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PREFACE 

In an effort to minimize publication and distribution of classified information the 

phase I-MNSRPS Final Report has been maintained unclassified by referring to C/RD and 

S/NSI information contained within the Phase II-MNSRP proposal. 

The system specification and environmental requirements definition document 

contained within this supplement were generated during the phase I effort as a 

preliminary draft and will be modified, updated, and expanded during following phases of 

the program. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or impHed, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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1.0 C/RD INFORMATION 

REACTOR - (Phase I - MSNPS Final Report - Volume I, Section 3) 

The reactor information referred to in Volume I, Section 3 of this report can be 

found in the Phase II - MNSRP Proposal, Volume II, Section 2.1.2. 

FLEXIBILITY - (Phase I - MSNPS Final Report - Volume I, Section 14) 

The system flexibility information referred to in Volume I, Section 14 of this report 

can be found in the Phase II - MNSRP Proposal Volume II, Section 2.1.14. 

RESOLVE TECHNICAL FEASIBILITY ISSUES - (Phase I - MSNPS Final Report -

Volume n. Section 3) 

The feasibility issue information referred to in Volume II, Section 3 of this report 

can be found in the Phase II - MNSRP Proposal Volume II, Section 2.2.2. 

REACTOR CONCEPT - (Phase I - MSNPS Final Report - Volume n, Section 4.4) 

The reactor design concept refinement information referred to in Volume II, Section 

4.4 of this report can be found in the Phase II - MNSRP Proposal Volume II, Section 

2.0 S/NSI INFORMATION 

S/NSI information for this report can be found in the Phase II - MNSRP Proposal 

Volume III. 
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3.0 SYSTEM SPECIFICATION 
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1 SCOPE 

This Specification establishes the performance, design, 
development, and test requirements for the Boeing Multimegawatt 
Space Nuclear Power System (MSNPS)-

The Boeing Multimegawatt Space Power System is part of the 
DOE/SDIO Multimegawatt Space Nuclear Power Program- The purpose 
of this program is to provide a space-based nuclear power 
system to meet the needs of SDIO missions. 

The Boeing MSNPS is a category I concept which is ci^pable o-̂  
delivering lo's of MW^e) for lOO's of seconds with effluent 
permitted. A design goal is for the system to have growth or 
downscale capability for other power system concepts. The growth 
objective is to meet the category III capability of lOO's of 
MW(e) for 100's of seconds, also with effluent permitted-

1.1 PURPOSE 

The purpose of this preliminary document is to guide the 
conceptual design effort throughout the Phase I study effort. 
This document will be updated through out the study- It will 
thus result in a record of the development of the design 
effort -

The requirements stated in sections 3,4, and 5 characterine the 
Boeing MNSPS reference design capability- Growth requirements 
and alternative design concept requirements and design 
definitions will be maintained m section 6. As a result of 
trade studies and analyses, the reference design will be 
updated. The basis for these updates will be recorded in section 
6- The resulting document at the end of the study W J I I be used 
as the basis for the system specification for Phase II. 

Classified data referenced in the main body of this 
speci f iC'i t ] on shall be designated by capital letters in 
parentheses e.g- (A) All classified data , including the 
specific values designated by the capital letters, will be 
irtcluded in the Append i;;. The Append i . will, of course, be 
documented separately. 

Two typsjs of requirements are identified within this document. 
Requirements which must be complied with, are included using the 
verb form "shall". Requirements that are desirable and may be 
included if they can be met within the budgetary constraints 
are included using the vf-->rb form "will". 

1.2 MSNPS ROLE AND AVAILABILITY 

The r(jles of th(:? MSNPS arei 

-As a lower-weight alternative to chemically driven 

t) 7 
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power system that avoids a possible water retention 
requirement and; 

-As the reference design power system for higher- power 
and energy space applications in view of the 
substantial weight saving over chemical systems, 
especially for longer duration requirements-

Category I should be designed for an availability, circa 200U-
The Categor-y III growth version will be available some time 
later. This implies a technical freeze for the Category I system 
early in the 1990's and a freene for the Category iri system jn 
the mjd 19^0's. The feasibility of the tGchnolog\' incorporated 
into the design must he established by the time of the 
technology freese-

1.3 SAFETY 

The emphasis on safety is paramount in this program. It must be 
recognised that either space reactors will be safe or they won't 
be at alI -

1.3-1 Safety Regulations 

A major objective of the Multimegawatt Project is the 
development of a flight system design and liardwere that 
provides the desired level of public safety, health protection, 
ê nv 1 ronmental protection, and special nuclear matei-̂ ial (SNM) 
protet 11 on when used during its designated missions. Present 
standards referenced in DOE Order 5480.IB will be considered, 
wtier̂ ^ appropriate, in the design process. 

1.3.2 Safety Policy 

It shall be project policy to assur-e the protection of the 
environment, the safety and health of the public, and 
gcjvernment property against accidental loss and damage. 
Project activities shall be e;;ecuted in a manner that will nob 
prt".-ent undue risl considering the benefits. Tal- ing into account 
economic and social factors and the level of technology, every 
effort shall be made to maintain risl- as low as reasonably 
achievable. The effect on safety must be an integral and I-ey 
consideration in all de3sign and operational decisions. This 
decision process must include full consideration of normal 
and off—normal operations and credible accident situations 
during the life cycle of the system. 

-7 8 
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2 APPLICABLE DOCUMENTS 

The following documents of the e;;act issue shown, form a part of 
this specification to the ei-.tent specified herein. 

2.1 GOVERNMENT DOCUMENTS. 

SPECIFICATIONS: 
RF"P No- Multimegawatt Space Nuclear Power System 
DE-RP07-87ID12677 Functional and Operational Rgmts. Rev. 1 

Dated June, 1988, 

STANDARDS: 
DOE ORDER 5480.IB 

OTHER PUBLICATIONS: 
NASA TM 82478 
NASA TECH ORDER 2361 
NOAA-S/T 76-1962 

2-2 NON-GOVERNMENT DOCUMENTS. 

OTHER PUBLICATIONS: 

2,3 REFERENCE DOCUMENTS, 

The following documents are included in this document for 
reference at this time. As any of these documents become 
requirements they shall be moved to the above sections, 

SPECIFICATIONS: 

Fi-?d<3ral: 

Qa-M-290 

QQ-C~320 

M111tary: 

MTL-M~317] 

MIL-C- 5541 

MIL-F--7179 

M[L-A~8625 

Nicl- le Plating (Electrodeposi ted > 

Chromium Plating CElec br odeposi te-̂d ) 

Magnesium Alloy Process for Fretreatment 
and Prevention of Corrosion on. 

Chemical Conversion Coatings on 
Aluminumand Aluminum Alloys. 

Finishes and Coatings, General 
Specifications for Protection foi-
protection of Aerospace Weapons Systems, 
Structures and parts. 

Anodic Coatings for Aluminum and 
Aluminum Alloys, 
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DOD-E-8983 

D0D-W~83575 

DOD-A-83577 

D0D-E--83578 

STANDARDS: 

Ml 11tary 

MIL-STD-889 

MIL-STD-1246 

MIL-STD-1472 

MIL-STD-1522 

MIL-STD-1539 

MIL-STD-1540 

M1L~STD-1541 

MlL-STD-1547 

MIL-STD-1574 

HANDBOOI- S: 

MrL-HDBI -5 

Electronic Equipment, Aerospace, 
Extended Space Environment, General 
Specification For-

Wiring Harness, Space Vehicle, Design 
and Testing, General Specification 
For • 

Assemblies, Moving Mechanical, for 
Space Vehicles, General Specification 
For. 

Explosive Ordnance for Space 
Vehicles, General Specification for-

Dissimilar Metals 

Product Cleanliness Levels and 
Contamination Control Program-

Human Engineering Design Criteria 
for Military Systems, Equipment and 
Facliltles. 

Standard General Requirements for 
Safe Design and Operation of 
Pressurized Missile and Space 
Systems-
Electrical Power, Direct Current, 
Space Vehicle Design Requirements. 

Test Requirements for Space 
Vehicles. 

Electromagnetic Compatibility 
Requirements for Space Systems-

Parts, Materials, and Processes 
Requirements for Space and Launch 
Missile Vehicles, Technical 

System Safety Program for Space 
and Missile Systems. 

Metalic. Materials, and Elements for 
Aerospace Vehicle Structures. 

9 10 
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MIL-HDBI- -17 Plastics for Aerospace Vehicles 
Part I, FJeinforced Plastics-

MIL-HDBf -17 Plastics for Aerospace Vehicles 
F'ai-"t II, Transparent Glazing 
Materials. 

DOD -HDBI- -26: 

MIL-HDBI :.40 

Electrostatic Discharge Control 
Handbooi- for Protection of 
Electrical and Electronic Parts, 
Assemblies, and Equipmnet-

Application Guidelines for M1L-3TD-
1540B: Test Requirements for Space 
Vehicles. 

OTHER GOVERNMENT PUBLICATIONS: 

JSC-07700 

SP-R-0022 

NHB 1711.7 

MHB 1700-7 

Space Shuttle System Payload 
Accomodations, Vol. XIV, (NASA JSC^ 

Vacuum Stability Requirements of 
Polymeric Materials for Spacecraft 
Applications fNASA JSC). 

Safety Policy and Requirements for 
Payloads Using The Space 
Transportation System (STS) (NASA)-

Space Transportation System 
Payload Ground Safety Handbooi 
(Joint NASA/Air force document 
designated hy the Air Force a 
SAMTO HB S-lOO) 

SAMTO HB S-lOO 

FTPS PUP 1 

See Above 

Code for Information Interchange 
(Fedral Information Processing 
Standard: National Bureau of 
Standards. (This document is the 
same as ANST-STD X 3.4-1968). 

MSFC-HDBI- -527 Materials Selection List for Space 
Hardware- Rev- E. 

NONGOVERNMENT DOCUMENTS: 

ANSr-STO X 3-4-1968 See Above. 

(DS B9-8",2) Environmental Requirements 
Definition, The Boeing Co. June 
1988. 

10 
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Super Threat Document, Prepared 
by S-Cubed. 

J. Bisentme, L. Leger, et. al-, 
"STS-8, Atomic Oxygen Effects 
Experiment" AIAA paper No- 85-
0415, AIAA 23rd Aerospace Sciences 
Meeting, January 14-17. 1985 

L, Leger, J- Bisentine, B. Santos-
Mason, "Selected Material Issues 
Associated With Space Station", 
SAMPE Quarterly, Vol- 18, #2, 
January 1987. 

11 12 
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3 REQUIREMENTS. 

The system shall be responsive to the development concepts of 
the U.S. Department of Energy and to the operational concepts of 
the U.S. Air Force/Strategic Defense Initiative Office. 
Development of the system will be accomplished by the Boeing Co-
and a team of subcontractors responsible for items of hardware 
and tasi-s required to develop the following subsystems. 

A. Alternator 
P. Hydrogen Feed 
C. Ino ti-nimen tat ion and Control 
D. Power C o n d i t i o n i n g 
E. F ;eac to r 
F. S t r u c t u r t ; ? 
G. Turbine 
H. Dummy Load 

The system shall be designed to: 

A. Generate power using a nuclear reactor. 
B. Operate in a burst mode furnishing power for specified 

payloads. 
C. Operate using an open coolant cycle 
D. Meet all required safety standards. 
E. Meet all design and construction requirements. 

Government regulations (e.g. Code of Federal Regulations and DOE 
Ordnrs) require that all structures, subsystems, and components 
important to safety shall be designed, built and tested to 
quality standards commensurate with the safety functions to be 
performed. Therefoi-'e, appropriate codes and standards will be 
identified and evaluated to determine ttieir applicability, 
adequacy, and sufficiency, and shall be supplemented or 
Tiodified as necessai-y to assure a quality product in l-eeping 
with the required safety function. 

These requir~ements are detailed below. 

3.1 SYSTEM DEFINITION. 

The system shall be analyzed to define (and allocate 
requirements to) items of equipment and procedures needed to 
accomplish the requi i->ements of this specification. Functional 
analyses shall expand upon the diagrams in 3.1.4 utilizing 
approved procedures and shall be documented in accordance with 
the study program directives. The requirements derived from 
these analyses, v̂ jhen approved, shall be incorporated into this 
spec 1fication. 

The analysis shall develop a system which, in conjunction with 
the other systems of the space vehicle, shall be capable of 
accomp 13 sh inq its mission de->sp i te the identified threat, when 
operated within the prescribed operationc-l i-oncepls. 
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3 . 1 . 1 G e n e r a l D e s c r i p t i o n 

• I 1 
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3.1.5 Interface Definitions. 

The major interfaces are with the hJPB and with the Launch 
Vehicle. 

3.1.5.1 NPB. 

A generalized view of the structural interface between the NPB 
and the MSNPS is shown in FIGURE 2. The detailed view of this 
interface is shown in FIGURE 4. Hydrogen used to cool the NPB 
shall be used as the coolant for the MSNPS. This interface is 
also depicted in FIGURE 4. A functional block diagram of the 
electrical and instrumentation and control interfaces is 
presented in FIGURE 3. The functional and design requirements 
3.re defined in the following: 

3.1.5.1.1 Electrical— Start-up power shall be furnished to the 
MSNPS by the NPB spacecraft. Once the (SPIOO) is operational it 
will furnish all housekeeping and low energy operational power 
for the spacecraft. The NPB power supply shall then be used as 
the source for the spacecraft emergency backup power. The 
electrical characteristics at the interface shall be as follows: 

Startup powei— TBD 

SPIOO- TBD 

MSNPS Operations- Alternating current shall be provided at the 
interface as follows: 

Voltage- (10 to 20 kV) 
Voltage Regulation- ( + /- 5"/.) (See note 1) 
Frequency-(50 to 100 kHz) 
Frequency Regulation- ( + /- 2"/.) (See note 1) 

Note 1 — These values apply from the start of the five second 
hold period (see figure 9). Voltage control during the initial 
operation and 25"/. step may be +/-257. of the normal rms value, 

3.1.5.1.2 Structure— The MSNPS shall be capable of sustaining 
loads resulting from platform orbital transfer maneuvers while 
in any operational condition and at any power level, including 
startup and shutdown operations. The platform acceleration and 
velocity requirements are given in the SUPER Threat Document 
(See Section 2). The dynamic response of th MSNPS may be 
calculated in a free-free mode for the Phase I study. 

3.1.5.1.3 Instrumentation and Control— TBD. 

3.1.5.1.4 Fluid— Hydrogen shall be supplied at the interface by 
the NPB at TBD. (See Section 3.3.2 of the F?<OR Rev. 1 June 1988) 
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3.1.5.1.5 Reactor Radiation Limits— The Radiation shielding 
design shall include the following: 

A. The power source shielding design shall limit the radiation 
dose to the system components so that the design life and 
reliability requirements specified in Sections 3,2.1.5 and 3.2.3 
are met. 

B. The shield design shall assure that the nominal dose 25 m 
from the reactor does not exceed (E) neutrons/cm2 and an (f) Rad 
of gamma The area to be shielded is assumed to have a circular 
cross section with a (15) m diameter, 

C. Secondary radiation due to scattering from radiators and 
other components shall be considered in the shield design. 

3.1.5.2 Launch Vehicle. 

The baseline launch vehicle shall be the Advanced Launch System 
(ALS). The launch vehicle interface shall meet the following 
requ i remen ts. 

3.1.5.2.1 Payload Capabilities-

Dynamic Envelope-The dynamic envelope for the launch 

vehicle is shown in FIGURE 5. The allowed cargo space for the 

MSNPS shall be 13 m. diameter K (TBD) m long). 

Mass Properties- The mass of the MSNPS at launch shall not 
exceed (11,000 kg). The allowed eg location and moments of 
inertia are TBD. 

Launch Dynamics- The MSNPS shall be designed to withstand axial 
loads of (4.3 g's) over a frequency range of (3 to 20 Hz) and 
lateral loads of (+2 g's) The payload shall be designed to 
withstand acoustic and shock environments which occur during 
launch as shown in FIGURE 6 and FIGURE 7 respectively. 

Electrical- The present ALS design does not provide an 
electrical interface for the payload. 

Thermal- The MSNPS shall withstand the aerodynamic heating of 
the launch vehicle fairing to temperatures of (395-425 K ) . 
When the fairing is jettisoned the free molecular heating (630-
790 W/m2) shall be sustained. 

Fluid- TBD 

20 21 
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3.1.6 Government Furnished Property List. 

The following property shall be furnished by the government. 

Property Number Reference 

(SPIOO) TBD TBD 
ACS Equipment(TBD) TBD TBD 

3.1.7 Operational Concepts. 

Operational concepts cover ground testing, launch, space 
asscembly, orbit acquisit ion/test ing, initial startup/full power 
testing, normal operation, deactivation, and disposal. Figure 8 
presents a top level operational sequence which the design shal 
accommodate. 

3.1.7.1 Ground Testing. 

A. The system shall be designed to permit necessary component 
and subsystem operational tests to be completed prior to launch 
to validate the component/subsystem operability. 

B. Ground support equipment and special test equipment shall be 
furnished to support the ground testing. 

C. Testing of flight hardware shall not include reactor 
operation. No material which is radioactive as a result of 
ground testing shall be included in the launch hardware. 

3.1.7.2 Launch. 

The design goal is to use one launch vehicle for the entire 
MSNPS. If more than one launch is needed the MSNPS shall be 
designed so that all space assembly can be accomplished within 
(6 months) after the system has been placed in its initial 
orbit. 

A, Launch Sequence- TBD 

B.Initial Orbit- The initial orbit in which the MSNPS is 
placed, and at which any needed space assembly and preliminary 
check out is conducted, will be at an altitude (TBD km. and at 
an inclination of 70 degrees). The total period of time in the 
parking orbit for the initial operations is (TBD). 

3.1.7.3 Space assembly. 

No assembly in space is anticipated. 

r?"^ 
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3.1.7,4 Orbital Transfer. 

Transfer from the initial orbit to the final operational orbit 
will be accomplished by the NPB spacecraft. The transfer from 
the low orbit to the maximum altitude and correct inclination 
orbit shall be accomplished over a (90) day period. The range of 
operational orbits are from a minimum nominal altitude of (I) km 
to a maximum nominal altitude of (J) km with any inclination 
between 60 to 90 dgs. 

3.1.7.4 Initial Tests. TBD. 

3.1.7.5 Startup. 

FIGURE 9 provides a power loading scenario with time. Initially 
low power is supplied by the (SPIOO). This period of (70) sees, 
for the low power operations is used for the cool down of the 
hydrogen flow path. After the low power operation the MSNPS load 
demand is increased to 25% of full power as shown. This power 
will be held for about 5 seconds before ramping to 1007. power. 
During the 5 second period the beam will be turned on. This 
cycle shall be repeated for at least 2 operational cycles. 

3.1.7.6 Routine Integrated Tests. 

Platform system tests will be conducted quarterly and will 
consist of 40 routine tests to include for each test a rapid 
startup, steady state operation at full power for a minimum of 
10 seconds, and shutdown. 

3.1.7.7 Final Shutdown. TBD. 

3.1.7.8 Disposal. TBD. 
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3.2 CHARACTERISTICS 

3.2.1 Performance 

The Performance requirements at-^e for a Category I MNSPS. 
Classified data is indicated by capital letters 
inparenthesis, e.g. (X). Values for these quantities 
arefound in the classified Appendix TBD. 

3.2.1.1 Power System. 

The power system shall be capable of producing at least two 
operational cycles, separated by (one hour). Each cycle shall 
provide (Al) MW of electrical power for up to (B) continuous 
seconds of engagement time. It shall be capable of 50 rapid 
start-ups and shutdowns (See section 3.1.7) to power levels 
up to full power. A rapid start-up shall produce full 
electrical power at the output of the Power Conditioning 
Subsystem within (C) seconds from the time the full-power 
demand signal is received by the Instrumentation and Control 
Subsystem. 

3.2.1.2 Operating Time. 

The power system shall be capable of producing full-power for 
a minimum total integrated operating time, including power and 
weapon systems shakedown and operational tests, of (D) seconds. 
The design will include additional operating time for 
preliminary system operational tests prior to being turned over 
as mission ready, or for unique concept specific test 
requirements. 

3.2.1.3 Coolant. 

Hydrogen from the NPB shall be available for use by the MSNPS 
at the conditions specified in Section 3.1.5.1.4. Additional 
hydrogen, tankage, and associated equipments shall be defined as 
an interface requirement in section 3.5,1.4, 

3.2.1.4 Effluent. 

Hydrogen effluent is acceptable. Any effluents other than 
hydrogen shall be contained. The hydrogen shall leave the MSNPS 
in a manner that will minimize degradation of the NPB operation. 

3.2.1.5 Design Life. 

The on station design life shall be (10) years. During this time 
up to (5) dormant periods of up to (18) months may occur in 
which no full power testing will be conducted. 
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3.2.1.6 Electrical Output. 

The electrical output of the MSNPS shall meet the interface 
requirements in Section 3.1.5.1.1 

3.2.1.7 Upset Conditions. 

The MSNPS shall be designed to withstand faults resulting in 
partial or full load rejection as follows: 

A. Partial Load Rejection: The system shall be capable of 
remaining on line following a step reduction in power from 
100"/, to 257. of full load. This step load shall be followed 
by (TBD) seconds of operation at 257. load and then by 
an additional trip to zero load or by the reestablishing 
of full load within (10) sec. and operating at full power for 
up to (B) seconds or a reduced period determined by the 
remaining hydrogen supply. 

B. Full Load Rejection: The system shall be capable of 
sustaining a load rejection from 1007. load to zero load 
followed by a restart sequence as shown in FIGURE 9 
except that the 70-second condition long periiod will not 
exist and a total starting period of about 10 seconds is 
desirable. After reestablishing full power, operation at 
full power for up to (B) seconds, or for a reduced period 
determined by the remaining hydrogen supply 

3.2.2 Physical. 

3.2.2.1 Configuration. 

The reference configuration of the MSNPS shall be as shown in 
FIGURE 10. 

