSTEM
{SEE FIGURE 11 FOR DETAILS)

PSOV ASSEMOLY

PSOV/STAGE (TWO PLACES)

NLRVA ENGINE/AGE G :
DESTRUCT SUBSYSTEM
- 1} NERVA ENGINE/SPACE STATION NERVA ENGINE/FACILITY STAGE CT SuBsy / {@
N NDICE ASSEMALY NERVA ENGINE/PROPELLANT DEPOT (SCHEMATIC LOCATION - T8D)

Qj NERVA ENGINE/SPACE STATION

Figure 10.  Schematic Arrangement
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(T8D)

Figure 11 - Engine-iuclear Subsystem Interfaces
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Figure 12  NORMAL OPERATION POWER PROFILE
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13.4/10

Specification No. CP-902%0 A

ATTACHMENT I )
@

Format for Emergency Mode Operation Summary

For each selected Emergency Mode Operation, the following information shall be
jncluded as a minimum in tabular form:
A. Prestart

1. Time
B. Startup (from all applicable normal operating modes)
1. Time
2. Propeliant
3. Impulse

4. Chamber Temperature Ramp Rate
5. Chamber Pressure Ramp Rate
C. Retreat from Normal Mode Steady-State

1. Time

2. Propellant

3. Impulse

4, Chamber Temperature Ramp Rate

5. Chamber Pressure Rémp Rate.
D. Steady-State

1. Time

2. Specific Impulse

3. Thrust

4, Chamber Temperature

5.  Chamber Pressure

6. Impulse
E. Shutdown and Cooldown

1. Time

2. Propellant

3. Impulse

4. Chamber Temperature Ramp Rate

5. Chamber Pressure Ramp Rate

F. Total Impulse
tach selected Emergency Mode shall be displayed graphically on an engine
operational map such as Fig. 1 and Fig 2.
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Specification No. CP-90290 A

ATTACHMENT 1T

ENGINE STATE POINTS

The attached figure and tables provide state point data for the
NERVA Flight Engine with a graphite core reactor.

Figure 1I-1, 75K NERVA Flight Engine State Point Diagram

Table
Table
Table
Table
Table
Table
Table
Tabie

11-1,
11-2,
11-3,
11-4,
11-5,
11-6,
11-7,
11-8,

Normal
Single
Normal
Single
Kormal
Single
Normal
Single

Mode State Points - State of Life

TPA Mode State Points - Start of Life

Mode Throttling State Points - Start of Life

TPA Mode Throttling State Points - Start of Life
Mode State Peoints - End of Life

TPA Mode State Points - End of Life

Mode Throttiing State Points - End of Life

TPA tode Throttling State Points - Epg of Life.

O,

Page
11-2

11-3,4
11-5,6

11-7,8
11-9,10
11-11,12
11-13,14
11-15,16
I11-17,1
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. GRAPUILIE CORE
. o mmemees = e STATE POINT CONDITIONS A SPECIFICATION EXTREMES : ' -
. 78% FULL FLDW NERVA EMGINE = DRAWING NUMSER 131374000
REFTH T DRALING NUMBER I13T4S6A FOR STATE POINT LNOCATIUMS

1137400C PHR SIGINE ( GRADHITE = 9% ) AT DISIGH = NANMAL_ STABT NE L IFE
PL o= 451« P31A TACY PDSITION = 1A,1 DEGRELS 7HnUSf X THESC0e LAF TUFAING EFFICIENCY = #B8,.5 3§ PUMP CFFICIGENCY = 0fa1 &
TC = 26T L2550 3 X G53CV POSITION = o1 DT63d0S ISP = 8219 ST BYPASS FRACTION w B. 1 PUMP SPECD, & 24014, EFPY
. -NFTAD BESYART YARE 59937 AT 28 . SFéﬂNDS PLOTTED AT 25ct. SLCQNDG

Filiw SATE €L HSASECY PRESSURL (PSLA) TEMBERATURE (f1 Gi ke h R)

NOMIMAL  ma N MAR NOMENAL MIN VA MOM I NAL MmN “AX

I = PROPFLLANT TANK QUTLET . . ‘ 4ty 2 44 .9 LRy . jv.p Lled BN AQ .6 40,3 atac

2 = FROPCLLANT SHUTIOFF VALVE INLET LTEY-3 4449 475 30.¢ a3 308 40 .t 40,3 41et

3 = PROBELLANT SHITORE VALVE QUTLET : oS abu2 44,9 aT.b 29.9 29. 2 30.7 QU6 4.3 G110

4 ~'|umn INLET , LY 2% 44,9 475 29.8 2041 308 LY AN 40.3  al.0

- B e PR UuTLiT B R - - AHe® LT RY ) ATe2 1395 ' 1335 1454 “ B5%.2 E6 ot ECab

& — PURD DITTIARGE CHICK VALVE INLET 45 .9 44 .5 47.2 . 1194 1335 1453 55,2 S5F .k LAY

T o FYMR DTHCAATSE CHICK VALVE DUTLET o 4585 - aheb  &Te2 - 1389 1334 - - 1448 - - - 89,2 £h 48 Al et

B - Fu“h 13748053 CHICK VALVE 2 INLET 45e% 44,5 47.2 1388 1329 1447 59.2 Sh otk that

G - FUMB LIITAMAT CHECK VALVE 2 dUTLET - . - 484K Ad b AT:2 1382 © 1324 144t - 8Q.2 LS - $

10 < STHUCTU WL 30 21T COOLANT INLET LING 7«50 6410 €50 1342 1324 1441 S%eR 5n.4 L2

- 11« STRUCTQIAL 5 P33T BYPASS LINE IMET : 3.19 2e 39 3+3% - 1373 1316 B LY 3} - Y 56 at Gla s
T2 - NOZTLD TURER TNLET a9tk 2 T5.9 £545 1359 1303 1415 56,2 568 66 el
©13 - NuZite TU3Zs JJTLAT ' . - - S 81,2 The? B5.5 1169 1129 1209 - . .. 1gy% 17? 3
P4 = RUFLECTIT INLET Ta'.3 TC .4 Tdel2 1169 1127 1209 171 177 s

1% « PLFLFECT Y JUTLETY Tale 3 T o4 Ta.2 130 % W 1074 11485 254 &2 77

19 = REELICTIR JPHIES3URE VESSEL OUTLFET. t.89 Eat9 T+29 11si:_ 1ov7a 1146 26% iat e

17 = £RFINITI4 SHIELD INLET ] X 66,7 64 .8 Ehet Tt 1in7a 140 294 ek 222

I8 = ¢ XATCNSEIY SHIELD JUTLET ’ 4.7 LTy (- AN 1648 1137 293 Pes 3o r

19 = EXTiMST N SHIELD JRESSYRE VESSEL OJTLET ; 2%.E 24.5 F5.9 110} toea 1137 - 294 ERTS sn2

‘ A0 o~ Lo TUTAT G LfHE INLET 919 By Gaus 1101 lota 1137 292 264 3pa
g 2% e TURNIHG IYHASS LIGME INLET coe . o Teds a8 1267 1uba 1034 11012 243 P a2
22 % TUIMINE MW ICK VALVE INLET LY | 2% .5 LR L0 1034 1193 e P28 22
23 =~ TURSING L ICK VALVE OUTLLT . . 42.3 19,5 a9} 1061 1026 1045 - 251 Pee 12

24 =~ TURQBINEG LT 42,3 25,5 AS. 1L 16560 1626 1Nn934 2%3 o4 3z7

—- 25 = YURIINE JUTLET - IR - 42 .5 39,7 45. 3 - L Y] 725 758 ---- E69 PAL %4
26 = TWA3IINE THAOTTLE VALVE LINE INLET ta 0 0.0 00 T4l T2 TS548 269 245 26 &

L _ " Table II-1, Normal Mode State Points - Start of Life
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GrA L Cole

