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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 implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
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Government or any agency thereof. 
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LEGAL NOTICE 

This report was prepared as an account of Goverament sponsored 
work. Neither the United States, nor the Commission, nor any per­
son acting on behalf of the Commissions 

A. Makes any warranty or representation, expressed or implied, 
with respect to the accuracy, completeness, or usefulness of the 
information contained in this report, or that the vise of any in­
formation, apparatiis, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, apparatus, method, 
or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any eiHployee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of 
the Commission, or employee of such contractor prepares, disseminates, 
or provides access to, any information pursuant to his employment or 
contract with the Commission, or his esQiloyment with such contractor. 
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FOREWORD 

The United States Atomic Energy Commission awarded the Martin 
Company Contract AT(29-2)-2050 for a six-month study, effective 
May 2, 1966, to develop and evaliaate a feasible concept(s) for a 
250-watt(e) radioisotopic thermoelectric generator providing con­
trolled intact reentry of the'fuelVfram earth orbit. A concept(s) 
for handling and fueling the RTG at a Titan III launch site was 
also to be developed and evaluated. Based upon the selected system 
concept, a development program plan was to be prepared, including 
estimated costs, for the design, development, flight test and de­
livery of operationally flight qualified hardware systems. 

The flight and ground systems have been integrated by Martin 
into a single system concept designated CRONUS, an abbreviation for 
Controlled Reentry Orbiting NUclear System. Major CRONUS systems 
include the~250-watt(e) generator/reentry body (RTG/RB), the con­
trolled Intact reentry (CIR), and required ground support (AGE) 
systems which Include fuel loading (GHE). 

The following is a complete list of the documents prepared 
and submitted in accordance with Contract AT(29-2)-2050. 

Volume I 

Volume II 

Volume II 

Volump III 

Volume IV 

Volume V 

Volume VI 

W M 

— 

— 

— 

— 

— 

.. 

Svimmary 

Technical 

Appendices 

Development Program Plan 

Specifications and Data Management 

Budgetary Estimate 

Quality Assurance Plan 
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CRONUS 

SPECIFICATIONS 

INTRODUCTION 

This volume contains the following CRONUS specifications: 

MN-205O-I Specification Plan 

Documentation Plan 

Configiiration Management and Control Plan 

RTG/RB-CIR Systems Interface Specification 

AGE Interface Specification 

MN-2050-2 

MN-2050-3 

MN-2050-10 

MN-2050-20 

MN-2050-100 RTG/RB-CIR Systems Design, Performance and 
Test Requirements 

MN-2050-200 AGE Design, Performance and Test Requirements 

These specifications have been prepared (in preliminary form) 
dvu-ing Phase "0" under Contract AT(29-2)-2050 and will constitute 
the Program Requirements Baseline upon being finalized emd in­
corporated into a contract covering Phase I of the CRONUS program. 
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STUDY FOR A 250-WATT 

CONTROLLED R E | E N T R Y ORBITING NUCLEAR 

SYSTEM "CRONUS" 

Specification Plan 
MN-2050-1 

NOTE: This document has been p repared under AEC Contract AT(29-2)-
2050 

Basic Approved By: 

Martin Mar ie t ta Corporat ion 

Date: 

MARTIN COMPANY 
Bal t imore , Maryland 21203 

Manufacturer ' s Fede ra l Supply Code 38597 
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SPECIFICATION PLAN FOR THE CRONUS PROGRAM 

1.0 SCOPE 

This plan establishes the types of requirements for and methods 
of control of the contract specifications to be prepared by the contractor. 
The specifications required hereby are those considered essential for 
purposes of contractual definition and end item control. The areas 
covered by these specifications include documentation, configuration 
control, equipment requirements and interface control. 

NOTE: See Section 6 of MN-2050-100 for nomenclature and definition 
of terms used herein. 

CO^JriDChJTIAL 
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2 

2.0 APPLICABLE DOCUMENTS 

2, 1 General 

The following documents of the issue date shown form, a par t of this 
document to the extent specified here in . In case of any conflict between 
this specification and any referenced document, the r equ i rement s of this 
document shall govern. 

2. 1. 1 Air F o r c e . AFSCM 375-1 , 1 June 1964, Configuration Man­
agement During the Definition and Acquisition P h a s e s . 

2. 1, 2 Contractor . 
P rog ram, 

MN-2050-2, Documentation Plan for the CRONUS 

CONriDCNTJ;^^. 
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3.0 REQUIREMENTS 

3. 1 Genera l 

Contract specif icat ions, whether p repa red during Phase 0 or Phase 
1 of the contract , a re not r e s t r i c t e d to any pa r t i cu la r phase of the 
CRONUS p r o g r a m , but shall be maintained in an up- to-da te s ta tus through­
out the p r o g r a m . 

3, 1, 1 Type. The specifications r equ i red hereby shal l be Type 1 
negotiated documents in accordance with MN-2050-2. 

3. 1. 2 Status. The re la t ionships between the contract , the s ta tement 
of work and the contract specifications for the var ious phases of the 
CRONUS p r o g r a m a re depicted in F ig . 1, "Contract Specification T r e e . " 

3 . 1 . 3 Philosophy. The specifications descr ibed here in a r e intended 
to be formal contractual documents requi r ing Con t r ac to r -P rocu r ing 
Agency negotiation and approval . Once approved and incorporated into 
the cont rac t , further changes shall r equ i re separa te negotiation and ap­
prova l . The contract , s ta tement of work and contract specif icat ions, 
taken together , shall form the bas i s upon which all CRONUS sys t ems 
and equipment will be designed, fabr icated, tes ted and accepted. 

Specifications shal l be p repa red , coordinated and negotiated as ex­
peditiously as poss ible in o rde r that: 

(a) Work effort can be planned on the bas i s of f i rm contractual 
r e q u i r e m e n t s . 

(b) Technical p rob lems affecting p r o g r a m schedules and contract 
can be reso lved ear ly . 

(c) All personnel have a detailed basel ine of agreement from which 
to work. 

3. 2 Implementat ion 

See F ig . 2. 

3. 2. 1 Coordination. All contract specifications defined here in shal l 
be throughly coordinated within the Cont rac tor ' s organization and with 
the AEC p r i o r to negotiation. The coordination phase of specification 
development shall be c a r r i e d out in the following sequence: 

(a) The Contrac tor shall p r e p a r e and dis t r ibute in te r im specif i­
cations to cognizant agencies for review and comment . 

(b) Coordination shall be completed through the convening of 
mee t ings , as r equ i red . 

coMriDChm.M 
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M N - 2 0 5 0 - 1 
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Al l c o n t r a c t s p e c i f i c a t i o n s , 
once a p p r o v e d , b e c o m e 
a p p l i c a b l e to and a r e m a i n ­
t a i n e d t h r o u g h o u t a l l p h a s e s 
of the p r o g r a m . 

C o n t r a c t s p e c i f i c a t i o n s p r e ­
p a r e d d u r i n g P h a s e " O " 
f o r m the 

P R O G R A M R E Q U I R E M E N T S 
B A S E L I N E 

C o n t r a c t s p e c i f i c a t i o n s p r e ­
p a r e d d u r i n g P h a s e I f o r m 
the 

DESIGN R E Q U I R E M E N T S 
B A S E L I N E 

C o n t r a c t s p e c i f i c a t i o n s p r e ­
p a r e d d u r i n g P h a s e II f o r m 
the 

P R O D U C T C O N F I G U R A T I O N 
B A S E L I N E 

C o n t r a c t 

S t a t e m e n t 
of W o r k 

(Sand ia C o r p o r a t i o n T e c h n i c a l D i r e c t i o n ) 

S p e c i f i c a t i o n P l a n 
M N - 2 0 5 0 - 1 

D o c u m e n t a t i o n P l a n 
M N - 2 0 5 0 - 2 

R T G / R B - C I R S y s t e m s S p e c 
M N - 2 0 5 0 - 1 0 0 

RTG/RB Syatem 
CEI Specs - Part I 

MN-2050-110 
RTG/RB (iMfueled) 
Klectrlcal Heat Source 
Dummy Heat Source 
Sr 90 Heat Source Conqxjsents 
Pu-238 Heat Source Components 
T / E Subsystem 
Beacon 
Radiator 
Heat Shield 
Aft Cap 
Voltage Regulator 

Preliminary procurement 
specs for selected Items 
needed for development, 

Config M g m t & C o n P l a n 
M N - 2 0 5 0 - 3 

R T G / R B - C I R S y s t e m s 
I n t e r f a c e S p e c M N - 2 0 5 0 - 1 0 

CIR System 
CEI Specs - P a r t I 

MN-2050-120 

CIR (Less P ropu l s ion Con5>onents) 
Ordnance Devices, P r o p u l s i o n 
S t r u c t u r e s 
NOTE: TTSsC equipment ( v e h i c l e 

equipment) I s GFE. 

P r e l i m i n a r y p r o c u r e m e n t s p e c s 
fo r s e l e c t e d i t e m s n e e d e d fo r 
d e v e l o p m e n t . 

S r - 9 0 F u e l I n t e r f a c e 
S p e c M N - 2 0 5 0 - 1 1 

P u - 2 3 8 F u e l I n t e r f a c e 
S p e c M N - 2 0 5 0 - 1 2 

Requirements f o r 
GFE ( F l i g h t ) 
Sr 90 Heat Source 
Pu 238 Heat Source 
TT&C Veh ic l e Equipment 

A G E I n t e r f a c e S p e c 
M N - 2 0 5 0 - 2 0 

Requirements for 
GFE (Ground) 
Radiation Monitors 
TT&C Checkout Set 
Launch Complex Facilities 
Range Facilities 

A G E S y s t e m S p e c 
M N - 2 0 5 0 - 2 0 0 

AGE-OGE 
CEI Specs - P a r t I 

MN-2050-210 

Laiinch and Checkout C o n t r o l 
Console 

N\iclear AGE C o n t r o l and 
Monitor Console 

Go-No Go Analyzer 
Antenna B&t 
Radio Beacon Checkout Se t 
Pover Sirpply (28 V) 

NOTE: TTOC equipment (grotind 
s t a t i o n s ) i s GFE 

R T G / R B S y s t e m 
C E I S p e c s - P a r t II 

CIR S y s t e m 
C E I S p e c s - P a r t II 

P r o c u r e m e n t 
S p e c s 

AGE-GHE 
CEI Specs - Part I 

MN-2050-220 

Fueling Machine & Support Structure 
Fuel Boom and Retraction Mechanism 
Siipport Structure Pallet 
Heat Source Transportation Cask 

Preliminary procurement specs 
for selected items needed for 
development. 

A G E - O G E 
C E I S p e c s - P a r t II 

P r o c u r e m e n t 
S p e c s 

AGE-M3E 
CEI Specs - Part I 

MN-2050-230 

Alignment Kit 
Ordnance Checkout Set 
Battery Checker 
Tools and Spares 

NOTE: TTSeC eqiilpment 
(mobile test set) 
is GFE 

A G E - G H E 
C E I S p e c s - P a r t II 

P r o c u r e m e n t 
S p e c s 

A G E - M G E 
C E I S p e c s - P a r t II 

P r o c u r e m e n t 
S p e c s 

P r o c u r e m e n t 
S p e c s 

F i g . 1 . CRONUS S p e c i f i c a t i o n T ree 

•COr^riDLNTIAL 
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Fig. 2. Specification Implementation 



3 .2 .2 Negotiation. Specification negotiation meet ings shall be con­
vened with the AEC as neces sa ry to negotiate specification c r i t e r i a and 
r equ i r emen t s not resolved during the coordination phase . 

3 . 2 . 3 Approval. Upon completion of specification negotiat ions, the 
specifications shall be typed in final form, reproduced and submitted 
to the Contracting Officer for approval and incorporation by reference 
in the contract . Distribution of approved specifications shall be made 
by the Contractor in accordance with the requ i rements of the Documen­
tation Plan (MN-2050-2) and/or the contract . Subsequent specification 
rev is ions shall be coordinated, negotiated and submitted for approval 
in the same manner as stated above. 

3. 3 P repa ra t ion 

Specifications shall be p repa red , using AFSCM Manual 375-1 as 
a guide for format and content. System specifications, interface speci ­
fications and CEI specifications shall use a basic format which includes 
six major sect ions as follows: 

1. SCOPE 

2. APPLICABLE DOCUMENTS 

3. REQUIREMENTS 

4. QUALITY ASSURANCE PROVISIONS 

5. PREPARATION FOR DELIVERY 

6. NOTES (including definitions) 

3. 4 Content 

3 . 4 . 1 System Specification for the CRONUS RTG/RB and CIR Sys­
t e m s (MN-2050-100). This specification se rves as the top sys tem spec -
ification for the RTG/RB and CIR s y s t e m s . It in tegra tes all specifi­
cations in the specification t r e e and includes genera l r equ i rement s 
for the following a r e a s : 

(a) General design and construction requ i rement s and c r i t e r i a 

(b) System performance and rel iabi l i ty 

(c) Operat ional considera t ions , including maintenance 

(d) System safety 

COf^riDCNTIAL 
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(e) System quality a s su rance , including testing 

(f) System documentation 

(g) Requirements for Government-furnished equipment and 
s e rv i ce s . 

3 . 4 . 2 System Specification for the CRONUS AGE (MN-2050-200). 
This specification es tab l i shes c r i t e r i a and requ i rements applicable to 
the CRONUS AGE. It faci l i tates identification of requi rements peculiar 
to the support equipment and in tegra tes all specifications and control 
documents in the specification t r e e applicable to AGE. The specification 
es tab l i shes general r equ i rements for the following a r e a s : 

(a) Identification and util ization of CRONUS AGE 

(b) Functional and performance requ i rements 

(c) Design and construction c r i t e r i a and requ i rements 

(d) Requirements for development, qualification and acceptance 
test ing 

(e) Requirements for Government-furnished equipment and se rv ­
ices . 

3 . 4 . 3 Interface Specification for the CRONUS RTG/RB-CIR Sys­
t e m s (MN-2050-10). This specification identifies interface a r ea s be­
tween the RTG/RB-CIR Systems and the launch/sate l l i te vehicle and 
es tab l i shes r equ i rement s and c r i t e r i a governing physical and functional 
interfaces and installation and integration responsib i l i t ies . This docu­
ment , when approved, will become a formalized source of interface 
information affecting the AEC, Use r , Contractor and cognizant Govern­
ment agencies . The specification encompasses the following interface 
a r e a s : 

(a) Functional 

(b) Phys ica l 

(c) Installation and integrat ion 

(d) Nuclear fuel, fuel encapsulation and fuel handling respons i ­
bil i t ies 

(e) Safety c r i t e r i a and const ra ints 

(f) Requirements for Government-furnished equipment and 
s e r v i c e s . 
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3 .4 .4 Interface Specification for the CRONUS AGE (MN-2050-20). 
This specification defines both s ides of the interface between CRONUS 
AGE and the using vehicles (and the i r supporting equipment and facil i t ies 
and support s e rv i ces ) . This interface specification will se rve a s the 
formal document in which interface ag reement s between con t rac to r s and 
Government agencies will be recorded . The specification defines in te r ­
face c r i t e r i a and requi rements for: 

(a) Identification of interface a r ea s 

(b) Operat ional and functional interfaces 

(c) Phys ica l interfaces 

(d) Installation and integration interfaces 

(e) Government-furnished equipment and serv ices , 

3 . 4 . 5 Documentation Plan for the CRONUS P r o g r a m (MN-2050-2). 
The documentation requ i rement s plan es tabl ishes the total r equ i r emen t s 
for Con t r ac to r -p repa red documentation. The plan identifies the follow­
ing a r e a s : 

(a) Nomenclature and document identification numbering sys tem 
or specific numbers 

(b) A statement of the purpose and content of the i tem 

(c) Classification of documentation or classification guide 

(d) Requirement(s) for p repara t ion 

(e) Submittal per iods 

(f) Documentation addressees 

(g) Distr ibution quanti t ies . 

3 .4 .6 Configuration Management and Control Plan for the CRONUS 
P r o g r a m (MN-2050-3)," This document es tabl ishes the r equ i r emen t s to 
provide positive identification of a l l end i t ems , s t r i c t control over changes 
throughout the p r o g r a m life and a detai led accounting of the i r au thor iza­
tion, incorporat ion, verification and documentation. The following a r e a s 
a r e defined by the plan: 

(a) Identification. P r o g r a m requ i r emen t s , basel ine, design r e ­
qui rements basel ine and product configuration basel ine 

:*:MND:-2050:-F-a: 



(b) Control . Change classification, review and administrat ion 

(c) Verification. Change cert if icat ion. 

(d) Review and Inspection. P r e l i m i n a r y design review, cr i t ica l 
design review and f irst a r t ic le compliance inspection 

(e) Accounting. Change s tatus 

(f) Reporting. 

3 .4 .7 Subsidiary Specifications. Planned specifications subsidiary 
to those previously discussed are i l lus t ra ted within dotted outlines in 
F ig . 2. Basical ly , these specifications shal l be established for (1) 
control of contract end i tems (CEI), p rocured or subcontracted a r t ic les 
and se rv i ce s and (2) to more specifically define for AEC, the User and 
the Contractor , the equipment, faci l i t ies , p rocedures and responsib i l i ­
t i es re la ted to integration of CRONUS into the satell i te p rog ram. The 
subsidiary specifications shall be p repa red to define requi rements and 
c r i t e r i a for the designated subsys tems and components. Pa r t i cu l a r 
emphas is shall be placed on definitions of design const ra in ts , fabrication 
requ i rements and t e s t s nece s sa ry for qualification and acceptance of 
Contrac tor- furnished a r t i c l e s . 

3. 5 Changes 

3. 5. 1 Proposed Changes. 

3. 5, 1. 1 F o r m a t . Proposed changes to approved Cont rac to r -p repare 
Contract Specifications shall be p repa red on Specification Change Notice 
(SCN) f o r m s . F ig . 3. Additional pages may be added as neces sa ry to 
provide for all ma te r i a l to be included in the par t icular SCN. 

3. 5. 1. 2 SCN Identification. SCN's shal l be identified by specifica­
tion number , by volume number (if submit ted against a mult iple-volume 
specification) and alphabetically; e . g . , "MN-2050-200, SCN-A," "MN-
2050-100, SCN-AA," "MN-2050-120, SCN-III-A," etc. Revised SCN's 
shall be identified numerica l ly as follows: "MN-2050-120, SCN-III-A, 
Revision 1, " e tc . 

3. 5. 1. 3 SCN Contents. The SCN shall identify the pages and p a r a ­
graphs , e tc . , to be changed, the detai ls of the change in such a manner 
that the change may be evaluated with a minimum of reference to the 
parent document, and the reason for the proposed change. Presenta t ion 
of the change shal l be confined to one of the following methods: 

(a) P r e s e n t the lowest possible identifiable paragraph, i. e. , 
numbered paragraph or le t te red subparagraph, showing in 
the p rope r position all words cur ren t ly approved, those p r o ­
posed for deletion and those proposed for addition. Dele­
tions shall be indicated by s t r ik ing through each le t te r of 

COMriDENTIAL-
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CONTRACT NO: 

PRIORITY: 

SPECIFICATION CHANGE NOTICE 

NUMBER: 

DATE: 

SPECIFICATION NO: 

TITLE: 

DATED: 

CCP NUMBER: 

CHANGE: 

REASON FOR CHANGE: 

Fig. 3. Specification Change Notice Form (pink copy) 
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the words deleted with a s lash mark; additions shall be under­
lined in the proposed text (such as paragraph-t i t les) which 
shal l be double underl ined. 

Example: 

Page 5, Pa rag raph IV. A. 1; Change the title and f irst sen­
tence as follows: 

SVylife F o r m a t - -Jj^T^to^^d Proposed changes to approved 

$$D tiiih^t Contrac tor P r e p a r e d Contract Specifications 
defined here in shall be p repared on Specification Change 
Notice (SCN) form. F ig . 3. 

(b) Where an individually numbered paragraph is to be added or 
deleted in its ent i re ty , the proposed change shall indicate this 
fact in the following manner : 

Deletion Example: 

Page 3, P a r a g r a p h II. A, 4. c; Revise paragraph to show 
deletion as follows: 

c. Deleted. 

Addition Example: 

Page , P a r a g r a p h III. A. 6; Add new subparagraph as 
follows: 

6. NOTES (including Definitions). 

3. 5. 1. 4 SCN Submittal. The SCN may be submitted independently 
or as par t of a Contract Change P roposa l (CCP) package. The SCN shall 
be printed on pink paper to aid in distinguishing it from an approved SCN. 
SCN's shal l be submitted to AEC for all specification changes except 
for the following edi tor ia l - type changes, which may be issued by a Con­
t r ac to r -execu ted SCN with re fe rence to th is specification for authority: 

a. Nomenclature changes 

b . Typographical e r r o r s 

c. Changes in format 

d. Revision to Table of Contents . 
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3 ,5 ,2 Approved Changes. SCN changes shall be approved ei ther by 
an AEC Contracting Officer 's le t te r or formal approval-of a CCP of which 
the SCN was a par t . 

3. 5. 2. 1 Fo rma t and Identification. The approved SCN shall be 
identified by a numbering sys tem, as opposed to the le t ter ing sys tem 
shown in Pa rag raph IV. A. 2 herein; e .g . , MN-2050-100, SCN-1, MN-
2050-120, SCN-III-1 , e tc . The difference in the numbering sys tem and 
the use of pink paper will aid in distinguishing the approved SCN from the 
unapproved SCN. 

3. 5. 2. 2 SCN Contents . The re l eased SCN shall include a cover 
sheet (Fig. 4) and revised pages to be incorporated into the Specification. 
The rev ised pages shall be identified by an a s t e r i sk after the page number . 
The a s t e r i sk shall reference a note at the bottom of the page identifying 
the SCN and the Contracting Officer 's authorization. The SCN number 
shall be placed in the left margin of the sheet opposite each paragraph 
which has been changed. If the changed paragraph has been previously 
changed, only the latest SCN number shall appear . 

3. 5. 2. 3 SCN Distribution. Approved SCN's shall be distr ibuted by 
the Contrac tor to al l rec ip ients of the parent document against which 
the SCN is issued, as determined from the Cont rac to r ' s distr ibution 
r e c o r d s . 

3. 5. 3 Specification Revised Page Index. The Contractor shall p r e ­
pa re and maintain a Specification Revised Page Index (SRPI) for each 
Con t rac to r -p repa red specification requi red herein. The Specification 
Revised Page Index shal l cumulatively l is t all authorized changes against 
the specification subsequent to approval . The index shall be p repa red 
in genera l accordance with the format of Fig. 5 here in , with such modi­
fications as may be needed in o rde r to make the index compatible with 
its parent document. Specification Revised Page Indices provide a 
running c le r ica l tabulation of events and need not be submitted for ap­
proval , but shall instead be p repa red and issued as a par t of every ap­
proved SCN re leased . For multiple volume specif icat ions, a separa te 
SRPI shall be used for each volume and shall contain information r e l a ­
tive only to that volume. 

3 . 5 .4 Changes to Approved Interface Specifications. 

3 . 5 . 4 . 1 Proposed Changes. 

a. Coordination. The Contractor or U s e r ' s Cont rac tor , for 
changes which he or ig ina tes , shal l informally coordinate the proposed 
change with the other affected Cont rac tors p r io r to submission of the 
change. The change shall be by an Interface Specification Change Notice 
P roposa l (ISCNP) and shall be coordinated and submitted as "emergency , " 
" u r g e n t , " "compatibil i ty" or " rout ine" change, depending on pert inent 
scheduling cons idera t ions . 

CQhJriDDITI.U 
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MAKTIN COMPANY 

CONTRACT NO: 

PRIORITY: 

SPECIFICATION CHANGE NOTICE 

NUMBER: 

DATE: 

SPECIFICATION NO: 

TITLE: 

DATED: 

SCN (PRELIMINARY): 

CCP: 

CHANGE: 

INSTRUCTIONS: 

AUTHORITY FOR CHANGE: 

FILE THIS PAGE AFTER THE REVISED PAGE INDEX OF 
THIS SPECIFICATION TO INDICATE LATEST CHANGE 

MARTIN APPROVAL: 

Fig. 4. Specification Change Notice Form (approved) 
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Martin Specification MN-2050-100 SRPI Sheet No. I 

Dated 

SPECIFICATION REVISED PAGE INDEX 
AS OF 

Superseding the SRPI Issue Dated 

This Specification Revised Page Index identifies all authorized 
changes to, and al l cu r ren t pages of, this Specification, as of 
the date shown above. This index is cumulative and therefore 
supe r sedes al l previous Indices. This Index should be inse r ted 
in the Specification immedia te ly following the Ti t le Page and 
immediate ly preceding the SCN shee t s . Detailed information 
on each change may be found on the applicable SCN sheet. 

PAGE NO. PARA. NO. 

SCN NO. 

PRELIMINARY APPROVED CCP NO. UCN 

This Specification cons is ts of a Ti t le Page , 
Specification Revised Page Index s h e e t s , SCN, 

Table of Contents s h e e t s , Pages of 
Text (Page number is the las t page), and 
Pages of Appendix (Page number is the 
las t page). 

MARTIN APPROVAL 
& CERTIFICATION 

Fig. 5- Specification Revised Page Index 
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b. ISCNP Fo rma t . The format for the Interface Specification Change 
Notice Proposa l (ISCNP) is shown in Fig . 6 and is detailed below. All 
en t r ies shall be made by the initiating Contractor unless otherwise speci ­
fied here in . 

(1) Indicate page number and total number of pages in ISCNP. 

(2) ISCNP No. Inser t identification including revision, when 
applicable, in accordance with paragraph IV. D. 1. 3a here in . 

(3) Date. Inser t date of initiation of the ISCNP. 

(4) Specification No. and Date. Inser t specification number in­
cluding revis ion, if any, and date of the specification or the 
date of its revis ion, as applicable. 

(5) Specification Ti t le . Inser t complete title of the interface 
specification against which the proposed change is directed. 

(6) Name. Inser t the names of the Custodian Contractor and 
Associate or Integrating Contractor(s) affected by the proposed 
change. 

(7) Contract Number . Inser t Cont rac to r ' s applicable contract 
number . 

(8) CCP No. Each Contractor shall inser t his CCP number when 
applicable. If the proposed change is not par t of a CCP, in­
s e r t "NONE." 

(9) Contract P r i c e Effect. Each Contractor shall inser t one of 
the following, as applicable: 

(a) NONE. 

(b) YES, see re ferenced CCP (or other proposal action). 

(10) Other Contractual Documents Affected. Each Contractor shall 
l is t his other contractual documents which have an associated 
proposed change in p r o c e s s . Give complete t i t l e s , numbers , 
dates and ISCNP's when known. The proposed changes (SCN's) 
to such other documents shall also contain reference to the 
ISCNP. Inser t "NONE" if there a re no such documents af­
fected. 

(11) Proposed Change. Insert the proposed change, in accordance 
with the r equ i r emen t s of P a r a g r a p h IV. A. here in . If space 
does not pe rmi t complete descript ion on the ISCNP form, the 
words "See Attached Sheets" or a s imi l a r ph rase shall be 
used and supplemental pages added as requi red . 

• • • • • • • • • f • • • • • 
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Page 1 of 

INTERFACE SPECIFICATION CHANGE NOTICE PROPOSAL 

ISCNP NO: 

SPECIFICATION NUMBER: 

SPECIFICATION TITLE: 

NAME: 
CONTRACT NO: 
CCP NO: 
CONTRACT PRICE E F F E C T : 
OTHER CONTRACTUAL 
DOCUMENTS A F F E C T E D : 

D A T E : _ 

D A T E : _ 

CUSTODIAN 
CONTRACTOR 

ASSOCIATE 
CONTRACTOR 

PROPOSED CHANGE: 

REASON FOR CHANGE: 

EFFECTIVITY: 

CUSTODIAN CONTRACTOR: 
ASSOCIATE CONTRACTOR: 

CONTRACTOR APPROVAL: 

CUSTODIAN CONTRACTOR DATE 
(Typed Name and Title) 

ASSOCIATE CONTRACTOR DATE 
(Typed Name and Title) 

Fig. 6. Interface Specification Notice Proposed Form 
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(12) Reason for Change. The r easons shall be brief while main­
taining complete c lar i ty . Supporting data to substantiate the 
reasons for the change shall be attached to the ISCNP when 
neces sa ry . AEC/Sandia- reques ted changes shall be supported 
by reference to the document request ing the change. 

(13) Effectivity. Each Contractor shall indicate the effectivity for 
this change to his own " s ide" (portion for which he is contractual­
ly responsible) of the interface. 

(14) Cont rac tors Approval. Inser t the names of other affected 
Contractor(s) where indicated. Each Contractor shall type 
the name and tit le of the individual authorized to sign. Each 
Contractor shall indicate approval by the signature above the 
typed name and tit le and the date of the s ignature. 

c. ISCNP Identification. ISCNPs shall be identified by document 
number and ISCNP number , e . g . , MN-2050-10 ISCNP-25, e tc . Blocks 
of ISCNP identification numbers to be used by affected Contrac tors will 
be preass igned through in te rcont rac tor coordination. 

d. Classification. The forwarding l e t t e r , or the ISCNP t ransmi t t a l , 
shall indicate whether the ISCNP is c lassed as Emergency, Urgent , Com­
patibility or Routine. Definition of p r io r i ty c lass i f ica t ions- -Emergency , 
Urgent, Compatibili ty and Rout ine--shal l be as described in AFSCM 357-1, 
Exhibit XIX. 

e. Submittal . The originating Contractor shall forward the r e p r o ­
ducible action copy of the ISCNP to other affected Contrac tors . An 
information copy of the forwarding le t te r and the ISCNP shall be sub­
mitted to AEC/Sandia and the using agency (see F igs . 7 and 8). The 
le t ter forwarding the ISCNP shall : 

(1) Indicate the date and/or event on which contractual approval 
is r equ i red . 