3.2.2.2 Mass Properties. TBD. 

3.2.2.3 Thermal. TBD. 

3.2.2.4 Structural. 

The design shall survive the following loads and vibration 
conditions. 

3.2.2.4.1 Loads, The design shall incorporate features to 
minimize and mitigate the net effect of the forces, torques and 
related impulses produced by the MSNPS during normal, 
abnormal, and upset conditions. The magnitude of these loads are 
TBD. 

3.2.2.4.2 Vibration. The vibration power spectrum during 
normal, abnormal and upset conditions is TBD. The impact of the 
MSNPS turbine and alternator induced vibration to the NPB shall 
be minimized. 
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F i g u r e 10 TBD 
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3.2.3 Reliability. 

The overall reliability shall be 0.95 for the mission 
requirements and design life specified in section 3.2.1.5, This 
0,95 shall include reliability under natural threats (0.99) and 
reliability during operation (0.96). 

3.2.4 Maintainability. 

The MSNPS design shall include the following: 

3.2.4.1 Diagnostics, 

The system shall be designed with sufficient diagnostic 
instrumentation so that the status of all critical systems can 
be monitored routinely. 

3.2.4.2 Installed Spares. 

Installed spares will be included in the design if proven 
feasible. 

3.2.4.3 Modularization. 

The design shall incorporate methods to facilitate change out 
of key components/ subsystems during test, prelaunch, and in-
space remote maintenance operations. The design shall 
accommodate easy installation and replacement of major 
components during factory assembly and of explosive ordnance 
devices, and other site replaceable items at the launch site 
when mated to the launch vehicle. Access shall be provided to 
those test plugs, harness break-in points, external umbilical 
connections, safe and arm devices, explosive ordnance devices, 
pressurant and fluid fill and drain valves, and other devices 
as might be required for prelaunch maintenance, alignment, and 
servicing. Alignment references for critically aligned 
components shall be visible directly or through windows or 
access doors. 

3.2.5 Availability. 

The MSNPS shall be capable of meeting the full power 
requirements in Section 3.2.1.1 and 3.2.1.2 at any time during 
the design life time specified in Section 3.2.1.5. 

3.2.6 Environment. 

The MSNPS design shall consider all environments including the 
ground and launch conditions. Further the MSNPS system will be 
subjected to natural radiation, meteoroids, and space debris as 
well as being exposed to hostile threats as part of the on-orbit 
environment. It shall be designed to survive these environments, 
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within the overall reliability requirements m Section 3.2.3. 
Specific design requirements for the expected environments are 
presented below. 

3.2.6.1 Ground Environment 

The ground environmental conditions for MSNPS design shall be as 
defined in Section 5 and in the Environmental Requirements 
(DS89-832). 

3.2.6.2 Launch Environment. 

The launch environmental conditions for the MSNPS design shall 
be as defined section 3.1.5.2 and in (DS89-832). 

3.2.6.3 On-orbit Environment. 

The on-orbit environment is defined in (DS89-a32) and shall 
include the following. 

3.2.6.3.1 Natural Plasma. 

The MSNPS shall be capable of operation in a space plasma 
environment as specified m NASA-TM-82478. The design shall also 
be in accordance with NASA Technical Paper 2361. 

3.2.6.3.2 Natural Radiation. 

Tables 1 to 3 specifies the natural radiation design 
environment. 

3.2.6.3.3 Reactor Radiation, 

The radiation field from the reactor shall be TBD, These values 
shall be used for material selection. 

3.2.6.3.4 NPB Induced Environment, 

The environments induced by the NPB system include magnetic 
fields, vented hydrogen, and RF generated fields. These are 
TBD. 
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Table 1. Proton Fluence-Energy Spectra Natural Radiation 
Environment 

Energy 
(MeV) 

1.0-01 
2.0-01 
5.0-01 
1.0+00 
2,0+00 
3,0+00 
4 - 0+00 
5.0+00 
6. 0+00 
8.0+00 
1.0+01 
1.5+01 
2,0+01 
2,5+01 
3,0+01 

Fluence 
(particles/ 
cm2-day) 

2.8+10 
2.8+10 
2.7+10 
2.6+10 
2.5+10 
2.3+10 
2.1+10 
1.9+10 
1.8+10 
1.4+10 
1.1+10 
6.4+09 
3.9+09 
3.1+09 
2.6+09 

Energy 
(MeV) 

3.5+01 
4.0+01 
4.5+01 
5.0+01 
5.5+01 
6.0+01 
7.0+01 
8.0+01 
9.0+01 
1.0+02 
1.5+02 
2.0+02 
3.0+02 
4.0+02 
5.0+02 

Fluence 
(particles/ 
cm2-day) 

6+09 
, 1+09 
9+09 
, 7+09 
6+09 
, 5+09 
3+09 
,2+09 
1+09 
, 4+OS 
3+08 
I 0 + 0 8 

1+08 
, 0+07 
4+07 

Table 2. Electron Fluence-Energy Spectra External Environment-
Solar Minimum Period. 

Energy 
(MeV) 

1.00-01 
2.00-01 
3.00-01 
4.00-01 
5,00-01 
6.00-01 
7.00-01 
8.00-01 
9.00-01 
1.00+00 
1.25+00 
1.50+00 
1.75+00 
2.00+00 
2.25+00 

Fluence 
(particles/ 
cm2-day) 

5,5+12 
2.1+12 
9.5+11 
5.2+11 
2.9+11 
2.0+11 
1.4+11 
1.0+11 
7.8+10 
6,0+10 
3.8+10 
2.4+10 
1.6+10 
1.1+10 
7.6+09 

Energy 
(MeV) 

2.50+00 
2.75+00 
3.00+00 
3.25+00 
3.50+00 
3.75+00 
4.00+00 
4.25+00 
4.50+00 
4.75+00 
5.00+00 
5.50+00 
6.00+00 
6.50+00 
7.00+00 

Fluence 
(particles/ 
cm2-day) 

5.2+09 
2.0+09 
7.4+08 
2.1+08 
6.2+07 
1.8+07 
5.3+06 
1.5+06 
4.4+05 
1.2+05 
0.0 
0. 0 
0,0 
0,0 
0, 0 
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T a b l e 3 . E l e c t r o n F l u e n c e - E n e r g y S p e c t r a E; 
S o l a r Maximum P e r i o d 

t e r n a l Environment— 

Energy 
(MeV) 

1.00-01 
2.00-01 
3.00-01 
4.00-01 
5.00-01 
6,00-01 
7.00-01 
8.00-01 
9.00-01 
1.00+00 
1.25+00 
1.50+00 
1.75+00 
2.00+00 
2.25+00 

Fluence 
(particles/ 
cm2-day) 

1.3+13 
5.9+12 
2.6+12 
1.0+12 
3.9+11 
2.5+11 
1.6+11 
1.1+11 
8.2+10 
6.0+10 
3.8+10 
2.4+10 
1.6+10 
1.1+10 
7.6+09 

Energy 
(MeV) 

2.50+00 
2.75+00 
3.00+00 
3.25+00 
3.50+00 
3.75+00 
4.00+00 
4.25+00 
4.50+00 
4.75+00 
5,00+00 
5.50+00 
6.00+00 
6.50+00 
7.00+00 

Fluence 
(particles/ 
cm2-day) 

5.2+09 
2.0+09 
7.4+08 
2.1+08 
6.2+07 
1.8+07 
5.3+06 
1.5+06 
4.4+05 
1.2+05 
0.0 
0.0 
0.0 
0.0 
0.0 

3.2.6.3.5 Hostile Threat. 

The MSNPS design shall be evaluated as to its survivability in 
the hostile threat environment specified in Section 10, 

3.2.6.3.6 Meteoroid and Space Debris. 

The MSNPS shall be designed to (operate) in a Meteoroid and 
Space Debris environment as specified in Table 4 and 5 
respectively. Meteoroid particles shall be assumed to have a 
mass density of 0.5 g/cm3 and an impact speed of 20 km/s. 
Space debris shall be assumed to consist of spherical 
fragments of aluminum impacting the system at 10 km/s. 
(Reference NASA-SP-8042 for meteoroid damage assessment 
and section 4.2.2.2 of the MSNPS Functional and Operational 
Requirements for space debris damage calculations.) 

3.2.6.3.7 Atomic Oxygen. 

The system shall be designed to operate in an environment 
containing atomic oxygen as specified in NOAA-S/T 76-1562. 

3.2.6.3.8 Natural Thermal. 

The system shall be designed to operate in the natural 
thermal radiation environment due to direct solar radiation, 
Earth albedo and Earth long wave radiation. The space heat 
sink effective temperature is (220K) including the above 
sources. 
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Table 4. Space Debris Mass Fluence For Impacts of Debris of Mass 
(M) or Greatei—10 Yeah- Total Fluence. 

Mass (M) 
(grams) 

10-6 
10-5 
10-4 
10-3 
10-2 
10-1 
10 

Impacts 
(sur "face 

5.0 
1.0 
2.6 
5.0 
1.0 
1.3 

/ 

X 
X 
;.; 
X 

X 

m2 
area) 

10-1 
10-2 
10-2 
10-3 
10-4 

Table 5. Meteoroid Mass Fluence For Impacts of Mass (M) or 
Greater-10 Year Total Fluence. 

Mass (M) 
(grams) 

10-6 
10-5 
10-4 
10-3 
10-2 
10-1 
10 

Impacts 
(surface 

18.0 
1. 1 
6.9 
4.2 
2.6 
1.6 
9.6 

/m2 
area) 

X 10-2 
X 10-3 
X 10-4 
X 10-5 
X 10-7 

3.2.7 Nuclear Control. TBD. 

3.2.8 Transportability. TBD 

The space equipment shall be designed for ground 
transportability and for air transportability. The space 
equipment to be mounted as an assembly in the launch vehicle 
shall be capable of being transported and handled in both the 
vertical and horizontal attitude. Attach points for 
transportation and handling shall be provided on assemblies 
weighing more than 100 kilograms. The modes of transportation, 
support, and types of protective covers use shall be chosen to 
assure that transportation and handling do not impose thermal, 
vibration, acoustic, or shock environmental conditions which 
exceed those imposed by operational modes. 

3.2.9 Growth. 

The system design will include growth or downscale capability. 
The growth capability will include the Category III power 
level; however, coverage of this entire range is optional. 
Consideration of downscaling by a factor of (3 to 5) would be 
reasonable. 
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3.3 DESIGN AND CONSTRUCTION. 

The design and construction requirements contained below are 
pertinent to the development and production of all items of 
equipment and are considered to be a minimum requirement. The 
design shall facilitate production, installation and removal, 
and maintenance as well as operation. 

In addition to the requirements below, the following general 
specifications shall be complied with as applicable: 

A. TBD 
B. TBD 

• m 

(n)TBD 

3.3.1 Materials, Processes and Parts. 

Materials, processes and parts (MP?<P) shall meet the following 
requirements: 

Selection of MPŜ P shall be made from an approved 
Qualified Products List (QPL). Materials and parts included in 
this list shall be compatible and meet the design life under 
the design operating conditions. The basis for selection, 
compatibility with fluids, lubricants, and other materials 
shall be included in the QPL for each item as applicable. 

Unless otherwise specified in the contract, the parts, 
materials, and processes shall be selected and controlled in 
accordance with documented procedures to satisfy the specified 
requirements. The selection and control procedures shall 
emphasize quality and reliability to meet the mission 
requirements and to minimize total life cycle cost for the 
applicable system. An additional objective in the selection of 
parts, materials, and processes shall be to minimize the 
variety of parts, related tools, and test equipment required in 
the fabrication, installation, and maintenance of the space 
equipment. However, identical electrical connectors, 
identical fittings, or other identical parts shall not be used 
on space equipment where inadvertent interchange of items or 
interconnections could cause possible malfunction. The parts, 
materials, and processes selected shall be of sufficient, 
proven quality to allow the space equipment to meet the 
functional performance, reliability, and strength as required 
during its life cycle including all environmental degradation 
effects. Parts shall be in accordance with MIL-STD-1547. 

Care shall be exercised in the selection of materials and 
processes to avoid stress corrosion cracking in highly stressed 
parts and to preclude failures induced by hydrogen 
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embrittlement (Reference MFSC-SPEC-522A). Parts, materials, and 
processes shall be selected to ensure that any damage or 
deterioration from the space environment or the outgassmg 
effects in the space environment would not reduce the 
performance of the space equipment beyond the specified limits. 

Material Selection, Materials shall be selected that have 
demonstrated their suitability for the intended application 
(Reference MSFC-HDBK-527 Materials Selection List For Space 
Hardware Systems and MIL-HDBK-5,and-17). Where practicable, 
fungus inert materials shall be used. Combustible materials or 
materials that can generate toxic outgassing or to;;ic products 
of combustion shall not be used if cosb-effective alternatives 
exist. Materials shall be corrosion resistant or shall be 
suitably treated to resist corrosion when subjected to the 
specified environments. Protection of dissimilar metal 
combinations shall be in accordance with MIL-STD-889. 
Structural properties of materials for use in space applications 
shall be tal-en from MIL-HDB^-5 for metals and from MIL-HDB^-17 
for plastics. Properties not listed shall be based upon 
appropriate material tests. When such data are not available, 
they shall be determined by approved test methods. A sufficient 
number of tests to establish values for mechanical properties on 
a statistical basis shall be performed. 

Materials shall be selected for low outgassing in accordance 
with SP-R-0022 (NASA JSC). The total mass loss shall be less 
than 1 percent, and the collected volatile condensable material 
shall be less than 0.1 percent when heated m vacuum to 125 deg 
C and collected at 23 deg C. The hygroscopic nature of many 
materials such as composites, electroformed nickel, and anodic 
coatings for aluminum should be recognized, if they are used, 
since they emit water m a vacuum and therefore may be 
unsuitable for some applications. 

Finishes. The finishes used shall be such that completed devices 
shall be resistant to corrosion. The design goal shall be that 
there would be no destructive corrosion of the completed devices 
when exposed to moderately humid or mildly corrosive 
environments that could inadvertently occur while unprotected 
during manufacture or handling, such as possible industrial 
environments or sea coast fog that could be expected prior to 
launch. Destructive corrosion shall be construed as being any 
type of corrosion which interferes with meeting the specified 
performance of the device or its associated parts. Protective 
methods and materials for cleaning, surface treatment, and 
applications of finishes and protective coating shall be in 
accordance with MIL-F-7179. Neither cadmium nor zinc coatings 
shall be used. Chromium plating shall be in accordance with QQ-
C-320. Nicl-el plating shall be in accordance with QQ-N-290. 
Corrosion protection of magnesium shall be in accordance with 
MIL-N-3171. Coatings for aluminum and aluminum alloys shall be 
in accordance with MIL-C-5541 or MIL-A-a625. 
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3.3.2 Electromagnetic Radiation. 

Space equipment shall be designed for electromagnetic 
compatibility in accordance with MIL-STD-1541. For Shuttle 
launched equipment, the requirements of JSC 07700, Vol. XIV 
also apply. Although Ground Support Equipment (GSE) need not 
meet the flight electromagnetic compatibility requirements, it 
is necessary that GSE not be a source of interference to, or be 
affected by, flight hardware. GSE which is to be used at the 
launch site, particularly that for Shuttle launched equipment, 
must also meet the emission requirements imposed by the launch 
site. 

MDNPD specific electromagnetic requirements are defined in 
DSa9-832-6, 

3.3.3 Name Plates and Product Marking. TBD. 

3.3.4 Workmanship. TBD. 

3.3.5 Interchangeabi1ity. 

To the extent practicable, the design of the space equipment 
shall make provisions for the factory replacement of components 
and subassemblies and for the prelaunch installation or 
replacement of explosive ordnance devices, and other similar 
equipment, 

3.3.6 Safety. 

The MSNPS design shall provide for the desired level of 
public safety, health protection, environmental protection, and 
special nuclear material (SNM) protection when used during 
its designated mission. The detailed requirements are presented 
below. 

3.3.6,1 General. 

The design for all classes of equipment shall be such that 
hazards to personnel, to the system, and to the associated 
equipment are either eliminated or controlled throughout all 
phases of the system life-cycle. The safety requirements shall 
be in accordance with MIL-STD-1574. 

3.3.6.1.1 Space Transportation System Payloads. For all 
payloads which are to be launched by the Space Transportation 
System (STS), the safety requirements shall also be in 
accordance with Chapter 2 of NHB 1700.7 (NASA), For these 
payloads, it is required that the payload must tolerate a 
minimum number of failures and/or operator errors determined by 
the consequence of any hazardous functions. For catastrophic 
hazards or hazards that would result in personnel injury, loss 
of the orbiter or STS facilities and equipment, the hazard 
needs to be controlled such that no combination of two 
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failures, operator errors, or radio frequency signals would 
unleash the hazard. For critical hazards or hazards that would 
result m damage to STS equipment or in the use of contingency 
or emergency procedures, Lhe hazard needs to be controlled such 
that no single failure, or operator error, would unleash the 
hazard. Hazardous functions are thereby controlled with either 
two or three inhibits, depending on whether the hazard is 
critical or catastrophic. 

In addition, Chapter 2 of NHB 1700.7 (NASA) defines safety 
requirements for space equipment structural design, stress 
corrosion, pressure vessels, sealed containers, hazardous 
materials, pyrotechnics, destruct subsystems, radiation, 
electrical subsystems, flammable atmospheres, and reflown 
hardware. 

3.3.6.1.2 Ground Equipment. The safety requirements for ground 
equipment shall be in accordance with SAMTO HB S-100 (designated 
by NASA as hHB 1700.7). 

3.3.6.2 Intact Reentry. 

The reactor core shall be designed to remain intact (fuel and 
associated structure shall remain contiguous) during an 
inadvertent reentry associated with initial deployment, 
operation, or subsequent disposal to a storage orbit. 

3.3.6.3 Reactor Cooling. 

Reliable reactor cooling shall be provided for all normal 
operations (including decay heat removal) and credible accidents 
to prevent core disruption and/or structural degradation that 
could compromise the transfer of this system to a storage orbit 
or result in release of fission products to the space 
environment. 

3.3.6.4 Reactor Power Control. 

The instrumentation and control subsystem in conjunction with 
the reactor control and protection components shall be designed 
to reliably control the reactor power during operation 
(including off normal and credible accidents). These control 
components shall be capable of preventing core disruption and/or 
structural degradation that could compromise the ability to 
transfer this system to a storage orbit or result m the release 
of fission products to the space environment. 

3.3.6.5 Subcritical1ty. 

The reactor shall be design remain subcritical under the 
following conditions: 

A. For credible singular failures or initiating events 
during normal assembly, transportation, handling, prelaunch. 
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ascent, orbit acquisition, deployment, planned maintenance, 
planned shut downs, and transfer to storage orbit. 

B. Associat€?d with all credible accidents such as launch 
vehicle explosions of range safety destruct. Accident 
environments to which the reactor may be exposed include 
immersion in water, soil, or other fluids; propellant fires; 
dynamic over pressure; shrapnel fields; impacts; and 
combinations thereof. 

C. An inadvertent reentry and subsequent impact with the 
Earth during initial deployment, operation, and subsequent 
transfer to a storage orbit. 

3.3.6.6 Toxic Materials Control. 

The MSNPS shall be designed to minimize the quantities of 
toxic materials and to prevent a significant release and 
dispersal of these materials during all mission phases for both 
normal operation and environments associated with credible 
failures and accidents. 

3.3.6.7 Benign Fuel. 

The reactor shall not be operated (except for zero power testing 
that yields negligible radioactivity at the time of launch) 
until a stable orbit or flight path is achieved. The un­
irradiated fuel shall pose no significant health of 
environmental hazard. 

3.3.6.8 Transfer To Storage Orbit. 

The MSNPS shall be designed such that the entire space platform 
can be transferred to a storage orbit at the end of its life. 
The capability to transfer the separated MSNPS to storage orbit 
will be included. Thus, the reactor shall be designed to prevent 
such core disruption and structural degradation during and 
following operation that could compromise the reactor's 
capability of being transferred to the storage orbit, 

3.3.7 Human Engineering. 

Throughout the design and development of the equipment, the 
applicable criteria in MIL-STD-1472 shall be judiciously 
applied to obtain effective, compatible, and safe man-equipment 
interactions. Provisions such as tabs, collars, and different 
thread sizes shall be employed to prevent incorrect assembly 
which may impair the intended functions. 

3.3.8 Corrosion Control and Finishes. TBD. 

3.3.9 Structural Criteria. 
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3.3.9.1 General Structural Design. 

The primary support structure for the space equipment shall 
possess sufficient strength, rigidity, and other characteristics 
required to survive the critical loading conditions that exist 
within the envelope of handling and mission requirements. It 
shall survive those conditions m a manner that assures safety 
and that does not reduce the mission success probability. The 
primary support structure of the space equipment shall be 
electrically conduciveto establish a single point electrical 
ground. The structure of equipment to be launched shall be 
designed to meet the applicable safety requirements of NHB 
1700,7, 

MSNPS specific static and dynamic load requirements are defined 
in DSa9-832-3 and -4. 

3.3.9.2 Strength Requirements. 

Yield Load. The structure shall be designed to have sufficient 
strength to withstand simultaneously the yield loads, applied 
temperature, and other accompanying environmental phenomena for 
each design condition without experiencing yielding or 
detrimental deformation. 

Ultimate Load. The structure shall be designed to withstand 
simultaneously the ultimate loads, applied temperature, and 
other accompanying environmental phenomena without failure. 

3.3.9.3 Stiffness Environments. 

Dynamic Properties. The structural dynamic properties of the 
equipment shall be such that its interaction with the space 
vehicle control subsystem does not result in unacceptable 
degradation of performance. 