STATE Poinr CONDITIUNS ANF  BECIFICATION ERTREMES

P3K FULL FLOW NERVA ENGINE — ORAWING MNUMBLP 1137AC0C
REFER T3 DUAWING NUMAER 1137456A FOR STATE PUINT LDCATINNS

11 37a400C PR ENGINE { GRAPHEITE - B% 3 AT FESIGN = HOIMAL STARY F e
— P 451 PIIA . TICY POSITION = | 5,1 DEGREES THRUST =2 75500 LOF TURRINE EFFICIFNGY = 8R,5 ¥ PUMPR EFFICEIFNCY = fn,d *
TC = 4247, DISTEES A SSCV POSITION 2 f.1 OCEGHEES  15P = B21.9 SILC BYPASS FRACTIUN = Bl % PUME SPEFD = Zatléa. HPm
NETAP RESTARYT TAPF 5997 AT 25E8. SECONDS PLOTTED AT 256. St COUNDS :
. NomInAr T EMEN T IREY  mowrmal T TRATITY ax TROWINAL T i TETRAK]
— 2T = TURABINF O 3CHAGE BLOCK VALVE INLET - -« - .- 42,5 - 39.7 45.3 74l 7za 758 269 2uk 294
28 =~ YUHDINE 915CHALGE L. 0CK VALVE OQUTLET 42.5 2G.7 45.3 T29 712 748 269 éﬂ'.’a LN
c 29 = TUERINE THIITTLE VALVE LINE OUTLET - - - - e 0.0 - 0.0 0.0 -- r29 © 712 - - - 748 —-—- 269 248 £94
10 - TURCTHRE SYPASS LINE QUTLET T.35 2.08% 12.7 708 692 728§ 2tz 248 e
—- 31 = COME INLET LING QUTLET e e mre e aem s G 43 - BQad - G4.S - 695 - e BP9 - - TR0 - - RT2 2ap . 26T
B =~ CLHNTRAL S 1FSRD INLEY ) 91 .2 8943 Q4.5 671 6455 -2-1.] 272 248 297
“o AR w G SUAAT PLATE INLET R : 9t .9 198, $8.5 638 622 651 - 272 A zot
34 = CoRT LT 91 .9 89.3 $4.5 624 609 6138 277 25z 2ot
= 35 = THEUST CHAAMBSET - - . - S e - ca - QEa9 - B3 QAE - AS51 -- - A83 - A5 Ca2aT  alat A3LS -
36 = TURBINE 3YPASS ICK VALVE INLET N 3.56 1003 €.31 1068 1034 1103 253 2ew nt
e 37 = TURBINE ATOASS ALJGCK VALVE OQUTLET - : 3.68 t.03 te33 1064 1034 1103 . 293 Prys 337
33 ~ TURGINE GYPA3S CINTROL VALVE INLEYT J.68 1.03 6e33 1068 1034 1103 293 268 317
e 13 e TUBHINE 3¥0A33 CONTHML VALVE CUTLET - . 3.68 1.03 6+33 7l 695 rar - 293 266 317
EI 40 = STAGE DPITISUIANT LINE INLET 0,48 Qe teS2 708 692 125 ' are 248 297
41 =~ STAUCTUIAL SUP2URT BLOCK VALVE [RLET Cee 3.7% 2.70 A.B0 1382 1323 1440 5942 LTS 60. 6
42 = STRUCTUIAL SuPP07T BLOCK VALVE OUTLET ! 3.75 2.70 4.80 1382 1323 1480 59 .2 Sa.s 66,6
43 ~ STAUCTURAL S5J230RT CONTROL VALVE INLEY . <o DTS -0 2e70 4 .80 1382 - 1323 -~ 1440 - -~ - 59,2 BH Wb G0 O
44 - STHUCTUTAL SJPPIRT CUNTHOL VALVE QUTLET 3,75 2.70 4.30 1164 1127 1291 39.2 St a8 S0 6
4% — COTLAN 3UPPLY LINE QUTLET cee - 7450 5440 FabC 1164 1127 1200 S 89.2 £3.8 60,6
86 ~ STAUCTURAL SUMBIQT COCLANT LINE OUTLET %11 5.40 Y.60 1164 1127 1200 56.2 Sead 60,6
—- 47 = STEM QUTLET AR T 50 H,40 - 9,060 1112 1074 1La% 863 A Yyl
a8 = STUUCTUAL SJPAURT OUTLET 107 t.39 13.0 1111 1¢7a 1148 595 509 8.
4G = ETHUCTULAL SJPBURT HYPASS QRIFICE INLET - - - © 3419 2.99  3.39 1371 1314 1429 - %G,2 - 5p5.8 6G.6
S - SYHUCTUIAL S0P P02T BYPASS ORIFICE QUTLET . 3.19 299 2.3% 11233 1095 1110 59.2 F6a.8 GO G
e G = STRUCTUTAL SUPRIIT BYPASS LINE QUTLET - - e 339 - 2.UL - B39 - 1128 R V1% AETIRERE § N1 RN 1- Y- 56sb G0 6
52« TURSINE THROTTLE VALVE IMLET G.0 0.0 00 T4t 72k 758 2¢9 2k5 25k

Table II-1, Normal Mode State Points - Start of Life
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P
TC

atd

w

woop

20
21
22
23
2a

2%

26

X G e ik
Llaad nd T Cuiis
STATZ POINT CONDITIUNS AND  CIFICATION FRTREMES
PHE FULL FLOW KNFRVA CHGIND = JrANING uuun:ﬁ 1137a0¢ C
PEFER T OFANING NUMDBER 1137456A FOR STATE POINT LUCATIONS

11374000 D EHIING «~ 1 TERA L GPAPHIITE = M ) AT £4T T UST = START O ([ FF
T3 P3IA TACY POSITIUN = 28e6 DIGUIES  THRUST Lo AL e LK TURJINL LFFICINNMCY = ar,3 % B 75 10T NG

Gra 7. NISH

FrEnrE L L AT
Prgr vdr
PO L L AT
Pusp LRI
Puwme QUTL T
LAVRJLIE+ B SETAT
[ VL A R
PigME DT T
Pudn 0TuCd
ST IUCTU T A
AT 0T U AL
KIZZLE T 1)
rW?J}K L
FoFLiaZTog

FLELECT 3

REELLCT o

FATYHNS LA

TN L L

e TUNGT P

Ceany T 3l
Tt [N Y

TURie e e

U ENE

TuTPINT 1
TWRMINE )

TUTIIME Tt

= ¥ = th.r A
TT% 1 SHECY POSITION = t 1.4 DEGASFS  IsP = B22.F SUC NYPASS FRACT TUM = 30,1 % PUMB SDF D 3 disva, EDW

METAP R START TARE  ARza AT 272, GSICLEHDS  PLOTTED AT 073, S10Gd 5

FLOW PATE (LHS5/SEC) PRESSUSL (PSIA) TEMPIRATULE {OEGhLES B)
NOMINAL MM NAK NOMENAL M PAX NUHT M AL MIt Mo X

FANK JUTLET T3.7 Tlel Tl a0 29,3 .4 6. ar .3 4.0
SUUTIFE VALY INLETY : T3.7 ?la1 76.3 an.e £9.3 L) agan LA “lel
SHUTURFE VALVE OUTLET . : 73.7 Tiad T3 £9.0 2,1 I3t 4Ga.h 4C .3 wlat
. 73.7 Tiael FHhal 29 6 28B.9 .4 ACen Alad 41«0

T S S e e 7342 - a6 T3.8 1206 © 1226 .. 1346 e 81eR v SBak 6248
AR GI CHICK VALVE INLET T3.2 T0.6 758 1785 1005 1144 tla2 §R.E £745
A13E CHECK VALVE OUTLET T3.2 The6 758 1z 1213 1124 6Y.2 GhR,e oied
AR ST CHECK VALVYE. 2 INLIET Y- TCul TSa 1269 112 1326 512 SHat Lttt
V5T CICK VALVE 2 OUTEET . 73.2 706 758 1256 .+ 1199 1310 8.2 £%.5 Gz ats
GFOAT COOLANT INLET LINE B 20 B+ BN 1 1253 1197 1329 L L] 59.5 fia®
53307 BYSASS LINE INLET 2250 24 29 FeTe 1249 1194 1308 6144 £3.¢ £k
TEOLALTT 6244 58.F  6R.7 12ac 1185 1295 61.4 S%.t ATaw
I OdTLTT : 6224 G .t tha? 151¢ 1170 1t5¢ 2(a 1€ ©1A
1y 571 5342 1l 1110 Ity 1150 Zun [ o
[TV S S 4 57 a1 3.2 tled RINS 164 1104 212 246 e
HEIG AT WESSEL OUTLET 5431 4441 Lall 1071 1¢34 1104 279 285+ ooy
ALELY INLTT : 5342 51.3 551 1071 1e3a 1104 - 33 24 o
AHIJLD WJITLET 53.2 S5tla3 551 1n64 1027 1141 213 284 3o
FHIDLY PRESSUPE VESSLL OUTLET 0.0 1.3 i0.7 1164 icar 1104 313 Row st 3
I L INEI INLET T3.2 TO.6 TSen 1204 1n27 1101 az P ] 3ay
PAsE LI INLFY : o RT e Pieh 33e2 1C4C 1005 167% 312 2a3 LN
O VALVE Tl T ' . L3 3%.7 50«9 1040 16805 1S a2 tav3 Fat
JCX VALVE QUTLET .- < Af .3 %7 “0e9 1r3c el 1ensg 2 283 KL
LET 4541 39,7 5049 1030 995 1064 312 263 14
TLET : 4% .8 4042 Y14 604 : 568 621 - 276 %51 e
AITTLE VALVE LINE INLET [P 0.0 .0 653 506 hoo 2T 2.1 e

Table II-2, Single TPA Mode State Points - Start of Life
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21
TC

27
.28
29
30
a1
32
23
a4
36
16
. ar
39
a3
L3¢}

9-11

a1
42
93
an
45
e

a8

AY

[

)

S2

73K FULL FLOW NERIVA { MGIHE = DRARING MUMRED 1137430C

_ AL e
SYATT DITHT CONDITIONS 7
.