(2) If the ISCNP is c lassed as emergency or urgent , indicate the 
r e a s o n s for such classif icat ion, including consequences if 
the approval date is not met . 

(3) F o r the purpose of expedited reac t ion , all correspondence 
generated by the initiating Contractor, which is addressed to 
(including copies) o the r s , shal l be sent to the attention of the 
specification control group in that Cont rac to r ' s organization 
and shal l contain the name aind phone number of the person 
in the originating Con t rac to r ' s organization who is r e spons i ­
ble for the change. 

, , , , , , . . . . . . . . . • • • • • , ' : 

MNPr2<?^--FH' ' .̂  f i • : '. i t 
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Originating 
contractor 

Information copy 

Reproducible 
action copy 

Other 
affected 
contractors 

Information copy 

Contractual 
approval 

Technical 
and/or 
contractual 
approval 

I Information copy Using 
agency 

A A A 

Information copy 

J 
Contractual 
approval notice 

Technical and/or 
contractual approval 

Action copy 

F i g . 7- U s e r / C o n t r a c t o r F low Diagram f o r ISCNP S u b m i t t a l 
and A p p r o v a l 

Martin 
Company 
(originating 
action) 

Information copy 

Reproducible 
action copy 

' Information 
I copy 

Contractual 
approval 

Mound 
Laboratory 

Action copy i 

Contractual 
approval 

F i g . 8 . A s s o c i a t e C o n t r a c t o r F low D iagram f o r ISCNP S u b m i t t a l 
and A p p r o v a l 

CQUDDIN-TIJ^L 
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f. Reaction Time. All affected Contrac tors and Government agencies 
shall reac t to and reply to ISCNP's directed to that agency within the r e ­
action t imes specified here in . Unless the originating Contractor spec i ­
fies an increased t ime l imit , the following t ime l imits shall be adhered 
to: 

(1) Emergency ISCNP. As soon as poss ible , but not more than 
24 hours after rece ip t . 

(2) Urgent ISCNP. 5 working days after rece ip t . 

(3) Routine ISCNP. 15 working days after rece ip t . 

g. Associa te / In tegra t ing Contractor Review. The Contractor r ece iv ­
ing the ISCNP for review shall complete the i tems of the ISCNP as spec ­
ified in Pa rag raph IV. D. 1. 2 h, i, j and m here in and indicate his ap­
proval or disapproval . 

(1) When approved, the approval will be noted on the ISCNP as 
specified in P a r a g r a p h IV. D. 1. 2n here in . The approved 
ISCNP shal l be forwarded to AEC, with an information copy 
to the originating Cont rac tor . 

(2) If the Cont rac tor cannot approve the ISCNP, effort to reso lve 
the a r e a s of d isagreement shall be nciade. If complete a g r e e ­
ment cannot be achieved, the disapproval shall be noted in a 
l e t t e r or teletype to AEC with an information copy to the o r ig ­
inating Cont rac to r . The Contrac tor shall indicate the specific 
port ion of the ISCNP that he disapproves together with suffi­
cient r easons to enable AEC to render disposition of the ISCNP. 

3 . 5 . 4 . 2 Approved Changes 

a. Authority. All approved changes to an ISCNP shal l be as di rected 
in writ ing by the AEC Contracting Officer. The approval or disapproval 
shall be d i rec ted in a concurrent and compatible manner to all affected 
Contrac tors and shall d i rect affected Cont rac tors to work to the approved 
change and shall further d i rect the Custodian Contractor to p repa re and 
dis t r ibute an ISCN. This authorization shal l be by one of the following: 

(1) Le t te r approval 

(2) Teletype approvals ca r ry ing the word "signed" and the name 
and t i t le of the Contracting Officer shal l be construed to be 
wri t ten direct ion within the intent of this pa ragraph . 

(3) Contract Change Notice (CCN) or other contractual documentation 
approving a CCP shall be construed as wri t ten direction within 
the intent of this pa ragraph for all ISCNP's re la ted to the CCP 
when such ISCNP's a r e rece ived p r io r to , concurrent with or 
as a physical pa r t of the CCP submit ta l . 

CQhJriDDIThM 
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(4) Disapproval shall be by AEC letter. 

b. ISCN F o r m a t . Changes approved in accordance with Pa rag raph 
2. 1 above shall be p repa red by the Custodian Contractor on Interface 
Specification Change Notice (ISCN) forms (Fig. 9). 

c. ISCN Identification. ISCN's shall be identified by specification 
number , and numer ica l ly , e . g . , MN-2050-200 ISCN-3 e tc . 

d. ISCN Contents. The ISCN shall reflect the Contracting Officer 's 
le t ter (s) of approval (authorization) or other authorizing medium, shall 
reference appropr ia te ISCNP(s), CCP(s) and shall include revised pages 
to be incorporated into the Specification. 

(1) The rev i sed pages shall be identified by an as te r i sk after the 
page number . The as te r i sk shal l re ference a note at the bot­
tom of the page identifying the ISCN and Contracting Officer 's 
authorization. 

(2) The ISCN number shall be placed in the left margin of the 
sheet opposite each paragraph which has been changed. If 
the changed pa ragraph has been previously changed, only the 
latest ISCN number shall appear . 

(3) A single ISCN may be used to r e l e a s e changes approved by 
more than one (1) ISCNP, providing the approved ISCNPs 
have the same effectivity. 

e. Specification Revised Page Index. The Contractor shall p r e ­
pa re and maintain a Specification Revised Page Index (SRPI) for each 
Interface Specification for which the Contractor has been designated 
as custodian. The Specification Revised Page Index shal l cumulatively 
l ist all authorized changes against the specification. The Custodian Con­
t r ac to r shall p r e p a r e and issue a revised and cur rent SRPI as a par t 
of every ISCN issued in accordance with th is specification. The SRPI 
shall be p repa red in genera l accordance with the format of Fig. 5 h e r e ­
in, with such modifications as may be needed in o rder to make the index 
compatible with its parent document. SRPI 's shall be p repared by the 
Custodian Contractor as descr ibed above, without specific individual 
direct ion of the P rocu r ing Activity and need not be submitted for approval. 

f. ISCN Distribution. ISCN's shall be distr ibuted by the Custodian 
Contractor to all r ec ip ien ts of the parent document as determined by 
the Custodian Con t rac to r ' s distr ibution r e c o r d s . 

CONriDCNTlAb 
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INTERFACE SPECIFICATION CHANGE NOTICE 

NUMBER: 
DATE: 

SPECIFICATION NO: 

TITLE: 

DATED: 

ISCNP: 

CCP/ECP: Custodian Contractor: 

Associate Contractor: 

PURPOSE OF CHANGE: 

EFFECTIVITY: 

Custodian Contractor; 

Associate Contractor: 

INSTRUCTIONS: 

AUTHORIZATION: Custodian Contractor; 

Associate Contractor: 

FILE THIS PAGE AFTER THE REVISED PAGE INDEX OF 
THIS SPECIFICATION TO INDICATE LATEST CHANGE. 

CUSTODIAN CERTIFICATION: 

Fig. 9- Interface Specification Change Notice Form 



3. 5. 5 Urgent and Emergency Submittals . The Contractor is author­
ized to submit SCN's and ISCNP's to AEC by teletype for urgent and com­
patibility submit ta ls and by telephone with teletype followup for emergency 
submit ta ls . 

3. 5.6 Specification Revis ions . All proposed specification rev is ions , 
as opposed to changes, to approved contractual specifications shall be 
submitted to the AEC Procur ing Activity Configuration Management Of­
ficer for negotiation, and to the AEC Procur ing Activity Procurement 
Division for approval . 

3. 5, 7 Usage of Reference Specifications. The extent of applicability 
of Specifications, Standards, Exhibits and other s imi la r documents ref­
erenced in Con t rac to r -p repa red and Government- issued documents shall 
be one of the following ca tegor ies , as applicable: 

3. 5. 7. 1. Total Applicability. The reference makes all t e r m s and 
conditions of the document applicable. 

3. 5. 7. 2 P a r t i a l Applicability. The reference makes par t of the doc­
ument , such as a specific paragraph,appl icable . 

3. 5. 7. 3 Applicability with Deviation. The reference makes the docu­
ment totally or par t ia l ly applicable and further s ta tes specific deviations. 

3. 5. 7. 4 Applicability as a Guide. The reference s ta tes applicability 
as a guide or design objective. It ves t s in the Contractor the responsibi l i ty 
for select ing and implementing the applicable requi rements of those doc­
uments , the selection being based on the Cont rac tor ' s sound management 
and engineering judgment. 

4. 0 QUALITY ASSURANCE PROVISIONS 

Quality of documentation shall be as specified in MN-2050-2 

5. 0 PREPARATION FOR DELIVERY 

Prepa ra t ion for del ivery shal l be as specified in MN-2050-2. 

6 .0 NOTES 

. . M l * • • • • • • • ' • • • » • • • • • • . • 
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DOCUMENTATION PLAN FOR THE CRONUS PROGRAM 

1.0 SCOPE 

1. 1 Scope and Purpose 

This plan establishes the types and quantities of documentation to 
be furnished and delivered to the Procuring Activity (The United States 
Atomic Energy Commission) by the Contractor. This plan covers the 
requirements for documentation applicable to the CRONUS program 
management, development, design, fabrication and testing. Nothing 
contained in this documentation plan shall affect the rights of the Com­
mission to any reports, documents, or data required to be submitted 
under this contract. The Commission and the Contractor have endeav­
ored to incorporate in this plan the current requirements for docu­
ments, reports and data the submittal of which is known to be required 
on a periodic basis or at some identifiable point in time in the course 
of the CRONUS program. It is understood, however, that failure to 
include herein any documents, reports , or data does not relieve the 
Contractor of any obligation to submit such documents, reports or 
data. 

1. 2 Plan Organization 

This document is organized essentially in two major sections; 

a. Contract Data Requirements List, i. e. , data, manuals, 
plan, reports 

b. Basic specification requirements, i. e. , system specifica­
tions and end item specifications 

NOTE: See Section 6 of MN-2050-100 for nomenclature and definition 
of terras used herein. 

CQNriDCNThM 
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2.0 APPLICABLE DOCUMENTS 

2. 1 General 

The following documents of the issue date shown form a par t of this 
document to the extent specified here in . In case of any conflict be ­
tween this specification and any referenced document, the r e q u i r e ­
ments of this document shall govern. 

2. 1. 1 Mili tary Specifications. 

MIL-D-1000 

MIL-M-5474C 
(USAF) 

MIL-E-6051C 
Amendment 1 

MIL-M-38310 

MIL-STD-785 

MIL-STD-826 

NPC 250-1 

Drawings, Engineering and Associated 
L i s t s , dated 1 March 1965 

Technical Manuals: Genera l Requi re­
ments for P repara t ion of, dated 30 
Apri l 1960 and Amendment 3 dated 15 
Apr i l 1963 

E lec t r i ca l -E lec t ron ic System Compat i ­
bility and Interference Control Requi re­
ments for Aeronaut ical Weapon System, 
Associated Subsystem and Aircraf t , 
dated 10 September 19 64 

Mass P rope r t i e s Control Requirements 
for Missi les and Space Vehic les , dated 
15 December 1964 

Requirements for Reliability P r o g r a m 
(For System and Equipments) , dated 
30 June 1965 

Elect romagnet ic Interference Tes t Re ­
qui rements and Tes t Methods, dated 
20 January 1964 

Reliability P r o g r a m Provis ions for 
Space System Con t r ac to r s , dated July 
1963 

2. 1. 2 Contractor Specifications 

MN-2050-1 

MN-2050-3 

Specification Plan for the CRONUS 
P r o g r a m , dated September 30, 1966 

Configuration Management and Control 
Plan for the CRONUS P r o g r a m , Septem­
ber 30, 1966 

CQNriD:NT|jM 
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2. 1.3 AEC 

M-3679 Standard Distribution for Classified 
Scientific and Technical Reports 

2 .1 .4 DOD 

Industr ial Securi ty Manual 

CQMriDENThM-. 
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3.0 REQUIREMENTS 

3. 1 Genera l 

This plan es tabl ishes the requ i rements for the prepara t ion , ma in te ­
nance, and submit ta l of documentation by the Contractor . The docu­
mentation specified here in shall be in accordance with the r equ i rement s 
for a development p rog ram. 

3. 2 Types of Documentation 

The documentation required by this specification will be classified 
into three major categories as follows: 

3. 2. 1 Type I Negotiated Documentation. Documentation requi red 
to be submitted for Contracting Officer approval , negotiated to the 
point of mutual agreement , and formally made a par t of the contract . 
Once approved in writ ing by the Contracting Officer, these documents 
may be changed only by formal Contract Change P rocedures . This 
documentation shal l be considered as Contract Documentation. 

3. 2. 2 Type II Non-Negotiated Documentation. Documentation r e ­
quired to be submitted for the uni la tera l approval of the Procur ing 
Activity. Such documents may requ i re adminis t ra t ive or technical 
approval but will not be formally incorporated into the contract . 

3. 2. 3 Type III Documentation. Documentation requi red to be p r e ­
pared and submitted to the Procur ing Activity for information purposes 
only. 

3. 3 Documentation Approval 

3 . 3 . 1 Type I Negotiated Documentation. The approval of Type I 
Documentation shall be contingent upon the mutual assent of the P r o ­
curing Activity and the Contractor . All Type I negotiated documenta­
tion shal l r equ i re the writ ten approval of the Contracting Officer. 

3. 3. 2 Type II Non-Negotiated Documentation. All Type II non-
negotiated documentation shall be subject to the uni la tera l approval of 
the P rocur ing Activity (adminis t ra t ive or technical) and shal l r equ i re 
the wri t ten approval of the person in the Procur ing Activi ty 's o rganiza­
tion who is responsible for the a r e a of effort to which the document 
pe r t a ins , or the Contracting Officer. 

3. 3. 3 Type III Documentation. Approval not requi red . 

3. 4 Documentation Changes 

• ••• • • • •• • • • • • • • • • • • • 
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3. 4. 1 Type I Documentation. Changes affecting or requir ing a 
change to Contract Type I Documents shall be classified as Class I 
changes in accordance with MND-2050-3, "Configuration Management 
and Control Plan, for the CRONUS P r o g r a m . " Class I changes shall 
be p rocessed as follows: 

3. 4. 1. 1 In-scope changes. Any change to the approved Contract 
Type I Documents which is in-scope to the contract shall be submitted 
to the AEC for approval in the form of proposed Specification Change 
Notices (SCN's), without an accompanying Contract Change Proposal 
(CCP), and in accordance with MND-2050-1, "Specification Plan, for 
the CRONUS P r o g r a m . " 

3. 4. 1. 2 Out-of-scope changes. Any change to the approved Con­
t rac t Type 1 Documents which is out-of-scope to the contract shall be 
submitted to the AEC for approval in the form of proposed SCN's with 
an accompanying CCP, and in accordance with MND-2050-3. 

3. 4. 2 Type II Documentation. Changes affecting or requir ing a 
change to Contract Type II Documents shal l be proposed by the Con­
t r ac to r as necessa ry to maintain comipatibility with p rog ram r equ i r e ­
ments and design cons t ra in ts . Each change shall be p rocessed through 
the P r o g r a m Configuration Control Board (PCCB) in accordance with 
the Cont rac to r ' s in ternal Configuration Management operating p r o ­
cedures . After review of the change by the PCCB, the affected Type II 
Document page(s) shall be changed and submitted by le t te r for P r o c u r ­
ing Agency technical approval . At the Cont rac to r ' s d iscret ion, the 
affected Type II Document may be rev ised in its ent irety by assigning 
a revis ion le t te r to i t , rev is ing the affected pages and including an 
index page in it which r e fe rences the changed paragraphs and pages. 

3. 5 Contract Data Requi rements List 

Documentation to be furnished under the contract shall be as spec i ­
fied in the Contract Data Requi rements Lis t attached here to . This data 
is a r ranged in the following ca tegor ies . 

c • 

E • 

M-

P • 

R • 

s -

- Configuration Management Data 

- Engineering Analyses and Data 

- Manuals 

- Plans 

- Reports 

- Specifications 

cor jriDCNTh ĵb. 
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The Contract Data Requirements Lis t contains the following information 
for each document: 

Title 

Classif icat ion (Security) 

Number 

Purpose and Content 

Authority (or source of requi rement) 

Distribution (addressees and quantity) 

Type 

Frequency of Issue 

As of Date (cut-off date) 

Due Date 

3. 6 Fo rma t 

3. 6. 1 Reports and P lans . Report and plan formats shall be con­
s is tent with the level of coverage requ i red for the specific r epor t or 
plan. In genera l , the format shall include introduction, s u m m a r y , 
detailed discussions of the a r ea s covered, and any appendices n e c e s ­
sa ry to back up the d iscuss ions . I l lustrat ions and tabular m a t t e r shall 
be used in supporting the d iscuss ions . Photographic coverage shal l be 
used to the extent requ i red by the subject ma t t e r . 

3. 6. 2 Manuals. Manuals shal l be p repa red using the provis ions of 
MIL-M-5474C as a guide. The manuals shal l contain sufficient in ­
formation to provide adequate coverage for operation and maintenance 
purposes . Sufficient text and i l lus t ra t ive m a t e r i a l shall be provided 
to promote ear ly famil iar izat ion with the equipment and identification 
of component p a r t s . 

3. 6. 3 Drawings. Engineering drawings shall be in accordance 
with the Con t rac to r ' s normal drafting p rac t i ces which a r e consistent 
with Specification MIL-D-1000, F o r m 3, Category A. 

3. 6.4 Document Numbering. All documentation will be numbered 
according to the overa l l numbering sys tem establ ished by Mart in . The 
numbers provide identification of the docum.ent to the work breakdown 
s t ruc tu re (control points). Subsidiary numbers will be ass igned to the 

CQNriDCNTIAL 
• *•• • • • •• • • • • • • • • • • • • 
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basic four digit work breakdown structure number to uniquely identify 
each document. Document identification numbers will be used for con­
trol of classified documents. 

3. 7 Publication 

3. 7. 1 Reports and Plans. Reports and Plans shall be published 
either in an economical form such as ditto or copy-flo for relatively 
brief documents with small distribution (i. e. , monthly reports) or 
offset printed for more comprehensive and wide spread final distribu­
tion (i. e. , quarterlies to C-92a). 

3. 7. 2 Manuals. Preliminary Operating and Maintenance manuals 
shall be reproduced by ditto, copy-flo or similar method. The final 
Operating and Maintenance manuals shall be reproduced in offset-
printed form. 

3. 7. 3 Drawings. Drawings required to be submitted to the Cus-
tomer shall be legible copies of the Contractor's original or working 
copy. 

3. 8 Documentation Coordination with Other Government Agencies 
and Associate Contractors 

The Contractor shall establish a direct working relationship with 
other Government Agencies and Associate Contractors for the purpose 
of coordination of documentation pertinent to their efforts on the 
CRONUS Program affecting interfaces of equipment and responsibil­
ities. The coordination of documentation as defined above shall be 
made with the cognizance of the Procuring Activity. Informational 
copies of documentation to be coordinated shall be forwarded to the 
Procuring Activity simultaneously with its transmittal for coordination. 

3. 9 Distribution 

Documentation shall be distributed according to categories, to the 
following offices and in the specified quantities. 

TABLE 1 
Documentation Distribution 

No. of 
Category General Topic Distribution Copies 

A. Technical and Contract To be determined 8 
Administration 

B. Safety To be determined 10 

€ONriDCNTI;"^^ 
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TABLE 1 (continued) 

Categc 

C. 

D. 

E . 

ry Genera l Topic 

Integration 

Major Technical 
Milestones 

Drawings (Prototype 
& Operational) 

Distribution 

To be determined 

C-92a of M-3672 
La tes t Edition 

To be determined 

No. of 
Copies 

25 

1 r e -
produci 

ble 

3 

F. Drawings (all Basic 
Release) 

G. Fi lm 

H. Technical (Selective 
Issues) 

To be determined 

To be determined 

Mound 
Labora to r i e s 

3. 10 Evidence of Delivery 

Documentation and changes thereto requi red by this plan shall be 
t ransmi t ted from the Contrac tor under cover le t te r signed by an 
individual(s) in the Con t rac to r ' s organization who is (are) designated 
as responsible for documentation t ransmi t ta l . Evidence of delivery of 
said documentation and changes thereto shall be i ts signed and dated 
cover le t te r . 

3. 11 Classification 

The secur i ty classif ication of documentation p repa red by the Con­
t r ac to r shall be determined by reference to the classif ication guide or 
specific instruct ions set forth in the contract and as d i rec ted by the 
P rocur ing Agency. All classified m a t e r i a l shal l be handled and safe­
guarded in accordance with the Industr ial Securi ty Manual. 

CQhJriDCNTIjM 
• • 
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4. 0 QUALITY ASSURANCE PROVISIONS 

4. 1 Quality of Documentation 

All data submitted he reunder shal l be legible. Every l ine, number , 
l e t te r and charac te r shall be totally and clear ly vis ible . 

5. 0 PREPARATION FOR DELIVERY 

5. 1 Packaging 

Documentation shal l be packaged in accordance with s tandard com­
m e r c i a l p rocedures with due considerat ion being given to the Security 
Classif icat ion of the contents. 

6.0 NOTES 

The identification and definition of the contractual documentation 
r equ i remen t s for the CRONUS P r o g r a m shal l be as defined on the 
at tached tab les . 

MNBC-20*5a'-B.-^ 



TABLE 2 

Contract Data Requirements 

Category Configuration Management Data (C) 

Line 
Item. 
No. Title Class . 

C-1 Specification Plan U 

C-2 Documentation U 
Plan 

C-3 Configuration 
Management and 
Control Plan 

Document 
Number 

MN-2050-1 

MN-2050-2 

MN-2050-3 

C -4 C onfiguration 
Management 
Report 

U 

C-5 Contract Change U 
Proposal or 

C 

C-6 CCP/Specification U 
Change Status 
Tabulation 

C-7 Data Status Tabu- U 
lation 

la ter 

N / A 

N / A 

N / A 

Purpose and Content 

Identifies the complete 
contractual specifica­
tion requirements and 
how they will be con­
trolled. 

Identifies the complete 
contractual documenta­
tion requirements and 
how they will be con­
trolled. 

Describes uniform sys­
tem of configuration 
identification, control 
and accounting. 

Monthly repor t of top 
sys tems and subsys ­
t ems . Appendix to 
Monthly P r o g r e s s Re­
port . (R-1) 

Defines proposed 
changes to the "Base­
line ' or contractual 
configuration. 

Identifies Status of all 
Contract Change P r o ­
posals (CCP) and 
status of changes to 
Type I and II docu­
mentation. 

Identifies Status of 
deliverable documen­
tation under the Con­
t rac t 

Di s t r i - As of Due 
Authority Type bution Freq . Date Date 

MN-2050-1 

A One 
time 

One 
time 

At end of 
phase "0" 

At end of 
phase "0" 

MN-2050-1 

MN-2050-3 

MN-2050-3 

MN-2050-3 

I 

III 

I 

III 

A 

A 

A 

A 

One 
time 

Mthly 

As 
req 'd 

Mthly 

Last 
c/d of 
month 

Time 
of 
sub­
mit ta l 

Last 
c/d of 
month 

At end of 
phase "O" 

15th of 
month 

N / A 

15th of 
month 

MN-2050-3 III Mthly Last 15th of 
c/d of month 
month 

o....;. 
m » 
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TABLE 2 (continued) 

Category: Engineering Analysis and Data (E) 

Line 
Item 
No. Title 

E-1 Engineering 
Drawing 

Class . 

U 
or 
C 

Document 
Number 

E-2 Engineering 
Drawing 

U 
or 
C 

E-3 Repair pa r t s 
provisioning l is t 

U 

M -1 Pre l iminary 
Operating and 
Maintenance 
Manual 

M-2 Final Operating 
and Maintenance 
Manual 

Purpose and Content Authority 

Basic re lease of draw­
ings and changes. 
Format and content pe r 
Martin Drawing. 
Manual Class III (MIL-
D-1000 pa ra . 3 . 3 . 3 , 
drawing form 3, ca te ­
gory A). 

As required for Con­
t rac to r fabrication of 
prototype units and 
operational units . F o r ­
mat and content per 
Martin Drawing Manual 
Class III (MIL-D-1000 
pa ra . 3 . 3 . 3 , drawing 
form 3, category A). 

Recommended l is t of 
spa re s for selection 
and provisioning 
authorization. 

Category: Manuals (M) 

Procedures for end 
i tem operation and 
naaintenance. 

D i s t r i -
Type bution Freq . 

As of 
Date 

III F & H One 
time 

III E One 
time 

III One 
time 

Issue 
dated 

III One 
time 

N/A 

Procedures for end 
i tem operation and 
maintenance. 

II A & C One 
time 

N/A 

Due 
Date 

Issue As r e -
dated quired 

Issue As r e -
dated quired 

60 c/d 
after 
cr i t ica l 
design 
review 

1 month 
p r io r to 
launch 
of un-
fueled 
p ro to ­
type 

2 months 
p r io r to 
launch 
of f irs t 
fueled 
gen. 
Phase 3 

C 7' -



TABLE 2 (continued) 

Category: Plans (P) 

Line 
Item 
No. Title Class . 

Document 
Number 

P -1 E lec t r i c a l /E l ec ­
tromagnetic In­
terference Con­
t rol Plan 

P-2 CRONUS Relia­
bility P rogram 
Plan 

P-3 CRONUS Quality 
P rogram Plan 

P-4 Development Plan 

P -5 CRONUS Test 
P rog ram Plan 

P-6 CRONUS Fabr i ­
cation Plan 

P-7 PERT Time Sum­
m a r y Networks 

U 

U 

U 

Purpose and Content 

Defines program to a s ­
sure that equipment 
will operate in an e lec ­
tromagnetic environ­
ment without malfunc­
tions or unacceptable 
responses per MIL-E-
6051C and MIL-STD-
826. 

Defines reliabil i ty 
tasks to meet contract 
requi rements . 

Defines the planned 
quality actions and 
techniques. 

Descr ibes engineering 
approaches and act ivi­
t ies necessa ry to 
develop the sy s t ems . 

Describes testing of 
complete sys t ems , 
major subsys tems , a s ­
sembl ies and compo­
nents for development, 
qualification, r e l i a ­
bility and acceptance 
purposes . 

Flow char ts showing 
fabrication of complete 
sys t ems , major sub­
sys t ems , assembl ies 
and components. 

This network shows all 
major miles tones r e ­
quired for the CRONUS 
Program. 

Authority 

MN-2050-
10 and -20 
Pa ra . 
3 .4 . 1. 1 

Type 

II 

Dis t r i ­
bution 

A 

Freq . 

One 
time 

As of 
Date 

N/A 

Due 
Date 

At end of 
Phase 1 

Pa ra . 4. 1 
MN-2050-
100 

I 

I 

I 

II 

A 

A 

A & 

A & 

H 

H 

One 
time 

One 
time 

One 
time 

One 
time 

N/A 

N/A 

N/A 

III One 
time 

N/A 

II A & H One 
t ime 

At end of 
Phase 1 

At end of 
Phase 0 

At end of 
Phase 0 

At end of 
Phase 1 

At end of 
Phase 1 

At end of 
Phase 0 

« • . 
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TABLE 2 (continued) 

Category: Plans (P) (continued) 

Line 
Item 
No. Title 

P -8 PERT Time De­
tailed Networks 

C las s . 

U 

P-9 PERT Time U 
Reports 

P-10 CRONUS P r o g r a m U 
Operational 
Training Plan 

P-11 CRONUS Opera­
tions Plan 

P-12 Maintenance Plan U 

Document 
Number Purpose and Content 

This network supports 
the major milestone 
summary network and 
identifies detail r e ­
qui rements , i. e. , de­
sign, p rocurement . 
fabrication and test . 

Authority Type 

III 

D i s t r i ­
bution 

A 

Freq . 

One 
time 

As of 
Date 

End of 
Phase 
1 

Due 
Date 

At end of 
Phase 1 

Computerized repor t . 

This Plan identifies the 
necessa ry operational 
instruction for training 
of using agency p e r ­
sonnel. 

Establ ishes the opera ­
tional sequencing for 
integrating accepted 
hardware into the spe ­
cific overal l miss ion. 

Defines approaches to 
maintenance at launch 
s i te , integrating con­
t r ac to r s facility and 
sys tem contractors 
facility. 

Ill 

II 

II 

II 

Mthly 

One 
time 

One 
time 

One 
time 

Last 
c/d of 
month 

N/A 

N/A 

N/A 

15th of 
month 

P r i o r to 
p ro to­
type de­
l ivery 

90 c/d 
after 
f irm 
miss ion 
defini­
tion 

90 c/d 
after 
f irm 
miss ion 
defini­
tion 

R-1 Monthly P r o g r e s s 
Report 

C 
or 
S 

Category: Reports (R) 

Includes PERT analysis 
and cost /schedule in te ­
gration data as well as 
technical p rog res s and 
status information. 

Ill A & H Mthly Last 15th c/d 
c/d of of next 
month month 



TABLE 2 (continued) 

Line 
Item 
No. Title 

R-2 Quarter ly P rog­
r e s s Report 

C lass . 

C 
o r 
S 

Category: Reports (R) (continued) 

Document 
Number Purpose and Content Authority 

Includes monthly infor­
mation plus revised 
es t imates to complete, 
and Problem Analysis 
Report. 

