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SUMMARY AND RECOMMENDATIONS 

The es t imated achieved rel iabi l i ty of SNAP lOA space nuclear power units 

will be relat ively low at the t ime of the f i rs t SNAPSHOT flight tes t in Apri l , 1963, 

and the existing R & D p r o g r a m does not provide a significant rel iabi l i ty growth 

thereaf te r . While such a low value for the achieved rel iabi l i ty is acceptable in 

the feasibili ty prograra , the economics of launching and maintaining a number of 

operat ional sa te l l i tes will necess i ta te a much higher value of achieved rel iabi l i ty 

for the essen t ia l e l ec t r i ca l power supply. Such application of SNAP lOA units 

then demands that an additional rel iabi l i ty improvement p r o g r a m be undertaken 

at the ea r l i e s t possible t ime; this r epor t provides a bas is for the planning of such 

a p r o g r a m . 

To obtain n e c e s s a r y economic information on the cost of achieving a given 

rel iabi l i ty , th ree different p rog rams a r e considered in addition to the existing 

R & D p r o g r a m . These p rog rams a r e identified as P r o g r a m I, II, and III. Each 

p r o g r a m differs only in level of effort in addition to the cu r ren t p rog ra m, as in

dicated in Table I and by the char t in F igure 1, and resu l t in different r e l i ab i l i -

TABLE I 

TESTING LEVEL AND ACHIEVED RELIABILITY FOR 
SEVERAL POTENTIAL PROGRAMS 

P r o g r a m 

P r e s e n t R & D 

P r e s e n t R & D 
+ P r o g r a m I 

P r e s e n t R & D 
+ P r o g r a m II 

P r e s e n t R & D 
+ P r o g r a m III 

Equivalent Number of SNAP lOA Sy 
Under Simultaneous and Continuous 

Test During Governinent F i s c a l \ 

stems 
Life 

'ear 

1962* 

0.7 

1.4 

1.7 

1.7 

1963 

1.0 

1.8 

2.5 

2.7 

1964 

0.8 

2.3 

3.6 

5.7 

1965 

0.3 

2.3 

3.9 

6,3 

1966 

0.0 

2.0 

3.7 

6.0 

1967 

0,0 

2.0 

3.7 

6.0 

Reliabili ty Achieved! 
by End of GFY 1967 

1-Year 
Operation 

(R) 

0,43 

0.79 

0.86 

0.90 

Launch 
Survival 

and 
Startup 

(Re) 

0.63 

0.85 

0.85 

0.88 

*Last half of GFY 1962 only. 
t F o r rel iabi l i ty engineering and product improvement efforts c a r r i e d out at a 
ra te approximately proport ional to life tes t effort. 
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t ies being achieved at given points in t ime as shown in F igures 2 and 3. The 

information shown in F igures 2 and 3 is based on the assumption that no rel iabi l i ty 

contribution is provided by use of SNAP lOA units in a satel l i te sys tem; the e s t i 

mated achieved re l iabi l i t ies shown a r e thus somewhat conservat ive . The effects 

of including operat ional data in the est imat ion of rel iabi l i ty growth is d iscussed 

in this repor t ; it is concluded that i ts major contribution will be to the improve 

ment of launch survival and s tar tup rel iabil i ty due to the nature of the failure 

information that is expected to be t e l emete red . The influence on 1-year r e l i a 

bility will be less marked because weight l imitat ions will confine diagnostic in

s trumentat ion to that which indicates only the fact and not the mode of subsys tem 

fai lure . The probable component and mode of failure must then be deduced via 

extensive study and laboratory experimentat ion. St ructura l failure during launch 

or failure during s tar tup, both occurr ing in relat ively short per iods of t ime , is 

much more susceptible to such deductions than is an endurance fa i lure . 

The total costs of an 8-satel l i te network using SNAP lOA units over a 5 year 

period has been approximated for the case where the total cost of a single satel l i te 

launched is 8 million do l l a r s . The resu l t s a r e summar ized in Table II. Although 

the satell i te network costs presented a r e only approximate , they indicate the large 

savings that can resul t from even a smal l rel iabi l i ty improvement p r o g r a m . 