SPCIFICATION + XTR.MLUY

REFIR T3 DAY ING NUIMOOR 11274568 FOt STATE POLIMT LO(f»T!(H\ES

11374cCC AT SN

Inoe PRLA

TUHINE 31 3CHAIST BLUCK VALVE INLET
TURDINE O 3CHA 13 BLOCK VALVE CUTLEY
TURMIME THIDTTLE VALVE LINE DUTLET
TUUHING DYPASS LINE OQUTLET

CoME INLET LINS SUTLMET -

CLNTRAL SHILLD INLET

CO SUAMILT PLATE INLET

COKE TN T

THRUST CHAMIIDR

TUJHINE 3rPA3S ALOCK VALVE ITNLETY
TJURSINE 4Y9A3% 40K VALVE QUTLET
TURBIHE 3v2A53 CONTROL VALVE INL®Y
TUHDINE 3YPASS CONTROL VALVE OUTLET
STAGE PRISUIAIT LINT INLETY

STRUATUIAL S 2037 BLOCK VALVE [WNLET
STRUCTUTAL SJP 3T BLOCK VALVE OUTLET
ETRUCTU AL SJUBPIIT CONTROL VALYE INLET
STRUCTULIAL SUPPIIT CONTRUL YALVE OQUTLET
CHULNOwY 3UBALY LINE OUTLET

STRUCTUAL SUPPOAT COOLANT LINE OUTLET
£ETH QUILET

STHRUCTULAL SUR 2T QUTLLY

STRUCTUIAL SUPBIIY BYPASS ORIFICE [NLET
STRUCTU AL SUPA3AT BYPASS ORIFICE DUTLET
STRUCTU AL SUP@ST BYPASS LINE OUTLET
TURSIINE THARTTLE VALVE INLET

I TPA L GaBMETE -~ b ) AT

TACY PASITION = 23.4% 23IGU05
G2aTe DIMEIES L SHCVY PUSITION = 1 3.8 HIGEEIES

Table II-2, Single TPA Mode State Points ~ Start of Life

PSR S TIaTV I 4 SYART of LIt
THLUGT = o on(e LU TULGI™N ¢ kR JCTINCY & 8,2 E
= 822.2 S°C  AYBASYS FUACTLON = 3.l %
MY TADR KESTARY tAPRE Gz a4 AT 273, SHECNHDE

FLOW RATE (LS/ERC) PUT S5URL {PSTA)

MOUM INAL  MEIN MAX NOM T HAL MIN MA X
45 .8 46.2  E1.4 L% 586 62y
45,8 402 ES 585 L6 612
.0 Ca0 Lan 545 569 6n2
2749 22.6  33.2 575 559 591
7343 - T0M7  15.3 563 548 57% -
73.3 TCa? 759 544 523 559
74,3 0.7  7%9.9 518 500 529
7343 70" 7546 S04 459 514
T332 t0aT  THe9 159 351 367
13.9 11.3  16.6 1639 1004 1774
13.9 - 113 168 TR T 1co3 1073
13.9 11.3% 16.6 1039 1004 1074
13.9 11.3  16.6 624 608 640
c.33 6.4 Y 575 559 591
4,10 .05 5.18 1252 1293 1309
4.10 3.06 5.1% 1252 1293 1304
4410 3.05 5.15 1252 1263 13149
4410 3.05 S.1% 1127 S 1990 1164
& e 20 6.10 .10.3 1127 1090 11564
©a20 .10 103 1127 1050 1164
B 20 6410 1043 16?3 1036 IRRN!
1€ .8 .48 13,1 1071 1014 1108
2.58 2.38  2.78 1248 1286 13103
2a58 2.38 z.T78 1087 1053 1125
2.38 2.38  2.78 . 1081 1044 1118
0.0 0.0 .Can 603 566 620

LT IS O 4 i

Byse 500 o

PLOTT 1, AT 277,

TE MO CATUR
NUMIHAL

276
276
2146
201

e 291
293
en
255

e v RZAT
312
3t2
312

coe 332
29L
61.4
61 .4
S1a4
61 .4
61.4
Gied
7Ll
56%

61 4%
5% .4
61 .8
276

LY =

tf.e %

Prita, LPu

s NS

L GETLY W)

L]

A
At
2ol
3G
35
EX -
215
ME
Jzo

4315
327
337
kR
axr
315

£2.1

LY

Ela

£2.R

[ %1% "]

Céatd
Au
L7

62. 8

62t

¥
30

v 06206~47 oM uotjedljisadg



. =L

i-11

TS

b I

B - LR

( STATE PrINY
) T5% FULL FLOW
REFER TO DIAN ING

113740C o0 ENIINE

TACY POSITION = 27,6 DIGATFS
S$5CY POSITION = 43.5 DIGALES

SUle PATA .
4Z2a'ye DIGHEES T

FROPFLELANT TANK QUTLET

FIROPLLLANT SA4UTUFRFE VALVE TNLET

FPRHGPELLANT SHUTUF® VALYE OUTLET

[ZAVRCIERNE B SRS o

PUME OQUTLET

Pars pPaCARR ST SO VALVE INLEY

UM D SCHARSGE SO VALVE

VALVE

QUTLET

2 1IM.ET

2 OUTLET
SYLRUCTU AL 57200 T COULANT THLET LINE

PUAR DISIHARSE CHICK

PUMP DIZCHANRGE CHECK VALVE

STRUCTUAAL 472027 BYPASS LINE ITNLET
WOZILE T RIES IRIET
LUZSLE THIES QUTLET
FURLECTON [T
REFLFCT IR
FLFLECT IR

GATL T

PRIGS3URE VESSEL OUTLEY

EXTINGT IN SHIRLY INLET
LAT! 519N Slued OQUTLET
AT NSEIN 3HTSLD PHEISURE

U 3AlND LIND

viisSEL NUTLET
LUy INLET
L1.#E

MLICA vALVE

TUGTING V¥4 SR INLET
INLET

OUTLET

T INEe
TURUINE M DCK VALVE
TURBINEG DILET
TURAINE OJTLET - S e

TURHINE THRUTTLE VALVE LINE INLET

Lhast il 1oy Wi
CONL RTINS AN SPICIF ICATION CRTROWMES
NLEVA FNGINT « LRAWING NUMIEK 13137400 C
NUMUEH 1137456A FO2 STATE PIINT LOCATIONS

GRAPHITE

m~ 8% ) AT THELGTTLING = timsal STALT UF LIFC

THREUST @ aviui. LAF TUrALur FREJCEICHCY = ATLO % pPUME LFFICIENCY = £%.6 3
1se = BRZ.7 5CC HYPASYS FeACTION = 2.0 1 PUMP SOEFD = {AlaGe Y
NETAP VESTART TAPE 6784 AT 240. SECONDS PLOTTED AT 256G SLULHNLE
FLUW RATE (LBS/SEC) Pl SSURL (PSTA) TL MPE RATURE ’btcascs (]
HOMINAL  MIN MAX NOMI ML MInN AKX NEOM LM AL L L] e K
30.1 28.8 1. 30 .0 2943 3C.a 4046 40,3 ala
ac.t 2.8 Fled  JU ST 29 43 30 .0 N Ahed  ala0
.y 28.8 ) Y 30 .0 29 .3 0.8 LY 2T Af .3 4.0
3o .1 2.8 21.4 29 o9 29 .2 30.7 40wt 4043 4140
- 29.9 28 .6 31.2 B3l 771 a30  52.% s 53.9
29.9 2B.8 3Ya2 830 rrt 890 525 80,1 £3. 7"
29 ey 28.6 3.2 s28 r6q aar 5245 a0 .1 52,09
2949 2846 3.2 sz 769 837 5245 S5Cal £1.9
29.9 8.6 31.2 B2 . 67 884 - - 52.5 S04 53,9
10.7 Y. 40 1241 828 X4 Ba4 625 501 53.9
2e 36 2.16 2.56 CEF To4 - 830 5245 SC.1  E3.%
467 6244  B1,0 ByT TG0 TS 5245 LA PR
46 .7 A2.4 £140 ™w8e 659 748 210 16¢ 224
427 8.8 46,6 Tou €69 743 z10 1t 2i4
A2.7 30.8 48,6 673 61% 43! 289 26% a1
4.00 3.80 4440 or3 636 1y 292 268 7
43,3 41.4 an.2 £73 614 714 325 2%6 ana
43.3 a1 .4 65,2 68 629 702 329 o%e 3ga
16,4 15,7 17.1 H6E 629 o2 325 24 Ite
59,7 L7l €23 666 £29 ro2 es 25t 353
16.7 11.0 12.9 Hay st r 676 azs 2t a3
2143 1627 442 641 €07 676 328 she LA
21.5 167 i4.3 618 603 872 . azs 2%t ey’
Z1.5 18.7 8.3 b7 603 672 224 295 353
217 18.% 4.5 491 478 -508 " 304 206 1z9
0.0 B.0 0.0 491 474 503 304 ZEL 3Ty

Table II-3, Normal Mode Throttling State Points - Start of Life
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ey

g-11

PL
LS

2t
zd
29
30
a1
a2
33
as
35
36
ar
39
g
ag
at
az
a3

44

45
a6
av
LE:]
e

51
g2

GRAPHTY CORE

. © e s ¢ e GTATE POINT
( TEX FULL FLOW
e REFER T DRAWING

1137400C POR ENGINE (

2934 PS1A ... TBCY ROSITION = 27.6 OUEGREFRS
4245, DESRIES R SSCV POSITION = #4.5 DEGACES

STUPDINE DISCHARGE BLOCK VALVE INLET . . . . -
TURJIING DISCHAIGE BLUCK VALVE OQUTLET
TURIINE THAROTTLE VALVE LINE OUTLET
TURKINE 3Y.2A35 LINE OUTLET

COME INCET LINE OUTLET - - -
CLUTRAL SIELD INUET

CORF SU?PINT BLATHE INLET

CONE ThL ITF

THRUST Jetd 433K .