Structural Stiffness. Stiffness of the structure and its 
attachments shall be controlled by the equipment performance 
requirements and by consideration of the handling, launch, and 
landing environments. Special storage provisions shall be 
used, if required, to prevent excessive dynamic amplification 
during transient flight events such as launch. Component 
Stiffness. The fundamental resonant frequency of a component 
weighing (23) kilograms or less shall be 50 Hertz or greater 
when mounted on its immediate support structure, 

3.3.9.4 Factors of Safety. 

The factory of safety of the structure is the ratio of the limit 
load to the allowable load. 

Flight Limit Loads. Available options for structural design are 
listed in Table 6. 
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Table 6. Structural Design Factors of Safety 

1 Design and Test Options 

1. _.. _ __ _ _ _ _ ___ 

Design Factor of Safety 
on Limit Loads 1 

Yield Ultimate 1 

(FSy) (FSu) (FSu) 1 
Unmanned Manned ' 
Events Events i 

1 

{Dedicated Test Article 11.00 1.25 1.40 ! 
ITest One Flight Article 11.25 1,40 1.40 
Proof Test Each Flight 11,10 1.25 1.40 1 
1 Article 1 1 
,No Static Test 11.60 2.00 2.25 1 
1 _ « . _ « _ „ ._ «.-.._-..-.„.«__ _. __ — « . „ « - - _ „ — « _ — — _«. — _-. ' 

Pressure Loads. Factors of safety for pressure loads shall be 
determined individually for each pressure vessel, based on 
tests to establish material characteristics and an analysis of 
life requirements and other environmental exposure. Proof and 
burst pressure factors shall be established at levels that 
ensure structural integrity, structural life, and safety 
throughout all phases. The values listed in Table 7 are to be 
considered as limiting lower bounds. 

3,3.9.5 Design Load Conditions. 

The equipment shall be capable of withstanding all design load 
conditions to which it is exposed in all mission phases, as 
applicable: ground, prelaunch, erection, post-launch, boost, 
and on-orbit. During the orbit phase, all of the following shall 
be considered: maneuvering loads, vehicle spin, meteoroid 
environment, radiation environment, and other environmental 
factors, such as thermal effects due to internal heating, solar 
heating, eclipses, and extreme cold due to ambient space 
environment. 

41 42 



D180-30619-8 

1.25 

2.00 

4.00 
1, 50 

2 „ 50 

1.10 a/ 

1,50 a/ 

2.00 a/ 
1.10 a/ 

2.00 a/ 

1.25 a/ 

2.00 a/ 

4.00 a/ 
1.50 a/ 

2.50 a/ 

Table 7, Pressurized Components Factors of Safety 

Component c/ Design Acceptance Qual 

Ultimate (Proof) 

Solid Roc^et Motor Cases b/ 

Pneumatic Vessels b/ 
Lines, Fittings, and Hoses: 
Less than 3.81 cm dia. d/ 
3.81 cm dia. and larger d/ 

Other Pressurized Components 2,50 

Notes: 
a/ No yielding permitted at acceptance (proof) test pressure, 
and no rupture at qualification pressure. 

b/ Factors of safety shown are minimum values applicable to 
metallic pressure vessels for which ductile fracture mode is 
predicted via a combination of stress and fracture mechanics 
analyses. Design of metallic pressure vessels for which brittle 
fh-acture mode is predicted by these analyses shall be in 
accordance with fracture mechanics methodology wherein the proof 
factor as well as the design ultimate factor of safety shall be 
established to provide a minimum of four times the specified 
service life against mission requirements. In addition, a 
fracture control program shall be established to prevent 
structural failure due to the initiation of propagation of flaws 
or craci--lil-e defects during fabrication, testing, and service 
1 if e. 

c/ All pressure vessels, sealed containers, lines, fittings, and 
other pressurized components of equipment to be launched shall 
be designed to meet the applicable safety requirement of NHB 
1700.7 (NASA) and SAMTO HB S-100 (designated by NASA as ^HB 
1700.7). 

d/ 3.31 cm diameter is equivalent to 1.5 inches diameter. 

3.3.10 Fluid Design Criteria 

3.3.10.1 Pressurized Components. 

Fluid subsystems and pressurized components shall be in 
accordance with MIL-STD-1522 and NHB 1700.7. 

3.3.10.2 Tubing. 

Tubing shall be stainless steel, where practicable. Tubing 
joints shall be thermal welded butt joints, where practicable. 
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Tubing design shall incorporate provisions for cleaning and to 
allow proof testing. 

3.3.10.3 Separable Fittings. 

Separable fittings shall have redundant sealing surfaces, such 
as double "0" rings, and be of the "parallel loaded" type. 
"Parallel loaded" means that the fitting contains a compressed 
element which everts outward pressure on the other elements of 
the fitting such that both seals are maintained even if 
rela;{ation occurs. Separable fittings shall have provisions for 
loci mg. Separable fittings should be accessible for leal- tests 
and for torque checl-s. Separable fittings should not be 
designed or assembled with lubricants or fluids that could 
cause contamination or could mast- leal-age of a poor assembly. 

3.3.11 Mechanical Assemblies Design Criteria. 

Deployment mechanisms, sensor mechanisms, pointing mechanisms, 
drive mechanisms, despm mechanisms, separation mechanisms, and 
other moving mechanical assemblies shall be in accordance with 
D0D-A~83577. 

3.3.12 Explosive Ordnance Design Criteria. 

E!;plosive ordnance shall be in accordance with DOD-E-83578. 

3.3.13 Wiring Design Criteria. 

The electrical wiring harnesses between space components shall 
be in accordance with DOD-W-83576. 

3.3.14 Electronic Components Design Criteria. 

Electronic components shall be in accordance wibh D0D-E-S983. 
Parts shall be m accordance with Mil-std-1547. 

3-3,15 Computer Software Criteria. TBD. 

3.4 DOCUMENTS 

TBD. 

3.5 LOGISTICS 

TBD-

3.6 PERSONNEL AND TRAINING 
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3 . 7 SUBSYSTEM CHARACTERISTICS 

The - f u n c t i o n a l d e s c r i p t i o n , i n t e r - f a c e d e f i n i t i o n s p e r i o r m a n c e 
p a r a m e b e r s , p h v s i c a l c h a r a c b e r i s t i c s , and s p e c i a l s a r e c v 
c o n s i d e r a t l o n o -far e a c h o+ bnc- s u b - i v s c e m s i d e n - c i r j e n i n -S isc t ion 
3 . 1 „ 1 are p r e s e n t e d b e l o w . 

3 . 7 . 1 A l t e r n a t o r 

3 . 7 . 1 . 1 F u n c t i o n a l D e s c r i p t i o n 

Gener-T 1 

The alternator subjvstem shall convert the ro î-'̂t ion "i I n̂ei-q- ct 
the turbine subsystem in Co electrical energv in a sui-^.^ole form 
so that the power conditioning sub'^ivstem can ontimall/ 
condition and distribute tne rei::)uired povjer to the liSl-JPS-MPB 
inter+ace. 

Four round-rotor-svnchronous alternators shall be driven by two 
turbines. Two generators per each turbine. The output o-f eacli 
alternator shall be fed into its own dedicated power 
conditioning subsystem module. 

Each alternator shall be instrumented so that proper operation 
can be monitored for safe operation and for proper control, 

Operaimg temperatures shall be maintained bv use ot p3S'-j>"e 
thermal control methods as well as through the use of i-ne 
available hydrogen cooLant-

3 . 7 . 1 . 2 I n t e r - f a c e D e f i n i t i o n s 

3 . 7 . 1 . 2 . 1 Subsys tem t o Subsystem 

Turbine Subsystem-The mechanical interface with the turbine 
subsvsfcem is TBD. 

Hydrogen Feed Subsystem- The mechanical and fluid m teî f acf->s 
with the hydrogen feed subs\stem Arte TBD. 

Power Cond 1 !• ion ing Subsvstem- The electrical intor-?ace with the 
PCS IS TBD. 

Instrumentation and Control Subsystem- The electrical interface 
wi bh the ICS is TBD. 

3.7.1.2.2 System 

Housel-eep inq power per Section 3.7.1.4.1 shall be obtained from 
the NPB in accordance with Section 3. L.5.1. 

3.7.1.3 Performance Parameters 
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The f o l l o w i n g p e r f o r m a n c e p a r a m e t e r s s h a l l be m e t : 
I . R a t i n g p e r a l t e r n a t o r Kf\) HVA Q . Sci p f ( l a g p i n a ; 
Z. SSpeed rS'I'OO rpm 
3. lift LCiencv \'6.E ". 
4. Cooling Hvdroqen at TtD deal 
5,. Voltage 3(.'7/532 volts ac 
•s- Poles 8 

3.7.1.4 Physical Characteristics 

3.7.1.4.1 Power— Houseleepinq pnwf^r shall not exceed TI-U5, 

3.7.1.4.2 Mass- The mass o < the 3UD=/,'r,rem snail nut 3"c-_-ei:i 
(2324J I q. 

3.7.1.4.3 Volume— Each alternator allowed envelope is TBD. 

3.7.1.5 Special Safety Considerations 

TBD 

3.7.2 Hydrogen Feed 

3.7.2.1 Functional Description 

Tne hvdroqen +eed subsystem UHF-'S) shall condition blie liquid 
hvdroqen supplied tav the NP'B for use by the hJFB. It will then 
condition the hvdrogen that has been used bo cool the r-lh'L-
components for use as the wording fluid/^qas in the power 
system. The subsystem shall consist of one MPB turboPump, one 
reactor feed pump, and the hvdroqen supply ducting. The la^er 
shall consist ot the reactor feed line, the reactor to turDine 
duct and the the burbopump ducb. 

3.7.2.2 Interface Definitions 

3.7.2.2.1 Subsystem to Subsystem 

The main subsystem interfaces are the mecnanical intertace 
between the hydrogen feed line and the reactor, as well as bhe 
tuirtaopump duct. These interfaces are dr-^pxcted in F"iqure llA. 

The electrical interface with tiie ICS is TBD. 

3.7.2.2.2 System 

The intL>rfaces with the fJPB are snown in Figure I I H 

3.7.2.3 Performance Parameters 

The followinq performance Parameters shall be met; 

Pump Requirements 
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Simplified Hydrogen Cooling 
System Schematic 

8.3 kg/sec 
20K 
300 psI 

Overboard 
1.54 kg/sec 
3SK, 200 psI 

.6.76 kg/sec 
500 psi 

en 
to 

0.036 kg/sec 
1200K 
400 psI 

6.76 kg/sec 
450 psI 
161K 

6.6 kg/sec 
1200K 
400 psI 

Figure 11 A. Hydrogen Feed Interfaces 
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F1 u id L1 •--< u. 1 d H y d r o Q e n 
Inlet temperature 20i-: 
Inlet pressure Saturation pressure 
Flowrate 20 kg/sec (44 lb/sec;' 
Discharge pressure XX I'lpa (653 F'3I> 

Turbine Requirements 

Fluid C3aseous nydroqen 
Inlet temperature 850K or 1200K 
Inlet pressure XXX MPa (.4i>0 PSI) 
Flowrate TBD 
Discharge pressure Vacuum 

3.7.2.4 Physical Parameters 

3.7.2.4.1 Powei— TBD 

3.7.2.4.2 Mass— The mass of the Hydrogen teed subsysfcem shall no 
exceed (500) KG. 

3.7.2.4.3 Volume- TBD. 

3.7.2.5 Special Sa-fety Considerations TBD, 

3.7.3 Instrumentation and Control 

General 

The instrumentation and control Subsystem (ICS) shall be a 
distributed subsystem providing control, monitoring / data 
acquisition and communication in a standard i :sed way to all 
subsystems. The ICS shall function at a supef^/i sory level and at 
a subsystem level, as shown in Figure 11. 

Supervisory •* 

At the supervisory level the ICS shall exchanqe information and 
receive commands from the NPB. Internal functions associated 
with housekeeping, task scheduling and data storage shall reside 
at the supervisory level. 
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Subsystem 

At t,ho subsystem level, ad.^pti\f3 conti^ol and '?sso~iateiJ loqic 
shall be directed via the subsvstem ini-erfaces -co operate-^ in 
concert the control functions sited local 1--' at the subsvt^tems. 
Further, data from the instrumentation for each of the 
subsystems shall be transmitted vin this interface to tli-s ICS, 
All ma]or local active control units Jbhal L re-ciaiwis commands from 
the ICS, and toqether with the turbine subsvstem ,pass status 
and measurement data to the subsvstem level of the ICS. 

Mn d I rf=>c t, a>itive control ovef~ i:he t-i.irb m^^ stmll be rf̂ qsj ] reti. 
This control shall be Furnisnod tnroiiqh .'̂'•"i .H": i Dn oi- t'T: '•^GJC':OI-
p()wp=>r and/or variation o-t Che out Jet h'-droMon bf^mnerature. 
Further loading of the alternators or variation of the n_/droi-ien 
flow will be used. 

The processing component of this subsvstem shaLL include real 
time applications of computation, routine command vcontrol; and 
daita acquisition. It shall support a high level lanquage. 

The timing component shall provide high resolution (tm sec^ 
timing signals to each subsystem. Optical transmission of this 
digital signal shall De used. 

The interloci- monitoring component shall include logicaLlv 
programmed interloci' contr-ollers for ; nshutdown detection anri 
act 1vat ion. 

The input/output components shall interface through ^ sei-ial 
diqital-data transmission format using optical tran3missn-n 
1ines. 

3 . 7 . 3 . 2 I r r t e r - f a c e D e f i n i t i o n s 

3.7.3.2.1 Subsystem to Subsystem— The sudsv^i-am electrical 
intert-3ces are shown in Figure 3 in Section ".''..1.4. De-c^ils o-*-
these interfaces as well as th(- mechanical interface wi xh H,he 
structures subs\stem are TBD. 

3.7.3.2.2 System- The ICS interface with the MPB are shown in 
Figure 4 of Section I.. 1.5.1. The ICS shall output subs-zstem dnta 
to a ground based monitoring station via the NFS telemetry 
system. Details of this interface are TBD. 

3.7.3.3 Performance Parameters 

TDD 

3.7.3.4 Physical Parameters 

3.7.3.4. IPowei— TbD 
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3.7.3.4.2 Mass— The mass of the subsystem shall not e 'ceed <-JUO) 

I- G , 
3.7.3.4.3 Volume- TBD, 

3.7.3.5 Special Safety Considerations 

TBD 

3.7.4 Power Conditioning 

3.7.4.1 Functional Description 

Genera 1 

The function of the power conaitioninq subsystem 'PCS) is to 
accept the alternator power and provide the required outpiJt 
power m the correct form and with the required control over 
voltage and frequency. A functional blocl diagram is shown in 
Figure 12 which reflects the ma lor components in each of four 
modules. Each module shall contain the following components: 

Rect1fler 

The first stage m the PCS shall be a rectifier to convert the 
alternating current from the alternator to direct c'.irrent for 
the inverter. This shall be a passive device with no tunctjon 
other than the power conversion, a nuaiber of rectifier ijnics 
shall be operated in paral lei to acrommoaate the the high 
current outpiit of the altern \tnr. 

Inverter 

The primary componi--^n t or the rC-3 is ths invr3rT,sr which ~h ̂  i 1 
provide the 2u I-Hz fi^equency required by tne NPp.. Electronic 
conversion shall be the me^thod used to generate this +requency„ 

Transformer 

The final stage in the f=CS shall be tlie ti-̂ ans t ortna 11 on from the 
m^^erter output voltage to the voltane reqijired tav the MFEi, The 
transtormers shall be closelv Linled to tnajr respective 
inverters and their secondary windings shall be connectea m 
parcallel to achieve the required output power level. 

Erie lusures 

Enclosures for the PCS shall be furnished bo assure that the 
cooling hvdroqen is contained and directed cor recti/ -^or 
efficient heat transfer,. Al I FCS hiqn /oL +age components shall 
be isolated t-rom tne spi^ce >^nvironment to prevent losses 3nd 
damage trom corona effects. 
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Each module shall include protective de/ic-j-s 'e.g. +Ms.D]e 1 l̂ ^ s 
or pyroLechmr switches) to isolate all m'Odules m !-,he c ise one 
of the modules might have a catastrophic failure. Further eacn 
modi! I (.J shall include i ns i-;i"umi=>n ba t j on and control tunc ti ens 
needed to ensui-'e sat-e ond prnoer pper:>t uons. 

3.7.4.2 Inter-face Definitions 

The subsystem to subsyst'em and system electrical interfaces sre 
indicated in Figure 12, Detail led definition of all inter-faces is 
TBD. 

3.7.4.3 Performance Parameters 

The electrical output of tms FCS shall be as spoci-^iria m 
Section 3.1.5,1,1. Specific weiQhts for ttie mainr components 
shall be as vol lows: 

Component Speci + ic Weight Unit F'wr. No. ot Units 
Rectifier <E) hg/l-w (C^ MW 4 
Inverter (F) I g/l-w 
Transformer (G) I- g/l-w 
Inverter/Transformer iH) l-g/i-w (D) MW S 

3.7.4.4 Physical Characteristics 

3.7.4.4.1 Power— The hou rel Cf-p inn power shill not >=?•: ri--::^jc\ T?.0 
wat ts 

3.7.4.4.2 Mass- The Mass a+ the PCS shall not e;;ceed i42'.)(0 I-g. 

3.7.4.4.3 Volume 

Each Inverter/Trans-rormer unit snail he paci-aged witnin a 
r e c t a n g u l a r p r i s m . 4om ;; . Zm ;; 4. I'm lonq. 

Each Recbifler unit shall be located at the end of ibs 
alternator within a volume .4m " . 4in . 5'm Long 

3.7.4.5 Special Safety Considerations 

TBD 

3.7.5 Reactor 

3.7.5.1 Functional Description 

Genera I 

The reactor shall furnisn enerqv, in the +orm o-t hea^ed 
hvdroqen, to the turbine. Heat shall be provided bv a fast 
neutron spectrum reactor consist iP'-i o+ metal clad Tuel elements 
filled with cer^nmic fuel pellets. The coolant flow throiiqh the 
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reidctor cere shall be a v. FbL' ' p£*n;5 .B/5'~f-in. 

The rs^actor shall bê  containt'^d is a pressur'? /e-s^l ^nd cne COT'I; 
shall be supported at one end to allow for tnermai e';pans ion. 
ln̂ fn•'̂ aL ci.)ni,rnl rod:, and thermal neurpon sasorbers shall be 
inclufJed bo CTrnpen ŝ i e for Lnacvpf^tenb wate'- f Lcoain'-.u !:£ terna i 
neutron f^eflectors consLstinq ot liinged panels shall b-j 
incorpoi-"9te as a second reactivity control ana shutdown ie"ice. 
Within the pressui-^e vessel bnere shaUl a provision +oi" an a- lal 
reflector. The rv^actnr subsv'stem includes oi-ovision o-' Lnl.ac and 
outlet ducting and internals to dM^ect the cool^m- (-lau wjtiim 
the vessel and to allow for the en cry of control rods into tht? 
carf^, A shadow shield will be fur-nisl-nad if need to reduce 
radiation to acceptable le-els,. Me :n ̂n L-jms sha i I be P̂ •̂ Ov'id'jd tij 
dri%e l-he -.oiii-rcji rid̂ :; aiid r*-* t ! ec',oi- P-ii-̂ e]-5. Ir. 3'"f Uinr̂ nr,!" ten 
shall be included to monitor and control the safe operacion or 
the reactor. 

The subsystem shall be designed to remain antsct durinq 
inadvertent reentry into the atmosphere ana on impa^zt with th'3 
earth. It shall include provisions for protection anainst 
reentry heating. 

3.7.5.2 Interface Definitions 

3.7.5.2.1- Subsystem to subsystem 

Hvdroqen Feed Subsystem- A nydrogen flow *rQm tne reactor siiall 
be provided bo power the liquid hydroqen puinp after ch-i iniCial 
stage of the start tip transient. 

Turbine subsystem- The tiirbine shall accept the full flovM from 
the redactor apart from suDsidiary fJov-is to tt'e tui^tme '*)njch 
drives cooling in the other subs-'Stems. 

Instrumentation and Control .̂-vubsystem- The reactor subsystem 
shall provide performance data to the ICS which in turn shall 
furnish input to the control rod and reflector panel dri/a 
systems. 

3.7.5.3 Per-formance Parameters 

The reactor subsystem shall have meet the following performance 
parameters: 

Fissile fuel inventory (U235) kg. 
Enrichment % 
Average power density W/cin^ 
Thermal Power 
Coolant outlet temperature K 

270 
40 
2010 
(XX) 
1200 
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M a x i m u m fue l t e m p e r a t u r e K 1 8 0 0 
M a x i m u m c l a d t e m p e r a t u r e K 1 4 5 0 
A v e r a g e f i ie l t e m p e r a t u r e K 1 3 5 0 

3.7.5.4 Physical Characteristics 

The reactor shall consist or !JC tuei pellets cl̂ d̂ in -̂ itiii.i'as-
steel vfirst Pass; and Mo he isi^cona P-IES) m-̂ tz-U. The ruel i^ms 
sh?ll be grouped in he;;aqon3l sub-assemblies (117 pins per sub­
assembly^ of wh Lcn 24 constitute the first pass aiio 3') th"5 
second pass. Sev-en sijb-assemb 1 i es contiining boron za^-biae 
control and shutdown rods shall also be included in bne second 
pass. Eiqht rotuible ^nutdown reflector wings made of T-er--Ilium 
3h "̂  I. 1 foi'm an "inniil'tr rt^gion 5rci.n"l the i-"a9C ror n̂ rij ";suri'3 ":s~el. 
(-:)i;e i-i-iui es f "•. ̂ r I 14; 

3,. 7 . £ ,. J Spec 1 a I Saf e n^^ Lon •=> i der- ? b i on s 

The i-eactor shall be designed to minimise tne pi-^ooab i I i i-v o f-
release of anv radioactive material during anv pnase oi 
construction, operation and ultimate disposal. The doses to 
operational staff and to the public shall be i-ept well below the 
accepted limits for e';posure under the BS low as reason ^DIY 
achievable <ALARA) principle. The reactor snail oe i-ept SLID-
cr itical at all times e;;cept when it is in opera i: ion a 1 orbit. It 
shall remain sub-critical during launch misnaps, including 
immersion, or following accident=^l compaction o-r i'ho core,. 