TABLE II 

APPROXIMATE TOTAL 5-YEAR COST OF AN 8-SATELLITE NETWORK 
USING SNAP lOA UNITS* 

(Assumed 8 Million Dollars per Satellite Launched) 

Total Cost of 
Reliability 

Improvement 
P r o g r a m 

1/62 - 6/67 
(10^ Dollars) 

Approximate Total 
5-Year Costs of 

8-Satellite Network 
Including Reliability 

P r o g r a m 
7/64 - 7/69 

(106 Dollars) 

Existing R & D P r o g r a m 

Existing R & D P r o g r a m Plus 
Reliability Improvement P r o g r a m I 

Existing R & D P r o g r a m Plus 
Reliability Improvement P r o g r a m II 

Existing R & D P r o g r a m Plus 
Reliability Improvement P r o g r a m III 

1039.6 

725.2 

710.9 

681.9 

i'Excludes any rel iabil i ty improvement based on satel l i te operat ional data. 
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The satel l i te replacement p r ices and the re l iabi l i t ies not associa ted with 

SNAP lOA used in the satel l i te network cost analysis a r e not sufficiently accura te 

for selection between P r o g r a m I, II, and III for the 8-satel l i te case considered. 

The level of the rel iabi l i ty improvement p r o g r a m should be es t imated by mi l i ta ry 

planners with co r r ec t factual information used in a detailed operat ional analys is ; 

the SNAP lOA rel iabi l i ty growth es t imates a r e presented in this r epor t in suffi

cient detai l so that mi l i ta ry operat ions analysis personnel may readi ly include 

them in their more complete ana lys i s . However, in view of the very la rge savings 

that will resu l t f rom an improvement p rog ram, it is recommended that a p r o g r a m 

of at least the scope of Prograna I be undertaken immediately if operat ional use of 

SNAP lOA is being tentatively planned. A January, 1962, initiation date is con

sidered to be consistent with the Air F o r c e requested production plans detailed 

in NAA-SR-MEMO-6598. Re-evaluation of the actual ra te of rel iabi l i ty improve

ment will be made continuously to rev ise and update the rel iabi l i ty growth equa

tions to ensure that the rel iabi l i ty improvement is consistent with operat ional 

r equ i r emen t s . 

The rel iabi l i ty values quoted in this r epor t a r e the expectation (average) 

values , which correspond to a confidence level of ~50%. 
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I. INTRODUCTION 

A. SNAP lOA SYSTEM D E S C R I P T I O N 

The SNAP lOA s y s t e m is a 500 wat t n u c l e a r s p a c e p o w e r unit c u r r e n t l y u n d e r 

d e v e l o p m e n t by A t o m i c s I n t e r n a t i o n a l for the A t o m i c E n e r g y C o m n a i s s i o n . The 

d e v e l o p m e n t ob j ec t ives of the SNAP lOA s y s t e m have b e e n e s t a b l i s h e d to m e e t 

the r e q u i r e m e n t s of the U . S . A i r F o r c e MIDAS w e a p o n s y s t e m . T h e s e r e q u i r e 

m e n t s a r e s u m m a r i z e d be low: 

1) 5 0 0 - w a t t e l e c t r i c a l output for 1 y e a r of con t inuous o p e r a t i o n 

2) M i n i m u m p a c k a g e weight ( m a x i m u m a l lowab le weigh t is 775 lb for the 

fl ight s y s t e m , and 875 lb for the flight t e s t s y s t e m s equipped wi th 

d i a g n o s t i c i n s t r u m e n t a t i o n ) 

3) Capab i l i t y to w i th s t and m i s s i l e l a u n c h e n v i r o n m e n t 

4) M i n i m u m h a z a r d du r ing a l l p h a s e s of m i s s i l e l aunch and o p e r a t i o n 

5) M i n i m u m p a c k a g e l eng th (not to exceed 124 i n . ) 

6) Shie ld ing to give 10 ^^ nvt and 10 ' r i n t e g r a t e d o n e - y e a r dose a t a 

5-ft d i a m e t e r pay load dose p l ane l oca t ed 9 ft f r o m the b a s e of the 

p o w e r un i t . 

7) M a x i m u m r e l i a b i l i t y . 