Tute INEG ITYIPASS 3L ICK VALVE INLET
TUHRINE JY2A3L ALICK VALVE DUTLET
TUBRSINE A¥BAS CINTROL VALVE INLET
TURDING 4¢2A33 CONTROL VALVE CYTLET

STAGT PRIZIUIANT LINE INLET

STRHUCTU AL S UP30R1 BLOCK VALVE INLET
STRUTTUIAL SuP 2037 BLOCK VALVE OUTLET
STRUCTURIAL 53U 3T CONTROL VALVE INLET .-
STLUCTU IAL, SI0309T CONTRUL YALYE DUTLET
COPLCI WY FURPLY LINE OUTLEY

STrdCTuUiiL SUPPONT COOLANT LINE QUTLEY
STHM UUTLET . ’

STRUCTUIAL SUBPIT OUuTLET

STHRUCTUIM. SUPPURT OYPASS ORIFICE INLET
TTeulTynar, 5ppQRT BYPASS ORIFICE JQUTLET
STRUCTUYIAL SUPA IR T AYPRASS LINE QUTLEY
TURBIHNE THROTTLE VALVE INLET

COND 1T LONS

SPECIFICATION CXYREMES

MERVA ENGINE = DﬂAw:NG_NUMBER 1137a000
NUMBER 113TAS6A FOR STATE POINT LOCATIONS
GRAPMITE = 8% ) _AT THROTTLING = NOWMAL STARY DF LIFC

THRUST = 49160
1sp = 82247 SEC

NETAP RESTART TAPE

LOF

TURDINE EFFICIENCY = B7.0
BYPASS FRACY[DN

FLOW RATE :LBS/5EC)
L]

NOM [NAL MAX

we - 2L1aT- 18.9  24.5
21 7 18.9 4.5
C.0 0.0 G0
167 11.4 22.0
538 STe2 62.4
£9.8 572 E2u8
59«8 57.2 C2e4
5G4 HTe Erah
59.8 S57s2 2.4
8. 35 5«70 1t.0
B4 3t S 10 11.0
B8, 35 5. 70 1.0
Be 35 5. 70 11.0
0. 31 0427 .35
5o 35 44285 640
5a35 4.0 640
5435 4,30 G40
P LY 4,30 6i40
N7 .Bat0 12.8
107 e GO 12.8
10.7 Be RO fd.0
13.¢ I0a.8 15.4
2. 356 2.186 Z2.56
Z;Sﬁ 2.16 2456
2.36 2,14 P56
0.0 0.0 0.0

6758 AY

PRESSURE (P514)

MM Y NAL

AQ3
486
AB&
ATT
67T
A50
LY-3:]
418
233
[ 231
Ha
640
439
bt
824
A2e
aza
Tu8
F4-1]
768
L2 ]
673
sl
659
684
A9l

o 28.0

%
%

PUMP EFFICIENCY = 6%.9 %

PURP SOEED =

280, SECONDS PLOTTED AT

MIN
ATH
469

A6Q
45 1
aia
410
A0}
285
&t 8
66 &
6086
L1
LTA€
760
Tob
Tl
T31
Ta1
T3
bkl
636
T63
[0 )
GAT
ph

MAX

508
502
502
4931
483
a8s
FYY
430

301

675
675
675
516
k93

893
CLE]
833
avs
838
B35
718
7H1
879
T2T
T2t
508

Table 11-3, Normal Mode Throttling State Points - Start of Life

TEMPE RATURE (aEGREﬁS R}

THDAG .

RPM

280. SLCONDS

NOMINAL MA X
304 280 329
104 2e0 329
s 280 - 39
3190 286 335
wm 310 - 286 - 335
310 2ot 135
KR+ 1] JIK
315 zee 336
—  A2a9 a18L  A31A
325 :144 RTYL
3zs $ 184 Zay
325 3ce 4
iz2s ang 349
o 286 335
B2.+58 L DUPY | S53.9
5245 50.; 23.9
52.5 5041 81,9
5245 50.1 53.9
§2.5 50,1 82,9
52.5 €0l 5349
- BEQ -- AT 650
489 ) ara 54 %
5245 Sl Sie%
BZ2a+% Tl 3.
B2+5 -~ Hiel 53.9
304 200 329



6-I1

PC
TC

E-

URAPILLTE CORY
/ R S STATS PJINT CONDITIONS ANP SPECIFICATINN EXTREMES
I5% FULL F‘LDh‘ NERVA FNGINE « LRAWING NUMRER 1137400C
REFal T3 DIANING NUMBER 113TAS6A FON STATE POIMY LOCATIONS

1137400 PDR ENGINI = 1 TPA { GRAPHITE = a% ) AT TUADYTLING = START NF | IFF .
2924, PsiA - TSCV POSITION ® 28,9 DEGREFS THAUST = 4920C. LOF TURPHINE EFFICIENGY = BT,7 % eunp ew#tcisktv CILY T
424%, DESATES R SSCV POSITION = 35,7 O35AECS ISP = A22.7 SEC BYPASS FRACTION = 47.6 % PUBD spgao i Eigha, LB

NETAD RESTAHRT TAPE S723 AT 280, SECONDS PLOTTED AT !at. L34 1N 1

FLOW RATE (LBSISEC! PRESSURE (PSLAY TEMPEOATURE tcrances #i
) NOMINAL  MIN NOM ENAL MIN MAX NOMINAL . MIN

FEOPFLLANT TANK GJTLEY - e - X3 | 5745 62.7 0.0 - - 29.3 3048 - Abh 4042 at.0
PEOPELLANT SHUTOEE VALVE INLET 601 575 t2.7 30.0 C 2%9.3 3in.A . 56.6 hdad LS Py
rRObELLAJr SHUTOFF VALVE OUTLET a1 T} | &7, 5 €247 2949 29.2 - 30.7 - P ;;;1p.3 A1aG
PUMP INLET . 6041 S7.8 €247  29.7 2%. 0 30.5 208 a0.3d A1.0
FUMP QUTLIT : e e e e 88T < §Tal o+ 6203 mn 96K e 904 10284 88,4 .~ 83.2 - 8740
PUrD DISCHAISE CHECK VALVEIINLET 59.7 57l 6243 -1 ] 903 1623 5.6 S3.2 5740
PUMP DISCHARGE CTHICK VALVE QUTLET S s e e BT . BTWl - 6243 © 954 .- .- fof 1012 - 85,6 - %£3,2 5740
PUMP DI3CHARGE CHICK VALVE 2 INLET 597 571 &2.3 253 " Bus 1010 58.56 93.2 57e0
PUME DISCHARGE CASCK VALVE 2 OUTLET - . e e e BQ WY - 8Pl - 62,3 - 943 - BT G0 . BELEH - RN E £57.¢
STRUCTUAL S5 423327 CUOOLANT INLET LINE V.88 Bed 1143 42 885 990 557 53-5 5Tel
STRUCTULAL 3 93137 BYPASS LINE [MNET - R 2.26 - 206  2.46 - 948 - - . BBL 9G6 - -~ GST 53,3 57a
HOZZILE TU3II5 1ALET 47 .6 43.3 51.9 935 880 99¢ 55,7 53,3 £7.1
NUZZLE TU3ES QUTLET e e AT WG - 4343 - B1.9 834 794 874 —-— 212 - 198 6
RLFLFCTIY LT 43.5 39.6 aT.4 8134 794 aTa 212 166 26
FEFLECT Y JJTLET - - S A3 LS 39.6 47.4 BG3 186 s BB e e 288 . 264 312
SEFLECTIT JHESSURE VESSEL OUTLET 4.07 3.67 4.47 - 803 Tor66 840 292 2¢e7 216
EXTENSION SHIELD INLET - e R o R3ed c- ALlal - 85,2 - - B03 o THOH o - BAQ e - 3PT - 298 156
CATENSINY SHISLD JUTLET ’ ’ 43.3 41.4 45,2 Tak 160 ‘833 3zn 299 387
EXTEFNSION 3HMIELD PRESSURE VESSEL OUTLEY - 164 1Sa7 17.1 796 - 760 833 - - - 227 259 Is6
T TUIINT LING xLLtT 59,7 5741 €2.3 796 T60 833 azv 264 356
TUSBING JPPASYS LINE IHLGT - v e e e SRS L L = 3l o FIT - FTA 0 - TR e B0 e - 3BT - - A0M A8 n
TURHING AL JCK vALVE IMLET 3.3 257 36a9 774 LY 809 azr 298 25
TURBINFE G JCK VALYE CUTLET - - - .- .. - —eem e 3!-3_ : 25-7n~ 6. % - T4B - - T34 o a0% - - 32 - 298 3L b
TURBING 1HLET 31.3 25.7 3649 768 733 BO2 327 248 3585
TUEAINE JUTLAT cmem v o e imecmemmmnrmn =« eeem e e e ew - B 0T « 2hael -~ ITed - AGE - - e ATY . e 'sj;zm_———' 294 -~ 270 - 319
TURGINE THIOTTLE VALVE LINE INLET 0.0 [ 0.0 495 ATH 512 %4 27¢ 319

Table 1I-4, Single TPA Mode Throttling State Points - Start of Life
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LA ol
STAT:: BIINT CONDITIUNS A TRULEFRCATION EXTRIVDS
THR FULL FLOW M HVA ENGINE ~ [FRASTEG NUNMGER L11ZTANCC
REFET T3 DRAASING MHUMEBFE 11374564 FOR STATE POINT LOCAYIOMNS

11 37400C BOR ENGINE = 1 TPA { GRADMLITF « 81 1 AT THPOTTLING = STARY DF LIFE

- BC s 283e P3IA . TEBCY POSITION = 24,7 DIGATFES  THRUST = 4Q2¢C. LHF TULHIND CERICIFNGY & AT.7 % Puu: EFFICIENCY & 2.2 A
TC = 4l4G. DEGIIES @ SSCV POSITION = 35.7 DIGRELS 15w = B2Ea.T S°C BYPALS FRACTION x 47,6 % PURME SDETR & 2 10%4. HPH

) NETAP QF START TAPE 5723 AT  2A0. SCCOMDS PLOTTED AT 290. €FCOMDE
Fi.Ow QAYE {(LB3/%EC) PRESSURE (PSTA) TEMOURATURE (P UFEES b )