3 . 7 „ to SI rue i u i -e. 

TBD 

3.7.7 Ti.irb ̂  ne 

3,7„"7.1 Functional Description. 

T h e t u r b i n e shall providi-' .-?u r r i c i tir̂  ins-t i- pni^^r ^ -, flT̂ = 

alternators to enable overall power outpijt t=irqets co be? 
achieved when due count is nsi en of gener^+cr ana -'OWCM-

cond 11 ion m g ef f ic lenc ic-?s. 

The turbine shall ac'"ep+- full temperature, T 1 ow and Pf"e~5'.Me 
hydrogen from the reactor, with inlet ducting int.?fT--> : inq wjtn 
the rC'ac tor e;; i b due I. 

E!<hdu-,t ductinq and no^nles shall direct hvdrogen -low from the 
turbine e-;it safeW to space and shall result in minimal 
reaction thrust being imparted fo th- sf-=.ce .ehicle. 

The turbine subsvstem ^^), ^ '^fl^E^^rtn'n'^urn^sh'hl! f'of the 
a-'ial turbines in serie.. -̂-*'̂ '\̂ :''' ̂ '''^„ ,,̂ ,-,te m opposite 
total power requirement and 9rr-.nq.>d to fo^.x.e 
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d i r e c t i o n s . The r o t a c m g i n e r t i a s OT e a c h sha ' ^ t s i T a i l oe 
m a t c h e d t o a v o i d any t n r n u e r e a c t i o n moments Dtiiri::^ e \ p e i - ^ i e n c i d 
d u r i n g o p e r a t i o n s l"h-\t w i l l i n t e r f e r e i -J i tn t h e A t t i b u d e c o r i t r o l 
o !• Lhe v'eh i c Le . 

S h a f t s e a l i n a and d i s c and b e a r i r i T c n o l i n Q s n a i l be i n c l u d e d , 

i? ,as inqs s n d ^ o r B d d i t m n ^ l c i n t 9 mmen i: = ;h3 l l r e O'i n ••n^s ' i ' j 
c o n i , a i n d ' - 4 j r i s r e s u l t i n q i rn>r. -j\)r\ i i j r ' i i n e u I ^de i M u-.rih, 

3 . 7 . 7 . 2 I n t e r f a c e D e f i n i t i o n 

Dummy Load Sub'bvsbem- The roolsinfc + J ow shall pass throuqh the 
dummy load prior to e;;haustinc) it overboard by the turbine 
subsystem. 

3.7.7.3 Performance Parameters (nominal) 

The turbine shall meet the following per+ormance parameCerss 

T;=>mper•^ture I-
l - ' r e s s u r e ba\ r . 

'Js /IJ 
H u b / t i p r a t i o 
N=A (;; 1 0 * ) 
S h a f t s p e e d ( rpm) 
F l o w l - g / s e c 

3 . 7 . 7 . 4 P h y s i c a l C h a r a c t e r i s t i c s 

3.7.7.4.1 Power- TED 

3.7.7.4.2 Mass- The mass ot tne =uds 

3.7.7.4.3 Volume- The nirbine general arrangement is shown in 
Figure 15, It shall have the following dimensions: 

Iwcngth ctn. 35.3 
Hub diameter cm, 53.8 (inlet) 51.1 (exit) 
Tip diameter cm 58.9 (inlet) 72.9 (exit) 
Number of stages 8 

3.7.7.5 Special Safety Considerations 

The turbine casings shall be designed to con i:-5 in ol.-̂ de f5ilur>-s„ 
The turbines may de oriented =uch tnat I:he pJ9Pe m whicn a disc 
failure would occur will niit intercL;ct hhe reactor. 

IMLET 
12'.'0 

2 8 
0 . 5 
•J, ? i 
1 7 

0UTLE1 

z. -1 
0 . 5 
I '« 7'"| 
7 4 

J 50'jCi 
6 

hem snalI not exceed 
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3 . 7 . 8 Dummy Load 

3.7.8.1 Functional Description 

Trie duinm--' Load shall di^^sipake poi'-j'sr qenorjcK-d U; nnii i-!5liF', 
which con not be passed Lo thti MF'î  This shall m.". LL'de power 
generated durinq the 7u seconds prior to T; 3 me -:ero of the stsrt 
up phase and powei'̂  qenerated durinq a a,i] r.isi or ŝ'll lunu 
rejection from tlie NPE-i. F-urther c m s para.5itic Loid shall b'? 
required to dissipate sysbeiTi output power at trii3 uuLput 
condibions to verify operational capability ai the entire r̂ oi-jsr 
S v-c:; r, e m 

T h e r o s i s f c L v e Load tajni Lhc:i 1 1 nr^ isi")!al"ed rrom The- i-'.o oi •"";-LI-
busses with vacuum com;accors. FM=SI stive elements isoUjti-sd -̂ ron 
bheir surrounding enclosure bv ceramic st̂ -̂ nd ott nn-ui-jtors r.rid 
cooled by the hydrogen qas shall oe i^equired to dissipate bbe 
power. 

(Cold hvdroqen flow shall cool the dummy load prlor to entering 
the reacbor.) 

3.7.8.2 Inter-face Definitions 

Turbine Subsystem- The interface with the turbine subsvstem 
shall be as defined in Section 3.7.7.2. 

Electi'ical- The dummv Load shall interface either wi t-h the d.c. 
or thp a.c, secb^ons of bhe power conditioninq subs^st^em™ -i-his 
interface snail include hiqh conduct ivitv electrodes and C9ijle5u 

Thermal- Thermod v'namicai 1 v the dummv load shall iii ber-JC-5 >^ither 
wibh bhe cryogenic hvdroqen ^f the f̂ eactoi- inleb or wii-n tne iiot 
hydrogen jt bhe turoine e-hausb. 

3.7.8.3 Performance Parameters 

The performance of the dummv load shaJ 1 alloi'j -Mill Power 
dissipation, partial power dissipation. The sur-^-ar^ 9res 
a shall be matched to tne mai'imum power dissipation. The maximum 
operating temperabure shall not e ;ceed L4O0 F for d.c oi" ?.z. 
Electromagnetic strr^sses shall be sei-t canceljinq. 

3.7.8.4 Physical Characteristics 

The mass o+ the dummy load subs/stem snail not e;;ceed 2'5i Lg 
("duC.̂  and 28'^ Fg (a.c.) 

3.7.8.5 Special Safety Considerations 

TBO 

3.7.9 SPIOO TBD., 
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3.7.10 Attitude Control. 

TBD 

3.8 PRECEDENCE. 

TBD. 

4 QUALITY ASSURANCE PROVISIONS 

TBD, 
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5 PREPARATION FOR DELIVERY 

5,1 STORAGE AND HANDLING PROVISIONS 

5.1.1 In-plant Prior to Acceptance. 

Environmental conditions during processing, and during storage 
prior to shipment, shall be within the following limits; 

a. Temperature: 21 deg C •+• 20 deg C 

b. Humidity: 50 percent + 40 percent 

Cleanliness shall be maintained during processing using 
appropriate protective containers or covers. 

MSNPS specific handling environments arB defined m DS89-B32-5, 

5.1.2 Subsequent to Acceptance, 

Electrostatic sensitive items, such as most electronic 
assemblies and components containing explosives, shall be stored 
and transported in sealed paci-ages using intestates wrapping 
material. The antistatic wrapping material used should not 
produce nonvolatile residues. The antistatic wrapping material 
shall be grounded through a resistor prior to removal. The 
grounding resistor shall have a value between 100,000 ohms and 
1 megohm. 

Storage, handling, and transportation conditions to which items 
are to be subjected prior to flight shall be controlled to 
acceptable limits. Cleanliness shall be maintained during 
storage and transportation using appropriate protective 
containers or covers. Temperature and humidity conditions and 
transportation shoci- exposure shall be monitored subsequent to 
manufacture, and the measured levels shall be evaluated against 
the acceptance test limits. 
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6 NOTES 

6.1 DEFINITIONS. 

6.1.1 Class Definitions, 

Class A High Priority, Minimum Rist, 

Class A IS defined as a h igh-priori ty, mmimum-r isl- effort. The 
characteristics for Class A usually also involve some 
combination of the following features: high national prestige, 
long life, high complexity, high use of redundancy, soft 
failure modes, independent qualification items, complete flight 
spares, highest cost, and a critical launch time. Vehicle and 
experiment retrievabi1ity or in-orbit maintenance is usually not 
possible. 

6.1.2 System Definitions 

The following definitions are presented for your convenience. 
These definitions as well as others can be found m MIL-STD-
1540B, 

System 

A system is the composite of equipment, si ills, and 
techniques capable of performing or supporting an operational 
role, A system includes all operational equipment, related 
facilities, material, documentation, services, and personnel 
required for its operation and maintenance. 

Equipment 

Equipment is a general term that refers to an assembly or 
set of hardware, including the associated software, that is 
intended to serve some purpose. Equipment does not include 
the related facilities, material, documentation, services, 
or personnel required for operation or maintenance of the 
items. 

Space Equipment 

Space equipment is a general term that refers to 
any equipment in a space system that is intended for use in 
space. The various levels of assembly of space equipment as 
defined m this document ars: space vehicle, space 
experiment, subsystem, component, subassembly, and part. 

6.1.2 Levels of Assembly of Space Equipment 

The following are definitions for space equipment items at 
various levels of assembly. They at-^e listed m decreasing 
levels of complexity, from the most complex to the least 
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c o m p l e x . 

Space Vehicle. 

A space vehicle is a complete, integrated set of 
subsystems and components capable of supporting an 
operational role in space. A space vehicle may be an orbiting 
vehicle, a major portion of an orbiting vehicle, or a payload 
which performs its mission while attached to recoverable 
launch vehicle. The airborne support equipment which is 
peculiar to programs utilizing a recoverable launch vehicle is 
considered to be a part of the space vehicle being carried by 
the launch vehicle. 

Subsystem. 

A subsystem is an assembly of two or more components, 
including the supporting structure to which they are mounted, 
and any interconnecting cables or tubing. A subsystem is 
composed of functionally related components that perform one 
or more prescribed functions. Typical space vehicle subsystems 
are electrical power, attitude control, telemetry, 
instrumentation, command, structure, thermal control, and 
propulsion. 

Component, 

A component is a functional unit that is viewed as an 
entity for purposes of analysis, manufacturing, maintenance, or 
record keeping. Examples are hydraulic actuators, valves, 
batteries, electrical harnesses, and individual electronic boxes 
such as transmitters, receivers, or multiplexers. 

Subassembly, 

The term subassembly denotes two or more parts joined 
together to form a stockable unit which is capable of 
disassembly or part replacement. Examples are a printed circuit 
board with parts mounted, or a gear train. 

Part. 

A part is a single piece, or two or more pieces joined 
together, which are not normally subject to disassembly without 
destruction or impairment of the design use. Some examples are 
resistors, transistors, integrated circuits, relays, capacitors, 
gears, screws, and mounting brackets, 

6.1.3 Desi.gn. 

Design Environments, Space Vehicle-

The design environments for a space vehicle are the 
composite of the various environmental stresses to which the 
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space vehicle must be designed. Each of the design environments 
for a space vehicle is based upon: 

a. The maximum and minimum predicted environments during 
the opeerational life of the space vehicle, plus 

b. An environmental design margin that increases the 
environmental range to provide an acceptable level of 
confidence that a failure will not occur during the 
service life of the space vehicle. 

Limit Load-

The limit is the maximum anticipated load or combination 
of loads which a structure may be expected to experience during 
the performance of specified missions in a specified 
environment. Since the actual loads that are experienced is 
service are in part random in nature, statistical methods for 
predicting limit loads are employed whereverappropriate. 

Ultimate Load-

The ultimate load is the maximum static load to which a 
structure is designed. It is obtained by multiplying the limit 
load by the ultimate factor of safety. > 

6.2 ABBREVIATIONS AND ACRONYMS. 

TBD 

6.3 SAFETY REGULATIONS AND POLICY, 

6.3.1 Regulations, 

A major objective of the Multimegawatt Project is the 
development of a reference flight system design that 
provides the desired levels of public safety, health 
protection, environmental protection, and special nuclear 
material protection when used during the designated 
missions. To measure how well these objectives are met, 
standards are generally invoked and applied. It is therefore 
appropriate to review those standards referenced in DOE 
Order 5480.IB and provide feedback to the Project 
Integration Office as to which are "space applicable" and 
which should be ignored and why, 

6.3.2 Policy, 

The Multimegawatt Project will stress the importance of safety 
as its highest priority in the overall project in order to 
ensure the protection of the health and safety of the public and 
the environment. 
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It IS the policy of the Multimegawatt Project to assure the 
protection of the environment, the safety and health of the 
public, and government property against accidental loss and 
damage <reference DOE Order 5480.IB). Project activities 
shall be eitecuted m conformance with this order m a 
manner that will not present undue risl- considering the 
benefits, Tal- ing into account economic and social factors and 
the level of technology, every effort shall be made to 
maintain risI-s as low as reasonably achievable. The 
effect on safety must be an integral and key consideration in 
all design and operational decisions. This decision process 
must include full consideration of normal and off-normal 
operations, and credible accident situations, during the life 
cycle of the system, 

6.3.3.1 Space Transportation System Payloads. 

For all payloads which are to be launched by the Space 
Transportation System (STS), the safety requirements shall also 
be m accordance with Chapter 2 of NHB 1700,7 (NASA). For these 
payloads, it is required that the payload must tolerate a 
minimum number of failures and/or operator errors determined by 
the consequence of any hazardous functions. For catastrophic 
hazards or hazards that would result in personnel injury, loss 
of the orb iter or STS facilities and equipment, the hazard 
needs to be controlled such that no combination of two 
failures, operator errors, or radio frequency signals would 
unleash the hazard. For critical hazards or hazards that would 
result m damage to STS equipment or in the use of contingency 
or emergency procedures, the hazard needs to be controlled such 
that no single failure, or operator error, would unleash the 
hazard. Hazardous functions are thereby controlled with either 
two or three inhibits, depending on whether the hazard is 
critical or catastrophic. 

In addition. Chapter 2 of NHB 1700.7 (NASA) defines safety 
requirements for space equipment structural design, stress 
corrosion, pressure vessels, sealed containers, hazardous 
materials, pyrotechnics, destruct subsystems, radiation, 
electrical subsystems, flammable atmospheres, and reflown 
hardware. 

6.3.3.2 Ground Equipment. 

The safety requirements for ground equipment shall be m 
accordance with SAMTO HB S-100 (designated by NASA as kHB 
1700.7). 

The safety concerns shall be precluded or their risk shall be 
minimized to acceptable levels m the following priority. 

- Potential for exposure of humans to ionizing 
radiation, including the potential for 
inadvertent criticality. 
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Potential for exposure of humans to toxic 
materials. 

Potential for the contamination of the 
environment through the release of toxic and/or 
radioactive materials. 

Potential for failure to physically control or to 
protect the system or its SPM 

Potential for failures in the MSNPS. 

System to perform as intended, which could 
affect safety at any time during the life cycle. 

6,4 CATEGORY III REQUIREMENTS. 

The requirements in this section include the requirements 
that differ from the Category I requirements, 

6,4.1 Performance 

The Performance requirements are for a Category III MSNPS. 
Classified data is indicated by capital letters in 
parenthesis, e.g.(X), Values for these quantities are found in 
the classified Appendix TBD, 

6.4.1.1 Power System. 

The power system shall be capable of producing at least two 
operational cycles, separated by (one hour). Each cycleshall 
provide (A3) MW of electrical power for up to (B) 
continuous seconds of engagement time. It shall be capable of 50 
rapid start-ups and shutdowns to power levels up to full 
power, A rapid start-up shall produce full electrical power 
at the output of the Power Conditioning Subsystem within (C) 
seconds from the time the full-power demand signal is received 
by the Instrumentation and Control Subsystem, 

6.4.1.2 Operatin.g Time, 

The power system shall be capable of producing full-power for a 
minimum total integrated operating time, including power and 
weapon systems shakedown and operational tests, of (D) 
seconds. The design will include additional operating time for 
preliminary system operational tests prior to being turned over 
as mission ready, or for unique concept specific test 
requirements-

6.4.1.3 Coolant. 

Hydrogen from the NPB shall be available for use by the MSNPS 
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at the conditions specified in Section 3,1.5,1.4. Additional 
hydrogen, tanl-age, and associated equipments will be included 
m the MSNPS design as required by an inadequate supply from the 
NPB. 

6.4.1.4 Effluent, 

Hydrogen effluent is acceptable. Any effluents other than 
hydrogen shall be contained. The hydrogen shall leave the MSNPS 
in a manner that will not cause unacceptable degradation of the 
NPB operation, 

6.5 RELIABILITY, AVAILABILITY, AND MAINTAINABILITY. 

The approach and definitions pertaining to the subject 
design considerations are included m this section. 

6,5.1 Reliability, 

The systems/subsystems specified herein require a unique 
approach to reliability because of significant differences 
compared to more traditional ground based nuclear systems. They 
incorporate more the spacecraft type of requirements for short 
operational life,(long start-up times compared to steady state 
operation), no operators, essentially no maintenance, long 
periods of time between operations, and very little data 
base. Therefore,while traditional reliability methods such as 
failure mode and effects analysis and probabilistic risl-
assessment is an essential part of the reliability approach, 
more extensive "ground up" treatment is needed. This will 
include a large amount of engineering assessment to ensure 
that the complete environment to which the materials, 
components, and systems will be subjected is considered. 

The probabilistic approach will require establishing the 
uncertainty m component requirements using power system 
codes and comprehensive failure mode analysis to provide a 
basis for selecting alternative redundancy schemes, test 
planning, at the component and the subsystem level, and at the 
system level. This will ensure that the test program 
considers the total environmental envelop to which a 
component or subsystem may be subjected. The test program 
will require extensive instrumentation to assure that the 
uncertainty m loads and environmental factors obtained 
from the system sensitivity studies are fully investigated, and 
that all critical failure modes are prevented. Extension 
of the spacecraft reliability approach to the nuclear 
portions of this system may require unique and innovative 
procedures. An evaluation which establishes the extremes in 
the expected environment, must be initiated in Phase I and 
progress in detail as the design is developed to show that 
material and component selection is appropriate and/or to 
identify supporting technology development. Materials and 
technology selection used in the MSNPS designs shall be 
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evaluated considering the multidimensional environmental 
envelope to which they will be subjected, and test programs 
identi-fied for later phases must be designed to"prQa-f" the 
components or subsystems at the e;;tremes o-f the e;;pected 
operating conditions, not just at the nominal conditions. See 
also Section 6.8.1 -for the reliability approach to particulate 
threats in space (e.g. debris and micrometeoroids). 

6.5.2 Maintainability. 

The maintenance philosophy and capability planning for SDI 
space based systems are currently being -formulated. [n lieu of 
specific requirements the following general requirements are 
presented which reflect the present SDIO philosophy. In 
general this philosophy recognizes the increased 
consideration of space based maintenance by the Air Force and 
NASA 

Power system designs shall not, a prion, e;;clude the 
possibility of space based maintenance. The design shall 
consider a reliability-centered maintenance approach to the 
extent -feasible. While a design which incurs no additional cost 
(or very little) -for a maintenance--free system is an ideal to 
be sought, actual systems must consider the cost of maintenance 
to achieve the required reliability and life against the cost 
to achieve a high reliability maintenance free system. 
There-fore, trade studies shall be performed that consider the 
degree of capability needed, the frequency, and the impact of 
these considerations on li-fe cycle costs. 

The power system design shall address a proposed approach to 
maintainability, clearly define the space based requirements, 
and estimate the logistical support necessary. 

In addition to the requirements specified in Section 3.2.4 The 
following guidelines should be considered m the design study: 

A. Arrangement. The physical arrangement of the power 
system modules and components shall provide for 
maintenance based upon those most lil-ely to need 
replacement during ground operations and space operations-

B. Robotics. Space based maintenance shall consider 
only the use of robotics automation. (Consideration o-f 
manned maintenance is considered unlil-ely due to 
the natural radiation and the probable excess weight 
required for a man rated reactor shield.) The design 
study shall identify the robotic -functions and 
capabilities required. 

C. Maintenance Cycle. The conceptual design study shall 
identify the space based maintenance cycle required by 
the power system. This maintenance cycle would include 
resupply of consumables and replacement or maintenance o-f 
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designated components required to ensure the reliability 
of the power system and would be limited to very simple 
preprogramab le operat ions ( "') . 

D- Resources. The time and resources necessary to 
repair, or replace failed components or subsystems is 
space should be minimized. The conceptual design study 
should clearly outline I-ey maintenance feabures and 
provide estimates of the time and resources necessary to 
carry out maintenance procedures. 