The SNAP lOA s y s t e m c o n s i s t s of a S N A P 2 r e a c t o r as a h e a t s o u r c e , coupled 

to an a r r a y of i n t e g r a l t h e r m o e l e c t r i c c o n v e r t e r r a d i a t o r un i t s m o u n t e d on s m a l l 

t u b e s and a d - c conduc t ion p u m p wh ich c i r c u l a t e s a l iquid m e t a l tha t t r a n s f e r s 

the h e a t f r o m the r e a c t o r to t h e s e t u b e s . A s c h e m a t i c of the s y s t e m is shown 

in F i g u r e 4 . A l so ind ica ted in th i s F i g u r e is the LiH sh i e ld , w h i c h is l o c a t e d 

b e t w e e n the r e a c t o r and the r a d i a t o r c o n v e r t e r , and the l iquid m e t a l e x p a n s i o n 

c o m p e n s a t o r . 

SNAP lOAoffe r s c o n s i d e r a b l e advan t age o v e r o t h e r e l e c t r i c p o w e r s u p p l i e s of 

s i m i l a r output for u s e in s a t e l l i t e n e t w o r k s . It is c o m p a c t , r ugged , r e q u i r e s no e x 

t e n s i o n o r fold out, is i ndependen t of s u n - s h a d e t r a n s i e n t s , is not s u s c e p t a b l e to s p a c e 

r a d i a t i o n d a m a g e o r a p p r o x i m a t e v ic in i ty n u c l e a r w e a p o n s e x p l o s i o n s , and i t s 

o r i e n t a t i o n du r ing o p e r a t i o n is i m m a t e r i a l . The s p a c e r a d i a t o r t u b e s a r e p o t e n 

t i a l l y s u s c e p t i b l e to d a m a g e by m i c r o m e t i o r i t e s , but p r o t e c t i o n a g a i n s t p u n c t u r e is 
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p r o v i d e d . T h e r e a r e no p a r t s in con t inuous m o t i o n a f t e r s t a r t u p , the only m o v e 

m e n t be ing the flow of e l e c t r o m a g n e t i c a l l y pumped fluid in p a s s a g e s for hea t 

t r a n s f e r p u r p o s e s . As such , the i n h e r e n t r e l i a b i l i t y of the p o w e r s y s t e m and the 

s a t e l l i t e is v e r y h igh . 

The SNAP lOA r e a c t o r , shown in F i g u r e 5, is r e q u i r e d to f u r n i s h ^^30 kw of 

t h e r m a l p o w e r at an ou t le t coolant t e m p e r a t u r e of 9 3 6 ° F . The hea t t r a n s f e r fluid 

is l iquid m e t a l N a K - 7 8 . R e a c t o r and s y s t e m s t a r t u p wi l l t a k e p l a c e a f t e r a 

s u i t a b l e o r b i t has b e e n a c h i e v e d ; fol lowing the i n i t i a l s t a r t u p p e r i o d the r e a c t o r 

wi l l o p e r a t e wi thout e x t e r n a l c o n t r o l for 1 y e a r . At the end of the o p e r a t i o n a l 

life (-- l̂ y e a r ) the s y s t e m wi l l a u t o m a t i c a l l y shu t down to a l low a suf f ic ient t i m e 

for the a c c u m u l a t e d f i s s i o n p r o d u c t to decay be fo re the s y s t e i n r e - e n t e r s the 

e a r t h ' s a t m o s p h e r e . 

E l e c t r i c a l e n e r g y is p r o d u c e d by the t h e r m o e l e c t r i c p r o c e s s wh ich o c c u r s 

when a t e m p e r a t u r e d i f f e rence is m a i n t a i n e d b e t w e e n oppos i t e faces of a s p e c i a l 

c l a s s of m a t e r i a l s . The t h e r m o e l e c t r i c m a t e r i a l s s e l e c t e d for th i s s y s t e m a r e 

the lead t e l l u r i d e s , N and P t y p e . The r e q u i r e d t e m p e r a t u r e d i f f e r e n c e s a r e 

m a i n t a i n e d by the l iquid m e t a l on the hot s i d e and an a l u m i n u m r a d i a t o r d i s s i p a t i n g 

hea t e n e r g y to s p a c e on the cold s i d e . The i n t e g r a l t h e r m o e l e c t r i c - r a d i a t o r 

e l e m e n t s a r e a l t e r n a t e l y connec ted by f lexible e l e c t r i c a l c o n d u c t o r s as i l l u s t r a t e d 

in F i g u r e 6. 