Dis t r i -
Type bution 

R-3 Final P rog ram 
Phase Report 

R-4 Weight and Bal ­
ance Report 

R-5 Safety Analysis 
Report P r e l i m i ­
nary 

R-6 Safety Analysis 
Report, Interim 

Final repor t of resu l t s 
of program activity 
during each phase. 

Mass property status 
repor t per MIL-M-
38310 Table 1, Column 
3. 

MN-2050-
100 
P a r a 
3 . 2 . 9 . 5 

Es t imates the response 
of the nuclear sys tem 
to normal and abnormal 
environments and the 
consequences. Identi­
fies a r ea s of analytical 
or test data deficiency. 

P resen t s improved 
es t imates of radiologi­
cal consequences from 
accidents of higher 
probability and s e v e r ­
ity. Describes analy­
t ical models to evaluate 
response and in t e r ac ­
tions. 

III 

III 

III 

A & D 

A & D 

A & C 

III 

III B 

Freq. 

Quar­
terly 

One 
time 
p e r 
phase 

Semi-
annu­
ally 

One 
t ime 

One 
t ime 

As of 
Date 

Last 
c/d of 
quar­
t e r 

Phase 
com­
pletion 

Las t 
c /d of 
r e ­
port 
period 

Com­
pletion 
of 
con­
ceptual 
design 

Due 
Date 

45 c/d 
after ea. 
repor t 
period 

At end of 
each 
phase 

30 c/d 
after 
each 
(first r e ­
port at 
end of 
Phase 1) 
repor t 
period 

At end of 
Phase 1 

At least 
4 mo 
pr ior to 
del. of 
opp. 
sys tem 



Line 
Item 
No. 

R-7 

Title Class. 
Document 
Number 

Safety Analysis 
Report, Final 

R-8 

R-9 

RTG/RB System 
Qualification Test 
Report 

CIR Systems 
Qualification Test 
Report 

R-10 AGE Qualification 
Test Report 

R-11 AGE Demonstra­
tion Test Report 
(GHE) 

R-12 Flight Test 
Report 

U 

TABLE 2 (continued) 

Category: Reports (R) (continued) 

Purpose and Content 

Provides basis for 
mission approval. Pre­
sents complete justifi­
cation for mission safe­
ty, including calculated 
probability and conse­
quences of radiological 
interactions. Compares 
results with safety 
criteria. 

Report of test on com­
plete RTG/RB. Contains 
copies of the certified 
test data, summary of 
results, description of 
failures and retests. 

Report of test on com­
plete CIR. Contains 
copies of the certified 
test data, sunamary of 
results, description of 
failures and retests. 

Report of test on com­
plete AGE. Contains 
copies of the certified 
test data, summary of 
results, description of 
failures and retests. 

Report of test on com­
plete GHE. Contains 
copies of the certified 
test data, summary of 
results, description of 
failures and retests. 

Results at conclusion 
of flight test of first 
flight RTG/RB-CIR. 

Authority Type 

II 

Distri­
bution 

B 

Freq. 

One 
time 

As of 
Date 

Due 
Date 

At least 
6 mo 
prior to 
flight 

II A 

II 

II 

III 

III A & D 

One 
time 

One 
time 

One 
time 

One 
time 

One 
time 

Test 
com­
pletion 

Test 
com­
pletion 

Test 
com­
pletion 

Test 
com­
pletion 

Test 
com­
pletion 

45 c/d 
after 
test 
comple 
tion 

45 c/d 
after 
test 
comple 
tion 

45 c/d 
after 
test 
comple 
tion 

45 c/d 
after 
test 
comple 
tion 

45 c/d 
after 
test 
comple 
tion 



TABLE 2 (continued) 

Category: Reports (R) (continued) 

Line 
Item 
No. 

R-13 

Title 

RTG/RB-CIR 
Systems Accept­
ance Tes t 
Report 

Class . 

C 

Document 
Number 

R-14 AGE Acceptance 
Test Report 

R-15 Reliability -
Initial Apportion­
ment Report 

R-16 Film Photo­
graphic Reports 

N/A 

Purpose and Content Authority Type 

RTG/RB-CIR Systems 
quality acceptance 
documentation. 

Ill 

Dis t r i -
bution 

A 

AGE quality acceptance 
documentation. 

Ill 

CRONUS subsystems 
reliability apportion­
ments to meet overall 
reliability goals or 
requirements. 

Documentary film: re ­
port covering program 
highlights. 

Ill 

III 

Freq . 

One 
per 
de­
l iv­
ered 
flight 
RTG/ 
RB-
CIR 

One 
time 
per 
deliv­
ered 
end 
i tem 

One 
time 

Two 
re ­
ports 

As of 
Date 

Ac-
cept-

Ac-
cept-

N/A 

N/A 

Due 
Date 

45 c/d 
after 
accept­
ance 

45 c/d 
after 
accept­
ance 

At end of 
Phase 1 

( 

'̂  7 

. . . . . . 

. . . . . 
. . . . 

. . 

. . . . .. 

. . . 

. . . 

. . . . . . 

S-l Specification for 
CRONUS RTG/ 
RB-CIR Systems 

Category: Specifications (S) 

MN-2050- Describes the RTG/ 
100 RB-CIR Systems per­

formance requirements 
as installed in the ve ­
hicle. 

MN-2050-1 One 
time 

Sub­
mittal 

At end of 
Phase 0 

S-2 Technical Inter­
face Specification 
for the CRONUS 
RTG/RB-CIR 
Systems 

MN-2050- Describes the func-
10 tional and physical 

interface criteria be­
tween the operational 
RTG/RB-CIR Systems 
and the flight vehicle 
and ground equipment. 

MN-2050-1 One Sub- At end of 
time mittal Phase 0 



TABLE 2 (continued) 

Category: Specifications (S) (continued) 

Line 
Item 
No. 

S-3 

S-4 

S-5 

S-6 

Title 

Specification for 
CRONUS AGE 

Technical In ter ­
face Specificatioh 
for CRONUS AGE 

RTG/RB-CIR 
Systems CEI 
Specifications 
P a r t I 

AGE CEI Speci­
fication, P a r t I 

C las s . 

C 

c 

c 

u 

Document 
Number 

MN-2050-
200 

MN-2050-
20 

S-7 GFE Require­
ments List 

U 

Purpose and Content 

Descr ibes the AGE 
performance r e q u i r e ­
men t s . 

Descr ibes the func­
tional and physical 
interfaces between the 
AGE and the RTG/CIR 
and launch facil i t ies. 

Descr ibes the pe r ­
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CONFIGURATION MANAGEMENT AND CONTROL 
PLAN FOR THE CRONUS SYSTEM 

1.0 SCOPE 

This plan es tabl ishes the configuration management requi rements 
to be used on the CRONUS P r o g r a m . The disciplines of configuration 
management , defined here in , provide the methods by which the system 
requ i remen t s a re controlled and validated in the end i tem. The CRONUS 
P r o g r a m shall implement the formal procedura l concepts to ensure a 
uniform system of configuration identification, control , accounting, 
verif icat ion, review and inspection, and report ing for all equipment and 
components. 

2. 0 APPLICABLE DOCUMENTS 

None. 

NOTE: See Section 6 of MN-2050-100 for nomenclature and definition 
of t e r m s used here in . 

• » » • 
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3.0 REQUIREMENTS 

3. 1 General 

Configuration management is essent ia l ly change management . It 
will be implemented on the CRONUS program with a uniform sys tem of 
configuration identification, control , accounting, verification, review and 
inspection, and repor t ing . The functional elements of the Con t rac to r ' s 
configuration management a re : 

(a) Configuration identification (baselines) 

(b) Configuration control (change control) 

(c) Configuration accounting (change status) 

(d) Configuration verification (change incorporation) 

(e) Configuration review and inspection 

(f) Configuration repor t ing . 

The control of these a reas shall provide for the development and nego­
tiation of technical contractual specifications; the prepara t ion , in tegra­
tion and submittal of required documentation; the control of ha rdware 
and documentation changes from evaluation, authorization through im-
plenaentation; and the accounting of a l l approved changes and resul t ing 
reac t ions to re la ted documentation and end i t ems . 

3 . 1 . 1 Configuration Management Requi rements . The CRONUS Con­
figuration Management Systeni shall provide the AEC and the Contractor 
with the following: 

(a) A method for accurate ly identifying the configuration of both 
hardware and software during the life of the CRONUS P r o ­
g ram 

(b) A sys tem of disciplines to provide Management with suffi­
cient information to make appropr ia te , t imely decis ions r e ­
garding specification and hardware changes 

(c) A sys tem to a s su re p roper evaluation of changes regard ing 
in ter faces , specifications, sys tem requ i r emen t s , and thei r 
effect on cost and schedule 

(d) A method for prompt identification and t raceabi l i ty for all 
change activity 

(e) A computer ized accountability sys tem whereby the authorized 
configuration and actual configuration of each end i tem may 
be compared 

i.MN;D^^bSK)4E*-4- . 
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(f) A system for requesting AEC approval for all changes re ­
quiring their approval 

(g) A computer report to identify the configuration of all deliver­
able end items. 

3. 1. 2 Configuration and Data Management Responsibilities. Con­
figuration and Data Management provides configuration and data require­
ments to all other departments. C & DM is responsible for the prepara­
tion, negotiation and maintenance of contract specifications, prepara­
tion of Contract Change Proposals (CCP's), establishment of a configura­
tion control numbering and accounting system, verification of compli­
ance with Contract Technical Requirements and guidance as regards 
performance of design reviews. C & CM also provides management 
and guidance on matters pertaining to contractually required data and 
the negotiation and monitoring of data submittal and approval. The C 
& DM function assures compatibility among contract technical require­
ments, released drawings and related data, and hardware, 

3. 1. 3 Configuration Management Approach. The configuration 
controls are tailored to the program needs and requirements and are 
briefly summarized below. 

3. 1. 3. 1 During the initial portion of the Program, the Configuration 
Management activity shall be limited to identification of development 
drawings, development changes, specifications, procedures, processes 
and the review and control of changes to the Program Requirements 
Baseline (Ref. Paragraph 3. 2. 1) by the Program Configuration Control 
Board. The drawings and changes will be recorded to provide an iden­
tification of all equipment, systems and subsystems developed. This 
effort will culminate with the approval of Part I of the Contract End 
Item Specifications. 

3. 1.3.2 Following the establishment of the Design Requirements 
Baseline, Configuration Management functions shall provide the Pro­
gram with identification, control and accounting, 

a. Strict disciplines shall be imposed on the release of engineering 
to assure that only drawings and drawing changes authorized through 
the release system are incorporated into the hardware. 

b. Proposed changes will be reviewed by the Program Configuration 
Control Board for approval, scheduling for incorporation, effect on 
specifications, and interface. 

c. A computer record of the configuration shall be maintained and 
verified. 

• « • » • • ••• * •• •• • • 
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3 . 1 . 3 . 3 Following the establ ishment of the Product Configuration 
Base l ine , the configuration functions will continue the identification, 
control and accounting functions. These functions shal l be expanded to 
include retrofi t of all del ivered end i tems of equipment, when requi red 
by the contract . 

a. Disciplines shall be maintained on the r e l ea se of engineer ing 
consistent with r e q u i r e m e n t s . 

b . P r o g r a m Configuration Control Board shall review all proposed 
changes for approval, scheduling for incorporat ion, effect on specifi­
cat ions, and interface. 

c. A computer repor t of the configuration shall be maintained and 
verif ied. 

d. The baseline configuration identifications shall be p repa red for 
each Contract End I tem. 

3. 2 Configuration Identification (baselines) 

Three basel ines shal l be establ ished for the CRONUS P r o g r a m 
(see F i g s . 1 and 2): 

(a) P r o g r a m requ i r emen t s basel ine 

(b) Design r equ i remen t s basel ine 

(c) Product configuration basel ine 

3. 2. 1 P r o g r a m Requi rements Basel ine . The p r o g r a m requ i rement s 
basel ine shall be establ ished and defined by the approved Systems Spe­
cifications . This basel ine defines the p rog ram miss ion , identifies 
del iverable end i t ems , t e s t s and test specimens that compr i se the p r o ­
g ram, and the quality provis ions by which it can be determined that the 
r equ i remen t s have been met . Any change to this basel ine will r equ i r e 
the Procur ing Agency's approval . 

3. 2. 2 Design Requi rements Basel ine . The design r equ i remen t s 
basel ine shall be es tabl ished and defined by the approved P a r t I of the 
Contract End Item Detail Specification. 

This baseline cons is t s of the technical r equ i r emen t s which govern the 
per formance and design of the end i tem and the quality provis ions by 
which it can be de termined that such requ i rement s have been met . 

« 
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A 
I 

Program 
requirements 
baseline 
(system 
specifications 
approval) 

Configuration 
control 
implemented 

A Design 
requirements 
baseline 
(CEI Specifica­
tion Part I 
approval) 

Preliminary 
design review 
(PDR) 

Critical 
design 
review 
(CDR) 

A Product configuration 
I baseline (CEI Speci­

fication Part II 
I approval) 

T First article 
configuration 

J inspection (FACI) 

Acceptance of CEI 

F i g . I . CRONUS C o n f i g u r a t i o n Management B a s e l i n e s , Reviews 
and I n s p e c t i o n s 
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PRELIMINARY DESIGN REVIEW (PDR) 

FORMAL TECHNICAL REVIEW OF BASIC DESIGN APPROACH FOR CEIs 

CRITICAL DESIGN REVIEW (CDR) 

FORMAL TECHNICAL REVIEW OF PRODUCTION DESIGN PRIOR TO 
COMMiniNG HARDWARE DESIGN TO BUILD FOR PROTOTYPE CEIs 

FIRST ARTICLE CONFIGURATION INSPECTION (FACI) 

REVIEW& ACCEPTANCE OF CONTRACT END ITEM (FIRST ARTICLE) 

DOCUMENTATION 

• BASELINE CONFIGURATION IDENTIFICATION 
• COMPLETE SET OF DRAWINGS 
• SPECIFICATION COMPLIANCE INSPECTION LOGS 
• CONTRACTUAL DOCUMENTATION STATUS (CCP, SCN. CO, SA) 
• TEST DATA LOGS 
• QUALIFICATION TEST DATA LOGS 
• QUALIFICATION CERTIFICATION LOGS 

PRODUCTION CONFIGURATION BASELINE 
ACCEPTANCE 

• DD FORM 250 OR EQUIVALENT 

F i g . 2. C o n f i g u r a t i o n Reviews and Inspect ions 
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F i g . 3. CRONUS Change Contro l Flow 
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3.2.3 Product Configuration Baseline. The product configuration 
baseline shall be established at the initial delivery of a Contract End 
Item. The following actions shall be taken to establish the product con­
figuration baseline: 

(a) A Firs t Article Configuration Inspection (FACI) will be held 
for each Contract End Item. The first article configuration 
inspection shall be convened at the Contractor's facility and 
shall be co-chaired by the Contractor (C & DM) and the AEC. 

(b) Par t II, Product Configuration and Acceptance Test Require­
ments of the CEI Specification will be formally approved by 
the Customer to technically define the configuration baseline 
for the end item. 

(c) Test reports , quality control logs, configuration verification 
reports . Change Order/Contract Change Proposal/Specifica­
tion Change Notice status and the end item shall be submitted 
and reviewed by the Customer for conformance with Part II 
of the Contract Specification. The signing of the Baseline Con­
figuration Identification (BCI) by the Customer and approval 
of Par t II of the CEI Detail Specification shall constitute com­
pletion of the FACI. 

(d) The proposed DD Form 250 will be reviewed to ensure that it 
adequately defines the item being shipped; all shortages and 
unincorporated or recapped changes and/or differences be­
tween the configuration specified in Part II of the CEI Detail 
Specification and the end item. 

Upon completion of FACI, formal acceptance of the Contract 
End Item shall be acknowledged by the Customer signing of 
the DD Form 250 or equivalent. 

3. 3 Configuration Control 

Configuration control is essentially the management and control of 
changes to both hardware and software. Configuration control s tarts 
with the Program Requirement Baseline and continues for the life of 
the program. Once the initial set of requirements for a baseline are 
documented, any change in requirements must be documented so that 
the change can be fully evaluated in terms of the approved system and 
equipment, mission requirements, cost, schedule and effect upon other 
contract end items. The extent of change control increases and becomes 
more sophisticated as the design requirement baseline is reached (see 
Figs. 3 and 4). 

COMriDEriTliO^ 
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Fig. h. Configuration Management Buy-Off 

PR I WE 

DCN ACCOUNTABILITY 

STATUS REPORT SEQ DWG-SHT-CHG PAGE 

^ 
^ 
^ 
^ 
^ 
>¥• 

TRANSMITTAL CaUMNNOS. 

BASIC DRAWING RELEASE 

K N REUASE 

DRAWING CHANGE INCORPORATION tiVEL 

DCA RELEASE 

FREEZE ORDER RELEASE 

F i g . 5 . DCN A c c o u n t a b i l i t y R e p o r t 

COrjriDEMTliM 
MND-2050-F-4 

: « 



9 

3 . 3 . 1 Engineering Design Change Schedule (EDCS). 

a. Configuration control is implemented and enforced by the use of 
a numbered Engineering Design Change Schedule system (EDCS) and a 
Configuration Control Board (CCB). 

b . P roposed changes a re p resen ted on an EDCS form and are assigned 
a Uniform Control Number which continues to be re la ted to all aspects of 
that change throughout the life of the p r o g r a m . The EDCS descr ibes the 
proposed change, indicates its des i rabi l i ty and impact upon the p rog ram, 
and is used to es tabl ish proposed schedules for the implementation of 
the change. 

c. A requi rement for a Class I or II change (Ref. 3. 3. 2) may or ig i ­
nate with any Contractor depar tment , associa ted Contractor or the P r o ­
curing Agency. Regard less of the source of the change, EDCS's a re 
p repa red by Engineering and reviewed by an Engineering Review Board 
to identify all the affected equipment and design interfaces pr ior to being 
forwarded to the CCB. 

3 . 3 . 2 Change Classification. All changes to p rogram basel ines includ­
ing specif icat ions. Contract End I tems , test p rocedures , p r o c e s s e s , data 
requir ing AEC approval and other p r o g r a m specified data will be formally 
p rocessed in accordance with the following: 

(a) All proposed changes shall be classified thus: all changes 
affecting or requir ing a change to Contract Specifications, 
contract p r ice and/or contract schedule shall be classified 
as Class I; all other changes shall be classified as Class II 
r e g a r d l e s s of del ivery s ta tus of the CEI. 

(b) Class II change proposals will not be submitted to AEC and 
do not requ i re AEC approval . 

(c) Any change to the approved Contract Specifications which is 
in-scope to the contract shal l be submitted to the AEC for 
approval in the form of proposed Specification Change Notices 
(SCN's) or equivalent, without an accompanying Contract 
Change P roposa l (CCP) and in accordance with the Specifica­
tion P l an . 

(d) The Contractor shall p r e p a r e and submit CCP ' s to the AEC 
in accordance with the r equ i r emen t s defined in P a r a g r a p h 
3 . 3 . 4 for all Class 1 changes which are out-of-scope to the 
contract . 

3 . 3 . 3 Configuration Control Board. Proposed chages a re submitted 
to the Configuration Control Board (CCB), which es tabl ishes the adv i s ­
ability of each EDCS considering the impact on cost , schedule and pe r ­
formance , c lass i f ies the change, a s s u r e s that all in t rasys tem and in te r -
sys tem interfaces have been identified, p r e p a r e s a schedule for the 

:I&ND^^(^5a-'F.-4 
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preparation and submittal of proposed Specification Change Notices 
(SCN's) and/or Contract Change Proposals (CCP's), if required, pre­
pares and issues schedules consistent with PERT events for the incor­
poration of the change. 

Configuration control action is implemented throughout the program 
by having members on the CCB from each affected department, such as 
Contracts, Finance, Planning, Engineering, Reliability, Quality, Man­
ufacturing and Procurement. The Board members determine the impact 
upon their departmental organizations and present their evaluations; 
the CCB Chairman weighs these inputs and makes the final decisions. 
Each member is capable of committing his department to perform in 
accordance with the CCB action. Changes approved by the CCB are 
implemented or directed to be submitted to the Customer for approval. 

3.3.4 Contract Change Proposals (CCP's). The Contractor shall 
prepare and submit to the AEC CCP's for all Class I changes which are 
out-of-scope to the contract. 

a. When a CCP affects system requirements and design require­
ments, only one CCP shall be prepared and shall include proposed 
Specification Change Notices (SCN's) or equivalent for all affected con­
tractual Contract Type I Documents. 

b. When CCP's are submitted, they shall include the proposed Spe­
cification Change Notices (SCN's) or equivalent of the affected CEI spe­
cification or system specification and other Class I Type Documentation. 

c. CCP types and their uses shall be as follows: 

(1) Preliminary CCP - A preliminary CCP may be used for the 
purposes: * 

(a) To furnish the Procuring Agency with available initial 
information relative to a change under consideration 
by the Contractor, in order to permit a preliminary eval­
uation of the change (this evaluation will be relative to 
determining the merits of a proposed change and the de­
sirability of continuing the expenditure of resources r e ­
quired to further explore and develop the proposal). 

(b) To permit a preliminary choice of one of various alterna­
tive proposals 

(c) To facilitate early contractual coverage for changes 
that require study before a formal contract change proposal 
can be submitted. 

CQhiiriDENTIAL 
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(2) F o r m a l CCP - A formal CCP shall be used when the engi­
neering information and other data are established in suffi­
cient detail to support formal change approval and contractual 
authorization and may follow the submission of pre l iminary 
C C P ' s . 

(3) Expedited CCP - An expedited CCP is used in cases requir ing 
a p r io r i ty of "emergency" or "urgent. " The t e r m "expedited" 
also applies to C C P ' s initiated by teletype or telephone m e s ­
sage. 

d. CCP p r io r i t i e s and the i r usage shal l be as follows: 

(1) Emergency - This p r io r i ty is used on unsafe conditions, the 
uncor rec ted exis tence of which could resu l t in fatal or ser ious 
injury to personnel or extensive damage or destruction of 
equipment. 

(2) Urgent - This p r io r i ty is used on potentially hazardous condi­
t ions , the uncor rec ted existence of which could resu l t in the 
probable se r ious injury to personnel or damage to equipment 
and reduce the miss ion effectiveness of the equipment. This 
classification may also be used for those changes n e c e s s a r y 
to meet contractual r equ i rement s when lead t ime would neces ­
si tate slipping approved production or del ivery schedules. 
Changes associa ted with interface p rob lems , resul t ing from 
compatibil i ty changes made by other Cont rac to rs , shall be 
classified as urgent . 

(3) Routine - All other C C P ' s . 

e. Expedited C C P ' s shall be p rocessed as follows: Cases requir ing 
expedited action (emergency or urgent pr ior i ty) shall be repor ted by the 
most expedient means (teletype, telephone, persona l contact, e t c . ) to 
the Procur ing Agency. Fo r an expedited CCP, a CCP number shall be 
assigned to identify the initial m e s s a g e , such number being suffixed by 
the le t te r E. If the init ial communication regard ing an expedited change 
was other than by wri t ten m e s s a g e , it shall be confirmed by written 
message within 24 hours . In such c a s e s , a formal CCP shall be p r e ­
pa red and submitted to the P rocu r ing Agency within 30 days after the 
initial communication regard ing the n e c e s s a r y expedited action. This 
formal CCP shall indicate the or iginal communicat ions , individuals 
contacted, method of communication and whether contractual direction 
was received and source thereof. 

f. CCP Reaction T ime - The classif ication of the CCP denotes degree 
of urgency regarding cr i t ica l i ty to the sys t ems and/or equipment. How­
ever , each CCP could impact p r o g r a m schedule. The following total 
maximum react ion t ime shal l be allotted to AEC from rece ip t of the CCP 
until disposition is given to the Contractor . 

cohJrlDENTb^^> 
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Classification Reaction Time 

Emergency Immediately, but not la ter than 

24 hours 

Urgent 5 working days 

Routine 15 working days 
3 . 3 . 4 . 1 Contract Change Proposa l s Approvals . The AEC shall be 

considered the authorizing Agency for C C P ' s . Authorization for C C P ' s 
shall be in accordance with the t e r m s and conditions of the Changes Clause 
of the Contract , 

3. 4 Configuration Accounting and Verification 

The Contractor shall es tabl ish and maintain a configuration r eco rd 
documenting all engineering drawings and approved Class I and II changes 
for each Contract End Item. The accounting sys tem shall provide for 
two basic types of r epo r t s : Change Status Repor t s and Change Verifi­
cation Repor t s . The CRONUS Accounting Report System shall be p r o ­
grammed computer r e p o r t s . 

3 .4 . 1 Change Status Reports will provide for each Contract End Item 
a Complete r eco rd of all changes r e l eased and authorized for incorpora­
tion. The Report shall identify the scheduled incorporation of the change 
by re ference to a PERT event. 

3. 4. 2 Change Verification Repor ts (DCN Accountability Report , 
F igs . 5 and 6) shall be used periodical ly to provide verification of the 
configuration of the end item at significant points in t ime such as a s ­
sembly or subsys tem, tes t , del ivery, e tc . The purpose of this r epo r t 
will be to show the quality certif ication of change incorporat ion. 

The s tatus and verification accounting sys tem shall be maintained on 
a daily bas i s to provide the p rog ram and the Customer with the immediate 
availabili ty of accura te configuration data for each end i tem ei ther in 
production or tes t , 

3. 5 Configuration Reviews and Inspection 

Major reviev/s shal l be conducted of the CRONUS P r o g r a m at d i sc re t e 
points during the evolution of the sys tem to review development s t a tus . 

These reviews shall be identified as follows: 

CONriDCNThU 
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a. P r e l i m i n a r y design review (PDR) 

b . Cr i t ica l design review (CDR) 

c. F i r s t Art icle Configuration Inspection (FACI) 

3. 5. 1 P r e l i m i n a r y Design Review. This is a formal technical r e ­
view of the bas ic design approach for the Contract End I tem. The p r i ­
m a r y product of the PDR is formal identification of specific engineering 
documentation which es tab l i shes the existence of physical in terfaces and 
functional interface re la t ionship of the CEI to other sys tem equipment and 
approval of P a r t 1 of the Detail Specification for the CEI. The following 
shal l be accomplished as par t of the PDR: 

(a) The compatibility of the selected design approach with P a r t I 
of the Detail Specification for the CEI shall be es tabl ished. 

(b) The compatibili ty of the CEI with other sys tem interface and 
other CEI specifications shall be es tabl ished. 

(c) The integri ty of the selected design approach shal l be es tab­
l ished. This shall be accomplished by review of analytical 
and tes t data. 

3. 5. 2 Cr i t i ca l Design Review (CDR). The CDR is a formal technical 
review of the design of a Contract End I tem. The CDR shall normal ly 
be accomplished immediately p r io r to committing the design to production 
of the ar t ic le which will es tabl ish the Product Configuration Base l ine . 
However, design drawings may be r e l eased for fabrication p r io r to this 
review when requ i red to meet schedule r equ i r emen t s . The following 
shal l be accomplished as par t of each CDR. 

(a) The compatibility of the CEI, as designed, with P a r t I of the 
Detail Specification for the CEI shall be es tabl ished. 

(b) The sys tem compatibil i ty of the completed design shall be 
es tabl ished. This shal l be accomplished by conaparison of the 
interface control drawings with the engineering drawings for 
the CEI. 

(c) The integri ty of the design shall be establ ished by review of 
analytical and tes t data. 

3. 5. 3 F i r s t Art ic le Configuration Inspection (FACI). FACI shal l be 
I P a r a g r a p h 3 . 2 . 3 . conducted in accordance with P a r a g r a p h 

IDENTI;^[: 
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4. 0 QUALITY ASSURANCE PROVISIONS 

Not applicable. 

5.0 PREPARATION FOR DELIVERY 

Not applicable 

6,0 NOTES 
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FOREWORD 

This specification and other Contractor prepared subsidiary 
specifications referred to herein have been established to define 
requirements, characteristics, and interface criteria for a radio­
isotope fueled thermoelectric generator (RTG) system and a controlled 
intact reentry system (CIR) which along with the associated aerospace 
ground equipment (AGE) form an overall system designated as "CRONUS." 
The content of this specification reflects the results and efforts 
of the Contractor under Phase "Zero" of the CRONUS Program (Contract 
AT(29-2)-2050)j however, the specification is not restricted to any 
particular phase of design, development and production. 

In the preparation of this document, emphasis has been placed 
on definition of areas applicable to the initial portion of a com­
plete program to provide flight systems. It is expected that this 
document will be made more definitive and up-dated and completed 
through modifications as integration of Government Agency and Con­
tractor effort is accomplished and as more firm design information 
and test results become available. In final form and representing 
the results of mutual agreement, it is expected that this specifica­
tion will be referenced in contractual agreements between the 
Contractor and the AEC. 

The relation of this specification to other Contractor prepared 
specifications and the contract is shown in Figtire 1 of the Specifi­
cation Plan MN-2050-1. 
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TECHNICAL INTERFACE SPECIFICATION 
FOR THE CRONUS RTG/RB-CIR SYSTEMS 

1.0 SCOPE.- This technical interface control specification, along 
with interface control drawings referred to herein, defines require­
ments and criteria governing and establishing interfaces between the 
CRONUS (Controlled Reentry Orhiting Nuclear System) RTG/RB-CIR Systems 
and the space/launch vehicle comprising an earth orbital satellite 
program. 