6.6 ALTERNATIVE APPLICATIONS AND DESI6NS. 

This section records the alternative application studies and 
the trade studies on alternative system and subsystem designs. 
As these studies are completed and the reference design is up 
dated, traceability of these decisions and resulting 
requirements will be recorded in section 6.7. Table S 
Identifies the present studies scheduled to be conducted. 
Details of these studies will be added is this section at a 
later revision. The propulsion application study defined in th 
F?<OR follows: 

6.6.1 Propulsion Application. 

As an enhancement, Category I and III designs may include 
consideration of using the basic nuclear system as the heat 
source for propulsion system capable of producing a thrust in 
the range of 65 I-N for a total period of 30 minutes. The general 
application would be for an OMV/OTV or some other space 
application where a nuclear-driven propulsion system would be 
an advantage The intent of this requirement is to obtain a 
preliminary assessment of the potential of the proposed design 
for this application. This will include the technical 
feasibility of this application without excessive 
modification or change in the technology program. It is not 
the intent or desire of this requirement to reorient the 
program away from the basic intent of producing electrical 
power; rather, it recognizes that significant synergism may 
exist between open cycle power systems and propulsion 
systems. Consideration of this possibility is not a 
mandatory requirement and is at the discretion of the 
contractor. The level of detail should be sufficient to show 
comparisons with a nuclear system specifically designed for the 
thrust application (estimates of thrust-to-weight ratio, 
specific impulse, etc.) and indicates the extent of the changes 
to conceptual design, where new technology would be needed, 
etc. It IS expected that the response to this section would 
not be provided unless the reactor in the prime power system 
design was quite similar to that envisioned for the direct 
propulsion use. This is expected to be only a "top level" 
evaluation of the design and technologyapplication and would 
only be a few pages in length. (In light of the requirement for 
major plane changes in this application as well as the "recent" 
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concepts for manned î ars exploration, this study could be of 
major importance. The British input to this concept is a breath 
of fresh air compared to what has been done in the past. Both 
electric propulsion as well as high thrust application should 
be investigated. 

6.7 TRACEABILITY 

An analyses and trade study matrix is presented in Table 9. As 
these studies are completed and design decisions are made, this 
matrix shall be updated. The design selection or results should 
be summarised and the analysis referenced. 

A similar matrix can be prepared for each study task so that 
design change decisions can be traced. The Work Breakdown 
Structure (WBS) (Reference the Boeing Integrated Management 
System) to be developed for cost estimates can also be used for 
this purpose when combined with the WBS dictionary. The 
dictionary defines each WBS task in a similar depth to that 
presented in the Phase I task descriptions. 

6.8 DESIGN AND EVALUATION PHILOSOPHY 

6.8.1 Space Debris/Natural Threats. 

The design and protection of the MMW power plant shall account 
for the probability of loss due to the natural environment 
expected over the system design life. This probability of loss 
shall be calculated as the summation of all failure 
probabilities leading to a loss of the platform availability. 
The relationship to be used for calculation of the probability 
of loss should be of the general type 

P= •C(f-»k-»Ac-«-L) >-*-*R 
where: 
P= probability that a component will be rendered 
inoperative 

f= impact frequency of particles capable of 
destroying a component or rendering a subsystem 
inoperable 
(particle/square meter/year) 

k=direction factor 

Ac= maximum projected area of component ( square 
meters) 

L= operational life of platform (years) 

R= redundancy of component capable of maintaining 
full operational status 
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The above relationship is the so-called "rare event 
approximation" and is accurate to within about 10 percent of the 
true probability when the individual component failure 
probability is < 0.1. Any error made is on the conservative 
side, in that the true probability is slightly lower. 

For further discussion of this approach see the FS<OR 
identified in Section 2. 

6.8.2 Analysis Philosophy 

6.8.3 Resource Allocation 
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4.0 ENVIRONMENTAL REQUIREMENTS DEFINITION 
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SECTION 1 

SCOPE 

1.1 PURPOSE 

This document provides the environmental requirements 
definitions for ̂ the Muitimegawatt Space Nuclear Power Supply 
(MSNPS) Program. The information presented is intended to aid 
in the formulation of more detailed requirements for the design 
of the MSNPS. 

1.2 APPLICATION 

These environmental requirements are applicable to the 
MSNPS program and are defined for ground, launch, and on-orbit 
conditions. These environments are those under which the 
MSNPS will be required to survive and/or operate. 

The MSNPS will also be required to meet other design 
criteria imposed by the launch vehicle or attached payloads to 
prevent the MSNPS induced environment from impacting other 
pieces of the system. These criteria will become available as 
the system design matures and the final launch vehicle is 
selected. 

1.3 DOCUMENT OVERVIEW 

Section 2 lists the references from which the 
environmental requirements were obtained. Section 3 describes 
the intended use of the MSNPS and summarizes the threat 
environment. Details of ground, launch, and on-orbit 
environmental conditions are provided in sections 4, 5, and 6 
respectively. 
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SECTION 2 

REFERENCE DOCUMENTS 

2 . 1 GOVERNMENT DOCUMENTS 

SPECIFICATIONS: 

M i l i t a r y 

MIL-F-7179 Finishes and Coatings, General ' 
Specification for Protection of 
Aerospace Weapons Systems, Structures 
and Parts 

DOD-E-8983 Electronic Equipment, Aerospace, 
Extended Space Environment, General 
Specification for 

SS-STS-100, System Specification, Performance and 
Rev A, Design Requirements for the DoD STS, 
12 Sep 1980 Vol 3, Basic Requirements for Inertial 

Upper Stage System Segment 

STANDARDS: 

Department of Energy 
DOE ORDER 5480.3 Safety Requirements for the Packaging 

and Transportation of Hazardous 
Materials, Hazardous Substances, and 
Hazardous Wastes 

Military " 

MIL-STD-i522 Standard General Requirements for Safe 
Design and Operation of Pressurized 
Missile and Space Systems 

MIL-STD-1540 Test Requirements for Space Vehicles 

MIL-STD-1541 Electromagnetic Compatibility 
Requirements for Space Systems 

MIL-STD-1547 Parts, Materials, and Processes 
Requirements for Space and Launch 
Vehicles, Technical 

MIL-STD-1574 System Safety Program for Space and 
Missile Systems 
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HANDBOOKS: 

MIL-HDBK-5 

DOD-HDBK-263 

MIL-HDBK-340 

DOD-HDBK-343 

KHB 1 7 0 0 . 7 

SAMTO HB S-100 

OTHER PUBLICATIONS; 

JSC 07700 

SP-R-0022 

NHB 1700.7 

Metallic, Materials and Elements for 
Aerospace Vehicle Structures 

Electrostatic Discharge Control 
Handbook for Protection of Electrical 
and Electronic Parts, Assemblies and 
Equipment 

Application Guidelines for MIL-STD-
1540B: Test Requirements for Space 
Vehicles 

Design, Construction, and Testing 
Requirements for One of a Kind Space 
Equipment 

Space Transportation System Payload -
Ground Safety Handbook (Joint NASA/Ai 
Force document designated by the Air 
Force as SAMTO HB S-100) 

Space Transportation System Payload 
Ground Safety Handbook (Joint NASA/Ai 
Force document designated by NASA as 
KHB 1700.7) 

Space Shuttle System Payload 
Accommodations, Vol XIV, (NASA JSC) 

Vacuum Stability Requirements of 
Polymeric Materials for Spacecraft 
Applications (NASA JSC) 

Safety Policy and Requirements for 
Payloads Using the Space 
Transportation System (STS) (NASA) 

NASA-TM-82478 

NASA-TP-2361 

JSC 30425 
15 Jan 1987 

Space and Planetary Environment 
Criteria Guidelines for Use in Space 
Vehicle Development, Vol 1, Jan 83 

Design Guidelines for Assessing and 
Controlling Spacecraft Charging 
Effects, Sep 84 

Space Station Program Natural 
Environment Definition for Design 
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NSTS 07700, Shuttle Orbiter/Cargo Standard 
Vol XIV, Interfaces 
Atch 1 (ICD2-
19001) Rev 1, - ' 
16 Sep 1986 

SD-ALS-R-SRD-vl.l Advanced Launch System Requirements 
4 Apr 1988 Document 

2 NONGOVERNMENT DOCUMENTS 

ICD-T34D-10001 
6 Dec 1979 

ICD-T34D-10002 
17 Apr 1979 

Performance 
Review 
DR-2 
10 Feb 1988 

CDR Presentati 
3-4 Feb 1988 

T34D/IUS Avionics and Electrical 
Parameter ICD (Boeing) 

T34D/IUS Structural, Mechanical and 
Environmental Parametric ICD (Boeing) 

Definition of a Space Transportation 
System Cargo Element (Shuttle-C) 
(Rockwell International) 

on Titan IV Centaur Systems (McDonnell 
Douglas) 
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SECTION 3 

BACKGROUND 

3.1 MSNPS MISSION 

The purpose of the Muitimegawatt Space Nuclear Power 
Supply (MSNPS) Program is to provide for the development of a 
space-based nuclear power system to meet the needs of the 
Strategic Defense Initiative Office (SDIO) missions. In 
cooperation with the SDIO, the Department of Energy (DoE) is 
seeking conceptual designs for a space-based, nuclear power 
system capable of providing the SDIO with a safe, reliable, 
cost effective, and timely power source for certain space 
applications. Missions specifically mentioned are the Neutral 
Particle Beam (NPB) discriminator and/or weapon, the Space-
Based Radar (SBR), and the Orbital Transfer Vehicle (OTV). 

3 . 2 MSNPS THREAT ENVIRONMENT SUMMARY 

The space power system is exposed to natural, self-
induced, and hostile environments, as summarized in Table 3-
1. The most significant threats from the natural environment 
are micrometeoroids, space debris, cosmic rays, and the total 
radiation dose from trapped and solar charged particles. 

Thermal radiation effects may result from a laser beam 
attack or from X-rays from a nuclear detonation. In addition, 
the self induced thermal environment may necessitate a careful 
look at the upper temperature limits at which the electronic 
components can safely operate for long periods of time. 

Nuclear radiation effects include the effects of neutron 
fluence, ionizing radiation (gamma) dose, and gamma dose rate. 
The total dose primarily affects electronics and can damage 
semiconductor components. The dose rate is an effect of prompt 
radiation and produces several effects discussed later. Large 
dose rates can produce large currents in semiconductor -
components. • 

Electromagnetic pulse (EMP) effects are due to dispersed 
EMP, which is small, as well as self-generated EMP (SGEMP). 
SGEMP is a result of X-rays, but is addressed as an EMP effect 
because the damage mechanisms and protection techniques are the 
same as those resulting from normal EMP. 

The system must also be protected against NPB and kinetic 
energy pellet attack, as well as kinetic energy weapons such as 
small missiles. 

In addition to the above threats, the effect of effluent 
from the power system on the performance of the payload needs 
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to be addressed. Effluents can cause sensor interference and 
beam attenuation, can lead to high-voltage breakdown, and can 
cause ionization in a natural or hostile environment. 

Table 3-1 Threat Environments Affecting the MSNPS. 

Natural 
environment 

o Solar flux 
o Trapped and 

solar charged 
particles 

o Space plasma 
o Micrometeoroid 
and debris 

o Atomic oxygen 

Self-induced 
environments 

o System 
outgassing 

o Electric and 
magnetic fields 

o Thermal 
o Neutron and 
gamma 
radiation 

o Effluent 

Hostile 
environments 

o Nuclear 
- X-ray 
- Neutron and gamma 
- Enhanced trapped 
electrons 

o Laser 
- Ground 
- Space 

o Kinetic energy pellets 

6 



D180-30619-8 

SECTION 4 

GROUND ENVIRONMENTAL CONDITIONS 

The environments specified herein are those associated 
with all ground operations except testing, and include storage, 
handling, and transportation. The space equipment shall be 
designed to function within performance specifications 
following and/or- during exposure in the ground configuration to 
these environments. The design shall be capable of sustaining 
exposures up to 12 hours in humid and mildly corrosive 
environments that could inadvertently occur while the equipment 
is unprotected during manufacture or handling. These 
environments include possible industrial environments or sea 
coast fog that could be expected prior to launch. Relative 
humidities up to 100 percent may be encountered. 

4.1 STORAGE 

4.1.1 Handling and Storage Prior to Acceptance. Environmental 
conditions during processing, and during storage prior to 
shipment, shall be within the following limits: 

a. Temperature: 21 deg C + 20 deg C 

b. Humidity: 50 percent + 50 percent 

Cleanliness shall be maintained during processing to 
minimize and control contamination. Appropriate protective 
containers or covers should be used to control contamination 
from materials outgassing, propellant leakage, mechanical 
systems operation, and consumable venting. 

4.1.2 Storage and Transportation Subsequent to Acceptance. 
Items sensitive to electrostatic discharge, such as most 
electronic asseiftblies and components containing explosives, 
shall be stored and transported in sealed packages using 
antistatic wrapping material. The antistatic wrapping 
material used should not produce nonvolatile residues.- The 
antistatic wrapping material shall be grounded through a 
resistor prior to removal. The grounding resistor shall have a 
value between 100,000 ohms and 1 megohm. 

Storage, handling, and transportation conditions to 
which items are to be subjected prior to flight shall be 
controlled to acceptable limits. Cleanliness shall be 
maintained during storage and transportation using appropriate 
protective containers or covers. Temperature and humidity 
conditions and transportation shock exposure shall be monitored 
subsequent to manufacture, and the measured levels shall be 
evaluated against the acceptance test limits. 

7 
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4.2 TRANSPORTATION 

The space equipment shall be designed for ground 
transportability and for air transportability. The space 
equipment to be mounted as an assembly in the launch vehicle 
shall be capable of being transported and handled in both the 
vertical and horizontal attitude. Attach points for 
transportation and handling shall be provided on assemblies 
weighing more than 100 kilograms. The modes of transportation, 
support, and types of protective covers used shall be chosen to 
assure that transportation and handling do not impose thermal, 
vibration, acoustic, or shock environmental conditions which 
exceed those imposed by operational modes. 

Hazardous materials shall be packaged per DoE Order 
5480.3, and applicable DoD and DoT regulations. 

4.3 AGE BUILDING ENVIRONMENT 

The following are the facility environments: 

a. Ambient Light Levels - Lighting which meets 
industrial standards for operation of 
switches and reading of meters/gauges. 

b. Ambient Air Conditioning - Temperature 62* 
to 82° F; relative Humidity 55% maximum. 

c. Acoustic Sound Levels - Less than 140 db, 
random frequency from 2 to 10,000 Hz. 

d. Radiographic Inspection - The T34D shall 
have the option to use x-ray type machines 
and/or radioactive sources to obtain 
radiographs of T34D equipment. The 
cumulative dose at the T34D/payload 
interface (Vehicle Station 195.0) shall be 
determined using standard radiation " 
detectors and shall not exceed 100 -
millirads, 

4.4 PRELAUNCH 

The prelauneh environment consists of that time 
immediately following mating of the space vehicle to the 
selected launch vehicle and preceding the actual launch. 
Specific environmental conditions may vary as a function of the 
selected launch vehicle. 

4.4.1 Orbiter/Cargo Bay 
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4.4.1.1 Particulate and Gases Environment- Ground Operations 
with Closed Cargo Bay. Conditioned purge gas (air or GN2) 
which has been HEPA filtered. Class 5000, and containing 15 PPM 
or less hydrocarbons based on methane equivalent, shall be used 
to purge the cargo bay as specified in Table 4-1. The cargo 
shall have been installed in the cargo bay, the doors closed, 
and the Shuttle Vehicle fully mated before purge is started. 

4.4.1.2 Particulate and Gases Environment - Re-entry and 
Descent. Atmospheric air filtered through 35-micron glass-
bead-rating filters shall be used to repressurize the -cargo 
bay. Figure 4-1 defines the Orbiter cargo bay internal 
pressure history to be used by payloads for design and venting 
analyses. Orbiter cargo bay vent door opening shall occur at 
altitudes between 70,000 ft (21,336 m) and 94,000 ft (28,651 
m) . The repressurization rate (i.e., dP/dt) of the cargo bay 
shall not exceed 0.3 psi/sec during descent. 

4.4.1.3 Thermal Environment. Prelauneh and post-landing 
thermal environments are detailed in paragraphs 5.1.5.3 and 
5.1.5.4. 

4.4.2 Titan Payload Fairing Environment. Following installation 
of the payload fairing (PLF), conditioned air shall be introduced 
aft of the nose of the PLF, flow downward past the spacecraft and 
be discharged through the T34D. The payload fairing conditioned 
air system shall be independent of any environmental shelter 
conditioned air system. Conditioned air delivered to the payload 
fairing shall meet the following requirements; 

a. Flow rate - 50 to 250 Ib/min 
b. Temperature Range - 49" to 80° F (+10° F) 
c. Humidity - 28 to 50 % R.H. 
d. Filtration - Class 10,000 (per Fed Std 209b) 

The payload fairing conditioned air shall be provided from the 
time of PLF installation to the time of umbilical disconnect at 
vehicle liftoff.. 

9 

90 



D18G-30619-8 

Table 4-1 Mid-Section (Cargo Bay) Purge Fluid Flow Rates 

PARAMETER 

Gas Type 

Temperature: deg. C 
(deg. F) Selectable 
throughout range with 
accuracy of + IC (+2F) 

Humidity: grams H20/kg 
(grains H20/lbs) 
ground con t ro l led . 
Not Selectable 
Air 

GN2 

Flow Rate: Spigots 
Closed kg/Min (Ibs/min) 

Flow Rate: Spigots Open 
kg/min (Ibs/min) (41 

Manifold 

PAD 
LOW PRESSURE 

Air /GN2(1^ 

7-37.8(45-100) 

<4.14 (£29) 

<0.14 (<_1) 

57.4 (126) 
(minimum) 

54.9 (121) 
(minimum) 
68.0 (150) 
(maximum) 

PAD 
HIGH PRESSURE 

GN2 

7-37.8(45-100) 

£0.14 (£1) 

165.1 (364) 
(minimum) 

97.5 (215) 
(minimum) 
68.0 (150) 
(maximum) 

POST-LANDING 
RUNWAY TO OFF 

Air(2) 

7-37.8(45-100) 

<4.86 (<34) 

54.9 (121) 
(minimum) 

50.8 (112) 
(minimum) 
61.8 (136) 
(maximum) 

OFf/VAB 
VAB TO PAD 

Ai r (3) 

18-29(65-85) 

<4.86 (£34) 

54.9 (112) 
(minimum) 

50.8 (112) 
(minimum) 
61.8 (136) 
(maximum) 

Note: 

(1) In i t ia t ion of GN2 purge prior to cryp tanking for inerting Cargo Bay is defined 
in IC0-2-0A002 "Shuttle System Launch Pad and MLP". 

(2) Purge flow to be ^initiated at Touchdown + 15 minutes. Purge available at 
primary and secondary landing sites, not available at contingency landing sites. 

(3) Continuous purging during closed Cargo Bay operations except during switch-over 
between mobile and fac i l i t y GSE at OPF, VAB, Pad and during towingfrom CPF unti l 
mating operations are complete in VAB. 

(4) Measurement and accuracy of flowrate is specified and controllable to be within 
+ 5%. For combined manifold and spigot flow rate greater than 140 Ib/min (63.5 
Fg/min) the purge flow rate to the cargo bay shall be reduced, starting no 
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Table 4-1 Mid-Section (Cargo Bay) Purge Fluid Flow Rates 
(Continued) 

earlier than T-U minutes, to a range of 110 to 140 Ib/min (49.9 to 63.5 kg/min) 
total. 

Vents No. 6 (Port and Starboard) open to accommodate flow rates greater than 
81.8 Kg/min (180 Ibs/min) (Total Midfuselage Flow). This corresponds to a flow 
rate greater than 65.5 Kg/min (144 Ibs/min) to Cargo Bay only. 

) The maximum pressure drop at allocated flow shall not exceed 0.45 psi from the 
Orbiter spigot/duct interface through the duct system including duct exit and 
spacecraft. 
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Be Used For Payload Design 
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SECTION 5 
LAUNCH ENVIRONMENTAL CONDITIONS 

The space equipment shall be designed to function- within 
performance specifications after or, if appropriate, during, 
exposure in the launch configuration to their design 
environmental levels. These design environmental levels for 
launch exceed the maximum predicted launch environments for 
each item by the environmental design margin. 

Both reusable and expendable launch vehicles may be used 
for insertion of the power supply into orbit. Primary 
candidates include the Space Transportation System (STS) and 
its derivatives (Shuttle-C), the Titan IV system (represented 
by the Titan 34D), and the Advanced Launch System (ALS). Each 
vehicle will provide different payload/cargo envelopes, mass 
limitations, and mounting/attach point requirements. Payload 
envelopes and mass limits are shown in Table 5-1 for each 
candidate vehicle. Mounting/attach point requirements are 
provided in the following paragraphs, as applicable. 

Table 5-1 Candidate Launch 

Launch 
Vehicle 

Shuttle 
Shuttle (uprated) 
Shuttle-C 
Titan 34D 
Titan 4 

Advanced Launch' 
System (ALS) 

Dynamic 
Envelope(ft) 

15 dia X 60 
15 dia X 60 
15 dia X 60 
TBS 

16.7 dia x 
56-86 

15 dia X 80 

5.1 REUSABLE LAUNCH VEHICLE 

Vehicle Payload Envelopes 

Payload 
(Klbm) 

55 
65 

100-150 
TBS 
TBS 

100-150 

Orbit 
Altidude (nmi) 

110 circ. 
150 circ. 
220 circ. 
TBS 
TBS 

80x150 

The candidate reusable launch vehicles are the current STS 
Space Shuttle and the uprated/advanced Shuttle-C. Except where 
noted, the requirements defined in the following paragraphs are 
applicable to the current STS. Additional detail may be obtained 
from NSTS 07700,. Volume XIV, Attachment 1 (ICD 2-19001). These 
requirements form a reference that must be updated as Shuttle-C 
information becomes available. 

5.1.1 Loads and Accelerations. The MSNPS shall be designed to 
account for all Shuttle and transfer vehicle induced static, 
thermal, and dynamic loadings. 
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-5.1.1.1 In Orbiter Cargo Bay. The load factors for the 
conceptual design of the MSNPS vehicle and ASE structure are 
provided in Tables 5-2, 5-3, and 5-4. These factors are 
applicable to the complete spacecraft configuration. The signs 
of the applied spacecraft load factors shall be consistent with 
the Shuttle system. Loads estimated with the specified factors 
will be superseded with the results of dynamic loads analyses 
(with the use of, specified uncertainty factors) when the loads 
predicted by the dynamic analysis are higher than the loads 
estimated with the factors. These requirements apply for all 
spacecraft defined by the Government and for Shuttle -
characteristics and forcing functions-supplied by the Government. 
The total load shall include thermal induced loads. 