The a l u m i n u m r a d i a t o r is r e q u i r e d to d i s s i p a t e •~27 kw of t h e r m a l p o w e r to 

s p a c e , and is d e s i g n e d wi th a high fin e f f ec t i venes s and h igh e m i s s i v i t y in o r d e r 

to m i n i m i z e the r e q u i r e d r a d i a t i n g a r e a . E a c h r a d i a t o r s e c t i o n i s s i z e d so tha t 

a p p r o x i m a t e l y the s a m e A T , and t h e r e f o r e , the s a m e hea t flux is m a i n t a i n e d 

a c r o s s e a c h t h e r m o e l e c t r i c e l e m e n t . 

Due to a n a n t i c i p a t e d t h e r m o e l e c t r i c m a t e r i a l d e g r a d a t i o n of about 10% and to 

u n c e r t a i n t i e s involved in the d e t e r m i n a t i o n of p e r f o r m a n c e changes du r ing s y s t e m 

o p e r a t i n g l i fe , the i n i t i a l e l e c t r i c a l p o w e r output wi l l be s e t at 585 w a t t s . The 

S N A P lOA o v e r a l l c o n v e r s i o n ef f ic iency wi l l be 1.7% at t he end of 1 y e a r of l i f e . 

The hea t t r a n s f e r s y s t e m wi l l m a i n t a i n a coo lan t flow of about 12 gpm 

t h r o u g h the r e a c t o r wi th a s y s t e m p r e s s u r e d r o p of l e s s t h a n 1 p s i . Coo lan t p u m p s 

a r e l o c a t e d above the r e a c t o r on e a c h of the two NaK o u t l e t s . The type of coolan t 

p u m p s e l e c t e d for the SNAP lOA s y s t e m is a d - c conduc t ion p u m p u t i l i z ing i n 

t e g r a l l y m o u n t e d t h e r m o e l e c t r i c m a t e r i a l s on the punap t h r o a t . T h e r m o e l e c t r i c 
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power is obtained from the t empera tu re difference maintained between the hot 

coolant in the pump throat , and a cooler radia tor dissipating heat energy to space 

Figure 7 shows a f low-temperature schemat ic of the SNAP lOA sys tem, and 

Table III indicates the sys tem p a r a m e t e r s . 

TABLE III 

SYSTEM PARAMETERS" 

Elec t r i ca l output (year-end) 

Reactor the rmal power 

Efficiency (year-end) 

Tempera tu res 

Reactor outlet, initial 

Reactor inlet 

Converter hot junction 

Converter cold junction 

Radiator 

Radiator a rea (converter) 

Radiator a rea ( thermoelect r ic pumps) 

Flow in coolant sys tem (NaK-78) 

P r e s s u r e drop 

System weights 

Reactor (controls, s t ruc tu re , and safety devices) 

Radia tor -conver te r 

Heat t ransfer sys tem 

Structure (including meteor i te protection) 

Shield 

Instrumentation, wiring, insulation, des t ruct , e tc . 

Flight tes t ins t rumentat ion (for flight tes t models only) 

Contingency 

Total Weight 

*System components a r e discussed in m o r e detail in the text . 

A void-free NaK volume is maintained throughout the sys tem by means of 

expansion compensators which automatically adjust according to the varying 

p r e s s u r e s and t empera tu re s experienced during launch and sys tem s t a r tup . 

NAA-SR-MEMO-6599 

500 watts 

30 kw 

1.7% 

936°F 

828°F 

900 to 800°F 

638 to 538°F 

628 to 528°F 

62 ft^ 

2 ft^ 

12 gpm 

1 psi 

250 lb 

105 lb 

100 lb 

65 lb 

225 lb 

30 lb 

50 lb 

50 lb 

875 lb 



934 ®F UPPER MANIFOLD 

828 T LOWER MANIFOLD 

Figure 7. Tempera tu re Flow Schematic-SNAP lOA System 
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MmWB 
All portions of the heat t r ans fe r sys tem a re fabricated of c o r r o s i o n - r e s i s t a n t 

a l loys . Meteori te protect ion is also provided to prevent penetra t ion of the 

coolant sys t em. Instrumentat ion will be provided to monitor various sys tem 

p a r a m e t e r s during launch, s ta r tup and flight, in addition to regulating the s t a r t 

up sequences . 