NOMINAL  MIN MAX ROMINAL MIN MAX HOMINAL Min MEAX
S 27 = TURBINE J15CHAQ3E BLACK VALVE INLET - . .7 2641 ar.a Y- 478 512 294 270 9
28 - TUKBINE DISCHARSGE dL,O0CK VALVE OUTLET 3.7 26,1 AT+3 asa As7 500 254 270 219
- P29 - TUEBRING THAJYTLE VALVE LINE OUTLET s owemseaene = Qe @) s Qe L0 afia B 1-34 - %00 - - 254 210 i1a
A0 - TUPHINE OYPASS LINE OUTLET 28.4 231 337 a77 461 454 30 285 334
s A1 = TOME INUET LING OUTLET e Cee e e ®mO.B - ST .2 €24 46 ' ... &B1 - . .- ABY - - e Peb Ara
22 = CENTRAL 34ISLD INLET 5%.8 57.2 62.4 AS0 635 466 310 2pe EnY
-~ B3 w COBE SUP3NAT PLATE IMLET 59,8 87.2 2.4 a2s 411 as’c - 210 2eE 32
38 - CGRE INLET 59.8 57.2 €244 a1s 402 431 314 2t 339
35 — THAUST SHAMSER 59 .8 =742 CR.d . 291 FET LTINS A249  aini PEEE.
X6~ TURBINDG 172A3S BLICK VALVE ENLET * 14,2 t1.6 16.9 77 129 808 3zr 363 w2
37 = TULHINE I¥IA35 S 0CK VALYE DUTLEYT SEIRTIN ¥ - B Y 16.9 Tre rar a0y - 327 a3 342
vy 38 =~ TUPDINE (Y435 CZONTRUL VALVE IMLET 14,2 1.6 16.9 72 738 807 aar 3c3 In2
"T39 - YuaaINE 3YPASS CINTROL VALVE QUTLET o - - 14,2 Thats 16.9 - 539 522 555 - ¥-3 4 Y 3] 3s2
D a0 - STAGE PIIZIURUT LENT INLET Ce3 ©.27 G.35 byt 461 Ll 3i0. 245 I3k
41 - sTkuéruaaL 5 J3I33T QLOCK VALVE IMLET e S 8493 3.88 5.98 G41 -T.7Y 99r - - B5.7 £31.3 673
A2 ~ STRUCTI AL 3JP204T BLOCK VALVE OQUTLET 4,93 383 .98 aay 9na 997 55.7 3.2 4 2 |
- 43 = STHUCTUAAL Su303T CONTADL VALVE INLET - N 3.88 .08 941 ve4 - YT - 58,7 53.3 $7a%
44 = STPUCTUIAL 5 P™IAT CONTROL VALVE OJITLET 4,93 3.80 5.98 aso Baa 918 55,7 5143 571
45 — COCLDOWY 3J9PLY LINE OUTLET 9485 Ta?5 12.0 aae Ae 3 9Ly 55,7 81,3 57a1
af = STRUCTUIAL SUHIINT COOLANT LINE OQUTLET 9.85 7e75 12,0 T:14) a3 P17y 557 L33 €T
~ A7 = s1EM QUTLIT c Gy 775 180 - 406 e - Aal - (144 47¢ 137
48 = SYPUCTURAL SUPP33IT OUTLET 121 .81 16.4 803 764 B840 451 afs 57T
49 ~ STRUCTUIAL & JP20RT BYPASS ORIFICE INLET - 2420 2400 2446 $30 990 995 - £5,7 S3.3 5748
S0 ~ STRUCTUIAL 3 PA0TT DYPASS ORIFICE QUTLET 2.26 2.Co Faa6 617 82 8455 -1-9% 533 £7e1
S E1 - STRUCTUIAL SueaJaT BYPASS LINE OUTLET - . S 2eR6 2404 Tea6 - BL2 s - Aa9 C 8547 23,2 57,1
£2 = TURIINFE THWTTLE VALYE INLET Ca 0 Va0 LD 4as L8 512 254 270 314

Table II-4, Single TPA Mode Throttling State Points - Start of Life
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LRADHIITE Colgd

‘¢ ce e e TSTATH BIINT COMDITIUNS AN PECTEICATION FRYMINCS
7HK FULL FLOW NERVA DNGING = GAAWING NUMBER 1137640C .,
“ e e e e . REFER T3 DIAA ING NUMBEDR 113T748€A FOR sr;ie POINT LOCAYIONS
1137500¢C PO ZIGINF | GRABHITEL = 8% § AT DESIGM - NOBMAL E1 OF L IrT .
449s PIIA THCV PUSITION = 17.3 DEGREFS THRUST = 758Cr. LAF  TUFTIINE CEFICITMCY = B8R435 3 PUMP EFFICIENCY = cpur X
42434 DLIGLICY & SSCV POSITION = 1347 OVGWES  15P = 821.9 SLC BYPASS FHACYIUM a2 o,3 % PyUME SPLED ®  F3File BEM
NEPAR RESTARY YAFE 57948 AT 20R. SECOIDS PLOTTED AT 288, SECOMUS

. AL 3 I T T R

FROMELL AT TANK QJTLET ) a6, 44.8 at. A Uap 2941 .8 LY LY a1.0
FRIVELLAYT SHUTOFF VALVE INLET 4€ el ad.a ATl sU.C 29,3 10.8 4045 88,38 £1.0
PLOCELL AT SHJITOFF VALVE UUTLEY T T 19 | 4448 ATk 9.9 29.2 0.7 AC .5 At a3 at.0
FUYP INLSET 4641 44,8  AT.A =2 PE] 2941 30,8 AC.8 6043 af.0
FuMe gurtat R 45,8 - A4.% ATl 1370 1311 .- 14730 ’sa.a 8644 1INy
pUSAD DLCAR3E CHETK VALVE INLE?T 45.8 44.% ATl 1370 © a3 1429 G0.4 fnat 60 ?
FUMP UISOHARGE QHECK VALVE CUTLET - 4.0 YT 471 1364 1306 1823 5.8 £ 44 Fned
FUME D1324a0 5% CHICK VALVE 2 INLET 4548 Ane5 AT} 14646 1105 1422 5640 Lead efta 2
PUMD D13CHARSE CHELK VALVE 2 DUTLET - - A5 .8 LY. At 1358 - 1360 . 1416 - £8.8 ‘it ot 802
ETHUCTULAL SUPS03T COOLANT INLET LINE 11.8 1Cas 13.2 1358 13049 1416 54,49 &u;ﬁ 603
STRYCTUIAL SJP AT aYPASS LINE [NLET . ... 3.07 - 2.87 3.27 1350 - 1R%R 1407 - - 5B.9 Er gt €Ga X
NOZILE TULES I HLET T¢ .8 T2:5 81.1 1337 1281 1343 S8.9 L:1. 9% -1 el
NIZZLL T 1S DYTLEY e T B 72e5 - 8141 1159 1119 . 1499 - - 398 tag - 20
ECFLECTOY INLTT 70.3 6644 4.2 11866 111% 1199 196 112 21 ¢
FEFLECT I UUTLET 7043 YA Y T4e2 - 1105 168 - 1142 - 26% Lal 2869
REFLECTYI PRISZURE VESSEL OUTLET b.é: Gel3 693 1108 1068 1142 273 248 zsa
EXTUNSION SHITLD INLET - -~ . . - - 66 .7 6448 £8.6 1105 1u68 - 1142 - - - 297 . 68 326
CATENS 1ON 3HICLD QUTLET 66.7 6448 €846 1096 " 1058 1131 298 2¢9 Azk
EATLASTIN SHIZLD PRESSURE VESSEL OUTLET R 2540 - 243 2%47 1095 1088 - 1131 - 297 aes aze
COME TURITHNE L ING INLET _ 3 89.1  S4.3 1098 1658 1133 / 287 2¢6 326
TURBTNG AYPASS WINE INLET wocim o o o oo ns ceme . Ba 89 - 3,19 13.8 - 1062 1T 1096 e von POT . 268 3ze -
TUPBINF JLICK VALVE INLET . 4146 3848 hd a4 1062 127 1054 29 . ge8 e
TURUINE SO0 VALVE OQUTLET - - L A1.6 388 ‘an.‘ 1054 1020 1099 257 ate 126
TURBING I¥LET 41.6  38.8 Ab.h 1058 1019 1088 297 268 aza
TURDING JITLET S AL .9 U ] 44,7 Tal 24 - PEB - e 273 249 ion
TURGINTG THAOTTLE VALVE LINE INLET 0.0 0.0 C.0 rac 724 st 273 2ay 254

L]

Table 1I-5, Normal Mode State Points - End of Life
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FC
TC

1137ra00C

A BT e PSIA e TBCY POSITION =1 7.3 DEGREES - THRUST .= 75300 LOF .
B821.9 SEC

4248. DESHEES % SSCY POSITION = 17.7 DIZGREES ISP

GRAPHITE coas
ETATE POINT--CONDITIONS -AND-

ICTF1CATION-EXTREMES
78K FULL #LOW NERVA ENGINE ~ DRAWING NUMBER
e —— REFER YO DRANING NUMBER 1137446A FOR STATE

e R b e A o AL A (10 N e VR 4 T S e
’

Do Y
) )

1137400C

POINTY LOCATIONS
PDR ENGINE ( GRAPHLITE ~ 8% ). AT DESIGN — NORMAL END OF t1ri

T

TUHDINE EFF ICIENCY. - B85 K PUMP_EF R TCIENGC Y- 6808 % e
BYPASS FRACTION

NETAP RESTARY TADE 5794 AT

9:3 % PUMP SPEED = 2‘82%. HOM

268. SECOMDS  PLOTTED AT 268‘.sgco~os

FLOW RATE (LBS/SEC) PRESSURE (PSIAY YEMPERATUHE (nscﬁees n!
NOMINAL  MIN MAX NOM I NAL MIN MAX NOMINAL MIN

TURDINE - DI SCHARGE - BLOCK VALYE INLET -+ o mrimmmsiec - 8] 49 39,1 d4.T 740 T2A-0 - - FEBT— - e PT3 - RAG o BB
TURBINE OISCHARGE BLOCK VALVE OUTLET 419 3941 an,7v 728 712 TAS 273 2490 298
TUABINE - THIOTTLE- VALVE LINE OUTLET- 0s0 - - 046 C.0 ~TE8 712 788 273 249 258