1.1 Mission.- The CRONUS RTB/RB-CIR Systems are intended as 
a primary source of electric power for unmanned space vehicle 
application on low earth orbital missions. The reentry features are 
intended to provide the capability of reentering the generator with 
its nuclear fuel intact within the fuel containment structure and 
effect impact in deep ocean areas. 

1.2 Interface Identification.- This interface control spec­
ification identifies interface criteria and requirements between the 
following. 

a. RTG/RB-CIR Systems with Space Vehicle 
b. RTG/RB-CIR Systems with Launch Vehicle 
c. RTG/RB-CIR Systems with Laiinch Site Facilities 
d. RTG/RB-CIR Systems with CRONUS AGE 
e. RTG/RB-CIR Systems with Ground Tracking Telemetry 

and Control Stations 

1.3 Responsibilities.- To effect integration of the CRONUS 
RTG/RB-CIR Systems into the satellite mission, areas of responsibility 
and the effort to be performed to accomplish such responsibility and/or 
permit others to carry-out their responsibilities shall conform to the 
following. 

1.3.1 AEC.- The AEC shall be responsible to the User for the per­
formance of the Contractor in accordance with the provisions of 
the contract between the Contractor and the AEC. 

NOTE: See Section 6 of MN-2050-100 for Nomenclature and Definition 
of Terms used herein 

CQhiriDDITliM 
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In addition, with respect to design, fabrication, and use of the 
System, the AEC shall: 

1.3.1.1 Furnish direction and assistance to the Contractor 
in the conduct of liaison and coordination activity with the User, 

1.3.1.2 Accomplish and arrange for necessary approvals and 
efforts by other Government agencies which are necessary to authorize 
and accomplish integration of the CRONUS RTG/RB-CIR into the satellite 
mission and program. Obtain all required licenses and permits for 
nuclear material possession and use at the laimch site. 

1.3.1.3 Furnish, in conjunction with Contractor furnished 
articles and services, the equipment and services necessary to 
accomplish radiation monitoring and control of nuclear safety during 
all prelaunch, launch and post launch operations at the launch site. 
This shall include fuel accountability, radiation surveys and 
monitoring and the conduct of health physics programs. 

The AEC shall be responsible for establishing the necessary 
radiation control area(s) during Radioisotope Thermoelectric 
Generator (RTG) fueling and/or defuleing operatlcn s (any any other 
operations involving handling of the Nuclear Heat Source. 

1.3.1.4 Furnish, in conjimction with a Fueling Agency, the 
nuclear fuel material, fuel processing and encapsulation equipment 
(but using heat source components furnished by the Contractor) and 
services necesseiry to accomplish loading of the Nuclear Heat source 
as follows and in accordance with the requirements of MN-2050-11, 
MN-205O-I2 and the applicable heat source CEI specifications. 

a. Encapsulation of nuclear fuel material and fabrication 
of heat source assemblies in accordance with Contractor prepared 
and coordinated documents. Encapsulation shall include performance 
of a quality control program, development and qualification of manu­
facturing processes required in fuel encapsulation, determination 
of the thermal output and surface temperature(B) of completed fuel 
capsules and/or heat source and radiation surveys external to loaded 
transportation casks to assure conformance with applicable shipping 
regulations. 

b. Performance of special tests (where such tests require the 
use of nuclear materials) reqiiired to develop and/or assure 
necessary fuel form properties and characteristics and compat ibility 
of the fuel form with materials of containment. 

CONriDCNTIAL 
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c. Furnishing and ecnapsulation of simulated inert-isotope 
material in Contractor furnished test specimens where authorized 
by the AEC. Shipment of such specimens between the Fueling Agency 
and the Contractor shall be the responsibility of the Contractor. 

d. Preparation and delivery of the data listed below (for 
each heat source) to the Contractor. 

(1) Certified results of calorimetrlc tests on each capsule 
contained in the heat source versus capsule serial 
number. 

(2) Location of each capsiile in the heat soiirce (by serial 
number). 

(3) Certified resiiLts of a radiation survey of the heat 
source and/or lndivld\ial fuel capsules. 

(4) Certification of the fuel purity and composition for 
each batch of fuel used in the heat source. 

(5) Certification of contamination level (measured by wipe 
test prior to shipment) of heat source surfaces and 
transportation cask interior. 

1.3.2 User.- The User shall make available to the Contractor 
requirements, constraints, design data, specifications, test results, 
mission objectives and parameters affecting the design and programming 
of the RTG/RB/CIR Systems and related aerospace ground equipment. 
Data made available shall be that selected and furnished by the User 
or alternatively, that data and doc-umentation which the User elects 
to provide in response to specific requests by the Contractor. Data 
requested by the Contractor shall be made available or in lieu 
thereof the Contractor and the AEC shall both be provided with 
recommendations as to the basis to be used in design and programming 
efforts (see also 1.3.3 fo3J.owing). 

The User shall be responsible for submitting documentation to, 
coordinating procedures with and obtaining approvals from the test 
range as necessary to satisfy test range requirements. 

The User, in conjunction with the Contractor and AEC, shall 
furnish facilities and equipment, perform work and furnish services 
and carry out responsibilities, all as provided for herein, upon 
acceptance of this document. This shall include vehicle modification 
as required by paragraph 3.5 hereof, the provision, modification 
and operation of launch complex and test range facilities and the 
operation (for all operational flights) and maintenance of all CRONUS 
equipment with the exception of actual nuclear fuel handling operations. 

COhlFIPChmAL 
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1.3.3 Contractor.- The Contractor shall perform studies, 
design, fabricate, test and deliver RTG/RB-CIR Systems, provide 
support services and furnish associated equipment (including 
aerospace ground equipment) all in accordance with the provisions 
of its contract* with the AEC. Effort, articles and services 
provided shall be in accord with program phasing as established by 
the contract which refers to this specification and shall be in con­
formance with the interface requirements of this specification. The 
Contractor shall perform all nuclear fuel handling, fueling and de-
fueling operations at the launch site. The Contractor shall design 
(prepare drawings and specifications covering fabrication and 
assembly) the fuel containment structure (Heat Sovirce), 

Heat source design, fabrication, testing and delivery require­
ments shall be coordinated with the AEC designated Fueling Agency 
to assiire feasibility of fabrication, compatibility with the Fueling 
Agency's handling and processing facilities and to assure the 
necessary quality level of delivered items. 

The Contractor shall furnish documentation to the User (in 
support of range safety and nuclear material requlranents) in 
accordance with a docimient (to be referenced herein following 
coordination) to be titled "Safety Documentation Requirements for 
Space Nuclear Power Systems." This document shall become applicable 
in lieu of such documents as AFETRM 127-1, AFETRM I60-I and AFWTRM 
550-2. 

1.3.4 Joint Responsibility.- The User/AEC shall issue and 
maintain a set of interface control specifications and drawings 
(prepared and coordinated in certain instances by the Contractor) 
to assure compatibility between the satellite program and the 
CRONUS RTG/RB-CIR Systems. All such specifications and drawings 
shall be applicable only after incorporation by direct or indirect 
reference in this specification. Subsequent to approval and 
acceptance of this document, changes and additions shall only be 
accomplished in the manner provided for in MN-2050-1, The User/AEC 
(with technical support provided by the Contractor) shall obtain 
all approvals required to launch the nucleax material into space. 

* For piirposes of this document as a reference source under Contract 
AT(29-2)-2050, articles of equipment to be furnished by the Contractor 
shall consist of those shown in Table I. 
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TABLE 1 

Hardware Articles to be Furnished by the Contractor 

Flight Articles (Qualified) Qty. Deliver to 

RTG/RB (unfueled) 
CIR (less propulsion components) 
Set of propulsion components for CIR 
Set of Nuclear Heat Source components 

Development and Test Articles 

RTG/RB (unfueled) (for dynamic testing) 
(for electrical testing) 

Special RTB/RB (unfueled) (for demonstration 
flight) 

CIR (without propulsion components) (for 
dynamic testing) 
(for electrical testing) 
(for demonstration flight) 

Set of propulsion components for CIR (for 
demonstration flight) 

Set of Dummy propulsion components for CIR 
(for dynamic testing) 
(for electrical testing) 

Set of Nuclear Heat Source Components 
(for fueling demo) 

Electrical Heat Soixrce (for ground use 
prior to demonstration 
flight and operational 
flights) 
(for electrical testing) 
(for fueling demonstration) 

Fuel Capsule Components (for fuel loading 
practice) 

Mock-ups, experimental and engineering models, 
test specimens and articles 
(for development, life, 
qualification, safety and 
reliability testing and for 
the fueling demonstration) 

SIC 
SIC 
Launch Complex 
Fueling Agency 

SIC 
SIC 

SIC 

SIC 
SIC 
SIC 

Launch Ccmplex 

SIC 
SIC 

Fueling Agency 

2 Launch Complex 
2 SIC 
1 Launch Complex 

10 Fueling Agency 

As 
req'd 
by 
test 
plan Non-deliverable 

7 
T 
7 
7 

1 
1 

1 
1 
2 

1 
1 
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TABLE 2 

Major Hardware Articles to be Furnished by the Government 

Note: Quantities and schedules shall be as coordinated with the 
Contractor, the AEC and the User. 

Flight Articles (Qualified) 

Nuclear Heat Source 
Airborne Telemetry and Command Control 
Equipment (for installation in CIR) 

Development and Test Articles 

Nuclear Heat Source (for fueling dono) 
Airborne Telemetry and Command Control 
Equipment for installation in CIR (for 
demo flight) 

Airborne Telemetry and Command Control 
Equipment for installation in 
RTG/RB (for demo flight) 

Qt: 

7 
7 

Deliver to 

Launch Complex 
Contractor 

Laimch Complex 

Contractor 

Contractor 

NOTES: Dummy Heat Source = non-nuclear, non-thermal heat source 
simulator 
Electrical Heat Source - non-nuclear, electrically heated 
Heat Source simulator 
SIC = Spacecraft Integration Contractor 
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2.0 APPLICABLE DOCUMENTS.-

2.1 General.-

2.1.1 Extent of Applicability.- The documents listed in this 
section form a part of this specification only to the extent specified 
in the text of this specification. Where a document or its provisions 
are to be "used as a guide" (or other similar phrases) the extent of 
applicability shall be based on the Contractor's management and technical 
judgment. For reference purposes only, the paragraph(s) in this speci­
fication where each document is called out are shown opposite each 
docvmient in the following listing. 

2.1.2 Dates of Issue.- References to documents in the text of 
this specification are made by basic number only. Such basic reference 
shall designate the exact issue as specified in this Section 2, 
including the cited amendments, changes, etc. 

2.1.3 Rules of Procedures.- In case of conflict between this 
specification and the Contract, the Contract shall govern. In 
case of conflict between this specification and any document 
referenced herein, this specification (including any authorized 
changes, appendices, or addenda hereto), shall govern. 

2.2 Documents.- In addition to the following listing, the 
documents referred to in Appendix "A" of MN-2050-100 are also 
applicable to the extent described in the appendix. 

2.2.1 AEC-Sandia Corporation.-

Para. No. 

Technical direction provided in writing 3.2 
during Phase 0 of Contract AF(29-2)-2050. 

COhiriDEriTh^L-
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2 Military. • 

Para. No, 

Specifications 

MIL-E-605IC 
10 Sept. 64 
Amend. 1 

MIL-I-618ID 
1 June 62 
Change 3 
22 June 65 

Standards 

MIL-STD-826 
(USAF) 
20 Jan. 65 

3 Contractor.-

Electrical Electronic System 3,4.1.1 
Compatibility and Inter­
ference Control Requirements 
for Aeronautical Weapon System 

Interference Control Require- 3.4.1.1 
ments. Aircraft Equipment 

Electromagnetic Interference 
Test Requirements and Test 
Methods 

3.4.1.1 

Specifications 

MN-2050-1 
1 July GG 

MN-2050-20 

MN-2050-100 

MN-2050-200 
1 July 1966 

Specification Plan for the 
CRONUS Program 

Technical Interface Specifi­
cation for the CRONUS Aero­
space Ground Equipment 

Specification for CRONUS 
RTG/RB-CIR Systems Design, 
Performance and Test 
Requirements 

Specification for CRONUS 
Aerospace Ground Equipment 
Design, Performance and 
Qualification 

1.3.4, 6.4, 
5.2 

3.0 

2.2, 3.0, 4,1, 
6.1, 5.1^ 3.1^ 
3.3.2, 3.4,1, 
3.4.5, 3.4.7 

3.0 

COP iriDD JTIiA4. 
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2.2.3 Continued 

Specifications 

MN-2050-11 Sr 90 Fuel Interface 
(to be prepared) Specification 

MN-2050-12 Pu 238 Fuel Interface 
(to be prepared) Specification 

Drawings (interface Control 
Drawings - to be 
prepared) 

2.2.4 Goddard Space Flight Center 

S-652-NI-2A 
21 Dec. 1965 
(Unci.) 

2.2.5 USAF 

SSD-CR-65-18 
Rev. 1 
Sept. 1965 

AFETRM 
127-1 
10 Sep 1965 

AFETRM 
160-1 
10 Sep 1965 

AFWTRM 
550-2 
1 Jan 1965 

IFS-TIII-
20001 
l4 Dec 1964 

GSFC Technical Interface 
Specification for the Nimbus 
B/SNAP-19 System 

Titan III Standard Space 
Launch System (SSLS) 
Definition for Payload 
Contractors 

Range Safety Manual; Air 
Force Eastern Test Range 
Manual 

Radiation Control 
Program 

Range Safety Manual; Air 
Force Western Test Range 
Manual 

Range User's Handbook 
Atlantic Missile Range-
1962 

Para. No. 

1.3.1.4 
3.3.6 

1.3.1.4 
3.3.6 

3.2 

3.2, 3.4.3 

3.2, 1.3^3.7 

3.4.1.5, 
1.3.3.7 

3.2, 1.3.3.7 

3.2 

Structural and Loading 3.4.3 
Standard Interface Capabilities 
and Requirements 

GQMriDDJTIAL. 
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2.2.5 Continued 

IFS-TIII-
20002 
1 Sep 1964 

Interface Specification 
SSLS to Spacecraft 
Electrical Standard 
Interface Capabilities 
Requirements 

ParaNo. 
3.2, 
3.3.2.2c 

IFS-TIII- Interface Specification 
20004, Chg. SSLS to Spacecraft 
Notice 3, Environmental STD Inter-
9 Sep 1965 face Conditions and 

Requirements 

2.2.6 Other Publications.-

3.2, 
3.3.1.2 

Dept. of 
Commerce 
Handbook 69, 
5 June 1959 

Tariff No. 
19 (Agent 
T.C. George) 
Sept 5, 1966 

Maximum Permissible Body 3.4.1.5 
Burdens and Concentrations of 
Radionuclides in Air and in 
Water for Occupational 
Exposure 

Interstate Commerce 
Commission Regulations 
for Transportation 
of Explosives and Other 
Dangerous Articles 

3.4.1.5 
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3.0 REQUIREMENTS. -

The following establishes the requirements and/or baselines 
for: 

a. Functional, physical and Installation Interfaces and 
control of Interfaces between the CRONUS RTG/RB-CIR Systems as 
described in Specification MN-2050-100, and the equipment facilities, 
and operations for a low Earth orbit satellite program. 

b. The specific effort and/or responsibilities to be performed 
by the Contractor, AEC, User and cooperating Government agencies to 
effect Integration of the CRONUS RTG/RB-CIR Systems into the satellite 
program. 

c. Installation, support and training services to be performed 
by the Contractor. 

d. Data and documentation to be provided and controlled by 
the Contractor. 

Contractor furnished aerospace ground equipment associated with 
the CRONUS RTG/RB-CIR Systems and interface requirements and baselines 
applicable to the AGE are described in and shall conform with Specifica­
tions MN-2050-20 and MN-2050-200. 

3.1 Program Functional Interface.- The primary functions of 
the CRONUS RTG/RB-CIR Systems are to furnish operational electrical 
power to an earth orbital satellite and to provide for the safe 
reentry of its radioisotope fuel. The specific performance 
characteristics of the CRONUS RTG/RB-CIR Systems to enable it to per­
form its intended functions shall be as described in specification 
MN-2050-100 and, with respect to interfaces with the mission and 
satellite and launch vehicle, in accordance with the requirements 
and baselines of this specification. 

3.2 Interface Baselines.- The objective of the Contractor's 
design, development, manufecturing and test efforts under its CRONUS 
program shall be to develop and provide a system operable with and 
compatible functionally and physically with a low earth orbit satellite, 
(e.g., NIMBUS) the Titan IIIC launch vehicle and associated launch 
complex facilities, equipment and procedures at ETR and ground 
tracking telemetry and control stations. However, pending specific 
definition of the satellite mission and the criteria and requirements 
of the facilities and eqirLpment comprising the satellite program, the 
Contractor's design, development, fabrication and test efforts shall 
be based on the documents listed in 2.2.1, 2.2.4 and 2.2.5 as guides. 
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3.2 Continued 

The extent to which the CRONUS RTG/RB-CIR Systems shall be operative 
and compatible with the designated vehicles and their development, 
manufacturing, test, and utilization programs shall be as provided 
for in this specification, 

3.3 Specific Interfaces.- The major functional and physical 
interfaces involving the RTG/RB-CIR Systems shall be as follows. 

3.3.1 Launch Vehicle.-

a. Mechanical.- The aft cone of the re-entry body shall be 
connected to the launch vehicle fairing (modified in accordance 
with Interface control drawing (to be prepared))so that opening and 
closing the fairing will also open or close the aft cone. The 
connection shall include a separable (pyrotechnic actuated) link 
to permit jettison of the fairing. 

Mechanical ICD No, (to be prepared) 

b. Electrical.- The RTG/RB-CIR Systems shall be connected 
(via the space vehicle to launch vehicle interface) to launch vehicle 
electrical umbilical connections to provide instrumentation and 
control (hardwire) links to the Laiinch Control Center and shall 
be connected (via the space vehicle to launch vehicle interface) 
to the launch vehicle MDS, 

Electrical ICD No. (to be prepared) 

c. Thermal.- The RTG/RB-CIR Systems shall deliver theimal 
energy at a level of approximately 65OO watts within the launch vehicle 
fairing In the absence of air conditioning. (See 3.3.3, below for 
cooling air requirements). 

d. Nuclear.- The RTG/RB-CIR Systems shall deliver nuclear 
radiation (subsequent to nuclear fueling of the RTG) to materials 
and/or components of the launch vehicle as shown in Tables 3 and 4 
for a Sr 90 fueled generator and in Tables 5 and 6 for a Pu 238 
fueled generator. The data given in these tables is based on the 
simplified generator design model. 



TABLE 3 

Dose along vehicle longitudinal axis measured from center 
of Heat Source (Sr 90 fuel) 

Distance 

1 
2 
4 
6 
12 
24 
50 

(ft) Gamma (R/hr) 

9,020 
1.980 
282 
102 
25 
6 
1 

Neutrons (n/ 

4,300 
2,400 
780 

-

-

TABLE 4 

Dose perpendicular to longitudinal axis measiired from 
center of Heat Source (Sr 90 fuel) 

Distance (ft) 

2 
3 
6 
12 
24 
50 

Gamma (R/hr) Neutrons (n/cm /sec) 

5,410 
2,210 
851 
129 
32 

5.090 
1.880 
424 
103 
26 
6 

TABLE 5 

Dose along vehicle longitudinal axis measured from center 
of Heat Soiirce (Pu 238 fuel) 

Distance (ft) Gamma (R/hr) Neutrons (n/cm /sec) 

1 
2 
3 
4 
5 
6 

•X-

•x-

•X-

•X-

•X-

•X-

* 

•X-

•X-

•X-

To be determined 
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TABLE 6 

Dose perpendicular to longitudinal axis measured from 
center of Heat Source (Pu 238 fuel) 

Neutrons (n/cm /sec) 

18,900 
4,900 
2,100 
1,260 
770 
560 

Distance 

1 
2 
3 
4 
5 
6 

3.3. 

a. 

= ( f t ) 

2 Space Vehic le . 

Mechanical . - The 

GH,mma (R/hr) 

-

CIR 

0.24 
0.06 
0.025 
0.014 
0.009 
0.006 

System sh 
vehicle by means of a track assembly to permit ejection of the CIR 
(carrying the RTG/RB System) from the space vehicle upon command 
(^ound, or MDS). Prior to ejection, the CIR shall be locked in 
place by a retaining pin. The pin shall be removed by a pyrotechnic 
actuated "pin puller" to pennit ejection. 

The total weight of the RTG/RB-CIR Systems (fueled) as installed 
aboard the space vehicle shall not exceed 8OO pounds. 

Mechanical ICD No. (to be prepared) 

b. Electrical.- The BTG/RB-CIR Systems shall be connected to 
the space vehicle by means of quick-disconnect electrical connector(s) 
to provide power leads from the generator system to the space vehicle, 
to provide signal leads from the launch vehicle MDS to the CIR System 
and to provide instrumentation and control leads from the 
RTG/RB-CIR Systems to the launch vehicle electrical umbilical. 

The RTG/RB-CIR Systems electrical ground shall be connected 
to the space vehicle electrical ground at a single point. 

c. Thermal.- The CIR System shall deliver negligible thermal 
energy to the space vehicle. 

d. Nuclear.- The RTG/RB-CIR Systems shall deliver nuclear 
radiation (subsequent to nuclear fueling of the RTG) to materials 
and/or components of the space vehicle as shown in Tables 3 and 
4 for a Sr90 fueled generator and Tables 5 and 6 for a Pu 238 
fueled generator. 

. ;^[NDr?0^0-.F.-.4.. 
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3.3.3 Launch Site Facilities.-

a. Mechanical.- Where the RTG/RB-CIR Systems require mechanical 
interfaces with the launch site facilities (e.g,, lifting and 
handling), such interfaces shall be via the CRONUS MGE (maintenance 
ground equipment). 

b. Electrical.- Wheie the RTG/RB-CIR Systems require electrical 
interfaces with the launch site facilities (e.g.. Instrumentation 
and control cabling), such interfaces shall be via the laimch/space 
vehicle interfaces. 

c. Air Conditioning.- Conditioned air (70 lbs. per minute 
of 60-65"^, 42-50̂ 0 RH air) shall be available within the launch 
vehicle fairing during and after nuclear fueling of the RTG. 

3.3.4 CRONUS AGE.-

a. Mechanical.- The mechanical interfaces between the RTG/RB-CIR 
Systems and the CRONUS AGE (for lifting, positioning and handling 
of major components/systems) shall be in accordance with Mechanical 
ICD No. (to be prepared). 

b. Electrical.- The electrical interfaces between the 
RTG/RB-CIR Systems and the CRONUS AGE (for instrumentation and 
control functions) shall be via launch site facilities (launch vehicle 
umbilical connections). 

c. Electromagnetic.- The electromagnetic interfaces between 
the RTG/RB-CIR Systems and the CRONUS AGE (for telemetry and command 
control functions) shall be via range facilities (ground TT8sC stations). 

3.3.5 Ground TT&C Stations.-

Electromagnetic.-

a. The RTG/RB System radio beacon (for tracking by ground 
TT&C stations) shall have the following signal characteristics: 

Frequency: * 

Modulation: * 

Effective Radiated Power: * 

•)<• - To be determined on the basis of mission requirements and com­
patibility with range facilities and ground TT&C stations. 

CQhiriDDITIAL 
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b. The CIR System telemetry and command control equipment 
shall have the following signal characteristics: 

(To be determined on the basis of mission requirements, 
RTG/RB-CIR requirements and compatibility with range facilities 
and ground TT&C stations). 

3.3.6 Nuclear Fuel Interfaces.- Mechanical, thermal, nuclear 
and manufacturing Interfaces between the Nuclear Heat Source and other 
elements of the program shall be as specified in fuel interface 
specifications MN-2050-11 and MN-2050-12. 

3.4 General Interface Requirements.- The RTG/RB-CIR Systems 
shall conform to the general interface requirements of this 
paragraph wherever applicable. 

3.4.1 Equipment Design.- The general design of the CRONUS 
RTG/RB-CIR Systems shall be as specified in MN-2050-100. Specific 
details of design shall be as specified in the applicable RTG/RB-CIR 
Systems CEI specifications. 

3.4.1.1 Electro^ Electro-Magnetic Interference.- The CRONUS 
RTG/RB-CIR Systems shall be designed to meet the electromagnetic 
interference standards of MIL-E-605IC and MIL-STD-826 and the 
Interference control requirements of MIL-I-618I. The standards 
shall be applicable during operations which are conducted at or in 
the immediate vicinity of the launch pad and during launch and orbital 
operations. The Contractor shall furnish calculated electromagnetic 
interference characteristics (both conducted and radiated interference) 
of the CRONUS RTG/RB-CIR Systems along with a recommended plan for 
control of such electromagnetic characteristics. The plan shall identify 
parametric tests to be performed by the Contractor to determine 
Interference characteristics during electrically heated generator 
system operation and detail tests to assure electromagnetic compati­
bility of the CRONUS RTG/RB-CIR Systems with the satellite and 
launch vehicles and space vehicle ground operations. Requirements 
for Contractor performance of electro-magnetic testing of the CRONUS 
RTG/RB-CIR Systems shall be considered as unspecified pending 
coordination of the test plan for fueled systems with the User 
Organization. 

3.4.1.2 Protective Devices and Procedures.- The CRONUS RTG/ 
RB-CIR Systems shall not be required to contain devices (such as 
fuses or circuit breakers) for protection against internal or 
external electrical faults. Contractor prepared instruction manuals 
shall Include precautionary procedures so as to avoid equipment damage 
resulting from Improper connections or operation. 

€ONnDEr^TI;M-
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3.4.1.3 Telemetry and Command Control.- Instrumentation sensors 
and control devices/circuitry provided in the CRONUS RTG/RB-CIR 
Systems shall be compatible with the telemetry and command control 
equipment provided by the User (in accordance with a "GFE Require­
ments (Airborne)" document and a "GFE Requirements (Ground)" document 
to be prepared by the Contractor and coordinated with the AEC and 
the User). 

3.4.2 Electrical Installation.- All electric leads and 
connectors, including those for instrumentation, command control and 
telemetry, between the CRONUS RTG/RB-CIR Systems and the space 
vehicle shall be of a type to be negotiated with the User. 

3.4.3 Mechanical Installation.- Mounting surfaces and 
structures, but not including hardware (such as bolts, nuts, clamps, 
etc.) required to install the CRONUS RTG/RB-CIR Systems at the 
launch site shall be the responsibility of the User, The Contractor 
sha3J. furnish locating templates or mounting hole patterns, if 
necessary, for Contractor furnished articles. The CRONUS RTG/RB-CIR 
Systems as installed and operated at the launch complex shall be 
compatible with space-launch vehicle equipment and/or procedures. 

The CRONUS RTG/RB-CIR Systems shall be compatible with the 
Titan III-C standard payload fairing (as modified for the CRONUS 
programs) under any cSynamic conditions and shall conform to the 
limiting payload envelope shown in Figure II-2 of SSD-CR-65-I8. 
Structirral rigidity, frequency and moments of inertia at the payload 
to enable conformance with this requirement and to satisfy the 
structural interface criteria between payload and launch vehicle in 
conformance with IFS-TIII-20001 shall be the responsibility of the 
User. 

3.4.4 Interchangeability.- Complete operational CRONUS RTG/RB-
CIR Systems shall be Interchangeable with respect to mechanical 
mounting and electrical interconnection and with respect to the specified 
limits of performance characteristics. 

3.4.5 Maintenance.- Maintenance of Contractor furnished equipment 
shall be the Contractor's responsibility during installation and 
operation (at an integrating contractor's facility and/or at a launch 
site) prior to acceptance by the AEC/User for operational use. Such 
maintenance, however, shall be limited to "mainteranee type" adjust­
ments and replacement of parts (limited to those spares snecifiel 
.VI the contract). 

Additional requirements applicable to repair and maintenance 
efforts shall be considered as \inspeclfled. 

COhiriDChlTli( îL 
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3.4.6 Standardization.- In the design and fabrication of the 
CRONUS RTG/RB-CIR Systems, the selection and use of specifications, 
standards, parts, materials and processes of fabrication shall 
conform to criteria of MN-2050-100. 

3.4.7 Handling Provisions.- Lifting eyes, guides, alignment 
and Indexing points, and/or other pertinent features shall be 
incorporated in the CRONUS RTG/RB-CIR System to facilltiate hoisting, 
handling, and Installation of the unfueled system in the space/launch 
vehicle. Such handling provisions shall be compatible with ground 
handling concepts developed for the system and use of Contractor 
furnished maintenance ground equipment. 

3.4.8 Furnishing of Articles and Services to an Integrating 
Contractor.- The firnishing of articles and services to other than the 
launch site, such as to the facilities of an integrating contractor or 
a space vehicle contractor, shall be limited to experimental and/or 
engineering models in accordance with the contract. 

3.4.9 Training of User Personnel.- The Contractor shall conduct 
training of launch ccmplex and User personnel covering installation, 
check-out, operation and routine maintenance of the Contractor 
flemished CRONUS RTG/RB-CIR Systems. 

3.5 Government Furnished Articles and Services.- In conjunction 
with the services and articles furnished by the Contractor at the 
launch site the User and/or AEC shall be responsible for the following. 

a. Furnishing the equipment listed in Table 2 as Government Furnished 
articles in accordance with requirements set forth in a "GFE Require­
ments" document to be prepared by the Contractor and coordinated 
with the AEC and the User. 

b. Furnishing and/or modifying and operating equipment 
supplied by others in accordance with the provisions and criteria 
of Interface doajments coordinated with and accepted by the User. 
The User shall provide access to site facilities and equipment and 
furnish services necessary to performance of the Contractor's 
services. The use of site facilities shall be provided to store 
and safeguard Contractor furnished articles and other items which 
may be provided on a loan or other temporary basis by the AEC and/or 
Contractor. 
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c. Development and conduct of a test and control program to 
verify the radiation characteristics of the Heat Source as necessary 
to assure conformance with the applicable radiation standards for 
storage, handling and use of radioisotope materials. 

d. Modification of the Titan III nose fairing in accordance 
with coordinated interface control drawings. 