B. SUMMARY OF CURRENT DEVELOPMENT PROGRAM 

The cur ren t SNAP lOA developmental p rog ram is directed toward flight tes ts 

of these units under the joint AEC-USAF SNAPSHOT p r o g r a m . SNAPSHOT flights 

a re intended to es tabl ish the capabili t ies of nuclear auxil iary power plants so that 

their future use in space sys tems can be p rogrammed with confidence. The 

sequence of flight tes ts for the SNAP lOA sys tem form an in tegral pa r t of this 

effort. These flight t es t s a r e current ly scheduled for April and August, 1963, 

based on cur ren t launch site availability information. A third flight tes t is being 

considered for a l a t e r date. 

In o rde r to meet the objectives of the SNAP lOA program, a carefully 

scheduled set of development tasks and sys tem tes t s mus t be pe r fo rmed . The 

nature of these a re outlined in the paragraphs that follow. 

1. System Engineering 

The sys tem performance objectives a r e analyzed and the requ i rements 

for the various subsys tem components a r e es tabl ished. The development 

necessa ry to meet the objectives is de termined. The systenn. package design is 

initiated and car r ied through. 

2, Component Development 

The development of the components is ca r r ied out to meet the per formance 

objectives established under System Engineer ing. These components a r e tested 

under simulated vehicle launch as well as performance conditions. The com

ponents a r e associated with severa l major subsys tems as follows: 

a. Reactor 

The SNAP 2 reac tor will be used in this sys t em. The SNAP 2 p rog ram 

will c a r ry out the major development of the reac tor and components with minimum 

modifications required for the SNAP lOA p r o g r a m . 
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b . P o w e r C o n v e r s i o n S y s t e m 

A t h e r m o e l e c t r i c c o n v e r t e r wi th a n i n t e g r a l r a d i a t o r wi l l be u s e d in 

t h i s s y s t e m . The c o n v e r t e r d e v e l o p m e n t wi l l be b a s e d on the u t i l i z a t i o n of 

c u r r e n t t h e r m o e l e c t r i c m a t e r i a l s , s u c h as l ead t e l l u r i d e , t o g e t h e r wi th an 

i n t e n s i v e effor t on low r e s i s t a n c e , m e c h a n i c a l l y sound e l e c t r i c a l c o n t a c t s , and 

e n c a p s u l a t i o n to s u p p r e s s s u b l i m a t i o n of the couple m a t e r i a l s . In add i t ion , m o d u l e 

d e v e l o p m e n t to m e e t the we igh t , r e l i a b i l i t y and l ife o b j e c t i v e s w i l l be a c c o m p l i s h e d . 

c . Hea t T r a n s f e r S y s t e m 

N a K - 7 8 wi l l be u sed to t r a n s f e r the hea t f r o m the r e a c t o r to the c o n 

v e r t e r . A d - c e l e c t r o m a g n e t i c p u m p as we l l a s o t h e r s y s t e m c o m p o n e n t s , s u c h 

as an e x p a n s i o n c o m p e n s a t o r , wi l l be d e v e l o p e d . 

d. Shield 

A l i t h i u m h y d r i d e r a d i a t i o n sh ie ld wi l l be deve loped and t e s t e d to 

m e e t the n u c l e a r and e n v i r o n m e n t a l r e q u i r e m e n t s . 

e . S t r u c t u r e 

A s t r u c t u r a l p a c k a g e wi l l be d e s i g n e d to p r o v i d e the s u p p o r t for a l l 

of the c o m p o n e n t s and a t t a c h m e n t to the veh i c l e s t r u c t u r e . 

3 . E n v i r o n m e n t a l T e s t S y s t e m ( S - l O - P S M - 1 ) 

The S - l O - P S M - 1 s y s t e m wi l l be u s e d in p e r f o r m i n g m e c h a n i c a l t e s t s on 

the p a c k a g e . It w i l l c o n s i s t of the b a s i c s t r u c t u r e t o g e t h e r wi th the s u b s y s t e m s 

e i t h e r m o c k e d up as to m a s s and s h a p e o r as a d e v e l o p m e n t a l p r o t o t y p e be ing 

s u b j e c t e d to the l o c a l i z e d shock and v i b r a t i o n a l e n v i r o n m e n t . The packsige wi l l 

be s u b j e c t e d to the spec i f i ed s h o c k , v i b r a t i o n , and s t r e s s e n v i r o n m e n t , and w i l l 

p r o v i d e s t r u c t u r a l i n f o r m a t i o n for the fl ight s y s t e m d e s i g n . 