YURGINE SyPA3S LINE OUTLEY 8489 319 13.8 To8 692 725 276 252 aot
DOME INLET LINE QUTLET - e 417 89el-——GAa. 3 654 679 710 276 252 3Gy

ENTRAL SAH416LD THLET 9t .7 avit 9843 &70 655 676 216 282 3oz
CORE SUIAIAT PLATE INLIBT e o G T i BV DB B 635 621 630 277 252 ot

CORE IMLET 91.7 8%l 94,3 623 &0M 437 281 256 s
THRUST CHAMIZR e Gl a7 —— BF - GhaS 449 R VY — AZaB AL BO A 31 B e
TUALZINE BYPASS BLOCK VALVE JINLET 424 159 6.8¢ 1062 1027 ) 1096 297 273 3z2 -
TURITINE JYPASS BLICK. VALVE OUTLET. . 8424 1289 6289 — 3062 e} 02T = - 1096 297 ‘273—~~ B2 2 e
TURAINE BYPASS CONTROL VALVE INLET 4,24 1.59 6.8% 1062 1027 1096 297 273 a2z
TURBINE JvPASS CONTROL- VALVE CUTLET NIV PSSR i ¥ Y 1 ST - e BOG e e P R Y F29T7 - 273 - 3R
STAGE PIESIUIANT LINE INLET D.a7 0.473 .51 708 - 692" . =5 ! 2716 252" 301 -
STRUCTUIAL SURDORT OLOCK VALVE INLET e o 500 -~ AWB5 —- $405 -~ §357 ———1298 - —14185- —-BAMP-  B5HH  HOLI - o~
STHUCTUIAL SUPPORT BLOCK VAULVE QUTLEY 5e90 4085 6e95 1357 1298 1418 55.9 56.5 60.3
STOUCTURAL SUo203T- CONTROL VALve INLE1~*—~ 5450 AuBS B85 1367 1298 1815 -55 .9 LT Y Te— - 1
STRUCTUAL SJ9P)IIT CONTROL VALVE OUTLET 5. 90 4.85 6495 1184 1147 iaax. 5849 5645 6Ca 3
LOOLOSWY SUPSLY LINE QUTLET - e 4148 —- 9270 -~ 1349 ——~ 1183 ———-1146 1220 - S8 49 e 5645 602 I
STRUCTURAL SUPPURT COOLANT LINE OUTLET » 1148 9. 79 13.9 1183 1145 1220 58,9 5645 6042

STEM DUTLET . - o v i s At § § g @ em e Q@ PO B P -1 LOB 107 11458 566--—A56—--716-
STRUCTUTAL 3UPP0aT CUTLET 14.9 12.6 17.2 1105 1068 - 11a2 4565 ive 851
STRUCTURAL- SUPPYNT UYPASS DRIFICE- TN ET — —rm——im—om 3407 -~ 2287 ~3.27 - 1348 1290 1405 SB.Y e 56 G B0 p I
STRUCTUIAL SUPPOIT AYPASS ORIFICE OUTLET 3.07 2.87 3.27 1127 1089 1165 58.9 56.5 60,3
STHRUCTUIAL SURPIAT  BYPASS LINE DUTLET - —m i - 3 §7 o 22 8F = F 22T ~me 1149 1082 1156 BALG 565 - 6043
TUKBINE THIOTTLE VALVE INLET 0.0 Q.0 0.0 TAD S (&l 273 259 . ot

Table 11-5, Normal Mode"State Points -~ End of Life
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11

pC
TC

3 0 BN M e w N e

-
-

2%
26

. b & .
FTATR ‘-")INf CONDIT 1085 AND!' CECLEPCAYION CXRTPLNLS
TIK FULL FLOW NEFVA FHGIHD = o (& lhG HUMORP 11374000
REFIR T3 IHASING NuUmpi:r 1137AEmA Frst STATE POINT LUCATIONS

1t ¥7Aal0O0 My TNGINT o~ F TBA { RADHET™ = 3T ) AT A%T THLUTT « (D OF LIre
ot P3N TICY PUSITION = 23,9 DIGINES  THRAUST = o400, L0 TUV @Mt LCERE JCILNCY = p343Y &
4L52s LEZSVIRS W 3SCY POSITION = 34403 ) I5dlb 158 ®  PI2.t HS1C AYPAST FAACTINN = 3p.T %

MITAR I STALT Tasy LhERA AT 279, SLLUHDS

FLOW RATE (LDS/SFC) Pressupl tPS1Ad

NUMINAL  MIN MAX NOEM T MAL MM -
FROBTULANT TANK JUTLET : 7349 Tla2 Tt 3.0 P
CRONLLLANT 5 4JTIFF VALVE INLET 735.8 T1.2 Thak 30 .0 e 3
RO ELLANT SHUETUFE VALVE DUTLET ) T3.0 Tre2 Thek 20,86 29,41
FUYR THIT . T35 T1.2 That P8 PR49
PUMD OUTEIT ' 733 707 The9 - 1271 . - 1211
PUMT O SCHAAR 3E CHICK VALVE INLET 73.3 TC.7 TS0 1274 1210
FUSE 130t 34 CHE0x VALVf‘UUYEET Ties Tia? They 1245% o7
FONMP OIS TIAYGE CTCK VALVE 2 IMLIT T3.3 70.7 That 1284 119%
Fumid 9 1304AH 32 CHEICK VALV 2 CQUTLET 733 TG Thel 1239 S8
STHLCTL AL Sur 21T CNOLANT INLET L INE 12.2 1¢.9 13.7 1238 183
STAUCTUIAL ST BYPASS LINE INLEY - 2446 2edh  pet:it T 1234 1179
MULALE TIIIG L AIT LY P 84,2 e2.m 1224 11712
LELLE PG IS QJTLEY - 5845 5442  t7.8 1107 1067
FOFLDET 1 1L F 51,5 4% ok t7.4 1107 1007
LOFLTCTEDY it 2T 53.5 49,46 £7.4 1ot J034
RUFLLET ) TS 3034 VESSEL OUYTLET 5.C0 4460 E.40 - 1071 1014
$XTORATINE SHIZLD INLET - 53.3 514 E5.2 107y - toss
PRTLNS TS 3H1TLD DUTLET 52,3 8144 €5,.2 1054 1027
EATINS LY 3HIELD PRESSUHE VESSEL OUTLET S 29.0 19.3 2047 1064 o277
LUME TURIINE LINE INLFT " 73.3 TO? T5% 1064 - lUET
TuLOTG AL LINE [NLDT . S - R CH TS SR B P 1539 1064

S TURNTNE L ICL vALVE INLET _ 44,9 39,3 50.5% 1039 fona
FURININT SL3CK VALVE OUTLEY ' Ab 49 39.3 Bh.s 1036 6
TURAINE DHET ' 44 .9 9,3 Ef.% 1629 L r2
TURUINE BJTLIT ‘ A5 44 - 39,8 - 51,0 606 L850
TURPING THITTLE VALVE LINE INLET 0.0 €.0 G0 668 5119

MAX

10y
I W h
N .6
INs
133}
1329
1313
13ty
12 A
129%
1249
124y

114 -

P10
104
1104
llaq
113}
1101
11091
10TH
Inta
1044
10063
623
622

'Tableaiiwﬁ. Single TPA Mode State Points - End of Life

PUMEe LEFICITREY = o

PuUwMir SPIED »

LOTTLD AT
TE P L ATRT

NI NAL

AGat
4046
A0 et

LAY

1LY

61l
Glel
€11
el
Hled
614
61 A
211
211
265
200
nzy

317

v
LR
3in
316
31s
315
279
XA

S ELe .

[FH I
LR

87543
A}
a2
a4G.a. 13
557
5.7
Hde?
WY 4
foa?
54t
S% ek
B
167
157
PR
2eh
zfb
dbk
e
287
EFT7
2ET
T
re7
254
k55

P
PR

EiT ™

BPU. VTN

hok
MAR

Al U
atad)
431.0
4120
NHie$
LB
Laela
e
e th
Ly )
Glerd
GPaf
;25
viw
10
315
a4
248
LR,