3.6 Data and Documentation.-

3.6.1 Drawings, Manuals and Data,- CRONUS RTG/RB-CIR systems 
data such as engineering drawings, instruction manuals and other 
documentation shall be prepared and distributed in accordance with 
MN-205O-2 and furnished F.O.B, destination. 

3.6.2 Documentation Control.- Contractor preparation, 
coordination and use of CRONUS RTG/RB-CIR Systems interface control 
documents and supporting data shall conform to the Specification 
Plan MN-2050-1 and the Configuration Control Plan MN-2050-3. 

3.6.3 Facility Design Interface.- All details of the 
Contractor's CRONUS RTG/RB-CIR Systems design shall be subject to 
coordination with the functional and physical provisions, limitations 
and capabilities of the standard and special facilities (launch site, 
test range and tracking system) provided by the User's mission program 
for launch and orbital flight operations. 

3.6.4 Program Procedures Interface.- All operational procedures 
prepared by the Contractor for the CRONUS RTG/RB-CIR Systems shall 
be subject to coordination, with the intents and constraints of the 
standard procedures of the User's mission program for launch opera­
tions . 

COPJriDENTMl 



4,0 QUALITY ASSURANCE PROVISIONS,-

4.1 Quality Inspection and Test.- Quality control measures for 
the CRONUS RTG/RB-CIR Systems during manufacture and prior to 
delivery shall be as specified in MN-2050-100. Inspection and 
verification of work performed by the Contractor on the CRONUS 
RTG/RB-CIR Systems subsequent to delivery shall, in general, be 
in accordance with the same procedures and to the same standards 
as used prior to delivery. 

4.2 Fueling Demonstration.- Requirements for the CRONUS 
fueling demonstration shall be as specified in MN-2050-200. 

4.3 Demonstration Flight.- Requirements for the demonstration 
flight shall be as specified in MN-2050-100. 

CONriDDJThM 
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5.0 PREPARATION FOR DELIVERY.-

Not a p p l i c a b l e . 
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6.0 NOTES.-

6.1 Definition of Terms.- Certain terms as used herein shall 
be defined as follows. 

(See Specification MN-2050-100, para. 6.1) 

6.2 Supersession Data.- This Specification, when contractually 
authorized, shall supersede all other similar requirements in the 
Contract of which it is a part. 

6.3 Authorization.- This Specification, and any changes 
thereto, shall be authorized for use upon receipt of written approval 
of the Contracting Officer and issuance of an appropriate Contract 
Change incorporating this Specification in the Contract. 

6.4 Revisions and Changes.- This specification shall be revised 
only upon written direction from the Contracting Officer. Changes 
to this Specification shall be authorized as described in MN-2050-1. 
All such changes shall be subject to the Contract clause entitled 
"Changes". 
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FOREWORD 

This specification and other Contractor prepared subsidiary 
specifications referred to herein have been established to define 
requirements, characteristics, and interface criteria for a radio­
isotope fueled thermoelectric generator (RTG) system and a controlled 
intact reentry system (CIR) which along with the associated aerospace 
ground equipment (AGE) form an overall system designated as "CRONUS." 
The content of this specification reflects the results and efforts of 
the Contractor under Phase "Zero" of the CRONUS Program (Contract 
AT(29-2)-2050); however, the specification is not restricted to any 
particular phase of design, development and production. 

In the preparation of this document, emphasis has been placed on 
definition of areas applicable to the initial portion of a complete 
program to provide flight systems. It is expected that this document 
will be made more definitive and up-dated and completed through 
modifications as integration of Government Agency and Contractor 
effort is accomplished and as more firm design information and test 
results become available. In final form and representing the results 
of mutual agreement, it is expected that this specification will be 
referenced in contractual agreements between the Contractor and the 
AEC. 

The relation of this specification to other Contractor prepared 
specifications and the contract is shown in Figure 1 of the Specifi­
cation Plan MN-2050-1. 
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TECHNICAL INTERFACE SPECIFICATION 
FOR THE 

CRONUS AEROSPACE GROUND EQUIPMENT 

1.0 SCOPE.- This technical interface control specification, along 
with Interface control drawings referred to herein, defines require­
ments and criteria governing and establishing Interfaces between the 
CRONUS (Controlled Reentry Orbiting NUclear System) AGE (Aerospace 
Ground Equipment) and the various facilities, vehicles and efforts 
comprising an earth orbital satellite program. 

1.1 Mission.- The CRONUS AGE is intended to service and support 
the performance of the CRONUS RTG/RB and CIR systems during Installation, 
checkout, launch, orbital flight and reentry operations. 

1.2 Interface Identification.- This interface control specifica­
tion identifies Interface criteria and requirements between the 
following. 

a. CRONUS AGE with transportation equipment 

b. CRONUS AGE with storage facilities 

c. CRONUS AGE with launch facilities 

d. CRONUS AGE with CRONUS RTG/RB-CIR systems 

e. CRONUS AGE with launch vehicles 

1.3 Responsibilities.- To effect integration of the CRONUS AGE 
into the satellite mission, areas of responsibility and the effort to be 
performed to accomplish such responsibility and/or permit others to 
carry-out their responsibilities shall conform to the following. 

1.3.1 AEC.- The AEC shall be responsible to the User for the 
performance of the Contractor in accordance with the provisions of the 
contract between the Contractor and the AEC. In addition, with respect 
to design, fabrication, and use of the AGE, the AEC shall: 

a. Furnish direction and assistance to the Contractor in the 
conduct of liaison and coordination activity with the User Organization. 

b. Accomplish and arrange for necessary approvals and efforts by 
other Government agencies which are necessary to authorize and accomplish 
integration of the CRONUS AGE into the satellite mission and program. 

NOTE: See Section 6 of MN-205O-IOO for nomenclature and definition of 
terms used herein. 
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c. Furnish, in conjunction with Contractor furnished articles and 
services, the equipment and services necessary to accomplish radiation 
monitoring and control of nuclear safety during all prelaunch, launch 
and post launch operations at the launch site. 

The AEC shall be responsible for establishing the necessary 
radiation control area(s) during Radioisotope Thermoelectric Generator 
(RTG) fueling and/or defueling operations (and any other operations 
involving handling of the heat source). 

1.3.2 User.- The User shall make available to the Contractor 
requirements, constraints, design data, specifications, test results, 
mission objectives and parameters affecting and/or to be met in the 
design and programming of the CRONUS AGE. Data made available shall be 
that selected and furnished by the User or alternatively, that data and 
dociimentation which the User elects to provide in response to specific 
requests by the Contractor. Data requested by the Contractor shall be 
made available or in lieu thereof the Contractor and the AEC shall both 
be provided with recommendations as to the basis to be used in design 
and programming efforts (see also 1.3»3 following). 

The User, in conjunction with the Contractor and AEC, shall furnish 
facilities and equipment, perform work and furnish services and carry 
out responsibilities, all as provided for herein, upon acceptance of 
this document. This effort shall include facility modification as 
required by Paragraph 3»5 hereof. 

1.3.3 Contractor.- The Contractor shall perform studies, design, 
fabricate, test and deliver CRONUS AGE and provide support services in 
accordance with the provisions of its contract* with the AEC. Effort, 
articles and services provided shall be in accord with program phasing 
as established by the contract which refers to this specification and 
shall be in conformance with the Interface requirements of this 
specification. 

The Contractor shall obtain the necessary Interstate Commerce 
Commission permit for shipment of the Heat Source Transportation Cask. 

•>̂For purposes of this document as a reference source under Contract 
AF(29-2)-2050, articles of equipment to be delivered by the Contractor 
shall consist of those shown In Table I. 
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Table I 

Hardware Articles to be Furnished by the Contractor 

Deliver to 

Ground Handling Equipment including: 

Fueling Machine and Support Structure 

Fuel Boom and Retracting Mechanism 

Support Structure Pallet 

Heat Source Transportation Cask 

(including sling and skid) 

Refurbishing Kit (one for each launch) 

Fueling Probe (for cask loading) 

Operational Ground Equipment including: 

Launch and Checkout Control Console 

Nuclear AGE Control and Monitor Console 

Go-No Go Analyzer 

Radio Beacon Checkout Set 

Power Supply (28 volt dc) 

Antenna Hat 

Maintenance Ground Equipment Including: 

Ordnance Checkout Set 

Alignment Kit 

Battery Checker 

Tools and Spares 

Launch Fueling 
Complex Agency SIC* 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1* 

1* 

1* 

* Specific items of equipment to be furnished to the spacecraft integration 
contractor shall be as coordinated with the AEC, the SIC and the Contractor. 
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Table 2 

Related Hardware Articles and Facilities to be Furnished by the Government 

Radiation Monitors for Nuclear Fuel Storage Area 
and Umbilical Tower Nuclear Fueling Area 

TT&C Ground Station Equipment 

TT&C Checkout Set for Vehicle Equipment 

1 set Launch Complex 

X sets 

1 
1 
1 

As required 
for the range 
stations used 
for the 
mission 

Launch Complex 
SIC 
Contractor 

Launch Complex Facilities 

Test Range Facilities 
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Requests to the User for data and documentation shall state the 
specific kind or nature of the information required, the purpose or 
reason for requesting the Information, and the general basis on which 
the Contractor will proceed in the event the information is not 
provided. In the event requested information or appropriate recommen­
dations (see 1.3.2) are not provided, the Contractor shall document, in 
reports required under the Contract, the bases used in lieu of User 
furnished information. 

1.3.^ Joint Responslbility.- The User/AEC shall issue and maintain 
a set of Interface control specifications and drawings (prepared and 
coordinated in certain Instances by the Contractor) to assure compati­
bility between the satellite program and the CRONUS AGE. All such 
specifications and drawings shall be applicable only after Incorporation 
by direct or indirect reference in this specification. Subsequent to 
approval and acceptance of this document, changes and additions shall 
only be accomplished in the manner provided for in MN-205O-I. 
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2.0 APPLICABLE DOCUMENTS. 

2.1 General. 

2.1.1 Extent of Applicability.- The documents listed in this 
section form a part of this specification only to the extent specified 
in the text of this specification. Where a document or its provisions 
are to be "used as a guide" (or other similar phrases) the extent of 
applicability shall be based on the Contractor's management and technical 
judgment. For reference purposes only, the paragraph(s) in this specifi­
cation where each document is called out are shown opposite each dociiment, 
in the following listing. 

2.1.2 Dates of Issue.- References to documents in the text of this 
specification are made by basic number only. Such basic reference shall 
designate the exact issue as specified in the Section 2, including the 
cited amendments, changes, etc. 

2.1.3 Rules of Procedures.- In case of conflict between this 
specification and the Contract, the Contract shall govern. In case of 
conflict between this specification and any document referenced herein, 
this specification (including any authorized changes, appendices, or 
addendums hereto), shall govern. 

2.2 Documents.- In addition to the following listing, the 
documents referred to in Appendix "A" of MN-2O5O-IOO are also applicable 
to the extent described in the appendix. 

2.2.1 AEC-Sandla Corporation 
Para. No. 

Technical direction provided in writing during 
Phase 0 of Contract AF(29-2)-2050 

3.2 

2.2.2 Military. 

Specifications: 

MIL-E-605IC 
10 Sep I96U 
Amendment 1 

Electrical-Electronic System 
Compatibility and Interference 
Control Requirements for 
Aeronautical Weapon System 

3.4.1.1 

Standards: 

MIL-STD-13TC 
25 Jun 1963 

Materials Handling Equipment 3.4.8 

i 
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MiL-sTD-826 
(USAF) 
20 Jan 1965 

2.2.3 Contractor. 

Specifications: 

MN-2050-1 

MN-2050-10 

MN-2050-100 

MN-2050-200 

Electromagnetic Interference 
Test Requirements and Test 
Methods 

Para. No. 

3.^.1.1 

Specification Plan for the 
CRONUS Program 

Technical Interface Specification 
for the CRONUS RTG/RB-CIR Systems 

Specification for CRONUS RTG/RB-
CIR Systems Design, Performance 
and Test Requirements 

6.k, 5.2 

3.0, 3.̂ .1.5 

2.2, 3.0, 6.1 

Specification for CRONUS Aerospace 3.O, 3.I, 
Ground Equipment Design, Performance 3.^'1^ 3.^.5^ 
and Test Requirements 3*^-7^ ^.1^ 

5.1 

Drawings 

(interface Control Drawings to be prepared during Phase l) 

2.2.if Goddard Space Flight Center. -

S-652-NI-2A 
21 Dec 1965 
(Unci.) 

2.2.5 USAF.-

SSD-CR-65-18 
Rev. 1 - Sep 
1965 

AFSCM 80-6 
Aug 1966 

AFETRM 127-1 
10 Sep 1965 

GSFC Technical Interface 3.2 
Specification for the Nimbus-B/ 
SNAP-19 System 

Titan III Standard Space Launch 3.2 
System (SSLS) Definition for 
Payload Contractors 

Handbook of Instructions for Aero- 3.2, 3.4.1 
space Ground Equipment Design 
(HIAGED, First Edition) 

Range Safety Manual; Air Force 3.2 
Eastern Test Range Manual 
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AFWTRM 550-2 
1 Jan 1965 

IFS-TIII-20002 

IFS-TIII-20004 
Chg. Notice 3, 
9 Sep 1965 

Range Safety Manual; Air Force 
Western Test Range Manual 

Range User's Handbook 
Atlantic Missile Range - I962 

Interface Specification SSLS to 
Spacecraft Electrical Standard 
Interface Capabilities Requirements 

Interface Specification SSLS to 
Spacecraft Environmental STD 
Interface Conditions and Require­
ments 

Para. No. 

3.2 

3.2 

3.2 

3.2 

2.2.6 Other Publications.-

Dept. of Commerce Maximum Permissible Body Burdens 
Handbook 69, and Concentrations of Radionuclides 
5 Jun 1959 in Air and in Water for Occupational 

Exposure 

3.2 

Tariff No. I9 
(Agent T. C. 
George) 
effective 
5 Sep 1966 

NBFU No. 
1959 

TO 

Interstate Commerce Commission 
Regulations for Transportation of 
Explosives and Other Dangerous 
Articles 

National Electric Code 

3.2 

3.4.2 
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3.0 REQUIREMENTS.- The following establishes the requirements and/or 
baselines for: 

a. Functional, physical and installation interfaces and control of 
interfaces between the CRONUS AGE, as described in Specification 
MN-2O5O-2OO, and the equipment, facilities, and operations for an Earth 
Orbit Satellite program. 

b. The specific effort and/or responsibilities to be performed by 
the Contractor, AEC, User Organization and cooperating Government 
agencies to effect integration of the CRONUS AGE into the satellite 
program. 

c. Installation, support and training services to be performed 
by the Contractor. 

d. Data and documentation to be provided and controlled by the 
Contractor. 

Contractor furnished flight hardware associated with the CRONUS 
RTG/RB-CIR Systems and interface requirements and baselines applicable 
to the RTG/RB-CIR Systems are described in and shall conform with 
Specifications MN-205O-IO and MN-2O5O-IOO. 

3.1 Program Functional Interface.- The primary function of the 
CRONUS AGE is to support the CRONUS RTG/RB-CIR Systems during pre-launch 
and launch operations. Support of these systems during orbital and 
reentry operations shall be by GFE facilities. The specific performance 
characteristics of the CRONUS AGE to enable it to perform its Intended 
functions shall be as described in Specification MN-2050-200 and, with 
respect to interfaces with the mission and space launch vehicles, in 
accordance with the requirements and baselines of this specification. 

3.2 Interface Baselines.- The objective of the Contractor's AGE 
design, development, manufacturing and test efforts under its CRONUS 
program shall be to develop and provide AGE operable with and compatible 
functionally and physically with the "Nimbus B" satellite, the Titan III-C 
launch vehicle and associated launch complex facilities, equipment and 
procedures at ETR and space mission tracking, telemetry and control 
ground stations. However, pending specific definition of the satellite 
mission and the criteria and requirements of the facilities and equipment 
comprising the satellite program, the Contractor's design, development, 
fabrication and test efforts shall use the documents listed in 2.2.1, 
2.2.4, 2.2.5 and 2.2.6 as a guide. The extent to which the CRONUS AGE 
shall be operative and compatible with the designated vehicle and its 
development, manufacturing, test, and utilization programs shall be as 
provided for in this specification. 
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The basic categories of CRONUS AGE, and the functions of each, shall 
be as follows. 

3.2.1 Operational Ground Equipment (OGE).- The general functions 
of the CRONUS Operational Ground Equipment shall be to check-out, control 
and monitor the CRONUS RTG/RB-CIR Systems during pre-launch and launch 
operations and to control and monitor the operation of the GHE during 
fueling and defueling operations. 

3.2.2 Ground Handling Equipment (GHE).- The general functions of 
the CRONUS Ground Handling Equipment (Fueling Equipment) shall be to 
handle, protect, store and transport radioisotope material used as 
fuel for the CRONUS RTG. 

3.2.3 Maintenance Ground Equipment (MGE).- The general functions 
of the CRONUS Maintenance Ground Equipment shall be to service and 
support the CRONUS RTG/RB-CIR Systems. 

3.3 Specific Interfaces.- The major "functional and physical 
interfaces Involving the CRONUS AGE shall be as follows. 

3.3.1 Transportation Equipment.-

a. Heat Source Transportation Cask.- The User shall provide a 
flat bed trailer of at least 5 tons capacity for transporting the 
Heat Source Transportation Cask from the nuclear fuel storage area (at 
the launch complex) to the launch pad. (Delivery to the launch complex 
shall be the Contractor's responsibility.) 

b. Fueling Equipment.- The User shall provide a moving van of the 
"cushion-air type and of at least 5 tons capacity for transporting the 
Fueling equipment from launch complex storage to the launch pad. 
(Delivery to the launch complex shall be the Contractor's responsibility.) 

c. All Other CRONUS AGE.- The user shall provide standard 
"freight type" vehicles of appropriate capacities for transporting 
CRONUS AGE articles from launch complex storage to the launch site. 
(Delivery to the launch complex shall be the Contractor's responsibility.) 

3.3.2 Storage Facilities.-

a. Heat Source Transportation Cask.- The User shall provide ample 
and satisfactory semi-remote, protected, secure storage space (approximately 
40 square feet) for the Heat Source Transportation Cask at the launch 
complex. Radiation monitoring (surveillance) of this area shall be the 
User's responsibility. The User shall assure that unrestricted circulation 
of ambient air around the cask is permitted at all times. 
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b. All Other CRONUS AGE.- The User shall provide ample and 
satisfactory protected and secure storage space (approximately 300 square 
feet) for temporary storage of CRONUS AGE articles at the launch complex. 

3.3.3 Launch Facilities.-

3.3.3.1 Vertical Integration Building.- CRONUS AGE (OGE) shall be 
installed in a Launch Control Center (in a Vertical Integration Building) 
at the launch site and shall serve to monitor the operation of the RTG/RB-
CIR Systems during installation, checkout and launch operations and to 
control and monitor nulcear fueling/defueling operations. 

a. Mechanical Interface.- The User shall provide ample and 
satisfactory space (approximately 100 square feet) to Install and operate 
consoles and equipment racks. 

Mechanical ICD - (to be prepared) 

b. Electrical Interface.- The Contractor shall provide all cables, 
connectors, junction boxes, etc., necessary to Interconnect all contractor 
furnished OGE located within the Launch Control Center and Including those 
wiring devices necessary to connect contractor cabling to facility cabling 
at facility distribution/junction boxes. 

The User shall provide all wiring and cabling (including distribution 
and switching equipment) between the Launch Control Center (distribution/ 
junction boxes) and the RTG/RB-CIR Systems (via umbilical connections) 
and between the Launch Control Center and the Fueling Equipment (via the 
umbilical tower). 

The User shall provide the following electrical facilities. 

110 volt ac, single phase power 
220 volt ac, 3 phase power 
28 volt dc power 

Electrical ICD - (to be prepared) 

3.3.3.2 Umbilical Tower.- CRONUS AGE (GHE) shall be Installed on 
a work platform of the umbilical tower at the payload level and shall serve 
to fuel and/or defuel the CRONUS RTG under remote control from the 
Launch Control Center. 

a. Mechanical Interface.- The User shall provide ample and 
satisfactory space (approximately 50 square feet with a total loading of 
13,000 pounds) to install and operate the Fueling Equipment. Radiation 
monitoring (surveillance) of the fueling area shall be the User's 
responsibility. 

Mechanical ICD - (to be prepared) 
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b. Electrical Interface.- The User shall provide the following 
electrical facilities. 

220 volt ac, 3 phase power (5 KW) 
110 volt ac, single phase power 
28 volt dc power 
Control and instrumentation cabling (See. 3.3.3.1b) 

Electrical ICD - (to be prepared) 

c. Piping Interface.- The User shall provide 2 lb/sec of dry 
nitrogen at 3000 psi 

Piping ICD - (to be prepared) 

3.3.3.3 TT&C Station.- CRONUS AGE (OGE) shall be installed at 
a test range Tracking Telemetry and Control ground station (station 
nearest to the launch site) to process data received from the RTG/RB-CIR 
Systems (via the GFE TT&C equipment) for performance monitoring purposes. 

a. Mechanical Interface.- The User shall provide equipment rack 
space to install and operate the Go-No Go Analyzer. 

Mechanical ICD - (to be prepared) 

b. Electrical Interface.- The User shall provide power and 
Instrumentation cabling as follows: 

110 volt ac, single phase power 
data leads from TT&C ground station equipment (GFE) 

Electrical ICD - (to be prepared) 

3.3.4 CRONUS RTG/RB-CIR Systems.- CRONUS AGE (antenna hat(s)— 
part of OGE) shall be provided for use in the Vertical Integration 
Building and on the launch pad for TT&C checkout during pre-launch 
operations. 

a. Mechanical Interface.- The antenna hat(s) shall mate with the 
radio beacon antenna and telemetry and control antennas on the RTG/RB-
CIR Systems. 

Mechanical ICD - (to be prepared) 

b. Electrical Interface.- The User shall provide RF cabling from 
the payload level of the umbilical tower to the Launch Control Center. 

Electrical ICD - (to be prepared) 
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3.3.5 Launch Vehicle.- The User shall provide umbilical 
connections to the launch vehicle (and thence to the CRONUS RTG/RB-CIR 
Systems via the launch vehicle-space vehicle interface) sufficient to 
accommodate instrumentation and control leads for pre-launch checkout of 
the RTG/RB-CIR systems and for control and monitoring leads for opening 
and closing the launch vehicle nose fairing. 

3.4 General Interface Requirements.- All CRONUS AGE shall conform 
to the general interface requirements of this paragraph wherever 
applicable. 

3.4.1 Equipment Design.- The design of the CRONUS AGE shall be 
as specified in MN-2050-200 and, as applicable, in general accordance 
with iAFSCM 80-6. 

3.4.1.1 Electro, Electro-Magnetic Interference.- The AGE shall be 
designed to meet the electromagnetic Interference standards of MIL-E-
6051c and MIL-STD-826. The standards shall be applicable during 
operations which are conducted at or in the immediate vicinity of the 
launch pad. Within 120 days after the effective date of the contract, 
the Contractor shall furnish the calculated electromagnetic interference 
characteristics (both conducted and radiated interference) of the AGE 
(OGE and GHE only) along with a recommended plan for control of such 
electromagnetic characteristics. The plan shall identify parametric 
tests to be performed by the Contractor to determine interference 
characteristics during electrically heated generator system operation 
and detail tests to assure electromagnetic compatibility of the OGE and 
GHE with the space and launch vehicles and space vehicle ground 
operations. Requirements for Contractor performance of electromagnetic 
testing of CRONUS AGE shall be considered as unspecified pending 
coordination of the test plan for fueled systems with the User. 

3.4.1.2 Protective Devices and Procedures.- The AGE shall Include 
devices (such as circuit breakers) for protection from external 
electrical faults. Precautions and procediires to assure safe operation 
shall be furnished by the Contractor. 

3.4.2 Electrical Installation.- Electrical Installations shall 
conform to the applicable rules of the National Electrical Code. AGE 
power distribution and ground shall be separate from the launch vehicle 
structure and ground and shall have its neutrals and/or grounds connected 
at the spacecraft ground point only. 
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3.4.3 Mechanical Installation.- Mounting surfaces and structures, 
but not including hardware (such as bolts, nuts, clamps, etc.) skids or 
wheels, required to install the CRONUS AGE at the launch site shall be 
the responsibility of the User. The Contractor shall furnish locating 
templates of mounting hole patterns, if necessary, for Contractor 
furnished articles. CRONUS AGE, as Installed and operated at the launch 
complex shall not interfere with space/launch vehicle equipment and/or 
procedures. 

3.4.4 Interchangeabillty.- Complete items and sets of CRONUS AGE 
shall be interchangeable physically, electrically and functionally within 
the limits of specified performance characteristics. 

3.4.5 Maintenance.- Maintenance of Contractor furnished equipment 
shall be the Contractor's responsibility during installation and operation 
(at an Integrating Contractor's facility and/or at a launch site) prior 
to acceptance by the AEC/User for operational use. Such maintenance, 
however, shall be limited to "maintenance type" adjustments and replace­
ment of parts (limited to those spares specified in the contract. 

Additional requirements applicable to repair and maintenance effort 
shall be considered as unspecified. 

3.4.6 Standardization.- In the design and fabrication of the 
CRONUS AGE, the selection and use of specifications, standards, parts, 
materials and processes of fabrication shall conform to criteria of 
MN-2050-200. 

3.4.7 Handling Provisions.- Lifting eyes, guides, alignment and 
indexing points, and other pertinent features shall be incorporated in 
the CRONUS GHE to facilitate hoisting, handling, and installation of 
the Fueling Equipment on the Umbilical Tower. Handling provisions of 
all other AGE items shall be compatible with standard materials handling 
equipment conforming to MIL-STD-I37. 

3.4.8 Training of User Personnel.- The Contractor, in accordance 
with the provisions of the contract, shall conduct training of launch 
complex and User personnel covering installation, checkout, operation 
and routine maintenance of Contractor furnished AGE articles (not to 
include training in operation of GHE). 

3.4.9 Fuel Handling.- The Contractor's personnel shall perform 
all fuel handling, fueling and defueling operations at the launch site 
for demonstrations and for operational flights. 
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3.5 Government Furnished Articles and Services.- In conjunction 
with the services and articles furnished by the Contractor at the launch 
site, the User and/or AEC shall be responsible for the following: 

a. Furnishing, installing and operating those hardware items listed 
in Table 2 as Government Furnished Equipment in accordance with require­
ments set forth in a "GFE (Ground) Requirements" document to be prepared 
by the Contractor and coordinated with the AEC and the User. 

b. Firrnishing and/or modifying and operating equipment supplied 
by others in accordance with the provisions and criteria of interface 
documents coordinated with and accepted by the User. The User shall 
provide access to site facilities and equipment and furnish services 
necessary to performance of the Contractor's services. The use of site 
facilities shall be provided to store and safeguard Contractor furnished 
articles and other items which may be provided on a loan or other 
temporary basis by the AEC and/or Contractor. Facility modifications 
shall Include: 

(1) Strengthen umbilical tower work platform at payload level 
so as to bear a minimum of 13,000 lbs and provide attach­
ment points for CRONUS GHE in accordance with applicable 
Contractor Interface Control Drawing(s). 

3.6 Data and Documentation.-

3.6.1 Drawings, Manuals and Data.- CRONUS AGE data such as 
engineering drawings, instruction manuals and other documentation shall 
be prepared and distributed in accordance with MN-2050-2 and furnished 
F.O.B. destination. 

3.6.2 Documentation Control.- Contractor preparation, coordination 
and use of CRONUS AGE interface control documents and supporting data 
shall conform to the Specification Plan MN-2050-1 and the Configuration 
Control Plan MN-205O-3. 

3.6.3 Facility Design Interface.- All details of the Contractors 
CRONUS AGE design shall be subject to coordination with the functional 
and physical provisions, limitations and capabilities of the standard 
and special facilities (launch site, test range and tracking system) 
provided by the User's mission program for launch and orbital flight 
operations. 

3.6.4 Program Procedures Interface.- All operational procedures 
prepared by the Contractor for the CRONUS AGE shall be subject to co­
ordination with the intents and constraints of the standard procedures 
of the User's mission program for launch operations. 
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4.0 QUALITY ASSURANCE PROVISIONS.-

4.1 Quality Inspection and Test.- Quality control measures 
for the CRONUS AGE shall be as specified in MN-2050-200. 

4.2 GHE Mock-Up Test.- Requirements for a CRONUS GHE mock-up 
test shall be as specified in MN-2050-200 

4.3 Fueling Demonstration.- Requirements for a CRONUS fueling 
demonstration shall be as specified in MN-2050-200. 

4.4 Demonstration Flight.- Requirements for a CRONUS demonstration 
(unfueled) shall be as specified in MN-2050-200. 

5.0 PREPARATION FOR DELIVERY.- Not applicable 
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6.0 NOTES.-

6.1 Definition of Terms.- Certain terms as used herein are 
defined as follows: 

(See Specification MN-2050-100 para. 6.l) 

6.2 Supersession Data.- This Specification, when contractually 
authorized, shall supersede all other similar requirements in the 
Contract of which it is a part. 