4 , P e r f o r m a n c e T e s t ( S - l O - P S M - 3 ) 

The p e r f o r m a n c e of a c o n v e r t e r and a s s o c i a t e d h e a t t r a n s f e r c o m p o n e n t s 

wi l l be s t u d i e d in the S - l O - P S M - 3 s y s t e m . The s y s t e m wi l l be o p e r a t e d wi th 

e l e c t r i c a l hea t in a s i m u l a t e d s p a c e e n v i r o n m e n t . Da ta on e f f i c i e n c i e s , h e a t 

l o s s e s , and long t e r m p e r f o r m a n c e wi l l be o b t a i n e d . 
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5. Flight System Design 

The design of the flight sys tem will be executed on the basis of the resul ts 

of the component development and environmental and performance sys tem t e s t s , 

6. Non-nuclear Qualification Tests (S-lO-PSM-1) 

The f irst sys tem built from the flight design will be used for non-nuclear 

qualification t e s t s . It will be subjected to qualification tes t s which will equal or 

exceed the expected mechanical environments of the launch conditions, after which 

it will undergo the rmal tes ts in a simulated space environment, 

7. Nuclear Qualification Tests (S-lO-FS-1) 

The nuclear qualification tes t sys tem will be used to provide a final check 

of the flight sys tem before del ivery. S- lO-FS-1 will be identical to the subsequent 

flight tes t sys t ems , and will incorporate any modifications found to be n e c e s s a r y 

as a resul t of the non-nuclear qualification t e s t s . After going through the 

acceptance tes t procedure the sys tem will be operated under nuclear heat as a 

performance demonstra t ion. 

8. Flight Test (S-lO-FS-2 and S-lO-FS-3) 

There will be at leas t two flight tes t s y s t e m s . These will be identical to 

S - lO-FS-1 . Acceptance tes t procedures will be ca r r i ed out and the sys tems 

delivered for flight t e s t . 

These tasks a r e coupled through the sys tem design efforts. The p r e 

l iminary design will constitute the reference sys tem through the environmental 

and performance tes ts (S-lO-PSM-1 and S-lO-PSM-3) after which the flight 

design will be the reference sys t em. As a resul t of the non-nuclear qualification 

t e s t s , cer ta in modifications may be necessa ry to the flight design. These 

modifications will be incorporated in the nuclear qualification and flight sys tems 

pr io r to thei r checkout. 

In addition to the development p rogram, two pre-f l ight mockups a r e 

required by the Air F o r c e . The f irst is an e lec t r ica l s imula tor mockup de 

signated S-lO-PSM-2, it will be developed to meet the vehicle con t rac to r ' s 

requi rements for a vehicle e lec t r ica l load tes t . S- lO-PSM-2 will be used in the 

development and test ing of the vehicle e lec t r i ca l sys t em. 

ymfiE 
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A s e c o n d s y s t e m , S - l O - F S M - 2 , wi l l be u s e d in the checkou t of the fl ight 

v e h i c l e . It wi l l be i n t e g r a t e d into the veh i c l e du r ing f inal checkou t and wi l l go 

t h r o u g h the hot f i r ing t e s t of the v e h i c l e . Th i s t e s t wi l l p r o v i d e a f inal qua l i f i 

c a t i o n of the s y s t e m for a l l of the v i b r a t i o n and shock cond i t ions to be e x p e r i e n c e d 

in f l ight . 

The s c h e d u l e for the SNAP lOA p r o g r a m is shown in F i g u r e 8 in t e r m s of 

m i l e s t o n e s for the d e v e l o p m e n t a l s y s t e m s and s u b s y s t e m s j u s t d e s c r i b e d . 