5.1.1.2 Free Flight. The accelerations due to SRM burn and 
thrust vector control shall be limited to -5 g's longitudinal 
and +2 g's in the pitch and yaw directions. Free flight loads 
for structural design shall be based on coupled spacecraft 
dynamic analysis using forcing functions derived from solid 
rocket motor test firings and simultaneous operation of the 
thrust vector control system. 

5.1.2 Random Vibration. The random vibration environments for 
Trunnion and Longeron/Adaptor supported payloads are shown in 
Tables 5-5, 5-6, and 5-7. 

5.1.3 Acoustic Noise. The acoustic noise environment 
internal to the Orbiter cargo bay is shown in Table 5-8. 

5.1.4 Shock. Equipment located in the Orbiter cargo bay or 
aft flight deck shall not experience any pyroshock 
environments while attached to the Shuttle. Shock environments 
induced by MSNPS pyrotechnic devices and/or the transfer 
vehicle are TBD.' 

5.1.5 Thermal Environment. 

5.1.5.1 Cargo Bay Wall Temperature. Typical temperature 
ranges at the cargo bay walls are defined in Table 5-9.. 
Actual temperatures are dependent upon flight parameters and 
upon cargo element configuration. The maxim\im temperature for 
the radiator panels when the doors are closed shall not exceed 
210''F. 

5.1.5.2 Reflected Solar Energy. Cargo Elements and Orbiter 
components which.extend above the cargo bay door hinge line (Zo 
400.0 ref.), or which are deployed transversely over the 
radiators, may be subjected to locally concentrated solar 
radiation....The magnitude,_of._the local flux_es_.will. be^a 
function of cargo element or component location and Orbiter 
orientation relative to the sun. Objects located over the 
radiators may be irradiated with a flux substantially higher 
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Table 5-2 Cargo Limit-Load Factors/Angular Accelerations 
for Preliminary Design (quasi-Static Flight Events) 

FLIGHT EVENT 

ASCENT 

HIGH-Q BOOST 
ENVELOPE 

INTEGRATED 
VEHICLE BOOST 

MAX Nx 

ORBITER BOOST 
MAX NX 

POST SRB 
STAGING 

DESCENT 

TAEM: PITCH 
MANEUVER 

TAEM: ROLL 
MANEUVER 

TAEM: YAW 
MANEUVER 

LOAD FACTOR g 

NX 

-1.9 

-2.9 
-2.6 

-3.17 
-3.05 

-1.10 

r 1.01 
L-0.15 

0.25 

r 0.97 
|_ 0 

0.65 

0.60 
0.56 

I 0.61 

Nv 

+0.40 

+0.06 
+0.02 

0 
0 

+0.12 

0 

0 

0 

+0.12 

+0.85 
+0.49 
+0.002 

Nz 

r 0.25 
|_-0.50 

-0.15 
-0.20 

-0.60 
-0.80 

-0.59 

2.50 

2.50 

-1.00 

1.98 

1.0 
1.44 
0.92 

ANGULAR 
ACCELERATION 
RAD/SEC2 

+0.10 

+0.20 
+0.20 

+0.20 
+0.20 

0 

0 

0 

+1.28 

0 
0 
0 

+0.15 

+0.25 
+0.25 

+0.25 
+0.25 

0 

-0.11 

0 

0.02 

0 
0 
0 

+0.15' 

+0.25 
+0.25 

+0.25 
+0.25 

0 

0 

0 

+0 .13 

0 
+0.044 
+0.056 

CARGO . 
WEIGHT 

Up to 65 
Klb 

Up to 32 
Klb 
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Table 5-3 Cargo Limit-Load Factors/Angular Accelerations 
for Preliminary Design (Transient Flight Events) 

FLIGHT EVENT 

ASCENT 

i LIFT-OFF 

DESCENT 

LANDING 

LOAD FACTOR g 

NX 

-0.2 
-3.2 

1.8 
-2.0 

Ny 

+1.4 

+1.5 

Nz 

2.5 
-2.5 

+ 4.2 
-1.0 

ACCELERATION 
RAD/SEC2 

<P 

+3.7 

+ 4.0 

^ 

+7.7 

+11.3 

P^ 

+3.1 

+4.9 

CARGO 
WEIGHT 

Up to 65 
Klb 

(29484 kg) 

Up"to 32 
Klb 

(14515 kg) 
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Table 5-4 Emergency Landing Design Load Factors 

CONDITION 

Emergency Landing 
(Outside Crew 
Compartment) 

Emergency Landing 
(Inside Crew 
Compartment) 

Load Factor 
65 Klb (29484 kg) Up 
32 Klb (14515 kq) Down 

X 

+ 4.5 
-1.5 

+20.0 
-3.3 

Y 

+1.50 
-1.50 

+3.3 
-3.3 

Z 

+4.5 
-2.0 

+10.0 
-4.4 

Load Factor 
65 Klb (29484 kg) Down 

• 1 

X 

+4.50 
-0.738 

Y 

+0.738 
-0.738 

Z 

+2.215 
-0.985 

-

Sign convention follows that of the Orbiter coordinate system. 

Emergency landing load factors are ultimate. The longitudinal load factor: 
are directed in all aftward azimuths within a cone of 20 degrees 
half-angle. The specified load factors shall operate separately. 

For cargo weight between 32 Klb and 65 Klb, use a linear interpolation 
between the load factors given. 
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Table 5-5 Orbiter Cargo Bay Random Vibration Trunnion 
Supported Payloads - On P/L Trunnion 

Pavload Weight 

o X Axis 

o Y Axis 
(fwd of Sta. Xo = 919) 

o Y Axis 
(Aft to Sta. Xo = 919) 

And 
o Z Axis 

Payload Weight * 

o X Axis 

o Y and Z Axes 

*Less Than 10,000 Lbs. 

20 to 50 Hz 
50 to 125 Hz 
125 to 300 Hz 
300 to 2000 Hz 

Overall =3.0 g(rms) 

20 to 68 Hz 
68 to 100 Hz 
100 to 380 Hz 
380 to 2000 Hz 

Overall = 2.5 g(rms) 

20 to 68 Hz 
68 to 125 Hz 
125 to 300 Hz 
300 to 2000 Hz 

Overall =3.0 g(rms) 

.0015 G2/HZ 
+9 dB/oct 
.02-5 G2/HZ 
-9 dB/oct 

.004 G V H Z 
+9 dB/oct 
.013 G2/HZ 
-9 dB/oct 

.004 G2/HZ 
+9 dB/oct 
.025 G2/HZ 
-9 dB/oct 

Greater Than 10,000 Lbs. 

20 to 50 Hz 
50 to 80 Hz 
80 to 480 Hz 
480 to 2000 Hz 

Overall =2.0 g(rms) 

20 to 68 Hz 
68 to 80 Hz 
80 to 480 Hz 
480 to 2000 Hz 

Overall = 2.4 g(rTns) 

.0015 G2/HZ 
+9 dB/oct 
.0063 G2/HZ 
-9 dB/oct 

.004 G2/HZ 
+9 dB/oct 
.0063 G2/HZ 
-9 dB/oct 

* 

The associated time duration is 20 seconds per axis per flight which 
includes a fatigue scatter factor of 4. 

*Total payload weight is irrespective of the number of mounting points. 
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Table 5-6 Orbiter Cargo Bay Random Vibration Trunnion 
Supported Payloads - On P/L Keel Pin 

Pavload Weight *Less Than 10,000 Lbs. 

o All Axes 20 to 60 Hz 
60 to 100 Hz 
100 to 300 Hz 
300 to 2000 Hz 

Overall =1.9 g(rms) 

.0023 G2/HZ 
+9 dB/oct 
0.01 G2/HZ 
-9 dB/oct 

Pavload Weight *Greater Than 10,000 Lbs. 

o All Axes 20 to 480 Hz 
480 to 2000 Hz 

Overall = 1.2 g(rms) 

* 

.0023 G2/HZ 
-9 dB/oct 

The associated time duration is 20 seconds per axis per flight which 
includes a fatigue scatter factor of 4. 

•Total payload weight is irrespective of the number of mounting points. 
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Table 5-7 Orbiter Cargo Bay Random Vibration Longeron/Adapter 
Supported Payloads - At Orbiter Interface 

o X Axis 

o Y Axis 
(Fwd of Sta. Xo = 919) 

o Y Axis 
(Aft to Sta. Xo = 919) 

o Z Axis 

20 to 100 Hz 
100 to 500 Hz 
500 to 2000 Hz 

Overall =5,4 g(rms) 

20 to 40 Hz 
40 to 100 Hz 
100 to 170 Hz 
170 to 600 Hz 
600 to 2000 Hz 

Overall = 4.5 g(rms) 

20 to 40 Hz 
40 to 500 Hz 
500 to 2000 Hz 

Overall =7.8 g(rms) 

20 to 100 Hz 
100 to 1000 Hz 

Overall =7.6 g(rms) 

+6 db/o^t 
.03 G2/HZ 
-4 dB/oct 

+12 dB/oct 
.06 G2/HZ 
-6 dB/oct 
.02 G2/HZ 
-9 dB/oct 

.12 dfi/oct 

.06 G2/HZ 
-4 dB/oct 

+6 dB/Oct 
.03 G2/HZ 

The associated time duration is 20 seconds per axis per flight which 
includes a scatter fattor of 4. 
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Table 5-8 Orbiter Cargo Bay Internal Acoustic Environment 

1/3 Octave 
Band Center 

I Frequency 
(Hz) 

31.5 
40.0 
50.0 
63.0 
80.0 

100.0 
125.0 
160.0 
200.0 
250.0 
315.0 
400.0 
500.0 
630.0 
800.0 

1000.0 
1250.0 

i 2000.0 
2500.0 

Overall 

Sound Pressure Level (dB) ref. 2X10"5 N/m2 

Lift-off 
5 Seconds/Flight* 

122.0 
124.0 
125.5 
127.0 
128.0 
128.5 
129.0 
129.0 
128.5 
127.0 
126.0 
125.0 
123.0 
121.5 
120.0 
117.5 
114.0 
112.0 
110.0 

138.0 

Aeronoise 
10 Seconds/Flight* 

112.0 
114.0 
116.0 
118.0 
120.0 
121.0 
122.5 
123.5 
124.5 
125.0** 
125.0** 
124.0** 
121.5 
119.5 
117.5 
116.0 
112.5 
110.5 
108.0 

133.5 

*Time per flighi does not include a scatter factor. 

**NOTE: Narrow band discrete noise is radiated from the cargo 
bay vent doors during transonic/low supersonic flight. 
The noise radiated from any one vent is described 
below: 

This environment is not intended for the full payload 
exposure but only to those areas of the payload 
adjacent to a cargo bay vent opening. 

One-third Octave Band 
Center Frequencies, Hz 

250 
315 
400 

Sound Power Level 
dB re 10-12 watts 
8 Seconds/Fliqht 

128 
136 
130 
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T a b l e 5-9 Cargo Bay Wall Temperature 

Condition 

1. 

2. 

3. 

4. 

Preluanch 

Launch 

On-Orbit (doors 
open) 

Entry and Post-
landing 

Temperature | 

Minimum 

+40°F 

+40°F 

-250°F 

-50''F 

Maximum 

+120"F 

+150''F 

+200°F 

+220°F 

-

Note: 

a. Conditions 1 and 2 are for an assumed adiabatic cargo 
element. 

b. Condition 3 is for an assumed empty cargo bay. The effect 
on wall temperature which results with a cargo element 
installed is dependent upon cargo element configuration, 
cargo element location in the bay, and on-orbit attitude. 
Under hot case conditions, cargo element effects can cause 
local insulation surface wall temperatures to exceed 200°F 
substantially. 

c. Condition 4, minimum, is for an assumed adiabatic cargo 
element with an initial -250"F cargo bay wall temperature. 
Condition 4, maximum, is for an assumed empty cargo bay. 

d. Conditions 3 and 4 should be analyzed using detailed 
integrated Orbiter/cargo element math models to define cargo 
element and Orbiter cargo bay temperatures for specific 
cargo element configurations. 
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than the solar constant due to focusing by the specularly 
reflective radiators. 

5.1.5.3 Entry Air Inlet Conditions. The air temperature, 
mass flow rate and pressure entering the cargo bay during entry 
to be utilized for cargo design thermal analysis is as defined 
in Figures 5-1 and 5-2. 

5.1.5.4 Prelaunch and Post-landing Environments. Worst case 
hot and cold prelaunch and post-landing environments, as well 
as nominal environments are defined, which shall be used in 
verifying Orbiter/cargo elements thermal compatibility. 
Constant values for environmental extremes are provided which 
may be used for calculating conservative thermal predictions. 
Diurnal data is also provided which may be used for performing 
more rigorous predictions. 

5.2.5.4.1 Solar Flux. The solar constant, which is defined as 
the heating flux to a surface normal to the incident solar 
radiation, has a mean value of 429 BTU/hr-ft2 outside the 
earth's atmosphere. Because of attenuation due to atmospheric 
interference, the solar constant at the earth's surface varies 
as a function of time of day. Figure 5-3 shows the diurnal 
variation of the solar constant to be used for normal hot and 
cold environment cases of prelaunch and post-landing analyses. 
For prelaunch conditions, it shall be assumed that the Orbiter 
is in the vertical position on the launch pad with its tail 
facing south at the Eastern Test Range (ETR) or facing west at 
the Western Test Range (WTR). For landings at the ETR the 
Orbiter is assumed to be generally oriented with the X-axis in 
a north-south direction; for the WTR, the orientation is also 
assumed to be generally in the north-south direction 

For hot case analysis, the flux represents the direct flux 
for a surface normal to the flux. The direct fluxes for the 
various surfaces of the Orbiter must be corrected for the angle 
of incidence which varies for each surface and with the time of 
day. For cold analysis, the flux is assumed to represent the 
diffuse flux for a cloudy day and does not need to be corrected 
for the angle of incidence. 

Figure 5-4 shows the curve to be used for the maximum 
solar flux at contingency landing sites. The curve was 
generated assuming March "noontime" equatorial flux of 396 BTU/ 
hr-ft2 and the timewise distribution equation shown on the 
figure. Minimum flux at a contingency landing site is assumed 
to be equal to zero. 
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Figure 5-1 Air Temperature Entering The Cargo Bay During Entry 
Max Air Temperature Case 

23 



D180-30619-8 

r • •"— r • " 1 I I t t I 

•15-
rOR WORST OSX THTSJOl 
AXALTSIS US2 ONLT 

- = 1 0 . 1 

U 9.62 

13' 

12 £: — 8.2L 

iiH-

6.87 

P 
U 

3! 

• X 

£ 

5.W 

—' k.l2 

r • ' ————^— 
- 1 

' /* I 
_ . .> 1 

2 z: 
ZIZ: 1.37 

;z-
2 : 2 _ 
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For cases where it is desirable to use constant 
(conservative) values for the solar flux, the following values 
may be used: 

Hot Environment* 

Prelaunch and normal post-landing 363 BTU/hr-ft2 

Contingency landing 396 BTU/hr-ft2 

Cold Environment** 

Prelaunch and normal post-landing 70 BTU/hr-ft2 
Contingency landing 0 BTU/hr-ft2 

* For prelaunch hot conditions with the Orbiter in a 
vertical position on the pad, assume the sun is in the 
Orbiter X-Z plane at an angle 38° up from the local 
horizontal at the ETR, and in the Orbiter X-Y plane at an 
angle 31° up from the local horizontal at the WTR. For 
hot analyses for normal post-landing and contingency 
landings, assume the sun is directly overhead. 

** For cold conditions, assume the flux is diffuse. 

5.1.5.4.2 Ambient Air Temperature. The ambient air temperature 
varies with time of day, season and local weather conditions. 
Figures 5-5 and 5-6 show diurnal air temperatures for ETR and WTR 
locations for cold, hot and "nominal" days for representative 
months. The temperatures for hot and cold days represent the 
maximum and minimum values, respectively, for 95 percent of all 
measurements while the temperature for a "nominal" day represents 
the median (50 percentile) of all measurements. 

Figure 5-7 shows diurnal air temperatures for hot and cold 
days at contingency landing sites. The curve for a hot day was 
synthesized assuming a maximum temperature of 110°F at noon and 
the minimum temperature at ETR in July for a 95 percent hot 
day. The curve for a cold day was synthesized assuming a 
minimvim temperature of C F and a 50°F temperature rise and fall 
in the morning and afternoon, respectively. 

Where it is desired to use constant (conservative) values 
of ambient temperature, the following values are recommended: 
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I 

Kl HOT DAY (JULY) 

I5X HOT DAY /OCTOBER) 
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Figure 5-5 Eastern Test Range (ETR) Diurnal Air Temperature 
Experience 
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Figure 5-6 Western Test Range (WTR) Diurnal Air Temperature 
Experience 
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Hot Environment 

Prelaunch and normal post-landing 99°F 
Contingency landing .110"F 

Cold Environment 

Prelaunch and normal post-landing 25°F 
Cbntingency landing 0°F 

5.1.5.4.3 Ground Surface Temperature. The ground surface 
temperature is influenced by incident daytime solar radiation, 
sky/ground radiation interchange, air temperature and velocity, 
and surface properties. Generally, it is assumed that the 
ground surface temperature is the same as the air temperature. 
If desired, the ground temperature may be assumed to be equal 
to the diurnal air temperature. When constant (conservative) 
values are appropriate, the following values may be used: 

Hot Environment 

Prelaunch 99"F (60 
Normal post-landing 99°F 
Contingency landing 110°F 

Cold Environment 

Prelaunch 25°F 
Normal post-landing 25^F 
Contingency landing 0°F 

* When in a vertical position on the launch pad, the bottom 
of the Orbiter views the external tank which has a 
temperature of approximately 60°F. 

5.1.5.4.4 Sky 'temperature. The sky temperature is influenced 
by climatic conditions such as ambient temperature and cloud 
cover and time of day. While on the runway the upperbody 
surfaces of the Orbiter radiate heat primarily to the sky. 
While on the launch pad in a vertical position, these surfaces 
radiate approximately one-half to the ground and one-half to 
the sky. The following constant values are recommended for 
design purposes; 

Hot Environment 

Prelaunch 50°F* 
Normal post-landing 50"F 
Contingency landing 50°F 
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Cold Environment 
Prelaunch 5°F 
Normal post-landing -22°F 
Contingency landing --22''F 

* Average radiation temperature viewed by Orbiter top 
surfaces is 76°F assuming sky temperature of 50"F and 
ground temp.erature of 99 °F. 

5.1.6 Orbiter/Cargo Bay Particulates and Gases Environment. 
(Lift-off Through Orbit Insertion) The cargo bay gas shall be 
the residue remaining from the Orbiter ground purge conducted 
prior to lift-off. The nominal cargo bay pressure during 
ascent shall be within the curves shown in Figure 5-8. The 
maximum cargo bay ascent pressure decay rate (i.e., dP/dt) is 
shown in Figure 5-9 with a maximum value of 0.76 psi/second. 
Table 5-10 presents values for the data plotted in Figures 5-8 
and 5-9. 

5.1.7 Contamination. 

5.1.7.1 Accessibility for Cleaning. Interior surfaces of the 
cargo bay and exterior surfaces of the cargo shall be designed 
to provide accessibility for cleaning purposes. 

5.1.7.2 Cargo Bay Liner. The Orbiter shall provide a cargo 
bay liner, as required, to isolate cargo element surfaces which 
are sensitive to particulate contamination effects from the 
Orbiter lower mid-fuselage. The liner shall prevent the 
transfer of particulates greater than 35 microns GBR (nominal 
max. Particle size 87 microns in length) from the lower mid-
fuselage to the cargo bay. All cargo bay surfaces, including 
the cargo bay liner shall be cleaned to a visibly clean level 
as defined in NSTS Specification SN-C-0005. 

5.1.7.3 Orbiter Sources of Contamination. Number column 
density and return flux predictions for outgassing, flash 
evaporation, leakage, and vernier RCS effluents for various 
lines-of-sight and altitudes are shown in Table 5-11. Direct 
flux predictions for outgassing and leakage are also shown in 
Table 5-11. These numbers will be refined further as 
improvements of input data to the predictive program are made. 
Time lining analyses will be performed for optimum selection of 
Orbiter effluent release including water dumps, where possible. 