24%
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— PG
TG

——AT
28
- P9
30
-1
32

34

P

LT
- a7
"“ ag
j_ £
40

a1
4y

“ 4

GRAPHINH CORE :
G mmeemss e e e STATZ PIINT CUNDIYTINNS A7 IPFCLFICATION FRTREMES

75K FULL FLOW NERVA TNGINE ~ DRA4ING NUMOLKR 1137400C
REFER TO ORAWING NUMBER 1137456A FOX STATE POINY LOCATIONS

11374000 PR ENGINE = 1 YPA U GRABHITE - A% § AT RO% THHUST ~ FNO OF LLEP e
= . 3504 P3IA - oo - . TBCV POSITION = 237 DEGREES THRUST = 604(G. LOF TURBINE EFFICIENCY = 8A.3 % UM EFF!C!ENCV M 6.3 %
x A252. DEGAEES A 3SCV POSITION = 39.3 DIGIZES ISP 3 B22.4 SEC BYPASS FRACTION » 387 % Pume SPEED » 28Eed. KPM
. NETAP RESTART TAPE 8866 AT 279. SECONDS PLOTTED AT #¥9, stconos
o T oo 7 FLOW PATE (LBS/SEC). PALSSURE (PSIA) TEMPERATURE (DEGHEES M'
NOMINAL  MIN MAX NOMINAL MIN MAX NOMINAL MiN
w TURAINE DISCHAAGE BLOCK VALVE INLET -— -~ -+o-— - - 4G .4 - 39.8 51,0 605 - - 588 - - ‘23“'v FL] 31 304
~ TURSINE JISCHATIGE BLOCK VALVE ouUTLEY aAS .4 3g.A $1.9 san . 571 604 2719 28% G4
- TUERINE THIOTTLE VALVE ALINE OQUTLET - - - - s w2 000 - - D0 D0 508 - 87y - - 604 - - 279 - 28% . . Aga
- TURZINE 3YPA3S LINE OUTLET ' 28 .4 23.1 33,7 5TT 561 593 2ca 27e 319
w LOME INLET LINS MUTLET - - - - s v PH 0 - TO o B TEe0 - B6E e BRD e BRY o POY e 2T0 -~ 31
~ CONTRAL SHICLD THLET ) Tk T0.8 76l 545 530 561 294 2T0 a9
- CORE SU3PIAT PLATE {MLET - : e - T4 - 7048 76.0 - 516 - - 801 -~ 531 - -~  PYS . - 270 - 219
- LORE IMLET Ti.4 TO«8 T6.0 505 A91 520 299 2Tn 3z3
~- THRUST CHAYBER e T A S £ T'L St 1 1% THO - - 360 — - IBB .. 36B--—- 4252 - A1EBA - ADZO
w TUROINE JIYPA3S BLICK VALVE IMNLET 14,2 11.5 16,8 1039 1004 107 3158 262 - 341
“ TURGINE 3fPASS ALNCK VALVE QUTLET - = : 14,2 11.5 16,8 1038 . 1003 1073 s 2%z LTS
- TUKLINE JIY?A3S5 CUNTROL VALVE INLEY 1442 11.5 16.8 1038 1063 1073 k1%.3 LT 341
- TUFWINE 3¢¥PASS COITROL VALVE OUTLET - : 14,2 11.5 16.8 628 612 LY W - a6 PL Y] L
~ STAGT PIT3SUTAT LINT INLET 0,33 0e38 [ A2 5TT 561 593 29k 270 310
“ STRUCTUIAL S W PAIIT BLOCK VALVE Iw.35T 6015 Se10 T.20 . 123k 1275 1291 Giad 55,0 6244
- STPUCTUAM. 3URAIAT NLOCK VALVE QUTLET 6.15 Latl  Te20 123¢ 1275 1291 6l.4 EG.C ¢ £2.7
~ ETHUCTUIM. 533027 CONTROL VALVE THLET 6415 Lel® - THR0 - 1236 L1275 - 1291 -~ &lat LRI €oatn
- STPJCTURAL § )33 337 COMTIOL VALVE DJTLET Guly Lal0 Te20 1180 1113 1197 61 ok £9 ¢ t2en
w COTLLT W 3PS, Y LINE OUTLET 12.2 1t.2 14,4 1149 11312 1187 ToBled DG e ¥ Y.
- STHRUCTUTAL S 9P 11T COOLANT LINE UUTLEY ) 1243 1642 14,4 1146 1112 1197 6l.4 L1 ARam
SYEWM OUTLAT 1243 10,2 Ia.a 1074 1036 128 B IR 532 als L2
= STCUCTUTAL SUP3 1T OUTLET . 16.8 12.5 1743 107} 1034 1108 4an T ey L2
o LTRUCTURIAL SUPLOTT BYPASS ORIFICE [HLET 2eth Z.26 2.6 1233 o 12re izaa . 6la4 LT L]
- RTPUCTUIAL LUBIIIT BYPASS ORIFICE JUTLET 2e8¢ 24286 Zalib 1086 1052 1124 S Co.y 62D
- STRUCTUIAL SJUBD AT OYPASS LINE QUTLET : Rasb 2.26  2.6& 10814 1543 1118 - 63 ed LS Y 62e8
- TUABINE TATJYTLE VALVE INLET 0.0 0.0 [ Y] 605 508 ape 27 . "G 30k

]

_ Table II-6, Single TPA Mode State Points - End of Life
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e P
T

i

Si-11

F

22

23

24

- 29

26

1137400C PDA ENGINE ( GRAPHITE - 8% ) AT _THROTILING ~ NORMAL ENO DF LIFE
. 293e PSIA - TBCV POSLTION.= 23.1 DIGREES THRUST = a9100. LBF  TUABINE EFFICIENCY = B6.9 %- . PUMP EFFICIENCY = 6641 %
= A2a3R. DEGHEES | SSCV POSITION = 77.2 DEGAEES ISP = B22.6 SEC  BYPASS FRACTION = 20.0 % PUMP SPEED » 175634 RPM
' ) NETAP RESTART TAPE 6372 AT 283, SECONDS PLOTTED AT 283. SECONDS
o T O o T T T T pnw pATE (LBS/SEC). PRCSSURE (PSIA)  TEMPERATURE (DEGHEES R)
NOMINAL  MIN MAY MOMINAL MIN MAX NOMINAL M1 MAX
e PROPELLANT TANM-OUTLET — -~ e s e — s e o e = 30 o o - 28 0 7 31e3 0 30wl 29 »«3 =308 Al .6 AQs3 -~ Hlaly-
~ PROPELLANT SHUTGFF YALVE INLGT 3040 28.7 31,3 30 <0 29.3 308 ' 48.6 40.3 41.0
- PROPELL AT SHUTOFE - VALVE -QUTLET — - romm o s 30 @0 - - 2847 3123 - U0 - 29.3 ~30w8 4046 - 4043 - Al.D
- PUND INLET ‘ 30.0 2847  31e3 29 .9 9.2 307 . 4046 ADe3 41,0
- PUMP OUTLET — o« — o e = e 20,8 28.%5 - Aled - 8184 -~ 785 . . 8gP3 - 5242 —~-49.8 - -5at
-~ PUMO DISCHARGE CHECK VALVE INLET 29.8 28.5  31.1 814 754 873 82,2 49.8 53.6
~ PUUP DISCHARGE. CHECK VALVE OUTLET -~ - = —oe = 2948 ~ . 2848 - 3%1e1 - - B1% s PBB e i BT e 5202 - 4948 5346 -
— PUMP DISCHARGE CHECK VALVE 2 INLET 2948 2838  3i.1 a1 - 782 aro £32.2 45,8  S3.%
- PUMP DI5CHARGE CHECK- VALVE: 2 OUTLET —— s o 2§08~ -8 0% - - Bl ol omr BOQ — e e TBO s BET e BBZ - 4GB - B34 6
“ STAUCTUIAL SUPPUIT COOLANT ENLET LINE - 14.7 13.3  16.1 1.1 T8 - 867 5243 29,5  S53.7
- STRUCTURAL SUBPJIAT BYPASS LINE JTMLET - - oo e - PR3 - - 2,03 - Ead3 - - - 606 - - - TAS - - BAS  —--—-B2,3 - 49.9 - 51,7
- NODZILE YTuUd3Es INLET 4z.8 38.5 47,1 802 748 859 5243 49,9 53,7
- NOZZILE TUBES ODUTLET - oo comen e+ e s vt oeenn 82 08 - o= 3845 - 4Ta1 - 7021 663 - . TAZ ——- 222 - 208 - 238
w PEFLECTIA INLET 9.1 35.2  43.0 703 863 743 222 2¢8 236
- FEFLECTIY JUTLET e - e - A9 w1 35.2 43,0 672 834 .. 7TH9 . . - - 309 rg2 235
- FUFLECTIN PRISHURE VESSEL OUTLET A.66 3.28 4.08 672 634 709 316 er2 336
- BEXTENGT N SHIELD INLET - - - - - R - PF- Alen  AS.2 - 6TZ - 638 T - T 2+9 as7
- LXTENS 14 31CL0 JUTLEY ) ’ 4343 41 .4 4%. 2 668 62T l 7331 328 2% LYy
- g XEUNST N SHMIELD PRESHURE VESSEL QUTLET . 1648 15.7 17.1 664 &2 Tl . Azn 299 257
- Cu#T TULSENE LINE IRLET LT 57«1  £2.3 664 827 701 324 2¢¢ 156
-_TUHt!lNu JF3A53G5 LINT INULET ' e FT7ed 120 £2+6 639 604 . 6T - - 327 ey 356
- TURBING M 4 VALVE INLET 21 .2 18.48 24.0 639 604 &Ts azxr 2%% i ]
— TUFOINE L JCK VALVE OUTLET e 21.2 1R« 24,0 636 - 601 670 - - 32T 266 156
- TURDINE [NLET 21.2 18.4 24,0 615 601 670 327 290 se
- YumdsINE DATLIET - - e C e e Elaf . 1846 - 24.2 492 ars 568 -~ 307 2az 33z
~ TURBINE THROTTLE VALVE LINE INLET 040 6.0 ) a9} 475 s08 307, 2¢3 132

GRAPICTE QUGHE
e e s e =~ - GTATE POINT CONDITIONS At SPECIFICATION EXTREMES - o moo o oo e 0

TEK FULL FLOW NERVA ENGINE - DRAWING NUMBER 1137a0CC
o s REFER TO DRIAXNING NUMBER 1137456A FUOR STATE POINT LOCATIODNS' -

, . Table 1I-7, Normal Mode Throttling State Points - End of Life
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28 -

-1

e -
L3 -
32 -
33 -
34 -

36 -
AT -
1 -

-1l

[
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42 -

AR -
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maﬁﬂn

846 ~

AT -

a8 -
M‘Q—b

50 -

o

T i AR

CHAFHITE Conzm

C e el e e e e e e <G TATE. POINT CONDITIONS AND-S  IFICATION-EATREMES. L .
' 7SK FULL FLOW NCRVA ENGINE = DRAWING NUMBER 11374000 T e
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Specification No. CP-90290/10 A

APPENDIX SPECIFICATION

fection Y. SCOPE

1.1 Scope.- This specification establishes the exceptions or deviations
tv the performance, design, test and qualification requirements specified in
{r.30290 defining the flight design of the NERVA Engine. These exceptions specify
these requirements which are different because of the different ground test
camZitions experienced by the development version of this eguipment.