C. ESTABLISHING O V E R A L L R E L I A B I L I T Y GOALS 

The u s e of the SNAP lOA p o w e r uni t for an o p e r a t i o n a l w e a p o n s s y s t e m s u c h 

as MIDAS wi l l r e q u i r e a n a c h i e v e d r e l i a b i l i t y beyond the r e l i a b i l i t y p r o j e c t e d for 

the c u r r e n t f e a s ib i l i t y d e m o n s t r a t i o n p r o g r a m w h i c h c u l m i n a t e s in the SNAPSHOT 

t e s t f l i gh t s . In the f ea s ib i l i t y d e m o n s t r a t i o n the ob jec t ive of 1 y e a r l ife is 

m a i n t a i n e d . H o w e v e r , it is not n e c e s s a r y to d e m o n s t r a t e be fo re the f i r s t l aunch 

the r e l i a b i l i t y wi th wh ich th i s e n d u r a n c e c a n be a c h i e v e d . E s t i m a t e s of the r e 

l i ab i l i ty a s s o c i a t e d wi th the c u r r e n t SNAP lOA d e v e l o p m e n t a l p r o g r a m , wh ich 

a r e g iven in Sec t i on III, i n d i c a t e a r a t h e r low va lue for the a c h i e v e d s y s t e m 

r e l i a b i l i t y a t t he t i i ne of the i n i t i a l SNAPSHOT fl ight t e s t . While a low va lue of 

r e l i a b i l i t y is a c c e p t a b l e in a f ea s ib i l i t y p r o g r a m , the e c o n o m i c s of l aunch ing and 

m a i n t a i n i n g a n u m b e r of o p e r a t i o n a l s a t e l l i t e s wi l l d e m a n d a m u c h h i g h e r d e g r e e 

of a c h i e v e d r e l i a b i l i t y for the e s s e n t i a l e l e c t r i c a l p o w e r s u p p l y . An o p e r a t i o n a l 

a n a l y s i s of the t o t a l s a t e l l i t e c o m p l e x m u s t be p e r f o r m e d to d e t e r m i n e the r e 

qu i r ed r e l i a b i l i t y to be m e t by the e l e c t r i c a l p o w e r s u p p l y . The c o s t s of a n 

i n c r e a s i n g l y e x t e n s i v e ground r e l i a b i l i t y a c h i e v e m e n t p r o g r a m c a n be t r a d e d 

off a g a i n s t the c o s t s of l aunch ing and m a i n t a i n i n g a s a t e l l i t e n e t w o r k wi th a p o w e r 

s y s t e m of l o w e r a c h i e v e d r e l i a b i l i t y . Such a n o p e r a t i o n a l a n a l y s i s a p p r o a c h is 

g iven in Sec t ion IV. M u c h of the input i n f o r m a t i o n r e q u i r e d for th i s t ype of 

a n a l y s i s is t e n t a t i v e a t th i s t i m e , and for th i s r e a s o n it is p r e s e n t e d p r i m a r i l y 

a s a m e t h o d to i l l u s t r a t e the t e c h n i q u e . 

In o r d e r to ob t a in the n e c e s s a r y e c o n o m i c i n f o r m a t i o n on the c o s t of 

ach i ev ing a g iven r e l i a b i l i t y , t h r e e d i f fe ren t p r o g r a m s a r e d e s c r i b e d in S e c t i o n 

III . T h e s e p r o g r a m s a r e ident i f ied a s P r o g r a m I, II, and III . E a c h p r o g r a m 

di f fe rs only in l e v e l of effor t in add i t i on to the c u r r e n t p r o g r a m , and r e s u l t in 

d i f fe ren t va lues of r e l i a b i l i t y being a c h i e v e d at g iven po in t s in t i m e . T h e r e is 

a l s o a c o n s i d e r a b l e d i f f e r ence in funding l e v e l s and s c h e d u l e of funds a s s o c i a t e d 
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with each of the three p r o g r a m s . This reflects the level of effort, the number 

and amount of concurrent t e s t s , and the facili t ies required for the execution of 

the p rog rams descr ibed . The information can be used to determine the re la t ion

ship of achieveing a given rel iabil i ty vs t ime and /o r cos t s . 