5.1.7.4 Thruster Bipropellant Combustion Products. Table 5-12 
lists the Reaction Control System (RCS) and Vernier Reaction 
Control System (VRCS) exhaust products due to the combustion of 
MMH/N2O4 bipropellant. Distribution of these products within 
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T a b l e 5-10 Ascent Cargo Bay P r e s s u r e and Decay Rate 

Time 

10 
20 
30 
35 
38 

1 39 
40 
41 
45 
48 
49 
50 
51 
52 
55 
60 
65 
70 
80 
90 

100 

Maximum Cargo 
Bay Pressure 

14.45 
13.20 
11.25 
10.05 
9.40 
9.15 
8.95 
8.70 
7.75 
7.20 
7.05 
6.90 
6.60 
6.10 
5.35 
4.30 
3.50 
2.70 
1.30 
0.60 
0.25 

Minimum Cargo 
Bay Pressure 

14.20 
12.50 
10.00 
8.90 
8.20 
7.60 
7.20 
6.80 
5.70 
5.10 
4.90 
4.70 
4.50 
4.30 
3.65 
2.70 
2.00 
1.40 
0.60 
0.20 
0.10 

Maximum Rate of "] 
Depressurization 

0.155 
0.255 1 
0.360 
0.510 
0.735 
0.760 ! 
0.760 
0.760 
0.640 
0.570 
0.575 
0.550 
0.520 
0.455 1 
0.355 
0.273 
0.225 1 
0.195 
0.150 
0.115 
0.075 

N o t e : 

(1) P r e s s u r e i n p s i a 

(2) R a t e of d e p r e s s u r i z a t i o n i n p s i / s e c o n d 

(3) Time i n seconds from l i f t - o f f 
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Table 5-11 Predicted Number Column Density and Return 
Flux Contributions From Shuttle Orbiter Sources 

of Contamination 

1 /PARAMETER 
j SOURCE/ 

1 Outgassing (2) 
LOS 1 (3) 
LOS 3 (3) 
LOS 7 (3) 

1 Flash Evaporator H) 
LOS 1 
LOS 3 
LOS 7 
LOS 11 (3) 

Leakafli 
1 LOS 1 
1 LOS 3 
1 LOS 7 
j LOS 11 

Vernier RCS AFT-Z 
LOS 1 

1 LOS 3 
1 LOS 7 

LOS 11 

VenrnlerRCSAFT+X 
1 LOS 1 

LOS 3 
LOS 7 
LOS 11 

1 Main RCS AFT-Z 
LOS 1 
LOS 3 
LOS 7 
LOS 11 

Main RCS AFT+Y 
LOS 1 
LOS 3 
LOS 7 
LOS 11 

NUMBER COLUMN DENSITY 
(MOLECULES/Cm^) 

2.75x10'« 
3.1x10"> 
2.7x10»'> 

6 .6x10" 
1.4x10'< 
3.4X10»* 
4 .4x10" 

2.0x10« 
2.3x10» 
1.9x10" 
2 .0x10" 

2.1X10'* 
2 .6x10" 
3.4 X 1 0 " 
0 .3x10" 

1 .8x10" 
2 .4x10" 
6 .3x10" 
6.7x1013 

O.BXIO" 
1.6x10" 
2.0x10tc 
5.3 X lots 

' 8 .0x10" 
1.2x10" 
3.4x10«« 
3.7X10IS 

RETURN FLUX (BF) (1) 
(MOLECULES/Cm*/sec) 

300km 
6.2 X T o " 
2 0 x 1 0 " 
2 5 x 1 0 " 

4 .2X10" 
4 .5x10" 
1.1x10" 
1.3x10" 

1.6x1012 
0.4x1011 
8.0X10" 
1.1x10" 

1.6X10" 
0 .0X10" 
1.3x10" 
3 .5x10" 

1.2X10" 
8 .5x10" 
2 .3x10" 
2.5X10" 

7 .4x10" 
5 .3x10" 
7.7x101* 
2.0x10 IS 

6 .7x10" 
4 .4x10" 
1.3x101* 
1.4X101S 

400km 
1.1 x T o " 
6.2x10» 
6.3 X10 • 

8 .0X10" 
0 .6X10" 
2 . 3 x 1 0 " 
2 . 8 x 1 0 " 

3.4X1011 
2.0x1011 
1.7x10" 
2.4X10*1 

3 .4X10" 
2 . 1 x 1 0 " 
2 .8X10" 
7 .4x10" 

2 . 6 x 1 0 " 
1 .8x10" 
4 . 0 x 1 0 " 
5.3x1012 

1 .6x10" 
1.1X10" 
1.6X10 IS 
4.2x1014 

1.4X10" 
0 .2x10" 
2.6x10 IS 
3.0x1014 

700km 
2.5 xTo • 
1.4x10* 
1.2x10« 

2.1x10" 
2.2x10" 
5.3x10" 
6 .5x10" 

7.8X10» 
4.6X10* 
3.0 X 10 • 
5.5x10* 

7.8x10" 
4.8X10" 
6.6x10" 
1.7x10" 

5.8X10" 
4 .1x10" 
1.1 X l O " 
1.2x1011 

3.6X10" 
2 6 x 1 0 " 
3.8x101* 
0.8X1012 

3 .3x10" 
2.2X10" 
6.1X101* 
7.0X1012 

DIRECT FLUX FOR i 
OUTGASSING AND LEAKAGE 

TBD 

TBD ' 

TBD 

TBD 

TBD 

TBD 

TBD 
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Table 5-11 Predicted Number Column Density and Return 
Flux Contributions From Shuttle Orbiter Sources 

Of Contamination - Concluded 

Note; 

(1) l^bient velocity direction: -Z, Field of View: 10°, medium density 
atmosphere. 

(2) Maximum temperature, after 100 hours. 

(3) LOS 1, zero degree line-of-sight (in the +Zo direction) originating at 
Xo = 1107, Yo = 0, Zo = 507. 
LOS 3, 60° off of +Z towards -Xo (backward) originating at Xo = 1107, 
Yo = 0, Zo =« 507. 
LOS 7, 60° off of +Z towards +Yo (right) originating at Xo = 1107, Yo 
= 0, Zo == 507. 
LOS 11, 60° off of +Z towards -Xo (forward) originating at Xo = 1107, 
Yo = 0, Zo = 507. 

(4) Eleven i s in nominal p o s i t i o n , maximum flow. 
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Table 5-12 N2C4/MMH Exhaust Products (Mole Fractions) 
And Trace Partially Reacted Contaminants 

Steady State Operations 

Completely Reacted Products 

H2O 
N2 
H2 
CO 
CO 2 
02 
NO 

Free Radicals 

H 
OH 
0 

RCS 

0.339 
0.309 
0.163 
0.129 
0.042 
0.002 
0.001 

0.012 
0.006 
Traces 

VRCS 

0.333 
0.312 
0.181 
0.129 
0.042 
Traces 

0.003 
Traces 
Traces 

Pulse Mode Trace Products (solid or liquid) 

MMH N2H3 CH3 
MMH-nitrate N2H2 CH3 NO3; N2H CH3 

(N03)2 
Nitric Acid HNO3 
Ammonium nitrate NH4 NO3 

CMS 
ENGINE 

TBD 

TBD 
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the engine plumes is further defined in ICD-2-19001. Plume 
constant-density contours for the OMS, RCS, and VRCS thrusters 
are shown in Figures 5-10, 5-11, and 5-12. 

5.1.8 Electromagnetic Compatibility (EMC). 

5.1.8.1 Shuttle-Produced Interference Environment. 

5.1.8.1.1 Conducted Interference. TBS 

5.1.8.1.2 Radiated Interference. The Shuttle produced 
radiated fields environment shall be limited as follows: 

a. AC Magnetic fields shall be limited to less than 140 
dB above 1 picotesla (30 Hz to 2 kHz), falling 40 dB 
per decade to 50 kHz. The DC field shall be less 
than 170 dB above 1 picotesla. These are worst case 
values for locations near the Orbiter power busses at 
Yo = + 79, Zo = 349, Xo = any value in the cargo bay. 

The above values of magnetic flux density are 
reduced in accordance with the following 
equation for separation from the power busses in 
the Y-Z plane. 

dB (reduction) = 20 log^o (57R2) 

where R (meters) = radial separation in the Y-Z 
plane from the nearest port or starboard power 
bus described by the above location coordinates. 

For locations within 2.5 meters of the 576 or 
1307 Xo locations, the value of R in the 
equation should be the separation from the Xo = 
5,76 or Xo = 1307 locations in meters. 

b. Electric fields along the cargo bay center line under 
normal operating modes are defined in Figures 5-13 
and 5-14 for unintentional emissions. These levels 
should be considered when evaluating the possibility 
of operating radio frequency receiving equipment or 
electrical field sensing instruments in the cargo 
bay. The worst case electric field intensities 
produced by Orbiter-installed transmitters, with the 
exception of the Ku-band system, are defined for the 
cargo bay and for the volume above the cargo 
bay/cabin. The values defined in Figure 5-15 are the 
maximum field intensities on the upper (+Z, +Y), (+Z, 
-Y) quadrants of the payload bay envelope with the 
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SHUTTLE-PRODUCED PAYLOAD BAY 
RADIATED BROADBAND EMISSIONS 
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Figure 5-13 Shut t le-Produced Cargo Bay Radiated Broadband 
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doors open. The values defined in Figures 5-16, 5-17, 
5-18, and 5-19 are the maximum field intensities that may 
impinge on payloads in the -Z hemisphere above the Orbiter 
during deployment and retrieval operations. . The electric 
field strengths produced by the Orbiter installed 
transmitters are defined in Figure 5-15. these values, 
with the exception of the Ku-band system, are worst case 
values in the upper (+Z) quadrant of the cargo bay 
envelope with doors open. The Ku-band levels are greater 
along a line defined by the +Yo = 90 and +Zo =444. 
Reduced levels can be expected in the lower Y and Z areas 
of the cargo bay; however, the levels are payload geometry 
dependent. 

For equipment that can be in the main beam of 
the Ku-band Antenna, the field level can be 
approximated by E = 250G/R (R = METERS) for 
distances greater than 20 meters from the dish. 
The field level between 20 meters and the dish 
can be linearly extrapolated from 125 V/M at 20 
meters to 300 V/M at the dish. When operating 
the Ku-band system in the radar mode the field 
may be attenuated in accordance with ICD-2-
19001. 

Table 5-13 gives the frequency range and 
modulation type associated with the transmitter 
field strength in Figure 5-15. 

c. Lightning-produced magnetic fields shall be limited 
to a peak level of 75 amperes/meter with a rise to 
peak value in 2 microseconds and fall to zero in 100 
microseconds. The payload shall be designed so that 
a failure due to a lightning strike shall not 
propagate to the "Space Shuttle. 

d. The design of the cargo bay and cargo bay doors shall 
preclude any electrostatic discharges. 

5.2 EXPENDABLE LAUNCH VEHICLE 

The candidate expendable launch vehicles include the Titan 
IV and the ALS. The requirements for each vehicle are 
discussed separately in the following paragraphs. 

5.2.1 Titan IV. Except as noted, the following environmental 
requirements are for the Titan 34D. They form a reference 
requirement that must be updated as Titan IV data become 
available. 

45 

128 



FOR RANGES GREATER THAN 1 METER: 

VOLTS/HETER 9 . VOLTS/HETER 9 1 METER 
DESIRED RANGE ' RAHhriN METERS 

VALUES ALONG Y^-O 

20 

Si 
y 

ei 
itk B . 
a\ a 

K 

§ 
oc 
UJ 

lu 

»-• 
^ 
kaC 

|P 
^̂  
•n 1̂ 

10 
9 

a 
7 

6 

b 

4 

3 

2 

o 
(-' 
o 
I 

I 
00 

Figure 5-16 S-Band FM Transmitter, Upper HEMI Antenna, Maximum 
Field Intensities 



• 

70 

in 
9 
a 
7 

6 

5 

4 

3 

2 

I 

FOR RANGES GREATER THAN 1 METER 

VOLTS/HETER 9 . VOUS/HETER J l HETER 
DESIRED RANGE m X R h r i N METERS 

Q 
/ 

1 

- - 9 0 " 

!E 

s W^ PAYl 
/iHTERkOGAl 

l ^ ANTI 

yc\ 
. AC^\ 

1 y 
/ f 

Q» 

1 

1 y 

Y 

• 

• ^ 

\ ^ 

ANTENI 

X -5511 
Y°-0 

0 

a( 

^ 

A LOCATIONi 

1 
)« * 6 0° 

e 

1 

9 
ANGLE, DEGRE 

VALUES ALO 

.OA\ 

riOHX 
•i!!iy,BO° 

I 1 

1 1 1 

ES 
120" 

1 

, 

1 ( 

rv 
N 

150** 

IG Y^-O 

C3 
• c ^ 

N 

fc" 

H 
1 

' IB) 

Figure 5-17 S-Band Payload Interrogator, Maximum Field Intensities 



FOR RANGES GREATER THAN 1 METERi 

VOLTS/HETER » , SOLTS/HETER fHETEB. 
DESIRED RANGE l A H G T l O n E l i S 

a *t 
o 
oe 
111 a. 

200 

100 
90 
BO 
70 

60 

SO 

40 

30 

20 

10 

r " 

• 

H 
^^^^ 

ANTENNA IdU 
V aKRI IIS 

k.lO 
!.B0 

• 

TIOHt 

(Fun 1 

• 

AFT D 

V r ^ 
1 1 

fAH COMPOSITE CURVE 

_ 

j "^ ̂
^̂ ^̂ ^ r^ 

' \ 

\ 

-H 
\ 

30" 60" ,90« 
lA' IQJ-l . n iSBIEl 

120" ISO' 0' I BO" 

Figure 5-18 S-Band Network Transponder, Upper Quad Antennas, 
Maximum F i e l d I n t e n s i t i e s 



• ONLY ONE QUAD TURNED ON AT ONE TIME 

• EITHER FORWARD OR AFT BEAM SELECTED 
ON THE SELECTED QUAD 

HAXIHIIH VALUES 
GIVEN ON FIGURE 

5-18 
ALOHO ̂ S" 
PLANE 

Figure 5-19 S-Band Network Transponder, Upper Quad Antennas, Beam 
Configuration 



D180-30619-8 

T a b l e 5-13 T r a n s m i t t e r C h a r a c t e r i s t i c s 

S-BAND FM 

S-BAND PM (NETWORK 
TRANSPONDER) 

PAYLOAD INTERROGATOR 

STDN (NASA) ^2) 

DSN (NASA) (3) 

SGLS (DOD) (4) 

KU-BAND 

EVA/ATC 

ANTENNA ^̂ ^ 

S-BAND HEMI 

S-BAND QUAD 

S-BAND PAYLOAD 

S-BAND PAYLOAD 

S-BAND PAYLOAD 

KU-BAND 

REUTRN LINK 

RADAR RANGING 

UHF 

CARRIER FREQ (fc) 

2250.0 MHz 

2717.5 OR 
2287.5 MHz 

2025.8334 TO 
2117.9166 MHz 

2110.2431 TO 
2119.7924 MHz 

1763.721 TO 
1839.795 MHz 

15.0034 GHz 

13.883 GHz <5) 

243.0, 259.7 OR 
296.8 MHz 
(SELECTABLE) 

MODULATION 

FM 

.PSK, PM 

PM 

PM 

PM 

QPSK, FM 

PULSED CARRIER 
PULSE RATES: 
268, 3000, 
7000 PPS 

PULSE WIDTH -
66.4 ̂ s max. 
122.0 TiS min. 

AM (90%) 
(VOICE AND 
DATA) 

Note: 

(1) Cargo bay radiation levels defined in Figure 10.7.2.2-3. 

(2) 801 Selectable channels over indicated frequency range. 
(See Table 8.3.1.1.1-1) 

(3) 29 Selectable channels over indicated frequency range. 
(See Table 8.3.1.1.2-1) 

(4) 20 Selectable channels over indicated frequency range. 
(See Table 8.3.1.1.3-1) 

(5) Passive tracking uses frequency diversity technique employing center 
frequencies of 13.779, 13.831, 13.883, 13.935 and 13.987 GHz. Active 
tracking uses 13.883 GHz only. 
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5.2.1.1 Loads and Accelerations. The vehicle shall be 
designed to account for the Titan static, thermal, and dynamic 
loads and the angular rates and accelerations specified below. 

a. Maximum T34D vehicle angular rates with a vector sum 
not to exceed 27 degrees/second in the boost vehicle control 
mode frequency range of 0.2 to 2.0 Hz for transient recovery 
from maximxim g. The boost vehicle control mode damping ratio 
shall be greater than 0.2 during transient recovery. 

b. Maximum vector sum angular accelerations of 110' 
degrees/second^ in the boost vehicle control mode frequency 
range of 0.1 to 2.0 Hz for transient recovery from maximum g. 
The control mode damping frequency shall be greater than 0.2. 

c. Limit design interface loads and load factors are 
provided in Table 5-14 for the T34D/IUS combination. Dynamic 
analysis of the Titan IV/MSNPS vehicle is required. 

d. Maximum sustained longitudinal acceleration is 5.0 g's 
during T34D stage 1 flight. Titan IV axial loads are 
estimated to be 6.0 g's over a frequency range of 3 to 20 Hz 
with lateral loads of + 2 g's. 

5.2.1.2 Random Vibration. The random vibration spectrum at 
the T34D/payload interface is shown in Figure 5-20. The 
maximum power spectral density vs frequency within the payload 
fairing is shown in Figure 5-21. 

5.2.1.3 Acoustic Noise. The acoustic noise environment 
internal to the payload fairing is shown in Table 5-15. 

5.2.1.4 Shock. The MSNPS shall be compatible with the 
induced shock due to the separation of the payload fairing as 
shown in Figure^5-22. The shock resulting from staging the 
MSNPS from the T34D shall not exceed the level shown in Figure 
5-23. 

5.2.1.5 Thermal". The prelaunch and flight temperature, range 
at the T34D side of the payload adapter ring shall be in the 
range of +55° F to +85° F when the ring is considered 
adiabatic. The temperature-time profile internal to the 
payload fairing during flight is shown in Figures 5-24, 5-25, 
and 5-26. Aerodynamic heating of the launch vehicle fairing 
to temperatures of 395-425K will occur during flight. When the 
fairing is jettisoned, free molecular heating of 630-790 W/m2 
shall be sustained. 
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Table 5-14 Limit Design Interface Loads and lUS Load Factors - T34D/IUS 

EVENT 

LIFT-OFF 

MAXIMUM 
AIRLOADS 

STG I S/D 

STG II S/D 

LOAD 
TYPE 

AXIAL 
SHEAR 
MOMENT 
TORSION 

AXIAL 
SHEAR 
MOMENT 

AXIAL 
SHEAR 
MOMENT 

AXIAL 
SHEAR 
MOMENT 

LOADS @ lUS (3) 
STA. 379.0 

-6, +19 k 
+ 13 k 
+2500 in-k > 
+380 in-k 

+18k 
+15k 
+2400 in-k 

-19, + 37k 
+8.6k 
+1400 in-k 

-35, + 46k 
+6.5 k 

+1050 in-k 

lUS LOAD FACTORS I 

AXIS 

AXIAL 
LATERAL 
TOROSIONAL 

AXIAL 
LATERAL 

AXIAL 
LATERAL 

AXIAL 
LATERAL 

FROM STA. 379.0 
TO STA. 279.0 

+.5, +2.2g 
+ 1.8 g 
+25 rad/sec2 

+2.3g 
+ 1.0g 

-2.0, +5.3g 
+l.lg 

-4.0, +5.5g 
+1.0g 

FROM STA. 279.0 
TO STA. 231.6 

+1.0g 
+1.0 g 

1 

+2.0g 
+1.0g 

-.4, +3.7g 
+1.0g 

-2.6, +5.0g 
+ .75g 

NOTES: (1) SPACECRAFT AND lUS LOADS ARE IN PHASE AND APPLIED SIMULTANEOUSLY IN WORST 
CASE COMBINATION. 

(2) AXIAL LOAD SIGN CONENTION: 
(-) TENSION 

(3) k = kilopounds 
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T a b l e 5 - 1 5 Maximum E s t i m a t e d N o i s e L e v e l s I n t e r n a l 
t o P a y l o a d F a i r i n g - Launch and F l i g h t 

1 / 3 OCTAVE BAND 1/3 OCTAVE BAND 
CENTER FREQUENCY, Hz SOUND PRESSURE LEVEL, dB* 

OVERALL 

25 
31.5 
40 
50 
63 
80 

100 
125 
160 
200 
250 
315 
400 
500 
630 
800 

1000 
1250 
1600 
2000 
2500 
3150 
4000 
5000 
6300 
8000 

10000 

145 

121 
122.5 
124 
125.5 
127 
129 
130.5 
131.5 
132.5 
133.5 
134 
134.5 
134.5 
134 
133.5 
133 
132 
131 
129.5 
128.5 
126.5 
125 
123 
121.5 
120 
118 
116 

DURATION: TOTAL OF 60 SECONDS FROM LIFTOFF 
THROUGH MAXIMUM DYNAMIC PRESSURE (MAX Q) 

*dB (IN REFERENCE TO 0 . 0 0 0 2 d y n e s / c m 2 ) 
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5.2.1.6 Propellant Compatibility. Normal operations shall be 
such as to preclude any contamination by the T34D propellant 
nitrogen tetroxide (N2O4). Specification MIL-P-26539 provides 
the propellant assay. The vehicle materials below T34p station 
182.6 shall be capable of withstanding N204 vapors for a period 
of one (1) hour at 70"? and 80% relative humidity and not 
produce a flammable hazard. The materials above T34D station 
182.6 are not required to be compatible with N2O4 vapors. 

5.2.1.7 Electromagnetic Compatibility. The EMC requirements 
of MIL-STD-1541 and MIL-STD-1542 shall be applied to the -
airborne equipment segment and the support equipment segment of 
the MSNPS, respectively. 

5.2.1.7.1 T34D Produced Radiated Fields. The limitations on 
electromagnetic field radiation at the interface from the 
Spacecraft components will be those specified by MIL-STD-1541. 
Installed T34D transmitters have the characteristics and 
produce the field intensities at the interface specified in 
Table 5-16. 

5.2.1.7.2 Electrostatic Charging Protection. Materials on 
either side of the T34D interface which are exposed to 
electrostatic charging environments shall comply with the 
electrostatic charging protection requirements specified for 
the T34D. 