6.3 Authorization.- This Specification, and any changes thereto, 
shall be authorized for use upon receipt of written approval of the 
Contracting Officer and issuance of an appropriate Contract Change 
incorporating this Specification in the Contract. 

6.4 Revisions and Changes.- This specification shall be revised 
only upon written direction from the Contracting Officer. Changes 
to this specification shall be authorized as described in MN-205O-I. 
All such changes shall be subject to the Contract clause entitled 
"Changes." 
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FCBEWORD 

This specification and other Contractor prepared subsidiary 
specifications referred to herein have been established to define 
requirements, characteristics, and interface criteria for a radio­
isotope fueled thermoelectric generator (RTG) system and a con­
trolled intact reentry system (CIR) which along with the associated 
aerospace ground equipment (AGE) form an overall system designated 
as "CRONUS." The content of this specification reflects the re­
sults and efforts of the Contractor under Phase "Zero" of the 
Cronus program (Contract AT(29-2)-2050) but is not restricted to 
any particular phase of design, development and production. 

In the preparation of this document, emphasis has been placed 
on definition of areas applicable to the initial portion of a com­
plete program to provide flight systems. It is expected that this 
docvmient will be made more definitive and completed through modifi­
cations as integration of efforts is accongplished and as more firm 
design Information and test results become available. In final form 
and representing the results of mutual agreement, it is expected that 
this specification will be referenced in contractvial agreements between 
the Contractor and the AEC. 

The relation of this specification to other Contractor prepared 
specifications and the contract is shown in Figure 1 of the Specifi­
cation Plan MN-2050-1. 
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SPECIFICATION FOR CRONUS RTG/RB-CIR SYSTEMS 
DESIGN, PERFORMANCE AND TEST REQUIREMENTS (U) 

1.0 SCOPE.-

1.1 General.- This specification establishes the general de­
sign, performance and test requirements for a radioisotope fueled 
thermoelectric power generation system and a low earth orbit re­
entry system combined to form the CRONUS RTG/RB-CIR Systems. These 
requirements, taken along with the AGE requirements of MN-2050-200 
define the CRONUS prograjn requirements baseline. 

1.2 Mission.- The CRONUS RTG/RB-CIR Systems are intended as a 
primary source of electric power for unmanned space vehicle ap­
plications on low earth orbital missions. The reentry features are 
intended to provide the capability of re-entering the nuclear fuel of 
the thermoelectric generator, intact within its containment structiure, 
and effect impact in deep ocean areas. 

1.3 Description.- For purposes of this specification, the 
CRONUS RTG/RB- CIR Systems are considered to consist of a radioisotope 
fueled thermoelectric generator/reentry body system (RTG/RB) and a 
controlled intact reentry system (CIR). Basically, the composition 
of each system is as follows. 

1.3.1 RTG/RB System.-

a. Radioisotope Thermoelectric Generator (RTG) - converts the 
decay heat of a radioisotope to electrical energy. This system in­
cludes the nuclear heat source (complete structure containing the fuel 
capsules), the thermoelectric s\ibsystem (thermoelectric couples, 
thermal insulation and structures), the radiator (section of reentry 
body sxirface for radiating waste heat to the space environment) and the 
voltage regulator (electronic subsystem-physically housed within the 
CIR System). 

b. Reentry Body (RB) - provides physical protection of the 
nuclear fuel during reentry. This system includes the ablative heat 
shield (to withstand the aerothermal effects of reentry), the aft cap 
(which serves to provide fueling access to the RTG, to aerodynamically 
orient the reentry body and to enclose RTG con^onents), the radio 
beacon (to permit ground tracking) and miscellaneous structures, 
connectors and wiring. 

NOTE: See Section 6, for nomenclature and definitions of terms 
used herein. 
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1.3.2 CIR System.- Controlled Intact Reentry (CIR) - to 

de-orbit the Reentry Body under controlled conditions in order to 
effect safe reentry and earth impact of the Reentry Body in the 
event that satisfactory orbit (niiclear safety standpoint) is not 
achieved. This system includes: 

a. Propulsion Subsystem - rockets for RTG/RB-CIR ejection from 
the space vehicle, spin-up, de-orbit and de-spin. (Reentry Body 
separation from the CIR is accomplished by a stored mechanical energy 
device.) 

b. Ordnance Subsystem - pyrotechnic devices to sequence various 
f\mctions and actuate various mechanical devices. 

c. Telemetry and Command Control Subsystem - electronic equip­
ment to transmit certain RTG/RB-CIR statvis and performance data to 
ground TT&C stations, to reveive and execute "ejection" and "de-
orbit" commands from ground TT&C stations and to receive and execute 
an "ejection" command from the la\inch vehicle MDS (this command Is 
locked out until the point during ascent at which the launch vehicle 
fairing is jetisoned). 

l.k Program Concepts.- The contents of this section are for 
reference purposes only and siq)pleinent the requirements of the inter­
face specification referenced herein. 

l.lj-.l Enrployment.- The CRONUS RTG/RB-CIR Systems as described 
herein are intended for use with a low earth orbital space vehicle 
(e.g. Nimbus) as a power source. The space vehicle is Intended to 
be launched into a low earth orbit by the Titan III "C" booster, 

CRONUS RTG/RB-CIR Systems functions, performance 
characteristics and capabilities, and provisions for nuclear safety 
shall be compatible with the following desired flight profiles. 

1.̂ 4̂ .1.1 Space vehicle attainment of a nominal 60O nautical mile 
circular orbit with the possibility that the attained orbit may vary 
from nominal to an eccentric orbit with an apogee of 6OO N.M. and a 
perigee as low as 100 N.M. The orbit shall be obtained in a launch 
from ETR with perigee initially occurring nearly over the launch site 
with a posigrade orbital plane inclination of 30® + 1® with the 
equator. "~ 

1.11̂ .1.2 Laimch of the space vehicle from WTR into an orbit as 
described above except that orbital inclination with the equator shall 
be 90° ± 1°. 
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MN-2050-100 

1.1̂ .2 Deployment.- The RTG/RB-CIR Systems as described herein 
are intended to be a part of a space vehicle launched from the 
Eastern or Western Test Range and monitored and controlled from a 
Satellite Test Center through use of ground tracking telemetry and 
control stations. 

l.k.S Logistics.-

1.4.3.1 Spares.- The spare items to be provided for maintenance 
of the RTG/RB-CIR Systems shall be as specified in the Contract in­
corporating this specification. 

l.î .3.2 Maintenance.- Field maintenance (at any location other 
than the Contractor's manufactiiring facility) of the RTG/RB-CIR 
Systems shall be limited to adjustment and/or replacement (limited to 
those spares specified in the Contract. 

1.4.14- Training.- All personnel who will handle, operate or con­
trol Contractor furnished items should receive training by the Con­
tractor as provided for in the contract incorporating this specification. 

All personnel who will be in the immediate vicinity of 
nuclear fueling operations or the nuclear fuel itself should receive 
special nuclear safety training by the AEC. 
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2.0 APPLICABLE DOCUMENTS.-

2.1 General.-

2.1.1 Extent of Applicability.- The following documents form 
a part of this Specification only to the extent sjjecified in the 
text of this Specification, Vfliere a document or its provisions are 
to be "used as a guide" (or other similar phrases) the extent of 
applicability shall be determined by the Contractor based on manage­
ment and technical judgment. For reference purposes only, the 
paragraphs in this Specification where each document is called out 
are shown opposite each docxanent in the following list, 

2.1.2 Dates of Issue.- References to documents in the text of 
this Specification are made by basic number only. Such basic 
reference shall mean the exact issue specified in this Section 2, 
including the cited amendments, changes, etc. 

2.1.3 Rxiles of Procedure.- In case of conflict between this 
Specification and the Contract, the Contract shall govern. In case 
of conflict between this specification and any docxanent referenced 
herein, this Specification including any authorized changes, 
appendices, or addenda hereto, shall govern, 

2.2 Docvunents.- In addition to the following listing the 
documents referred to in Appendix "A" hereto are also applicable to 
the extent described in the appendix, 

2.2.1 AEC - Sandia Corporation.- Para. No. 

Technical direction provided in 3.2.1.3 
writing during Phase 0 of 
Contract AT(29-2)-2050 

2.2.2 Military.-

2.2.2.1 Specification.-

MIL-T-502IC-I Tests, Aircraft and 3.2.9.2 
Missile Welding Operators' 
Qualification 

MIL-B-5087B Bond, Electrical and 3.2.8.3 
Lightning Protection 
for Aerospace Systems 
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2.2.2.1 Specification (Cont'd),-

MIL-C-6021c 
k Nov. 64 

MIL-W-6858C 
20 Oct. 64 

MIL-W-816OD 
24 Dec. 63 
Amend. 1 

MIL-I-85OOB 
10 Oct. 60 

MIL-W-8604 
8 Oct. 59 
Amend. 1 

MIL-W-86IIA 
24 July 57 

MIL-Q-9858A 
16 Dec. 63 

Castings, Classification 
and Inspection of 

Welding, Resistance, 
Aluminiim, Magnesium, Non-
Hardening Steels or Alloys, 
Nickel Alloys, Heat Re­
sisting Alloys, and Titan­
ium Alloys, Spot and Seam 

Wiring, Guided Missile, 
Installation of. General 
Specifications for 

Interchangeability and Re-
placeability of Component 
Parts for Aircraft and 
Missiles 

Welding of Aluminum Alloys, 
Process for 

Welding, Metal Arc and Gas, . 
Steels, and Corrosion and 
Heat Resistance Alloys, 
Process for 

Qtiality Prograun Requirements 

MIL-W-16878D Wire, Electrical, Insulated 
5 July 61 High Temperature 
Suppl. #1 

MIL-W-I8326A Welding of Magnesium Alloys 
Gas and Arc, Manual and 
Machine Processes for 

MIL-C-26482C Connectors, Electrical, 
20 Feb, 63 Circular, Minature, Quick 
Amend. 1 Disconnect 
S\q)pl, #1 
Change 1 

Para, No. 

3.2.9.3 

3.2.9.2 

3.2.8.1 
3.2.8.5 

3.2.12 

3.2.9.2 

3.2.9.2 

4.1 

3.2.8.5 

3.2.9.2 

3.2.8.6 

MND-205a-F-;4; 
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2.2.2.1 Specification (Cont'd) 

MIL-M-38310 
15 Dec. 64 

MlL-W-45223 
26 June 62 

2.2.2.2 Standards.-

MIL-STD-143A 
14 May 63 

MIL-STD-I3OB 
7 Feb. 64 
Change 1 

Mass Properties Control 
Requirements for Missiles 
& Space Vehicles 

Welding, Spot, Harden-
able Steels 

Specifications and 
Standards Order of Pre­
cedence for the Selection 
of 

Identification Marking 
of U.S. Military ' 
Property 

2.2.3 Contractor.-

2.2.3.1 Specifications.-

MN-2050-1 

MN-2050-10 

MN-2050-20 

MN-2050-200 

Specification Plan for 
the CRONUS Program 

Technical Interface 
Specification for the 
CRONUS RTG/RB-CIR 
Systems 

Technical Interface 
Specification for the 
CRONUS Aerospace Ground 
Equipment 

Specification for CRONUS 
Aerospace Ground Equip­
ment Design, Performance 
and Test Requirements 

Para. No. 

3.2.9.5 

3.2.9.2 

3.2.2 

3.2.6,1 

6.4 

3.6.3.5 
3.3.1 
3.2.7 
3.2.5.3.0 
3.2.13 

3.0 

3.0 

(CEI Specifications - to be prepared - see MN-205O-I) 

2,2.3.2 Drawings.-

(CEI Drawings - to be prepared) 
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2,2.4 Air Force.-

SSD-CR-65-18 
Rev, 1 
Sept. 65 

Titan III Standard Space 
Launch System (SSLS) 
Definition for Payload 
Contractors 

Para. No. 

3.2.10.2 

CONriDCNTIM' 
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3.0 REQUIREMENTS,- This section establishes general requirements 
for the design, performance and test of the CRONUS RTG/RB-CIR Systems, 
Si)ecific items of CRONUS equipment shall be in accordance with the 
requirements set forth in the following Contract End Item (CEl) 
specifications, 

List of CRONUS RTG/RB-CIR Systems CEI specifications. 
(To be determined - See MN-2050-1.) 

Requirements for the interface of the various elements of the CRONUS 
RTG/RB-CIR Systems with elements of equipment and program of others 
shall be in accordance with Technical Interface Si>ecification 
MN-2050-10. 

Design, performance, test and interface requirements for Aero­
space Ground Equipment to support the CRONUS RTG/RB-CIR Systems shall 
be as specified in MN-2050-20 and MK-2050-200. 

3.1 Primary Performance Characteristics.- The CRONUS RTG/RB-CIR 
Systems shall be capable of: 

(C) 3.1.1 Power.- Fvurnishing electrical power (25O watts at 28 
volts ^ 105̂ , direct current) to the space vehicle regulated bus. The 
required output shall be provided after exposure to the non-operational 
environmental conditions and during exposure (while in orbit) to the 
operational environmental conditions specified in Paragraph 3.2.10 
herein and following not more than 30 days of fueled ground operation 
and not more than 60 days of nominally steady state electrically 
heated operation. 

(C) 3.1.2 Reentry.- The RTG/RB-CIR Systems shall be capable of 
effecting controlled, intact reentry (of the Reentry Body containing 
the Nuclear Heat Source) with iiqpact within specific areas to be 
selected on the basis of nuclear safety considerations. 

Controlled reentry shall be possible from the orbits 
specified herein with space vehicle orientation errors (at the time 
of RTG/RB-CIR ejection) of up to 5° in angle with angxaar rate of 
change up to 30° per second and roll rates up to 150° per second. 

Reentry without atmospheric burniq> shall be possible 
from the orbits specified herein regardless of the space vehicle 
orientation or angular rate of change (at time of RTG/RB-CIR ejection) 
but with roll rates not more than 60O® per second. 

CQ^JrlDE ĵTlAL 
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(C) 3.1.2 Reentry (Cont'd.).-

Controlled reentry shall be possible within a period 
of (to be determined) hours after Jetison of the launch vehicle 
fairing with not more than 9 hours between ejection of the RTG/RB-CIR 
from the space vehicle and initiation of the de-orbit sequence. 

Attitude control and guidance prior to RTG/RB-CIR 
ejection shall be provided by the space/launch vehicle. Attitude 
error sensing and the provision of the automatic ejection signal shall 
be functions of the launch vehicle MDS. 

Reentry shall be accomplished by the following functions: 

a. Ejection (i;̂ on ground command or upon automatic command from 
the lavinch vehicle MDS) of the RTG/RB-CIR Systems from the space vehicle 
at any time after Jetison of the launch vehicle fairing and before 
attainment of acceptable orbit by the space vehicle. 

b. Automatic (self sequenced) spin stabilization of RTG/RB-CIR 
attitude during ejection and de-orbit. 

c. Deceleration (xipon ground command) of the ejected RTG/RB-CIR 
Systems to reentry velocity. 

d. Automatic (self seqvienced) de-spin of the RTG/RB-CIR after 
deceleration. 

e. Automatic (self seqvienced) separation of the Reentry Body 
from the CIR System following de-spin. 

f. Automatic (aerodynamically induced) orientation of the Re­
entry Body (with respect to its reentry trajectory) during atmospheric 
reentry. 

g. Ablative dissipation of reentry heat (Reentry Body only). 

h. Containment of nuclear material during ocesm impact and during 
immersion in sea water at depths up to 6OOO feet for a minimum period 
of (to be determined on consideration of the xiltimate biological hazard) 
years. Containment integrity shall not be required following biu:ial in 
soil or media other than water nor in ocean depths greater than 60OO 
feet. 

3.1.3 Safety.- Assuring nuclear safety during operation and 
in the event of malfunctions of the space/launch vehicle by means of 
positive containment of the nuclear material. Malfunctions and the 
resxiltant accident environments to be considered shall be as follows: 

CONriDENTIAL 
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3.1.3 Safety (Cont'd).-

(TO be determined on the basis of mission and 
equipment definitions.) 

The basic consideration in safety evaluation shall be 
the ultimate biological hazard. 

Each fuel capsxile contained in the heat source shall be 
capable of withstanding (maintaining structural integrity) the 
following conditions. (These are tentative conditions used for pre­
liminary consideration only and, as such, shall be subject to re­
vision on the basis of data available during design au&d analysis 
phases of the program.) 

Normal operating conditions as specified herein 

Prelaunch exposure to air 

Sea water corrosion (time to be determined on the basis 
of biological hazard analysis) 

Blast overpressure of at least 100 psi 

Hydrostatic pressure (external) equivalent to 6OOO feet 
of sea water 

Fireball resulting from launch pad or in-flight ex­
plosion of latuach vehicle. 

Reentry from orbit (within the Reentry Body) 

Earth impact (on granite) at its free flight terminal 
velocity at sea level. 

Verification of performance capabilities shall be accomplished in 
accordance with the requirements of Section 4 of this specification 
and the requirements of subsidiary specifications prepared and co­
ordinated in sxibsequent program phases. 

3.2 Design and Constrtiction.-

3.2.1 General.- All elements of the CRONUS RTG/RB-CIR Systems 
shall conform to the following design and construction requirements 
except where sxich compliance would be in conflict with the performance 
requirements of Section 3.I or of the CRONUS RTO/RB-CIR Systems CEI 
specifications. In case of such conflict, the Contractor shall 
recommend suitable deviation, obtain approval of the AEC and document 
the change in the appropriate specification. 
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3.2.2 Specifications and Standards.- The Contractor shall 
select and use specifications and standards for materials, parts 
and processes (where not otherwise called out herein) using MIL-STD-143 
as a guide but based on the Contractor's evalxjation of the following 
criteria. These criteria shall be applied in the order of priority 
shown with all being met where possible, 

a. Suitability for use for the mission (including safety con­
siderations) . 

b. Parts, processes, etc. previously qualified for similar 
applications. 

c. Government standard parts, processes, etc. 

d. Low cost. 

Military Specifications and Standards shall be applicable 
to the design and construction of the CRONUS RTG/RB-CIR Systems to the 
extent provided for herein and in Appendix "A" hereto. The per­
formance of tests and the furnishing of data in accordance with the 
requirements of Military Specifications and Standards shall be ac­
complished to the extent specifically provided for herein and in 
other Contractor prepared documentation fiurnished in accordance with 
the provisions of the contract but shall not be deemed to be required 
merely by virtue of specification reference. 

3.2.3 Materials, Parts and Processes.- Materials, parts and 
processes selected by the Contractor shall be compatible with the 
CRONUS RTG/RB-CIR Systems performance and environmental requirements. 
Strategic or critical materials shall not be used, however, unless 
essential to the attaiiunent of required performance and for conformance 
with environmental requirements. 

3.2.3.1 Standard and Commercial Parts,- The Contractor may use 
commercial or Contractor standard materials, parts or processes when 
all CRONUS RTG/RB-CIR Systems requirements are met thereby and the 
Commercial or Contractor standards to be used are equivalent to or ex­
ceed the requirements of other doc\Bi»nts or there are no applicable 
and satisfactory Government or industry standard documents. 

3.2.3.2 Parts Qualification.- All materials and parts used in 
portions of the CRONIB RTG/RB-CIR Systems which are designated in CEI 
specifications as "critical" shall be qxjalified for the intended applica­
tion as follows: 

I 
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a. QPL - Standard parts procxired to Government specifications 
controlled by Qualified Products Lists and applied within limits 
specified in applicable CEI specifications shall be considered quali­
fied for use in the CRONUS RTG/RB-CIR Systems. 

b. Use - Parts or materials having demonstrated records of 
satisfactory previous performance in applications equally or more 
severe than the intended application shall be considered qualified 
for use in the CRONUS RTG/RB-CIR Systems. 

c. Similarity - Parts or materials identical to QPL or use 
qualified items except for details v^ich are not affected by the in­
tended application shall be considered qxialifled for use in the CRONUS 
RTG/RB-CIR Systems. 

d. Analysis - A part, not otherwise qualified, shall be con­
sidered qualified for use in the CRONUS RTG/RB-CIR Systems upon sub­
mission of analysis substantiating to the satisfaction of the AEC and 
the User that svjch item will withstand the requirements of its intended 
application. 

e. Test - A part, not otherwise qualified and not subject to 
meaningfvil analysis shall be considered qxialified for use in the 
CRONUS RTG/RB-CIR Systems upon successful completien of qualification 
tests as specified in the applicable CEI specification, 

3.2.4 Workmanship.- During the fabrication of the CRONUS 
RTG/RB-CIR Systems, a high level of workmanship shall be ensured by 
the use of properly trained personnel equipped with correct tools in 
good condition, by the selection and careful use of adequate tech­
niques and by the application of uniform standards. 

3.2.5 Electromagnetic Interference.- The CRONUS RTG/RB-CIR 
Systems shall be designed to operate in conjunction with other 
equipment related to the space vehicle, launch vehicle and launch 
complex without detriment resulting from electromagnetic radiation of 
other devices and without causing detriment to other devices. Require­
ments for electromagnetic compatibility shall be as specified in 
Interface Control Specification MN-2050-10. 

3.2.6 Identification and Marking.-

3,2.6.1 Each CRONUS RTG/RB-CIR Systems and all interchangeable 
units svrpplied as a part of the RTG/RB-CIR Systems shall be provided 
with an identification plate or decal conforming to MIL-STD-I30 xinless 
the availability of space, operating temperature, or other constraints 
prohibit such identification. In the event of such provisions, the 
items shall be marked as described in "3.2,6.2" following. 
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3.2.6.2 All replaceable parts, subassemblies and assemblies shall 
be marked with an identifying number consistent with the Contractor's 
Drawing System except where the size of the item prohibits such practice. 
Modified Government furnished property shall be re-identified. Un­
modified GFP shall retain its original identification. 

3.2.6.3 All interchangeable xinits, and all End Items that weigh 
forty-five (45) pounds or more shall nave the weight marked to the next 
highest five potind increment on at least one easily visible external 
surface. 

3.2.7 Materials Compatibility.- Materials compatibility between 
the CRONUS RTG/RB-CIR Systems and space vehicle equipment shall be 
controlled by coordination between the Contractor and the User and shall 
be documented in Interface Control Specification 1-2J-2050-10, All metallic 
parts shall be protected against corrosion by finishes, coatings or 
selection of suitable base metals except where such protection is im­
practical due to operating temperatvire and/or performance considerations. 
All materials and parts used, unless contained in hermetically sealed 
assemblies, shall be incapable of supporting fungus growth or shall 
have suitable protective finishes or coatings. 

3.2.8 Electrical Design.- The following requirements shall 
govern except that previously designed and qualified subsystems (such 
as the beacon and the telemetry and command control equipment) shall 
not be subject to rejection on the basis of non-conformance to these 
re4uirements. 

3.2.8.1 Identification.- All external electric wire and cabling 
shall be identified by appropriate color coding, using as a guide 
MIL-W-8160 except that it shall be accomplished by imprinting on the 
cable or sleeve within three inches of each termination or Junction. 
This requirement is not mandatory where the thermal environment prevents 
use of any such method. 

3.2.8.2 Grounding,-

a. Output power - The output terminals (two) of the generator 
system provided for use by an external load shall not be grounded to 
the generator system. 

b. All internal circviitry of the CRONUS RTG/RB-CIR Systems which 
draws power from RTG thermoelectric modules shall have ground or return 
lines floating with respect to the system structure, 
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3.2.8.2 Grounding (Cont'd).-

c. All electrical connections provided within the CRONUS RTG/ 
RB-CIR Systems shall provide for integral single lead ground to 
termination except where electromagnetic interference characteristics 
dictate the use of individual grotind or return circuits. 

3.2.8.3 Bonding,- All interchangeable or replaceable assemblies 
(chassis, enclosures, etc) used shall be electrically bonded in such a 
manner that an electrical path is established from each assembly to the 
external structure on which the RTG/RB-CIR is raovinted. RF shielding 
shall be grounded through the local structure. RF bonding shall be in 
accordance with vjL-B-5087. 

3-2.8.4 Circuit Protection.- Circuit protection devices such 
as fuses and circuit breakers need not be used in the generator system. 
The loss (by a fault resulting in open or short circuit) of any single 
thermoelectric couple shall not result in catastrophic failure of the 
generator, but shall be seen only as a reduction in generator output 
power. 

3.2.8.5 Wire.- All wire used for electrical hookup shall meet 
or exceed the applicable requirements of MIL-W-I6878, All wiring ex­
ternal to components shall be installed using MIL-W-816O as a guide. 

3.2.8.6 Electrical Connections,- Electrical connectors shall 
be in accordance with MIL-C-26482 uiiless functional requirements and/or 
severe conditions dictate the use of other connectors. Wires, lugs, 
terminals and connectors shall be so arranged and identified as to 
preclude incorrect CRONUS assembly and installation, and shall be such 
as to minimize ohmic losses and mechanical loosening of connections. 
Redundant or spare circuits need not be provided between the RTG/RB-
CIR Systems and the satellite vehicle. A "quick disconnect" con­
nector shall be provided for electrical (power and instrumentation) 
connections between the RTG/RB and the CIR System, 

3.2.8.7 Batteries,- The CIR System shall include an alternate 
power supply (battery) for the telemetry and command control equip­
ment which can be activated either by ground command or automatically 
xzpon loss of power from the RTG/RB System. The tracking beacon pro­
vided in the CRONUS RTG/RB System shall Include a separate power 
supply (battery) which is activated automatically upon ejection of the 
RTG/RB-CIR Systems from the space vehicle. 

i 
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3.2.9 Mechanical Design.- The following requirements shall 
govern except that the TTBiC (being a previously designed and qvialified 
subsystem) and other qualified parts shall not be subject to rejection 
on the basis of non-conformance to these requirements. 

3.2.9.1 Handling and Servicing Provisions.- All interchange­
able units weighing forty-five (45) povmds or more shall have conven­
ient provisions for lifting by one or more persons as necessary. All 
vmits over ninety (90) poxxnds shall incorporate provisions for 
mechanically lifting the item. 

3.2.9.2 Welding.- All welding, other than that provided for 
fuel containment integrity, shall be in accordance with MIL-W-6858, 
MIL-W-8604, MIL-W-8611, MIL-W-18326, or MIL-W-45223, as applicable. 
Operators (welding) shall be qualified in accordance with MIL-T-5021, 

Welding of fuel capsules shall be as specified in 
the applicable CEI specifications. 

3.2.9.3 Castings.- All castings shall be classified and in­
spected per the requirements of Specification MIL-C-6021. 

3.2.9.4 Fasteners.- All mechanical fasteners shall be secured 
by lock wire, adhesive binding material, lock washers, or other similar 
devices. 

3.2.9.5 Weight and Balance.- The total weight of the CRONUS 
RTG/RB-CIR Systems (fueled) as installed in the space vehicle shall 
not exceed 8OO pounds. Diu-ing the design and development of the 
RTG/RB-CIR Systems, the Contractor shall furnish calculated weight and 
center of gravity data to the User as may be required by the User to 
establish conformance with applicable interface control documents. 
Calculated data shall be verified by actual measurement at the earliest 
practicable date. Weight and balance reporting shall be in accordance with 
MIL-M-38310 Table 1, Column 3-

3.2.9.6 Strxictures,- Structural assemblies making iip the RTG/ 
RB-CIR Systems shall be capable of withstanding the mechanical loads 
indicated below without loss of ability to support internal components 
or components mounted externally and without deformation resulting in 
interference with any subsequent function such as separation, retro-
fire or reentry, 

I 
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3.2.9,6 Structures (Cont'd).-

a. Ejection structure (track system) - must withstand shock 
load of RTG/RB-CIR Systems separation. 

b. CIR system structure - same as a, 

c. RTG/RB System - must withstand shock loads as in a, above, 
plus the airloads resulting from reentry. 

3,2,10 Environmental Conditions.-

3.2.10.1 Non-Operational.- The CRONUS RTG/RB-CIR Systems shall 
withstand the following environmental conditions dxiring transportation 
and/or storage without damage which results in subsequent impairment 
or degradation of performance beyond the limits of acceptability 
specified in the applicable CEI specifications. 

Teniperatvire: 

Altitude: 

Relative Humidity: 

-35°P to + I6OOF (I60**F based on 
ambient air at 125*̂  with equipment 
temperatiore increased 35°F for up 
to 4 hours by solar radiation) 

sea level to 35000 feet (rate of 
change not more than 1000 feet per 
second) 

up to 100^ (including conditions re­
sulting in condensation on eqxilpment 
surfaces). 

Salt Fog: 

Shock: 

Packaged 
Weight (lbs) 

All 

< 100 

100-300 

Over 300 

% by weight. 

5 g shock 
portation 

Freqxiency 
(cps) 

5-15 

15-500 

15-50 
50-500 

15-50 

loads to base of trans-
container 

Double Amplitude 
or Acceleration 

0.4" 

± 5g 
± 5 g 
Inversely proportional 
to weight 
-h5 g 
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3.2.10.2 Operational.- The CRONUS RTG/RB-CIR Systems shall 
provide the specified performance while operating under any com­
bination of the following environmental conditions. 

a. Pre-launch and launch - as given in SSD-CR-65-18 and 
IFS-TIII-20OO4. 

b. Orbital - thermal, vacuxjm and radiation (solar and ionizing) 
conditions as dictated by orbital altitxides between 100 and 60O nautical 
miles and including the following meteoroid environment: 

(To be determined on the basis of best data available 
at time of mission definition.) 

3.2,11 Propulsion Components and Ordnance Devices,-

3.2.11.1 General,- Devices using pyrotechnics and/or stored 
mechanical energy for propulsion, actuation, timing, etc., shall be 
solid fuel, state-of-the-art devicesj shall be standard "off-the-
shelf" items wherever possible; and shall be qualified by both test 
and analysis as specified in applicable CEI specifications. 