Saztjon 2. APPLICABLE DOCUMENTS

i 2.1 Government Documents.- This subsection is the same as in CP-50290.

2.7 QOther PubYications.- This subsection is the same as in CP-380290, .

2.3 | Aerojet/WANL Documents.- This subsection is the same as in CP-80290.

~voion 3. REQUIREMENTS

3.1 Performance.- This subsection is the same as in Specification

U7 -LEG290 except for individual paragraphs shown hereunder.

3.1.1.1.2  Vacuum Performance Rating.- The nozzle expansion ratio for the
Numerical values of thrust and specific impulse

+umd test engine shall be 24:1.
f-=n the basic specification are not applicable to the ground test engine.

3.1.1.5 Impulse and Controllability Requirements.- The nozzle expansion
A1l numerical values from all

i for the ground test engine shall be 24:1.
reaizraphs of the basic specification relating to impulse and controllability

rrenrements are not applicable to the ground test engine for the following

"t ameters:
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(a} Thrust

(b) Specific impulse

(c) Impulse

(d} Controllability values for {a), (b) and {(c) above.

Yerification for the above performance parameters will be by analytical methods
{see Section 4) based on measured chamber pressure, temperature and flow.
Therefore values for parameters (a), (b), (c) and {d) are not specified for

the test engine.

3.1.1.1.10  Thrust Vector Control.-

(a) Mechanical stops shall be provided to 1imit the angle from

null to 1/2° maximum.

3.1.1.1.13  Engine Assembly, Checkout, and Acceptance Operations.- N/A

3.1.1.1.14  Nuclear Stage Assembly and Checkout Operations.-  N/A

3.1.1.1.15  Nuclear Stage/Vehicle Mating Operations.-  N/A

3.1.1.1.16  Vehicle Checkout Operaticns.- N/A

3.1.1.1.17  Vehicle Transfer Operations.- N/A

3.1.1.1.18 Vehicle Countdown Uperations.-  N/A

3.1.1.1.18  Launch and Boost Operation.-  N/A

3.1.1.1.20  Space Station Operation.- N/A

3.1.1.1.21  Propellant Depot Operations.- HN/A
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3.1.1.1.22  Coast Operations.- N/A (::)

.1.1.1.23  Spent Stage Disposal Operation.~- N/A

.ﬁ}.)5.¥.2.2.1.3 Engine Maintainability Requirements.~ The engine shall be
'e of manual and remote assembly and disassembly to the test stand.

apr3-1.2.4.1  Natural Environment.- In addition to applicable environments

7”Jh{fied in the basic specification the test engine shall be capable of
tanding the ground test natural environments as specified in Table TBD.

”,,h‘§.1.2.4;2.1 Nuclear Environment.- The tést éngine shall be designed to
ﬁﬁnkj;and nuclear radiation TBD percent in excess of the values of the basic
wy 1, fication, Tables X, XI and XII, when measured at a point TBD feet forward

‘2 core center line.

iy 9.1.2.4.2.2 Acoustic Environment.- The ehgine shall be capable of

., ‘anding ‘the ground test acoustic Toads applied at the engine boundaries as

in TBD.
?.7.2.4.2.3 Thermal Environment.- TBD
5.1.2.4.2.4 Vibration and Acceleration Environments.- In addition to

bl

4§iéab1e environments specified in the basic specification, the test engine
. be capable of withstanding the ground test vibration and acceleration
omments specified in Table TBD.

3.1.2.4.2.5 Electromagnetic Environment.- In addition to applicable
conments specified in the basic specification, the test engine shall be
"le of withstanding the ground test electromagnetic environment specified
hle TBD. '
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3.1.2.7.2 Ground Safety.- The system shall be capable of utilizing
facility supplied fluids for engine shutdown and cooldown in the event of an
emergency during ground tests which prevents reactor cooling with LHZ supplied
through the normal propellant fiow path.

3.3.1.7 Engine Natural Frequency.- The test engine when installed in
the test stand shall have natural frequencies as specified in Table TBD.
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APPENDIX SPECIFICATION

Section .  SCOPE

1.1 Scope.- This specification establishes the deviations to the per-
formance, design, and qualification requirements specified in CP-90290 defining
‘the flight design of the NERVA Engine. These deviations specify those reguire-
ments which are different because of the performance characteristics of the engine
with a composite core, whereas CP-90290 specifies the design and performance
characteristics of an engine with a graphite core.

Section 2. APPLICABLE DOCUMENTS

2.1 Goverpment Documents.- This subsection is the same as in CP-20290.

2.2  Other Publications.- This subsection is the same as in CP-90290.

2.3  Aerojet/WANL Documents.~ This subsection is the same as in CP-90290.

Section 3. REQUIREMENTS

3.1 Performance.- This subsection is the same &s in Specification CP-8029C
except for individual paragraphs shown hereunder.

3.1.2.4.2.1 Nuclear Environment.- The engine induced nuclear environment
shall be as specified in Table X, XI and XII. The isoflux nuclear environment
contour map shall be as specified in Figure 8.

3.2.1.3 Engine State Points.- The schematic diagram identifying engine
state point locations, and a tabulation of flow rates, temperatures, and pressures (ii)
at these locations is provided as Attachment Il to this specification.
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3.3.1.4.1 Engine Weight with External Shield (Manned Configuration).- The
- target dry weight of the engine with a composite core and consisting of the engine
module, NDICE, two PSOV's, and a cooldown supply module, shall be 33,500 1bs.
The weight_breakdown shall be:

(a) Engine Module 32,700 1bs (Ef)
{b) NDICE ' 500
{c) PSOV's {two) : 200
(d) Cooldown Supply Module e 100

3.3.1.4.2 Engine Weight without External Shield {Unmanned Confiquration).-
The target dry weight of the engine with & composite core and consisting of the
engine module, NDICE, two PSOV's, and a cooldown supply medule shall be 23,500 Ibs. (i;
" The weight breakdown shall be:

{a) Engine Medule 22,700 1bs (fi)
{b) NDICE 500
(c) PSGV's (two) 200
(d) Cooldown Supply Module 100

3.3.1.4.4  Launch Weight of Engine (Manned Confiquration).- The target
taunch weight of the engine with a composite core shall be 36,300 1bs consisting (Ez}

of:
{a) Engine Module ' 32,700 1bs ' (Ei)
(b) NDICE 500
(c) PSOV's (two) | | 200
(d). Cooldown Supply Module . 100
{e} Destruct Subsystenm 300
(f) Stage Mounted NERVA Engine I&C Cable 2,500

(Supplied by Stage Contracter)
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3.3.1.6 Gimballed Mass Characteristics.- Characteristics of the gimballed
portion of the engine with composite core and 10,000 1b external shield, and
excluding the Destruct Subsystem, shall be as specified in the following sub-

paragraphs.

3.3.1.6.1 Homent of Inertia About Gimbal Point.- The moments of inertia
about the three principal axes of the engine without propellant shall not exceed

the following:

Roll Axis 6,000 slug-feet squared
Pitch Axis 100,000 slug-feet squared (::)
Yaw Axis 100,000 stug-feet squared
3.3.1.6.2 Gimballed Weight {Operating).- The target weight including (::)
49

propellant shall be 32,300 1bs.

3.3.1.6.3 Center of Gravity.- The center of gravity without propellant -
shall not exceed 120 inches from Engine Station Zero. (ﬁ)
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TABLE X

INDUCED RADIATION ENVIRONMENT OF NERVA ENGINE
OPERATING AT FULL POWER

(Composite Core Reactor)

To Be Determined
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TABLE XI
INDUCED JNPERTURBED RADIATION ENVIRONMENT

0OF NERVA ENGINE FOLLOWING 30 MINUTE FULL POWER FIRING

(Composite Core Reactor)

To Be Determined
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TABLE X11

INDUCED RADIATION ENVIROHMENT OF NERVA
ENGINE OPERATING AT 80 PERCENT POWER

(Composite Core Reactor)

To Be Determined
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ATTACHMENT 11 ~

ENGINE STATE POINTS

The attached figure and tables provide state point data for the
NERVA Flight Engine with a composite core reactor.

Page
Figure II-1, 75K NERVA Flight Engine State Point Diagram _ 11-2
Table I1-1, Normal Mode State Points - Start of Life 11-3,4
Table 1I-2, Single TPA Mode State Points ~ Start of Life IT-5,6
Table II-3, Normal Mode Throttling State Points - State of Life 11-7,8
Table 1I-4, Single TPA Mode Throtiling State Points - Start of Life 11-9,10
Table 1I-5, Hormal Mode State Points - End of Life 11-11,12
Table I1-6, Single TPA Mode State Poings - End of Life I1-13,14
Table II-7, Hormal 'iode Throttling State Points - End of Life [1-15,1¢6
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