5.3 ADVANCED LAUNCH SYSTEM 

The launch environments of the ALS are TBD. 
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Table 5-16 Installed T34D Transmitter Produced Electric Fields 

TRANSMITTER 

S-Band 

C-Band 

FREQUENCY 

2.2875 GHz 

5.765 GHz 

PEAK POWER 

20 watts (Max) 

1000 watts (Max) 
440 watts (Min) 

MODULATION 

FM 

Pulse Trans­
ponder 

DUTY CYCLE 

CW 

.002 

PULSE WIDTH 

N/A 

0.5 + .1 sec 

ANTENNA/ 
POLARIZATION 

Linear Polarization 
E Vector Parallel 
to Roll Axis 

Linear Polarization 
E Vector Parallel 
to Roll Axis 

LOCATION 

V.S. 228.99 
on target 

V.S. 262.25 
on target 

INTERFACE 
FIELD STRENGTH 

10.89 volta/M* 

9.78 V/M (Peak) 
0.210 V/M (Ave) 

^Preliminary value, final value provided as soon as test data is available. 
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SECTION 6 
ON-ORBIT ENVIRONMENTAL CONDITIONS 

6.1 NATURAL ENVIRONMENT 

The space equipment shall be designed to function within 
performance specification following or, if appropriate, during 
exposure in the,on-orbit configuration to their design environmental 
levels. These design environmental levels for on orbit exceed the 
maximum predicted on-orbit environments for each item by the 
environmental design margin. 

6.1.1 Micrometeoroids and Debris. Spacecraft operating in low 
Earth orbit are exposed to natural and man-made particles 
traveling at very high velocities relative to the spacecraft. 
The man-made portion of this environment, referred to as 
debris, occurs in greater concentration at the more common 
altitudes and is projected to increase with time as the use of 
orbiting spacecraft increases. Figure 6-1 shows how the 
concentration of these particles is expected to increase with 
time, and how it increases inversely with particle size. 

The source of this debris is often exploding bolts and 
other devices used to separate spacecraft and boosters and the 
explosion of propellant tanks from spacecraft and boosters left 
in orbit after their usefulness has ended. As of June 15, 
1988, there were 7145 objects of 10 cm diameter or greater 
being tracked by NORAD. Approximately 60% of these objects 
are fragments resulting from explosions; 20% are mission 
related such as shrouds, rocket stages, etc.; and 20% are 
payloads (both operating or non-operating). 

Debris shielding per mass is comparable to micrometeoroid 
shielding. Figure 6-2 shows the effective bumper density 
required to protect a projected area over a specified time of 
operation as a function of the probability of impact. 

The MSNPS shall be designed to (operate) in a Meteoroid 
and Space Debris environment as specified in Table 6-1 -and 6-2 
respectively. Figures 6-3 and 6-4 indicate space debris 
fluence versus mass and projected debris design basis for the 
year 2010. Meteoroid particles shall be assumed to have a mass 
density of 0.5 g/cm3 and an impact speed of 20 km/s. Space 
debris shall be assumed to consist of spherical fragments of 
aluminum impacting the system at 10 km/s. 
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Figure 6-1 Debris Model 
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Figure 6-2 Debris Shield Requirement 
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Table 6-1 Space Debris Mass Fluence For Impacts of Debris 
of Mass (M) or Greater-10 Year Total Fluence 

Mass (M) 

(grams) 

10-6 

10-5 

10-4 

10-3 

10-2 

10-1 

lOO 

Impacts/m2 

(surface area) 

5.0 

1.0 

2.6 X 10-1 

5.0 X 10-2 

1.0 X 10-2 

1.3 X 10-3 

2.3 X 10-4 

Table 6-2 Meteoroid Mass Fluence of Impacts of Mass (M) or 
Greater-10 Year Total Fluence 

Mass (M) 

(grams) 

1 0 - 6 

1 0 - 5 

1 0 - 4 

1 0 - 3 

1 0 - 2 

1 0 - 1 

lOO 

Impa"cts/m2 

( s u r f a c e a r e a ) 

1 8 . 0 

1 . 1 

6 . 9 X 1 0 - 2 

4 . 2 X 1 0 - 3 

2 . 6 X 1 0 - 4 

1 . 6 X 1 0 - 5 

9 . 6 X lO- ' ' 
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Figure 6-3 Space Debris Fluence vs Mass 
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Figure 6-4 Year 2010 Space Debris Design Basis 
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The relationship to be used for calculation of the probability 
of loss should be of the general type: 

p = SUM ( f * k * A^ * L ) R 

where: 
p = probability that a component will be rendered 

inoperative 
f = impact frequency of particles capable of destroying a 

component or rendering a subsystem inoperable 
(particles/square meter/year) 

k = direction factor 
A(, = maximum projected area of components (square meters) 
L = operational life of platform (years) 
R = redundancy of component capable of maintaining full 

operational status 

The above relationship is the so-called "rare event 
approximation" and is accurate to within about 10 percent of the 
true probability when the individual component failure probability 
is < 0.1. Any error made is on the conservative side, in that the 
true probability is slightly lower. 

6.1.2 Space Plasma. The high power production of the MSNPS will 
result in a susceptibility to voltage breakdown due to naturally 
existing plasma. Breakdown voltage is defined as the minimum 
voltage that can generate a discharge in a select, well-defined 
environment. The breakdown voltage can be correlated to altitude by 
Figure 6-5, which shows the plasma density versus altitude for an 
equatorial orbit. The plasma density will vary with the 11-year 
sun-spot cycle. This figure provides maximum and minimum densities, 
both of which peak near 150 nmi, reach a plateau near 1100 nmi, and 
fall off rapidly, above 6600 nmi. Figure 6-6 provides the initiation 
breakdown voltage versus altitude for maximum and minimum densities. 
It is important, to recognize that the data of Figure 6-6 are for 
non-insulated electrical elements in the natural environment of an 
equatorial orbit. Induced environments in other orbits must be 
considered as applicable. . ~ 

Breakdown levels, as shown in Figure 6-6, are the minimum 
breakdowns recorded in experiments and space flights. Designing for 
safe operation can be accomplished by solid shielding. Screen 
shielding is unacceptable because no protection against solar 
ultraviolet (UV) is provided. 
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Figure 6-5 Plasma Density Versus Altitude 
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Figure 6-6 Effects of Plasma on Exposed Bare Conductors 
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Additional detail on the space plasma environment may be found 
in NASA-TM-82478, Space and Planetary Environment Criteria 
Guidelines for use in Space Vehicle Development, Volume 1. 
Additional design criteria is contained within NASA-TP-2361, Design 
Guidelines for Assessing and Controlling Spacecraft Charging 
Effects. 

6.1.3 Ionizing. Radiation. In the orbit specified for the MSNPS, ' 
the spacecraft will be exposed to the three main sources of space 
radiation: (1) trapped radiation (the Van Allen belts), (2) galactic 
cosmic rays, and (3) solar cosmic rays. These sources are in 
addition to the radiation emitted by the MSNPS during its operation 
(discussed in section 6.2.2). 

Due to the interaction of the solar wind and the Earth's 
magnetic field, high-energy atomic particles flow above the sensible 
atmosphere along the magnetic flux lines are toward the magnetic 
poles. Within these belts, which extend from approximately 600 to 
10,000 km (Fig. 6-7), ionizing radiation increases by several orders 
of magnitude above that found at altitudes below 600 km. As seen in 
Figure 6-7, the electronic flux is greater than the proton flux. 
However, the protons are the dominating factor in damage to 
electronics since they have the greater displacement damage 
cross-section in silicon. The effects on design requirements for 
unmanned spacecraft operating within these belts involve increased 
shielding to protect electronic components. 

1013 

1012 

Orbital 

(paniciee/ 1 0 " 
cm2)/d 
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• " 0 3 6 9 12 15 18 
Altitude. 10^ nmi 

1 I I I I ! I 
0 5.55 11.1 16.65 22.2 27.8 33.3 

AltHuda. 10^ km 

Figure 6-7 Radiation Flux Versus Alt i tude 
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The free-space radiation levels to which the MSNPS spacecraft 
will be exposed in its intended orbit is approximately 6000 rad/yr 
from protons and 2E6 rad/yr from electrons. With shielding by outer 
casings, covers, or other spacecraft structure, these levels 
decrease sharply. Shielding of 1 g/cm2 (about 150 mil of aluminum) 
reduces the yearly doses to approximately 1000 rad from protons and 
200 rad from electrons. Thus, with minimum shielding, the doses 
from space radiation to the most sensitive components (i.e., 
electronics) are low enough that they are not a problem. Available 
off-the-shelf electronics can withstand doses of 10E4 rad (Pig. 
6-8), and hardened electronics are available that can withstand 
considerably higher levels. 

Galactic cosmic rays are not a major threat in terms of 
total dose, but may cause single-event upsets (SEUs) to 
electronic devices, particularly memory devices. SEUs induced 
by cosmic rays can result in loss of bits in memories, 
microprocessors, and computers. Hardening may be accomplished 
by selecting hardened electronic components, hardened circuit 
design, and selective shielding that makes the electrical and 
electronic components tolerant of the total radiation dose and 
the SEUs. Since the solar cosmic rays consist of at least 95% 
protons, the sporadic eruption of these proton showers can be 
handled in a manner similar to the trapped-belt protons (i.e., 
by direct shielding) . 

Tables 6-3 to 6-5 specify the natural radiation design 
environment. 

6.1.4 Atomic Oxygen. Atomic oxygen is present in the upper 
atmosphere as a result of the interaction of solar radiation with 
molecular oxygen causing breakdown through photodissociation to the 
atomic state. The large mean free path of the rarified atmosphere 
slows the rate of recombination to the extent that there is a" 
constant presence of atomic oxygen at the lower orbit altitudes. At 
higher orbital altitudes, the concentration of atomic oxygen 
diminishes along with the other gases (Fig. 6-9). Atomic oxygen is 
a vigorous, highly reactive oxidizer that erodes organic" materials 
when these materials are impacted with atomic oxygen at-high 
velocities. This erosion is most severe on windward-facing surfaces 
that are not shielded by intervening structure. The types of 
spacecraft materials most affected by atomic oxygen are 
graphite/epoxy, mylar, kapton, etc. Surfaces can be protected with 
inorganic materials that form a hard oxide coating, such as 
aluminum. Atomic oxygen and its reactants are believed to be 
responsible for the infrared and airglow effects that can adversely 
affect the use of sensitive optical instruments. 
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Dose 
3 100 rad/yr 

Technology 

BI-MOS ( i2uCMOS) 

Bipolar 

CMOS 
CMOS (radiation hardened) 
GaAe 
i2L 
NMOS 
PMOS 
SOS/SOl 
SOS/SOl (radiation hardened) 
TIC 
Nonsemlconductor devices 

102 103 10^ 105 10* l O ' 10* 
Total dose, rad (SI) 

109 lOlO l O l l 
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equivalent proton 
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a 10l0n/cm2-yr 

Technology 
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Figure 6-8 Radiation Susceptibility Of Semiconductor Techniques 
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T a b l e 6-3 P r o t o n F luence-Energy S p e c t r a N a t u r a l R a d i a t i o n 
Envi ronment 

Energy 
(MeV) 

1.0 -
2.0 -
5.0 -
1.0 + 
2.0 + 
3.0 + 
4.0 + 
5.0 + 
6.0 + 
8.0 + 
1.0 + 
1.5 + 
2.0 + 
2.5 + 
3.0 + 
3.5 + 
4.0 + 
4.5 + 
5.0 + 
5.5 + 
6.0 + 
7.0 + 
8.0 + 
9.0 + 
1.0 + 
1.5 + 
2.0 + 
3.0 + 
4.0 + 
5.0 + 

01 
01 
01 
00 
00 
00 
00 
00 
00 
00 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
02 
02 
02 
02 
02 
02 

Fluence 
(particles 

2.8 
2.8 
2.7 
2.6 
2.5 
2.3 
2.1 
1.9 
1.8 
1.4 
1.1 
6.4 
3.9 
3.1 
2.6 
2.3 
2.1 
1.9 
1.7 
1.6 
1.5 
1.3 
1.2 
1.1 
9.4 
5.3 
3.0 
1.1 
4.0 
1.4 

s/cm-̂ -day) 

+ 10 
-+ 10 
+ 10 
+ 10 
+ 10 
+ 10 
+ 10 
+ 10 
+ 10 
+ 10 
+ 10 
+ 09 
+ 09 
+ 09 
+ 09 -
+ 09 
+ 09 
+ 09 
+ 09 
+ 09 
+ 09 
+ 09 
+ 09 
+ 09 
+ 08 
+ 08 
+ 08 
+ 08 
+ 07 
+ 07 
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T a b l e 6-4 E l e c t r o n Fluence-Energy 
E n v i r o n m e n t - S o l a r Minimum Per iod 

Energy 
(MeV) 

1.00 -
2.00 -
3.00 -
4.00 -
5.00 -
6.00 -
7.00 -
8.00 -
9.00 -
1.00 + 
1.25 + 
1.50 + 
1.75 + 
2.00 + 
2.25 + 
2.50 + 
2.75 + 
3.00 + 
3.25 + 
3.50 + 
3.75 + 
4.00 + 
4.25 + 
4.50 + 
4.75 + 
5.00 + 
5.50 + 
6.00 + 
6.50 + 
7.00 + 

01 
01 
01 
01 
01 
01 
01 
01 
01 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
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Spectra External 

Fluence 
(particles/cm2-day) 

5.5 + 12 
2.1 + 12 
9.5 + 11 
5.2 + 11 
2.9 + 11 
2.0 + 11 
1.4 + 11 
1.0 + 11 
7.8 + 10 
6.0 + 10 
3.8 + 10 
2.4 + 10 
1.6 + 10 
1.1 + 10 
7.6 + 09 
5.2 + 09 
2.0 + 09 
7.4 + 08 
2.1 + 08 
6.2 + 07 
1.8 + 07 
5.3 + 06 
1.5 + 06 
4.4 + 05 
1.2 + 05 
0.0 
0.0 
0.0 
0.0 - -
0.0 • 
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T a b l e 6-5 E l e c t r o n Fluence Energy S p e c t r a N a t u r a l 
R a d i a t i o n E n v i r o n m e n t - S o l a r Maximum P e r i o d 

Energy 
(MeV) 

1.00 -
2.00 -
3.00 -
4.00 -
5.00 -
6.00 -
7.00 -
8.00 -
9.00 -
1.00 + 
1.25 + 
1.50 + 
1.75 + 
2.00 + 
2.25 + 
2.50 .+ 
2.75 + 
3.00 + 
3.25 + 
3.50 + 
3.75 + 
4.00 + 
4.25 + 
4.50 + 
4.75 + 
5.00 + 
5.50 + 
6.00 + 
6.50 + 
7.00 + 

01 
01 
01 
01 
01 
01 
01 
01 
01 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

Fluence 
(particles/cm2-day) 

1.2 
5.9 
2.6 
1.0 
3.9 
2.5 
1.6 
1.1 
8.2 
6.0 
3.8 
2.4 
1.6 
1.1 
7.6 
5.2 
2.0 
7.4 
2.1 
6.2 
1.8 
5.3 
1.5 
4.4 
1.2 
0.0 
0.0 
0.0 
0.0 
0.0 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

13 
12 
12 
12 
11 
11 
11 
11 
10 
10 
10 
10 
10 
10 
09 
09 
09 
08 
08 
07 
07 
06 
06 
05 
05 
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At Shuttle altitudes, the atomic oxygen density is on the 
order of lO^/cm^, which corresponds to a flux of approximately 
10l5/cm2_sec. Atomic oxygen density decreases as atmospheric 
density decreases; as a result, the deleterious effects are 
reduced by an order of magnitude from about 400 km to about 500 
km. Therefore, for the intended orbit of the MSNPS, atomic 
oxygen should not be a problem in general, although at higher 
altitudes atomic oxygen may still be a problem for certain 
materials. 

6.1.5 Thermal. The system shall be designed to operate in the 
natural thermal radiation environment due to direct solar 
radiation. Earth albedo, and Earth long wave radiation. The 
space heat sink effective temperature is (220K) including the 
above sources. 

Where practicable, each component shall be designed to 
operate continuously within an ambient temperature range of at 
least -34 deg C to +71 deg C. To prevent generating a possible 
ignition source, the temperature of any part exposed to the 
atmosphere shall not exceed 178 deg C. 

6.2 SELF-INDUCED ENVIRONMENT 

6.2.1 Effluent. The quantities of effluents are expected to 
be much larger than the quantities of contamination (e.g., 
outgassing) from other sources. Effluents can adversely 
influence the performance of the spacecraft by interfering with 
the sensor functions, by causing an attenuation of the NPB 
beam, by reducing the threshold for high-voltage breakdown, and 
by producing an ionized plasma that potentially can adversely 
affect communications and cause spacecraft charging. 

The key issue to be investigated in Phases I and II of the 
program is the effluent ionization potential resulting from the 
interaction of the effluent with the environment. It is 
expected that the effluent will ionize under the influence of 
the solar flux as well as other natural and hostile threat 
conditions. 

6.2.2 Radiation. A preliminary assessment of the radiation 
from the core, assuming 125 mm of beryllium neutron reflector 
around the core, showed a neutron fluence of approximately 
4x10^3 neutron/cm2 and a total integrated gamma dose of 
approximately 5x105 rad. Depending on the power level 
required, the standby power level could result in a doubling of 
these doses over the mission lifetime. 

For the short run times of the MSNPS, the total dose of 
gamma rays and neutrons received by the electronic components 
are several orders of magnitude below the levels the electronic 
components of the 1990s are expected to tolerate. 
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6 . 2 . 3 The rma l . TBD 

6.3 NPB INDUCED ENVIRONMENT 

The environments induced by the NPB system include 
magnetic fields, vented hydrogen, and RP generated fields. 
They are TBD. 

6.4 STRUCTURAL ' 

Static and dynamic loads are primarily driven by launch 
conditions. On-orbit structural loads will be a function of 
the MSNPS design, the Orbital Transfer Vehicle, and the payload 
or other system to which the MSNPS is attached. Orbital 
transfer thrust levels and payload skew rates and momentum 
reactions will be defined as the system design matures. 

6.5 HOSTILE ENVIRONMENT 

Specific hostile environments are unknown or cannot be 
included in this document for security reasons. The following 
paragraphs provide a general discussion of some probable 
environments and their effects. 

6.5.1 Kinetic Energy Weapon Pellets. Pellet sizes are in the 
same range as the larger space debris, but their flux is much 
higher. Consequently, the bumper thickness is dictated by the 
need to protect against kinetic energy weapon pellets. 
Conventional aluminum armor of a 150-mil thickness has been 
found to adequately protect piping and other vulnerable 
components against these threats. 

6.5.2 Radiation. Nuclear radiation resulting from nuclear 
weapon detonations include neutrons, gamma rays, and fission . 
electrons similar to the radiation emitted from the MSNPS 
reactor. This radiation can affect electronic components 
producing circuit upset and device damage.- Prompt X-ray dose 
rates also adversely affect electronic components. Total 
integrated dose -from gamma rays and neutrons may cause 
permanent charge displacement in semiconductors and reduce 
their performance. At the survivability level being considered 
for the space power system, gamma-ray and neutron doses caused 
by detonations appear to be small when compared to the total 
dose received from the reactor. 

Prompt X-ray dose rates may be protected against by 
shielding electronic boxes with 20- to 40-mil tantalum 
shielding. Component hardening can be coupled with circuitry 
circumvention to prevent upset or inadvertent sending of 
signals or data to CMOS/SOS microchip devices due to gamma-ray 
or X-ray dose rates up to lOElO rad (Si)/s. 
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Control electronics, as contrasted with power electronics, 
operate with small electrical currents at low voltages. 
Consequently, these are much more vulnerable to SEUs and high 
gamma-ray and X-ray dose rates. Radiation-hardened 
microprocessors can be used to handle digital controls. 

6•5.3 Thermal. High-energy X-rays and laser beams are the 
primary source of the hostile thermal environment effecting 
the elements of "the system that carry fluids. Continuous wave 
(CW) laser energy is absorbed on the vehicle surface in 
.contrast to pulsed lasers and X-ray heating, which cause-depth 
effects from bulk absorption. The X-ray heating is less severe 
than laser heat, but couples into the system in a different 
way. X-rays are absorbed in the bulk material, producing an 
almost instantaneous heating. In addition to the melt and 
vaporization of the laser threat, x-rays also induce failure by 
thermal shock and spallation. Heat-sensitive elements undergo 
pyrolysis, melting, or even vaporization. The amount of heat 
present depends on surface optical properties that can change-
with temperature. Heat can then be conducted to adjacent 
structures to raise temperatures above allowable levels. A 
high-temperature design incorporates surface protection and 
insulation from conducted heat for buried components. 

Hardening approaches have.used both passive and active 
measures. Passive measures to reject heat absorption use 
coatings ranging from IR reflective to high emissivity black 
coatings to low absorptivity white coatings. Multiple layer 
insulation (MLI) works well as long as the MLI survives. Metal 
foils or carbon mats can also protect against this threat. 

Carbon fiber mats provide excellent X-ray and laser 
protection. These blankets have a density ranging.from 50 to 
100 kg/m2 and thus add to the weight of the space craft. 

6.5.4 Electromagnetic Pulse (EMP). Dispersed EMP (DEMP) is 
the EMP signal from high-altitude nuclear bursts that is 
dispersed by the ionosphere and propagated to the power .system. 
Self generated EMP (SGEMP) results from the interaction of X-
rays with the system to induce large charges, voltages,'and 
currents on conductors. These currents or charges can 
penetrate into the system and cause upset or burnout. 

For bursts under consideration, fields of the order of 
magnitude of 100 to 200 v/m can be expected as a result of the 
EMP effects. The current and voltage loads associated with the 
SDI payload are much higher than the transient perturbation 
caused by EMP effects; consequently, the power circuit is not 
as adversely affected as the control circuits which-are most 
vulnerable. 
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The most severe effect of SGEMP is the cable SGEMP. It is 
caused by the electrons interacting directly with the 
conductor. This necessitates use of surge arresters and 
filters to reduce the large electrical transients. To protect 
the electronics a full topology protection is employed". For 
example, a complete conducting surface encloses the electronic 
boxes to be protected. DEMP is overcontrolled by the topology 
and terminal protective devices required by SGEMP. Low-Z 
coatings also reduce internal and external SGEMP. It will also 
be necessary to pay careful attention to grounding to mitigate 
the effects of SGEMP. 
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