The Contractor shall furnish three extra sets of 
shorting plugs for each hazardous ordnance item and for each accessible 
electro-explosive device used in the RTG/RB-CIR Systems and one extra 
set of safing pins (if used). 

3.2.11.2 Ejection Rcx:ket.- The rocket(s) used to eject the 
RTG/RB-CIR Systems from the space vehicle (separation rocket) shall be 
capable of imparting a velocity increment to the RTG/RB-CIR Systems 
in a direction perpendicular to the space vehicle's velocity vector 
sxifficient to ensure complete separation to a distance sufficient to 
avoid any interference between the space/laxmch vehicle and the RTG/RB-
CIR Systems during retro-fire. 

3.2.11.3 Spin Rocket.- The rocket(s) used to spin the RTG/RB-
CIR Systems during ejection (for spin stabilization) shall be capable 
of imparting spin (rotation about the longitxidinal axis) to the RTG/RB-
CIR Systems of 60 rpm (tentative). 

3.2.11.4 Retro Rocket.- The rocket(s) used to de-orbit the 
RTG/RB-CIR Systems shall be capable of imparting a thrust to the RTG/RB-
CIR Systems, in a direction opposite (±0,1°) to the RTG/RB-CIR Systemus 
velocity vector sufficient to reduce the velocity of the RTG/RB-CIR 
Systems to that velocity reqtiired to assure earth impact in a deep 
ocean area. 

corJrlDE^JTlJ^L• 
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3.2.11.5 De-spin Rocket,- The rocket(s) used to de-spin the 

RTG/RB-CIR Systems following retro-fire shall be capable of imparting 
an angular velocity to the RTG/RB-CIR Systems (rotation about the 
longitudinal axis) sufficient to reduce the spin to a nominal zero rpm 
spin rate. 

3.2.11.6 Separation Device,- The stored mechanioeLl energy 
device used to separate the Reentry Body from the CIR System following 
de-spin shall be capable of imparting a velocity increment to the 
Reentry Body in a direction parallel to the RTG/RB-CIR Systems 
velocity vector svtfficient to ensure complete separation to a distance 
sufficient to avoid any interference between the CIR System jmd the 
Reentry Body during reentry. 

3.2.12 Interchangeability and Replaceability,- Specification 
MIL-I-8500 shall be used as a gxd.de in the design and selection of the 
interchangeable and replaceable parts. Demonstration of compliance and 
verification of the interchangeability or replaceability cjf articles 
shall not be reqxilred. Additional reqxilrements applicable to repair 
and maintenance shall be considered as xinspecified. 

3.2.13 Nuclear Design.- Nuclear heat source design and develop­
ment shall be based on radioisotope fxiel characteristics as set forth 
in docxuuents referenced in paragraph 2.2.1, herein; the resxilts of 
reqxilred safety emalyses, a preliminary hazards analyses report as 
approved by the AEC, and the results of safety tests of the heat soxirce 
as performed by the Contractor and others. Calcxilatlons for serfety 
analyses, system design, etc. shall be based on radiation data as 
specified in MH-2050-10. 

3.2.14 Thermal Design,-

3.2.14.1 Heat Rejection,- The CRONUS RTG/RB-CIR Systems 
(particularly the RTG) shall be capable of dissipating the waste heat 
of the nuclear fxiel, using passive heat rejection methods, dxiring pre-
laxinch (with supplementazy air cooling by the User in accordance with 
MN-2050-10), laxinch, orbital and reentry operations. 

3.2.14.2 Heat Shielding.- The Reentry Body ablative heat shield, 
in conjxinction with the aft body, shall be capable of constraining the 
temperatxires of vital components within the reentry body to acceptable 
limits during reentry resxilting from any credible kinematic sitxiatlon 
including natxiral orbital decay after a maximum of * in orbit. &at 
shield design, construction and materieLLs shall be qxiallf led by testing 
as specified in the applicable CEI specification. 

* Period of time (years) to be determined. 

i 
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3.2.15 Radiation Shielding Design,- The CRONUS RTG/RB-CIR 
Systems shall not inclxide biological shielding and shall not include 
shielding to protect space vehicle eqxiipment or laxmch vehicle eqxiipment. 

3.2.16 Explosion Proofing.- The CRONUS RTG/RB-CIR Systems shall 
be so designed as not to cause ignition of an explosive atmosphere 
dxiring normal operations. This reqxiirement may be met by using a pvurge 
system dxiring laxinch pad operations, if necessary. 

3.3 Configuration and Installation.-

3.3.1 General.- All elements of the CRONUS RTG/RB-CIR Systems 
shall conform to the configxiration reqxilrements herein and to the 
installation reqxilrements of Interface Control Specification MN-2050-10 
and the following, except where such compliance woxild be in conflict 
with the performance reqxilrements of section 3.1 or of the CRONUS RTG/ 
RB-CIR Systems CEI Specifications. In case of conflict the Contractor 
shall recommend sxiitable deviation, obtain approval of the Procxiring 
Activity and docximent the change in the appropriate specification in 
accordance with the reqxilrements of MN-2050-1. 

3.3.2 Basic Reqxilrements.-

Item 

RTG/RB-CIR 

Systems 

RTG/RB System 

Configxiration 

Complete, spaceworthy assembly 
of all CRONUS airborne compon­
ents. 

Ballistic reentry body (of 
blxinted cone design) with hinged 
access cap, radiator sxirface, 
and ablative heat shield. 

Installation 

Space vehicle. 
Retained by ejection 
hardware. 

CIR structure. 
Retained by 
separation hardware. 

Also includes: 

T/E Subassembly of thermoelectric 
Subsystem couples, modxiles and hardware. 

Heat Nuclear subsystem. Cylindrical 
Soxirce array of 36 fxiel capsxiles in 

support structxire with hardware 
and thermal Insxilation. 

Within reentry body 
structxire. 

Within T/E Generator. 
Retained by latch 
hardware. 

Voltage 
Regulator 

Beacon 

Electronic subsystem 

Electronic subsystem (with 
battery and antenna). 

Within CIR structure. 

Within (and on) 
reentry body strxic-
txire. 
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3.3.2 Basic Reqxiirements (Cont'd).-

Item 

CIR System 

Telemetry 
and Com­
mand Control 

Propxilsion 
and 
Ordnance 

Configxiration 

Assembly of equipment and sup­
port structxire 

Electronic subsystem (with 
battery and antennas) 

Pyrotechnic components (Re­
entry Body separation by 
stored mechanical energy 
device) 

Installation 

Space vehicle 

Within (and on) 
CIR strxictxire 

On CIR structxire 

3.3.3 Nxiclear Reqxiirements.- The RTG Heat Soxirce sha l l be in 
accordance with drawing ( to be prepared) for Sr-90 fuel or with 
drawing ( to be prepared) for Pu-238 fuel . The Sr-90 and Pu-238 soxirces 
sha l l be physically interchangeable. Heat Soxirce charac te r i s t i c s sha l l 
be as follows a t time of encapsxilation. 

Total thermal output 
of heat source 

Sr-90 

* (+ 3^) watts 

Pu-238 

• (-»-3̂ ) watts 

0.05 microcxiries 0.05 microcxiries 

* watts (̂  Jjc) * watts (+ 5^) 

grams grams 

Maximum sxirface con­
tamination (by wipe 
test) over the total 
sxirface of any single 
capsxile 

Thermal output of any 
single capsxile 

Maximxim weight of en-
capsxilated fuel in 
any single capsule 

Maximum radiation 
dose from the heat 
soxirce (in air, at 
any point one meter 
from the centroid 
of the heat soxirce) 

*data to be determined on the basis of final generator design and 
coordination with Fxieling Agency. A certified laboratory analysis 
shall be provided for all materials vised In construction of heat 
soxirce parts. Any deviation from the governing material specifications 
specified by procxirement docximents and/or manxifactxiring drawings shall 
be caxise for rejection. 

* roentgens/hr * roentgens/hr. 
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3.3.4 Prototype Reqxiirements.- The prototype RTG/RB-CIR Systems 
intended for the demonstration (xinfueled) flight (see paragraph 4.7, 
herein) shall be qxialified and accepted as for operational flight xinlts 
but may have electric power generation and regxilation devices simulated 
and shall include special instrximentation and telemetry eqxiipment (GFE) 
to verify proper execxrtion of all RTG/RB-CIR functions dxiring flight and 
to provide measxirements of Reentry Body attitude, temperatxires and 
pressxires dxiring reentry, 

3.4 Reliability,- The performance capability and reliability 
allocations for each of the systems and sxibsystems which comprise the 
CRONUS RTG/RB-CIR Systems shall be as set forth in the applicable CEI 
specifications. The overall reliability program shall evalxiate (by test 
and analysis) the xinit-to-unit variability of the RTG/RB-CIR Systems 
capacity to sxirvive and operate properly following exposxire to the manu-
factxire to orbit seqxience of environments and shall evalxiate the time 
rate of degradation of perfonnance xinder simxilated orbital conditions. 

The probability that the RTG/RB will sxirvive the laxmch en­
vironment and operate properly shall be as follows: 

For One Year Orbital Life For Five Year Orbital Life 

Probability Confidence Level Probability Confidence Level 

.99 * .99 * 
.75 * 

* T O be determined on the basis of mission definition and as specified 
in the contract. 

3.5 Interfaces.- The CRONIB RTG/RB-CIR Systems as instilled 
and/or operated at the laxinch complex, shall operate compatibility with 
and shall not interfere with space/laxinch vehicle eqxiipment and/or pro-
cedxires. Specific reqxiirements for interfaces between the CRONUS RTG/RB-
CIR Systems and other eqxiipment shall be as specified in Interface Control 
Specification MF-2050-10. 

3.6 Configuration Control.- Any change to the operational 
CRONUS RTG/RB-CIR Systems which changes interface characteristics or 
performance as defined herein and in MN-2050-10 shall reqxilre a change 
in system identification as well as a change in the appropriate specifi­
cation in accordance with the reqxiirements of MN-2050-1. 
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3.7 Nuclear Safety.- The CRONUS RTG/RB-CIR Systems shall be 
designed, developed and fabricated to safely integrate into the 
facilities, eqxiipment and operations of the satellite program and to 
provide the capability of effecting controlled Intact reentry of the 
nuclear fuel from orbital flight and positive containment of the fuel. 

The probability that localized radiation injxiry of people 
will resxilt from reentry (without atmospheric bxirnxq?) shall be no 
greater than 1 in 106 per laxinch. The probability that atmospheric 
bxirnup of nxiclesu- material dxiring reentry will resxilt in a widespread 
biological hazard shall be no greater than 1 in 10' per laxinch. 

The Contractor shall prei>are and fxirnish those reports 
suad other docximents necessary to establish the nuclear safety of the 
CRONUS RTG/RB-CIR Systems and shall assist the User (by preparing, 
providing £ind presenting data as directed by the ABC) to obtain reqxiired 
authorizations, for possession and use of nxiclear materials at the 
laxinch site. 

Provisions for nuclear safety shall be based on radioisotope 
fxiel characteristics, mission orbit definitions, laxinch sites, and 
limiting probabilities for radiation injury and fxiel release as set 
forth herein and in the docximents listed in 2.2.1. The basic consideration 
in matters relating to safety shall be the xiltlmate biological hazard. 
All matters concerning range safety shall be sxibject to negotiation with 
the AEC, the User, the range and the Contractor. 
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k.O QUALITY ASSURAMCE PROVISIONS.~ 

k,l General.- The quality assurance provisions specified 
herein include the major requirements vhich vill assure adeqviate 
assessment, when coupled with a detailed quality control program, 
of development progress, verification of performance, and high 
standards of fabrication. The test program provided for herein 
shall provide supplementary data for vise in the Quality and Re­
liability Programs evaluations. The Quality Control Program used 
in conjunction with these requirements shall be in accordance with 
MIL-Q-9858 and a Contractor prepared-Procuring Agency approved 
Qviality Program Plan. 

h.2 Classification.- All inspections and tests shall be 
classified in one of the categories specified below, and when so 
classified shall be conducted in accordance with the reqxiirements of 
that category. Any changes in the testing program, or the need to 
repeat a previovisly accomplished test, caused by an authorized hard-
varc or program change, shall be proposed and authorized as a part 
of the change, including modification and addition to the requirements 
of this specification. 

U.2.1 Inspection.- Inspection shall be a detailed physical 
examination of an item to determine its conformance with the applicable 
contract requirements. The Contractor shall conduct inspection of all 
items from receipt inspection of parts and materials throvigh final 
assembly. The Government may witness any such inspection at the 
Government's discretion upon notice to the Contractor prior to the 
start of such inspection. 

^.2.2 Qualification.- Qualification shall be a detailed test 
and/or analysis of an item (or process) to establish the suitability 
of that item (or process) for its intended application. The Contractor 
shall qualify materials, parts and processes in accordance with the 
applicable material and/or parts specifications. Contractor's Test Plan 
and CEI specifications. Qualification shall be based on technical 
data that is available in reports, test results, laboratory notebooks, 
etc. Preparation of detailed data or special reports shall not be re­
quired. The Contractor shall present the informal data to the desig­
nated Procuring Activity Technical or Contractual representative, who 
shall execute a Certification of Qualification vqaon his satisfaction 
that the data does evidence qualification. 
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i+.2.2.1 Prototype qualification of the RTG/RB-CIR Systems 

(prior to orbital flight) shall be accomplished by test (including 
life testing of electrically heated operational prototypes) as de­
tailed in the appropriate CEI specifications. 

4.2.2.2 Flight qualification of the RTG/RB-CIR Systems (for 
fueled flight safety and program integration purposes) shall be 
accomplished by flight test (functional demonstration of operational 
but unfueled components) as reqtiired "by Paragraph k,6, hereof. 

k,2.3 Acceptance.- Acceptance of CRONUS RTG/RB-CIR Systems 
items for delivery shall be based on a detailed fvinctional evaluation 
of each contract end item along with sufficient examination of records 
and data to establish that: 

a. The item meets all requirements of Section 3 hereof and of 
the applicable CEI specification to the extent that such compliance 
can be verified at the Contractor's plant. 

b. All contractxial quality assurance requirements have been 
met. 

c. All data and documentation requirements have been met, 

4.3 Compliance Verification.- All of Section 3 of this 
specification shall be subject to compliance verification, when ap­
plicable. Verification shall consist of documented certification of 
compliance with contractxial requirements as determined by inspection, 
analysis, demonstration, test or examination of records; shall be 
firrnished to the Contracting Officer; and shall constitute proof of 
compliance of the requirements which have been verified. 

k,k Test Plan.- Engineering development, prototype, qualifi­
cation, acceptance and system testing shall be accomplished in accordance 
with a Test Plan prepared by the Contractor and approved by the AEC 
and in accordance with the test requirements of the individtial CEI 
specifications. 

4.5 Fueling Demonstration.- The Contractor, using a mock up 
of the RTG/RB-CIR Systems (but portions of the actxial GHE) shall 
demonstrate the capability of fueling and defvieling the CRONUS RTG 
safely under simvilated launch conditions, (See 4.6 of MN-2050-200). 

4.6 Demonstration Flight.- The CIR capability of CRONUS shall 
be demonstrated ty a simulated mission using an actvial prototype CIR 
System along with a special Reentry Body incorporating flight per­
formance instrumentation and telemetry equipment in place of the 
thermoelectric subsystem and nuclear fuel. (See 4.7 of MN-2050-200.) 

i 
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5.0 PREPARATION FOR DELIVERY. 

All CRONUS RTG/RB-CIR Systems end items shall be cleaned, 
preserved and marked in accordance with the applicable CEI specifica­
tions and placed in the appropriate shipping containers. Loaded 
shipping containers shall be marked and shipped (FOB the Contractor's 
plant) in accordance with Contracting Officer direction. 
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6.0 NOTES.-

6.1 Definition of Terms.- Certain terms as used herein shall be 
defined as follows. 

AGE - (Aerospace Ground Eqiiipment) That equipment on the groxind, 
incliiding all implements, tools and devices (mobile or 
fixed), required to inspect, test, adjust, disassemble, 
transport, safeguard, record, store or otherwise function 
in support of a space vehicle or the like, either in the 
research and development phase or in an operational phase. 
AGE is not considered to include land or btilldings, nor 
guidance station equipment but is considered to include 
groxmd handling equipment (GHE), operational ground equip­
ment (OGE) and maintenance ground equipment (MGE). 

ALO - U. S. Atomic Energy Commission, Albuqvierque Office, P. 0. 
Box 5400, Albuquerque, New Mexico 87II5. 

baseline - An agreed upon "point of departure" on which all 
subsequent design, fabrication, etc. will be based. Usually 
contained in contractual specifications. 

booster - 1. The item which boosts the Satellite Vehicle into its 
initial trajectory. 2. Short for booster engine or rocket. 
3. The Launch Vehicle. 

CEI - See "Contract end item,' below. 

CIR - Controlled Intact Reentry System. The command electronics, 
sensory devices, orientation system, retro device, etc., 
required to effect the aatfe disposition of the radioisotope 
fuel by means of controlling its intact reentry. 

cognizant agencies - Government agencies, including the Using 
Agency participating in the satellite program. 

command - A signal which initiates or triggers an action in the 
device which receives the signal. 

command control - A system whereby functions are performed as the 
res\ilt of a transmitted signal. 

component - An article which is a self contained element of a 
complete operating unit and performs a fxuictlon necessary 
to the operation of that unit. 

i 
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6.1 Definition of Terms.- (Continued) 

contract end item (CEI) - A deliverable item which is formally 
accepted by the proc\jring agency as an entity, on a DD Form 
250, in accordance with the requirements of a specification. 
The prime level of assembly for technical and contractual 
maiiagement (customer) control, schedule, configuration, 
etc., and accountability for provisioning spares and 
preparing mantials. 

controlled intact reentry system (CIR) - See CIR above. 

Contractor - The Corporation (or other entity) selected by the 
Procuring Agency to furnish the CRONUS RTG/RB-CIR, In the 
event that the generator system (RTG/RB), the CIR system 
and the AGE are not all furnished by a siiagle contractor, 
then the word Contractor, when used with reference to 
activity involving more than one of these three systems, 
shall mean that Contractor who has been assigned program 
integration responsibility by the Procuring Agency. 

CRONUS - Controlled Reentry Orbiting NUclear System - consists of 
the complete set of eqtilpment necessary to the f\mction and 
operational use of the 2^0 watt(e) power system. Includes 
flight and ground eq\iipment. (CIR + RTG/RB +AGE). 

device - A mechanism that works to serve a particular purpose. 

dtimmy heat source - A device to simulate the physical character­
istics (non-nuclear and non-thermal) of the nuclear heat 
source. 

electrical heat source - A device to simulate the thermal output 
(non-nuclear) of the nuclear heat source. 

environment - An external condition or the sum of such conditions 
in which a piece of equipment or a system operates; as in 
"temperature environment," "vibration environment," or 
"space environment." 

facility - That eqvdpment (including land and buildings), guidance 
station eqviipment and S/V-L/V AGE provided as part of the 
test range, launch site, or vehicle rather than as part of 
the CRONUS System. 

fuel - 1. The radioisotope material which serves as the source of 
power for the Generator (RPG). 2. Any substance used to 
produce heat, either by chemical or nuclear reaction; see 
proi>ellant. 



6.1 Definition of Terms.- (Continued) 

fuel capsule - An individual container of radioisotope fuel; 
consisting of the fuel provided by the Fueling Agency 
within capsule shell components furnished by the Contractor. 

fuel form - A particular composition of radioisotope fuel. 

fuel handling equipment - see ground handling equipment. 

fueling agency - The government agency or Contractor selected 
by the AEC to furnish and encapsulate the radioisotope 
fuel. 

generator system (RTG/RB) - The composite of heat sotirce, thermo­
electric s, radiator, voltage regulator, heat shield, aft 
cap of the reentry body and HP beacon, 

GFE - Government Fxirnished Equipment. 

GHE - Ground Handling Equipment (see below), 

grotind handling equipment (GHE) - That handling eqvilpment which 
will be required at the launch site for the sole purpose 
of loading radioisotope ftiel into a speusecraft system, 

heat source - The assembly or axrangement of encapsulated radio­
isotope material which serves as the source of energy for 
the RTG. 

heat so\irce transportation cask - The vessel used to contain the 
nuclear heat sovirce during transportation from the fueling 
agency to the laiinch site and about the launch site. 

ICD - Interface Control Drawing - A Contractor prepared, User-
Contractor coordiiaated drawing intended to control a 
specific area of equipment interface. 

integration - The process of asstiring that the major elements of 
a system or program be conceived, designed, assembled, 
tested, operated, and documented in such a manner as to be 
compatible with each other and satisfy objectives. 

interface - The point or eurea where a relationship exists between 
two or more parts, systems, programs, persons, or proced­
ures wherein physical and/or functional compatibility is 
required. 
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6.1 Definition of Terms.- (Continued) 

launch - 1. The action taken in launching a space vehicle. 
2. The resultant of this action, i.e., the transition from 
static repose to dynamic fligfht. 

launch complex - A general term intended to include all support 
facilities within a confined area which are vital to Vehicle 
pre-flight checkout and launching. Includes primary 
facilities, property and AGE used to launch a Launch Vehicle. 
Includes Launch Operations Building, launch pads, etc. 
Usually one complex is peculiar to a specific Booster, and 
sometimes to a specific Space Vehicle. Excludes multi­
purpose support facilities such as range safety, tracking 
stations, etc. The launch pad is the area immediately 
surroimding the Space Vehicle, its composition varies 
according to needs. 

launch control center (LCC) - That room or area within the Vertical 
Integration Building from which launch operations are 
conducted. 

launch pad - see launch stand. 

la\inch site - A group of adjacent launch positions, with the 
required storage, assembly and maintenance facilities 
necessary to laimch the assigned Vehicles. 

la\inch stand - A facility or station at which a Space Vehicle is 
latinched, normally incorporating a launch pad with launcher. 

launch vehicle - A rocket or other vehicle used to launch a probe, 
satellite, or the like. The launch vehicle includes tran-
stage Vehicles but is not considered to include the 
Satellite Vehicle. 

maintenance grouind equipment (MGE) - Equipment used on the ground 
to transport, handle and maintain the CRONUS RTG/RB-CIR 
Systems and the CRONUS GHE. Does not include nuclear 
fueling equipment. 

malfunction detection system (MDS) - An automatic, launch vehicle 
borne, system which detects malfunctions and initiates pre­
programmed emergency actions as a result. 
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6,1 Definition of Terms.- (Continued) 

mobile service tower (MST) - A massive scaffolding structure 
mounted on a bridge or platform supported by a pair of 
towers or trestles that normally run back eind forth on 
parallel tracks, used to assemble and sei^ce a large 
rocket as the rocket rests on its la\inchlng pad. Often 
shortened to Gantry. 

operational ground equipment (OGE) - Those elements of AGE that 
ai* directly involved in controlling and/or monitoring 
the perfoi'mance of a flight article, or in controlling 
and monitoring the performance of the GHE* 

posigrade motion - Motion in an orbit in the usual orbital 
direction of celestial bodies within a given system. 

probability - The chance that a prescribed event will occur, 
represented as a p\ire number P in the range 0 < P < 1. 
The probability of an impossible event is zero and that 
of an inevitable event is inaity. 

propellant - (symbol p, used as a subscript) - Any agent used 
for consvmiptlon or combustion in a rocket and from which 
the rocket derives its thrust, such as a fuel, oxidizer, 
additive, catalyst, or any compound or mixture of this; 
specifically, a fuel oxidant, or a combination or mixt\ire 
of fuel and oxidant used in propelling a rocket. 

quality assurance - A planned and systematic pattern of all 
actions necessary to provide eidequate confidence that the 
end items will perform satisfactorily in SMStiial operations. 

radioisotope thermoelectric generator (RTG) - G!he fuel, 
encapsulation, insulation, thermoelectrics, radiator, and 
associated structures, used to convert the decay heat of 
the radioisotope fuel to electric energy. 

RTG/RB-CIR Systems - The complete set of Contractor assembled 
items designed for installation and flight in the space 
vehicle. 

recovery - The act of retrieving a portion of a Vehicle or 
Satellite which has survived reentry, 

reentry body - In this instance the RTG/RB System (vhich reenters 
as a vmlt). 

MNJh^05O-F-4 
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6,1 Definition of Terms.- (Continued) 

reliability - The probability that system, subsystem, component, 
or part will perform its required functions xuader defined 
conditions at a designated time and for a specified 
operating period. 

retrograde motion - Motion in an orbit opposite to the usual 
orbital direction of celestial bodies within a given system. 

Sandia Corporation - A cost-type operating contractor of the 
Government formed by the Western Electric Company to perform 
work for the AEC, 

Sandia Representative - The customer's Technical Director for the 
program. 

satellite - An object designed to be placed in orbit but exclud­
ing companion bodies that may incidentally also orbit (see 
also spacecraft). 

satellite vehicle (S/V) - The items la\mched by the Booster. 

sheltered equipment - That equipment which shall operate in a 
laboratory or other areas where a degree of environmental 
protection is provided. 

shield - A body of material used to prevent or reduce the passage 
of particles or radiation. 

SIC - Spacecraft Integration Contractor. That contractor 
responsible to the AEC/User for the integration of all 
airborne eqxilpment, 

space - The volume in which all celestial bodies, including the 
earth move, 

space vehicle - Device, manned and unmanned, which is designed to 
be placed into an orbit about the eeirth or into a trajec­
tory to another celestial body. 

system - Any combination of parts, assemblies and sets joined 
together to perform a specific operational function or 
functions. 

telemetering - Data transmitted by means of electromagnetic 
propagation. 

CQNriDCNTI;M 
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6,1 Definition of Terms.- (Continued) 

TT & C - Tracking, Telemetry and Control. Equipment (both 
airborne and ground equii»aent) for communication with and 
remote control of a device or system at a distance. 

umbilical coimectlons - The electrical, hydraulic, and pneumatic 
connections between the ground equipment and the launch 
vehicle. 

unsheltered equipment - That equipment exposed to the extremes 
of the natviral envlrozmient. 

using agency (or User) - The Government agency having overall 
cognizance of the mission program. The term encompasses 
Contractors and agencies working tinder the direction of 
this agency to cany out the satellite program. 

vehicle - Specifically, a structvire, machine or device, such as 
an aircraft or rocket, designed to carry a burden through 
air or space. 

vertical integration building (VIB) - The building housing the 
Launch Control Center euad personnel and equipment for launch 
operations. 

6.2 Supersession Data.- This Specification, when contractually 
authorized, shall supersede all other similar requirements in the 
Contract of which it is a part, 

6.3 Authorization.- This Specification, and any changes thereto, 
shall be authorized for use upon receipt of written approval of the 
Contracting Officer and issuance of an appropriate Contract Change 
incorporating this Specification in the Contract, 

6.4 Revisions and Changes,- This Specification shall be revised 
only upon written direction from the Contracting Officer, Changes to 
this Specification shall be authorized as described in MN-2050-1. All 
such changes shall be subject to the Contract clause entitled "Changes." 
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APPENDIX A 

Additional Applicable Docximents 

The documents listed below are not referenced elsewhere in the 
contract specifications but are considered as potentially applicable 
to the design, fabrication, test or delivery of CRONUS equipment. 

Pending establishment (during negotiation and execution of Phase 
I of the CRONUS program) of firm design and interface criteria and 
acceptance of CRONUS CEI specifications, the extent of applicability 
of these documents shall be held in abeyance. 

MIL-P-II6D Preseirvation, Methods of - methods shall be selected 
4 Dec 1962 by the Contractor for conformance with Level C of 
and Amend. 1 Fed. Std. 102B and shall be detailed in CEI 

specifications. 

MIL-H-4440 Handbooks, Operation and Servicing Instructions -
28 Nov 1962 Reproduction shall be as specified in MN-2050-2. 

MIL-T-480TA Tests, Vibration and Shock, Ground Electronic 
7 Oct 1958 Equipment, General Requirements for. 

MIL-D-5480 Data, Engineering and Technical, Iteproduction, 
5 Feb 1959 Requirements for. 

MIL-M-796QA-I Heuidbook, Operating and Servicing Instructions 
13 Feb 1958 (Test Equipment and Support Equipment). 

MIL-A-8421B Air Transportability Requirements, General 
5 May i960 Specification for. 

MIL-S-8512B-I Support Equipment, Aerospace, Special, General 
4 Feb 1959 Specification for the Design of, 

MIL-C-9883A-I Checklists for Missile and Space Systems Operation 
30 Oct 1961 and Organizational Maintenance. 

MIL-B-9972 Brazing, Nickel Alloy, General Specification for. 
16 May 1963 

MIL-E-I7555F Electronic and Electrical Equipment and Associated 
5 Mar 1965 Repair Parts, Preparation for Delivery of. 

COI JriDD JTh\L 
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MIL-M-26512C 
13 Dec 1963 

MIL-S-38130 
30 Sep 1963 

MIL-I-4520aA 
16 Dec 1963 

Fed. Std. 102B 
29 Jan 1963 

Fed. Std. 
15IA & B 
6 May 1959 

MIL-STD-22A 
24 Oct 1956 

MIL-STD-129D-2 
1 July 1965 

MIL-STD-4l0iA 
13 Aug 1962 

MIL-STD-756A 
15 May 1963 

MIL-STD-808 
22 Dec i960 

MIL-STD-8IOA 
14 June 1964 

USAF Bulletin 
515-2 
29 July 1963 

AFP 11-1-4 
30 Oct 1959 

SSD Exhibit 
63-3 
24 June 1963 

Maintainability Requirements for Aerospace Systems 
and Equipment, 

Safety Engineering of Systems and Associated Sub­
systems and Equipment, General Requirements for. 

Inspection System Requirements, 

Preservation, Packaging and Packing Levels (limited 
to Level C). 

Metals; Test Methods. 

Welded-Joint Design - Not applicable for heat source 
welds or non-structural welds. 

Marking for Shipment and Storage. 

Qualification of Inspection Personnel. 

Reliability Prediction. 

Firdshes, Protective, and Codes for Finishing Schemes 
for Ground and Groux^ Support Equipment, 

Environmental Test Methods for Aerospace Ground 
Equipment. 

Control of Non-Conforming Supplies, 

Aerospace Terminology (for terms not defined else­
where in contract documents). 

Engineering for Transportability, 

corjnDO'NTh<vi= 
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FOREWORD 

This specification and other Contractor prepared subsidiary 
specifications referred to herein have been established to define 
i«qulrements, characteristics, and interface criteria for a radio­
isotope fueled thermoelectric generator (RTG) system and a controlled 
intact reentry system (CIR) which along with the associated aerospace 
groiuid equipment (AGE) form an overall system designated as "CRONUS," 
The content of this specification reflects the results and efforts of 
the Contractor imder Phase "Zero" of the CRONUS program (Contract 
AT(29-2)-2050) but is not restricted to any particular phase of design, 
development and production. 

In the preparation of this doctuoent, emphasis has been placed on 
definition of areas applicable to the initial portion of a complete 
program to provide flight systems. It is expected that this document 
will be made more definitive and completed through modifications as 
integration of efforts is accomplished and as more firm design informa­
tion and test results become available. In final form and representing 
the results of mutual agreement, it is expected that this specification 
will be referenced in contractual agreements between the Contractor and 
the AEC. 

The relation of this specification to other Contractor prepaired 
specifications and the contract is shown in Figure 1 of the Specification 
Plan MN-2050-1. 

COr^riDCMTUM 
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SPECIFICATION FOR CRONUS 
AEROSPACE GROUND EQUIPMENT 

ISISIGN, PERFORMANCE AND TEST REQUIRE34ENTS 

1,0 SCOPE,-

1.1 General,- This specification establishes the general design, 
performance and test reqvilrements for aerospace grooind equipment (AGE) 
required to support and service the CRONUS RTG/RB-CIR Systems. These 
requirements, taken along with the RTG/RB-CIR Systems requirements of 
MN-2050-100 define the CRONUS program requirements baseline. 

1.2 Mission,- The CRONUS AGE is intended to handle. Install, 
test, fuel and defuel, control and monitor the CRONUS RTG/RB-CIR Systems, 
subsystems and accessories during pre-launch, lavmch, orbital flight, 
de-orbiting and re-entry operations. The location, recovery, handling 
and final disposal of nuclear fuel after earth impact are beyond the 
scope of this specification. 

1.3 Description.- For purposes of this specification, the CRONUS 
AGE is considered to consist of operational ground equipment (OGE), 
ground handling equipment (GHE) and maintenance ground equipment (MGE). 
Basically, the composition of each category is as follows: 

1.3.1 Operational Ground Equipment.- Includes all equipment used 
at the laiuich site (but not available as part of the lavmch site 
facilities) to check out the operability of and verify the performance 
of the CRONUS RTG/RB-CIR Systems during pre-launch operations, to check 
out the critical functions and monitor the performance of the CRONUS 
RTG/RB-CIR Systems during laiinch operations (but prior to lift off) and 
to control emd monitor the operation of the GHE during nuclear fuellzig 
and defuellng operations. 

NOTE: Monitoring and control of CRONUS RTG/RB-CIR Systems functions 
during ascent, orbit and deorbit shall be accomplished by Government 
furnished TT & C facilities. 

1.3.2 Ground Handling Equipment,- Includes all equipment used at 
the launch site (but not available as part of the latmch site facilities) 
to handle the nuclear fuel during fueling and defuellng operations, 
(See Figure 1.) 

NOTE: See Section 6 of MN-2050-100 for nomenclature and definition of 
terms used herein. 



1.3.3 Maintenance Ground Equipment.- Inclxides all special 
equipment and accessories (not normally available at the lavmch site) 
to protect, position and support the RTG/RB System, the CIR System and/ 
or the assembled RTG/RB-CIR Systems during transportation, ground 
handling and checkout and to adjust, calibrate and verify the operational 
status of the RTG/RB-CIR Systems. 

1.4 Progreun Concepts.- The contents of this section are for 
reference purposes only and supplement the irequlrements of the interface 
specification referenced herein. 

1.4.1 Employment.- The CRONUS AGE as described herein is intended 
for use with laimch complex and range facilities as normally used for 
launch of Titan III "C" launch vehicles except as modified in accordance 
with MN-2050-20. 

1.4.2 Deployment.- The CRONUS AGE as described herein is intended 
for use at the Eastern Test Range (ETR) with monitoring and control from 
a Satellite Test Center through the facilities of ground tracking 
telemetry and control stations. Except as specifically provided for in 
MN-2050-20, operational utilization of the CRONUS AGE shall be 
accomplished by personnel other than the Contractor's employees. 

1.4.3 Logistics.-

1.4.3.1 Spares.- The spare items to be provided for maintenance 
of the CRONUS AGE shall be those items specified as such in the contract 
incorporating this specification. 

1.4.3.2 Maintenance.- Maintenance of CRONUS AGE at locations 
other than the Contractor's manufacturing facility shall be capable of 
accomplishment by and limited to adjustment and simple mechanical 
removal and replacement of those spares specified in the contract. 

1.4.4 Training.- All personnel who will handle, operate or 
control Contractor furnished items of CRONUS AGE should receive training 
by the Contractor as provided for in the contract incorporating this 
specification. 

m • • • • • 
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2.0 APPLICABLE DOCUMENTS,-

2.1 General.-

2.1.1 Extent of Applicability.- The following documents form a 
part of this Specification only to the extent specified in the text of 
this Specification. Where a document or its provisions are to be "used 
as a guide" (or other similar phrases) the extent of applicability shall 
be determined by the Contractor based on management and technical 
Judgment, For reference purposes only, the pcuagraphs in this Specifi­
cation where each document is called out are shown opposite each 
document in the following list, 

2.1.2 Dates of Issue.- References to documents in the text of 
this Specification are made by basic number only. Such basic references 
shall mean the exact issue specified in this Section 2, including the 
cited amendments, chaiiges, etc. 

2.1.3 Rules of Procedure.- In case of conflict between this 
Specification and the Contract, the Contract shall govern. In case of 
conflict between this Specification and any document referenced herein, 
this Specification including any authorized changes, appendices or 
addenda hereto, shall govern. 

2.2 Documents.- In addition to the following listing, the 
documents referred to in Appendix "A" of MN-2050-100 are also applicable 
to the extent described in the appendix. 

2.2.1 AEC - Sandia Corporation.-

Technical direction provided in writing d\u:ing Phase 0 
of Contract AT(29-2)-2050. 

2.2.2 Military.-

2.2.2.1 Specifications. 

MIL-E-4158C 
9 July 1964 
Amendment 7 

Electronic Equipment, Ground, 3.2.1 
General Requirements for 

MIL-P-5518C 
9 July 1962 

Pnevmiatlc Systems, Aircraft, 3.2.9.5 
Design, Installation, and Data 
Requirements for 

MIL-S-8512B 
8 January 1958 
Amendment 1 
4 February 1959 

Support Eqviipment, Aeronautical, 3.2.1 
Special, General Specification for 
the Design of 

:Uimf^5d-y;4 •;• 
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2.2.2 Military.- (Continued) 

2.2.2.1 Specifications.- (Continued) 

MIL-Q-9858A Quality Program Requirements 
16 Dec. 1963 

MIL-W-27076 Workmanship Standards for Ground 
29 Sept. i960 Electronic and Associated 

Equijaoent 

2.2.2.2 Standards.-

MIL-STD-I3OB 
Change 1 
7 Feb. 1964 

MIL-STD-143A 
l4 May 1963 

MIL-STD-803A 

Part 1 
27 Jan. 1964 

Part 2 

Identification Marking of U. S. 
Military Property 

Specifications and Standards, 
Order of Precedence for the 
Selection of 

Hvuoan Engineering Design 
Criteria for Aerospace Systems 
and Equli»nent 

Aerospace Syst«ii Groui^ Equipment 

Aerospace System Facilities and 
1 Dec. 1964 Facility Equipment 

MIL-W-27076 Workmanship Standards for Ground 
29 Sept. i960 Electronic and Associated 

Equipment 

2.2.3 Contractor.-

2.2.3.1 Specifications.-

MN-2050-1 Specification Plan for the 
CRONUS Program 

MN-2050-20 Technical Interface Specification 
for CRONUS Aerospace Ground 
Equipment 

4.2 

3.2.4 

3.2.6 

3.2.2 

3.2.1 

6.4 

3.3.1, 
3.5, 3.6, 
3.2.7, 
3.2.5, 
3.0, 1.4 
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2.2.3 Contractor.- (Continued) 

2.2.3.1 Specifications.- (Continued) 

MN-2050-100 Specification for CRONUS 
RTG/RB-CIR Systems Design, 
Performance and Test 
Requirements 

(CEI Specifications - to be prepared) 

2.2.3.2 Drawings.-

(Contract End Item Drawings - to be prepared) 

2.2.4 USAF.-

APSCM 80-6 
August 1966 

SSD-CR-65-18 
(Rev. 1) 
September 1965 

Handbook of Instructions for 
Aerospace Ground Equipment 
Design (HIAGED, First Edition) 

Titan III Standard Space Launch 
System (SSLS) Definition for 
Payload Contractors 

2.2.5 Other,-

2,2, 6,1 

3.2.1 

3.2.10.2 

T. C. George's Tariff 19 
Effective September 5, I966 

3.3.3 

jriDCNTb^L 
• • ••• • ••• • • \ •• 

•janK2050-F-ir . 



i 
3.0 REQUIREMENTS. -

This section establishes general requirements for the design, 
performance and test of the CRONUS AGE. Specific items of CRONUS AGE 
shall be in accordance with the requirements set forth in the following 
Contract End Item (CEl) specifications. 

List of CRONUS AGE CEI Specifications (to be determined) 

Requirements for the Interfaces of the various elements of the 
CRONUS AGE with elements of equipment and programs of others shall be 
in accordance with Technical Interface Specification MN-2050-20. 

3.1 Primary Performance Characteristics.- Kie CRONUS AGE shall 
be cax>able of: 

a. Protecting the CRONUS RTG/RB-CIR Systems during transportation 
and storage. 

b. Lifting, moving, positioning and supporting CRONUS RTG/RB-CIR 
Systems and equipment during testing amd installation in the space 
vehicle. 

c. Testing and adjusting CRONUS RTG/RB-CIR Systems functions prior 
to liftoff. 

d. Fueling and defuellng the CRONUS RTG. 

e. Protecting personnel and equipment from excessive nuclear 
radiation exposvire and from excessive temperatures (during heat source 
transportation/storage). 

Verification of performance capabilities shall be accomplished in 
accordance with the requirements of Section 4 of this specification and 
the requirements of subsidiary specifications prepared sjod coordinated 
in subsequent program phases. 

3.2 Design and Construction.-

3.2.1 General.- All elements of the CRONUS AGE shall be in general 
conformance with the design and construction requirements of AFSCM 8O-6, 
MIL-STD^803, MIL-E-4158, MIL-S-8512 and the following, except where such 
conformance would be in conflict with the performance requirements of 
Section 3.1 or of the CRONUS AGE CEI Specifications. In case of such 
conflict, the Contractor shall recommend siiltable deviation, obtain 
approval of the Procuring Activity and document the change in the 
appropriate specification. 

CONriDCNTI;"rtr 
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3.2.2 Specifications and Standards.- The Contractor shall select 
(for use as specific requirements or as guides, at the Contractor's 
option) specifications and standards for materials, parts and processes 
(where not otherwise called out herein) using MIL-STD-143 as a guide 
but based on the Contractor's evaluation of the following criteria. 

a. Critlcality of material, part, process or function. 

b. Availability of suitable standard parts. 

c. Need for documentary control. 

d. Cost effectiveness. 

The performance of tests and the furnishing of data in accordance with 
the requirements of Military Specifications and Standards shall be 
accomplished to the extent specifically provided for herein or in the 
appropriate CEI specifications or in other Contractor prepared 
documentation furnished in accordance with the provisions of the contract 
incorporating this specification but shall not be deemed to be required 
merely by virtue of specification reference. 

3.2.3 MaterleuLs, Parts and Processes.- Materials, parts and 
processes selected by the Contractor shall be compatible with the CRONUS 
AGE perfomance and environmental requirements. Strategic or critical 
materials shall not be used, however, unless essential to the attainment 
of required performance and/or for conformance with environmental 
requirements, 

3.2.3.1 Standard and Commercial Baui'ts.- The Contractor may vise 
commercial or Contractor standard materials, parts or processes when: 

a. All CRONUS AGE requirements axe met thereby, 

b. Commercial or Contractor standards are equivalent to or exceed 
the requirements of other documents, 

c. There are no applicable emd satisfactory Government or Industry 
standard documents, 

3.2.3.2 Parts Qualification.- All materials and parts used in 
portions of the CRONUS AGE which are designated in CEI specifications 
as "critical" shall be qualified for the Intended application as follows: 

a. QPL - Parts procured to Government specifications controlled 
by a Qualified Products List shall be considered qualified for use in 
CRONUS AGE, 

:Mim»a050-r-A .* : : :•:.:: : 
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3.2.3.2 Parts Qualification.- (Continued) 

b. Use - Parts or materials having demonstrated records of 
satisfactory previous performance in applications equally or more severe 
than the intended application shall be considered qualified for use in 
CRONUS AGE. 

c. Similarity - Parts or materials Identical to QPL or use 
qualified items except for details which are not affected by the intended 
application shall be considered qualified for use in CRONUS AGE. 

d. Analysis - A part, not otherwise qualified and subject to easy 
replacement in the field (including during fueling operations) shall be 
considered qualified for use in CRONUS AGE upon submission of analysis 
substantiating to the satisfaction of the AEC that such items will 
withstand the requirements of the intended application. 

e. Test - A part, not otherwise qualified and not subject to easy 
replacement in the field shall be considered qualified for use in CRONUS 
AGE upon successful completion of qualification tests as specified in 
the applicable CEI specification. 

3.2.4 Workmanship.- During the fabrication of the CRONUS AGE, a 
high level of workmanship shall be ensured by the use of properly 
trained personnel equipped with correct tools in good condition, by the 
selection and careful use of adequate techniques and by the application 
of uniform standards. Particular attention shaJJ. be given to the 
following: 

a. Elimination of burrs and sharp edges. 

b. Accuracy of tolerances and dimensions. 

c. Correct marking. 

d. Tightness of mechanical fasteners. 

e. Neatness and thoroughness of processes. 

f. Assurance of circuit integrity. 

MIL-W-27076 shall be used as a guide to workmemship standards. 

3.2.5 Electromagnetic Interference.- The CRONUS AGE (except for 
maintenance equipment J is intended to operate in conjunction with other 
equipment related to the spacecraft, launch vehicle smd launch complex 
without detriment resulting from electromagr»tic rauJlation of other 
devices and without causiiig detriment to other devices. Requirements 
for electrcmagnetic compatibility shall be as specified in Interface ^ 
Control Specification MN-2050-20. ^ 

CONriDCNTIAL 
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3.2.6 Identification and Marking. 

3.2.6.1 Each item of CRONUS AGE shall be provided with an 
identification plate or decal conforming to MIL-STD-I30. 

3.2.6.2 All replaceable i)arts, subassemblies and assemblies shall 
be marked with an identifying number consistent with the Contractor's 
drawing system except where the size of the item prohibits such practice. 
Modified Government property shall be reidentified. Uxmodified GFP 
shall retain its original identification. 

3.2.6.3 All interchangeable units, and all end items that weigh 
forty-five pounds or more shall have the weight marked to the next 
highest five pound increment on at least one external svurface. 

3.2.7 tteterials Compatibility.- Materials compatibility between 
the CRONUS AGE and other equipment at the launch complex shall be 
controlled by coordination between the Contractor and the User and shall 
be documented in Interface Control Specification MN-2050-20. All 
metallic parts shall be protected against corrosion by finishes, 
coatings or selection of suitable base meteils except where such pro­
tection is impractical due to operating ten̂ >erature and/or performance 
considerations. 

3.2.8 Electrical Design.-

3.2.8.1 Electrical instadlations (connections or attachments to 
launch site facilities) shall conform with the National Electrical Code. 

3.2.8.2 CRONUS AGE shall incorporate devices (such as circuit 
breakers) for self-protection from external electrical faults and to 
isolate internal electrical faults frcsn the launch complex power 
distribution system. 

3.2.8.3 AGE which is intended for exposed operation within 100 
feet of the centerllne of the lavmch vehicle shall be so designed as 
not to cause ignition of an explosive atmosphere. 

3.2.8.4 AGE power distribution and grounding shall be separate 
from the launch vehicle structure and ground. Its neutrals and/or 
grounds shall be connected to the spacecraft only at the spacecraft 
ground point. No electrical coimection shall be made between the CRONUS 
AGE and the launch vehicle. 
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3.2.9 Mechanical Design.-

3.2.9.1 All electronic assemblies and critical mechanical parts 
of those items of CRONUS AGE intended for use during launch operations 
shall each be capable of easy removal and replacement in the field. 

3.2.9.2 Lifting eyes, guides, alignment and Indexing points, and 
other pertinent feattires shall be incorporated in the CRONUS AGE to 
facilitate hoisting, handling and installation operations. 

3.2.9.3 All replaceable units (whether end items, parts or 
assemblies) weighing h^ potinds or more shall have lifting provisions. 
All units weighing 90 pounds or more shall have mechanical lifting 
provisions. 

3.2.9.4 All mechanical fasteners shall be secured by lock wire, 
adhesive binding material, lock washers or other similar means. 

3.2.9*5 Hydraulic system load factors, proof and burst valvies 
shall be in accordance with applicable portions of MIL-P-5518. 

3.2.10 Environmental Conditions.-

3.2.10.1 Non-Operational.- The CRONUS AGE, in the packaged 
condition, shall withstand the following environmenteil conditions dviring 
transportation and/or storage without damage which results in subsequent 
impairment or degradation of performance beyond the specified limits of 
acceptability. Verification of compliance with this requirement aVmii 
be by inspection and/or analysis as specified in the applicable CEI 
specifications. 

Temperature: -35°F to -(-l60°F (l60°F is based on ambient air 
of 125°F with equipment temperature increased by 35*^ for up 
to k hours by solar radiation). 

Altitude: Sea level to 35>00O feet (rate of change not more 
than 1000 feet per second). 

Relative Humidity: Up to 100^ (including conditions resulting 
in condensation of water on equipment surfaces). 

Sand and Dust: Between 0.1 and 0.25 grams per cubic foot 
impinging at velocities of 100 and 500 feet per minute for 
periods up to 2 hoxirs. 

Salt Fog: 5^ by weight. 

i 
CONriDENTIAL 
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3.2.10 Environmental Conditions.- (Continvied) 

3.2.10.1 Mon-Operatiopal.- (Continued) 

Rain: k inches per hour (equipment may be dried prior to 
operation). 

Shock: 5 g shock loads to the base of the transportation 
container. 

Vibration: 

Packaged 
Weight 
(lbs.) 

All 

<100 

100 - 300 

Over 300 

3.2.10.2 Operational.-

Frequency 
(cps) 

5 - 15 

15 - 500 

15 - 50 
50 - 500 

15 - 50 

The CRONUS AGE 

Double Amplitude 
or Acceleration 

O.V 

±5 g 

+ 5 g 
inversely proportional 

to weight 

±5 g 

shall provide the speci: 
performance while operating vmder any combination of the applicable 
environmental conditions listed in Table IV-9 of SSD-CR-65-I8. 

3.3 Configuration emd Installation.-

3.3.1 General.- All elements of the CRONUS AGE shall conform to 
the configuration requirements herein and to the Installation require­
ments of Interface Control Specification MN-2050-20 and the following 
except where such compliance would be in conflict with the performance 
requirements of Section 3.1 or of the CRONUS AGE CEI specifications. 
In case of such conflict, the Contractor shall recommend suitable 
deviation, obtain approval of the Proĉ 2ring Activity and document the 
change in the appropriate specification. See Figure 1. 

MRIk2p5q-F'''t ". 
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3.3.2 Basic Requirements.-

Item of CRONUS AGE Configuration 

Heat Source Trans­
portation Cask 

Ground Handling 
Equipment 

Fueling Machine 
and Support 
Structure 

b. Fuel Boom and 
Retracting 
Ifechanism 

Support Structure 
Pallet 

A reusable, cylindrical 
top loading, shielded, 
air cooled (natural cir­
culation), skid moxmted 
protective and storage 
container - includes 
personnel thermal pro­
tection cage, cask 
handling sling and 
temperature monitor. 
Air transportation not 
permitted. 

Includes a, b, and c, 
below. 

a. A carriage mounted, 
air (or nitrogen) 
powered, heat source 
handling machine includ-
1ng poiwxIon locators 
and locks, fueling 
probe, heat source 
shroud, compliance 
mechanism and support 
structure (moving 
carriage). 

b. A box beam type boom 
providing tracks for the 
fueling machine and 
means of retracting the 
boom in order to clear 
the launch vehicle 
during liftoff. 

c. A palletized support 
structiire including a 
cask support movable 
platform and providing 
all electrical and 
pneumatic interfaces with 
the umbilical tower. 

Installation 

Standard freight 
vehicles, protected, 
semi-remote storage 
area (equipped with 
GFE radiation monitors). 
Cask support movable 
platform of the 
support structure 
pallet. (See c , 
below.) 

"Air cushion" type 
moving van reqvilred 
for trsmsportatlon. 

a. Fviel boom of the 
fuel boom and retract­
ing mechanism. (See 
b., below.) 

b. Support structure 
pallet. (See c , 
below.) 

c. Umbilical tower 
work platform 
(modified) at payload 
level. 
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3.3'2 Basic Requirements.- (Continued) 

Item of CRONUS AGE Configuration 

OGE 

Nuclear AGE Control 
and Monitor Console 

Launch and Checkout 
Control Console 

Go-No Go Analyzer 

MGE 

Alignment Kit 

Ordnance Checkout 
Set 

Battery Checker 

Tools and Spares 

An electrical control 
console providing controls 
and Indicators to operate 
and monitor the GHE. 

An electrical console 
and/or rack type equipment 
with power controls, air 
conditioning controls and 
display facilities. 

Rack mounting equlpii»nt 
to process data received 
from RTG/RB-CIR Systems 
via telemetry. 

Installation 

Laiinch control center 

Launch control center 

Range TT & C Ground 
Station 

N/A Mechano-optical devices 
to align the GHE at 
installation and 
checkout. 

Devices and equipment to 
check out all ordnance 
devices. 

Equipment to check out 
the airborne batteries. 

Special tools and test 
gear required for field 
maintenance and repair 
parts (as specified In 
the Contract). 

3.3.3 Transportation.- The CRONUS nuclear heat source, when 
contained within the heat source transportation cask, shall meet all 
applicable requirements of Agent T. C. George's Tariff No. 19. 

N/A 

N/A 

N/A 

MND-2Q50-rr^*:: 
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3.k Reliability.- CRONUS AGE reliability shall be apportioned 

among various items of AGE and specific reqviirements for reliability 
analysis and/or testing shall be as specified in CRONUS AGE CEI 
specifications. 

The probability that GHE failtire will result in the release 
of radioactive fuel shall be no greater than 1 in 10° (air transporta­
tion of nuclear material shall be excluded). 

Critical functions of CRONUS GHE shall be accomplished, insofar 
as practical, by redundant circuits, backup devices, or the use of other 
high reliability techniques, such that no single failure will result in 
the inability of the equipment to perform a critical function. 

3.5 Interfaces.- CRONUS AGE, as installed and/or operated at the 
launch complex, shall operate compatibly with space/launch vehicle 
equipment and/or procedtires. Specific requirements for interfaces 
between CRONUS AGE and other equipment shall be as specified in Interface 
Control Specification MN-2050-20. 

3.6 Configuration Control.- Any change to the CRONUS AGE to be 
delivered under the contract which changes its Interface characteristics 
or performance as defined herein and in MN-2050-20 shall, require a change 
in Identification as well as a change in the appropriate specification. 

3.7 Maintenance and Repair.- All electronic assemblies and critical 
mechanical parts (as defined in the applicable CEI specifications) of 
those items of CRONUS AGE intended for use during launch operations shaQJ. 
each be capable of replacement. Additional requirements applicable to 
repair and maintenance shall be considered as unspecified. 

i 
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k.O QUALITY ASSURANCE PROVISIONS.-

4.1 General.- The quality assurance provisions specified herein 
include the major requirements which will assure adequate assessment, 
when coupled with a detailed quality control program, of development 
progress, verification of performance and high standards of fabrication. 
The test program provided for herein will provide supplementary data for 
use in Quality and Reliability Program evaluations. 

The Qioality Control Program used In conjunction with these 
requirements shall be in accordance with MIL-Q-9858 and shaLLl include 
such testing of materials, parts and processes as is necessary in order 
to maintain high prodvict quality. 

4.2 Classification.- All inspections and tests shall be classified 
in one of the categories specified below, and when so classified, shall 
be conducted in accordance with the requirements of that category. Any 
changes in the testing program, or the need to repeat a previously 
accomplished test, caused by an authorized hardware or program change, 
shall be proposed and authorized as a part of the change, including 
modification and addition to the requirements of this specification. 

4.2.1 Inspection.- Inspection shall be a detailed physiccQ. 
examination of an item to determine its conformance with the applicable 
contract requirements. The Contractor shall conduct Inspection of all 
items from receipt inspection of parts and materials through final 
assembly. The Government may witness any such inspection at the 
Government's discretion upon notice to the Contractor prior to the start 
of such inspection. 

4.2.2 Qualification.- Qualification shall be a detailed test and/ 
or analysis of an Item (or process) to establish the suitability of that 
item (or process) for its Intended application. The Contractor shall 
qualify materials, parts and processes as required by the applicable 
CEI specifications. Qualification by analysis (when used) shall be 
based on technical data that is available in reports, laboratory note­
books or other informal documents and shall not require the preparation 
of special data presentations or formal reports. 

4.2.3 Acceptance.- Acceptance of CRONUS AGE items for delivery 
shall be based on a detailed functional evaluation of each contract end 
item along with sufficient examination of records and data to establish 
that: 

a. The item meets all requirements of Section 3 hereof and of the 
applicable CEI specification to the extent that such compliance can be 
verified at the Contractor's plant. 

€ 0 ^ JFIDD JThA^ 
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4.2.3 Acceptance.- (Continued) 

b. All contractual quality assvtrance requirements have been met. 

c. All data and documentation requirements have been met. 

4.3 Compliance Verification.- All of Section 3 of this specifi­
cation shall be subject to compliance verification, when applicable. 
Verification shall consist of documented certification of compliance 
with contractual requirements as determined by inspection, analysis, 
demonstration, test or examination of records; shall be fxurnished to 
the Contracting Officer; and shall constitute proof of compliance of 
the requirements which have been verified. 

4.4 Test Plan.- Engineering development, prototype, qualifica­
tion, acceptance and system testing shall be accomplished in accordance 
with a Test Plan prepared by the Contractor and approved by the AEC and 
in accordance with the test requirements of the individual CEI specifi­
cations. 

4.5 GHE Mock-up Test.- The Contractor, using a wood and metal 
mock-up of portions of the GHE (full size critical components auad 
control panel), shall demonstrate the feasibility of the fuel loading 
concept. 

4.6 Fueling Demonstration.- The Contractor, using portions of 
the actual GHE (but a mock-up of the RTG/RB-CIR Systems), shall demon­
strate the capability of fueling and defvieling the CRONUS RTG safely 
xinder simulated laxinch conditions. 

4.7 Demonstration Flight.- Flight systems auid requirements for 
the demonstration flight shall be as specified in MN-2050-100. 

During la\inch preparations for this flight, the Contractor 
shall fuel (using a Sr 90 heat source) and defuel a prototype RTG/RB 
System (under operational lavinch operations). The prototype RTG/RB 
System shall then be removed from the CIR System and replaced with the 
special Reentry Body in readiness for the deanonstration flight. 

^ ^ * 
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5.0 PREPARATION FOR DELIVEBY.-

All items of CRONUS AGE (except shipping containers) shall be 
cleaned, preserved and marked in accordance with the applicable CEI 
specifications and placed in the appropriate shipping container (if 
used). Loaded shipping containers and eqvilpment prepared for shipment 
shall be marked and shipped (FOB the Contractor's plant) in accordance 
with Contracting Officer direction. 
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6.0 NOTES. -

6.1 Definition of Terms.- Certain terms as used herein are 
defined as follows: 

(See Specification MN-2050-100, paragraph 6.1). 

6.2 Supersession Data.- This specification, when contractually 
authorized, shall supersede all other similar requirements in the 
contract of which it is a part. 

6.3 Authorization. - This specification, and emy changes thereto, 
shall be authorized for use upon receipt of written approval of the 
Contracting Officer and issxaixMse of an appropriate Contract Change 
incorporating this specification in the contract. 

6.4 Revisions and Changes.- This specification shall be revised 
only upon written direction from the Contracting Officer. Changes to 
this specification shall be authorized as described in MN-2050-1. All 
such changes shall be subject to the contract clause entitled "Changes." 
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