D. RELIABILITY IMPROVEMENT VERSUS RELIABILITY DEMONSTRATION 
PROGRAMS 

In low-cost , shor t - l ived sys tems it is frequently possible to include a r e 

liability demonst ra t ion p rog ram with only a modera te inc rease in cost and which 

can be completed within an acceptable t ime per iod. However, for high-cost , 

long-life sys tems a rel iabil i ty demonst ra t ion p r o g r a m often becomes unaccept-

ably expensive and requi res a prohibitively long testing per iod. For ina l 

s ta t i s t ica l rel iabil i ty demonstra t ion is fundainentally incompatible with rapid 

rel iabil i ty growth. Stat ist ically r igorous rel iabil i ty demonst ra t ion infers that 

success ive tes t sys tems remain, constant in design and production techniques, 

which requi res that there shall be no change or rel iabil i ty improvement within 

the sys tem during the rel iabil i ty m e a s u r e m e n t . For the high-cost , long-life 

sys tem, the re mus t necessa r i ly be a de-emphas is in a s tat ic rel iabil i ty demon

s t ra t ion in preference to a major effort directed toward a dynamic rel iabi l i ty 

improvement or growth p r o g r a m . 

A dynamic rel iabil i ty growth p rog ram is one in which full emphasis is 

placed on methods for reduction and el imination of failure modes with component 

design improvements verified by accelera ted component t es t s and incorporated 

into the sys tem with a minimum t ime lag. The f irst occur rence of a failure 

mode init iates this closed loop sys tem improvement effort as contrasted to s ta t ic 

rel iabil i ty p rograms which requi re a significant repet i t ion of a pa r t i cu la r mode of 

failure before an adminis t ra t ive decision is made to init iate the improvement 

p r o c e s s . 

However, a quantitative knowledge of rel iabi l i ty status need not be ent i rely 

lacking in a rel iabi l i ty growth p r o g r a m . The rel iabil i ty engineer may rev ise 

and update pa r t i a l tes t data from obsolete sys tems and es t imate reduction in 

failure ra tes achieved by improved design or production techniques . Thus, a 

cu r ren t rel iabi l i ty s tatus may be inferred which is sufficient for p rac t i ca l p u r 

poses; this should not be confused with s ta t is t ical ly r igorous rel iabi l i ty demon -

s t ra t ion tes t ing . The la t te r demonstra t ion is expensive and t ime consuming and 
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it is questionable whether there exists any rea l need or utility for a r igorous 

knowledge of rel iabil i ty status as compared to an approximate , inferred r e 

liability s t a tus . 

E . ELEMENTS OF A RELIABILITY IMPROVEMENT PROGRAM 

The basic elements of a dynamic rel iabil i ty growth p r o g r a m a r e : 1) r e 

liability engineering and coordination; 2) product improvement development; 

3) subsys tem and sys tem reliabil i ty developmental testing; and 4) production 

quality a s s u r a n c e . 

1. Reliability Engineering and Coordination 

The rel iabil i ty engineering and coordination basical ly supplement the 

normal development, safety, and production engineering functions such that 

reliabil i ty factors receive proper emphasis as a specific sys tem requ i rement . 

The sys tem reliabil i ty goals a re a s se s sed and apportioned to the different 

components to se rve as design, development, production, and quality control 

guides. The modes of failure and the cause and effects of per formance degrada

tion a re analyzed in t e r m s of sys tem performance to es tabl ish r e s e a r c h and 

development r equ i r emen t s . The effects of redundancy and per formance derat ing 

a re analyzed and evaluated. The sys tem design is analyzed to determine that 

the overal l concept does not place unrea l i s t ic rel iabil i ty objectives upon in

dividual components . Fa i lu re repor t s a re p repared , and development and 

production specifications a r e compiled and analyzed with appropr ia te cor rec t ive 

actions taken as requi red . Subcontractor rel iabil i ty p rograms a r e monitored 

and purchased par t s rel iabil i ty and quality control specifications a r e p repared and 

adminis te red . 

2. Product Improvement Development 

This is a major productive a r e a of a rel iabi l i ty improvement p r o g r a m . 

Components or ma te r i a l s vihich are ascer ta ined to be c r i t i ca l rel iabi l i ty a r e a s 

from ei ther failure mode analysis , s ta t i s t ica l rel iabi l i ty analys is , or from 

occur rence of failures during the development, production, or operat ional test ing 

phases a re selected for detailed investigation and improvement . 

iCMFlEO 
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a . P r o g r a m T e c h n o l o g i c a l Suppor t 

Th i s effor t is r e q u i r e d to e s t a b l i s h the b a s i c s c i en t i f i c founda t ion tha t 

wi l l a l low a r ap id u n d e r s t a n d i n g and l ead to r e m e d i a l so lu t ions for o b s e r v e d o r 

a n t i c i p a t e d f a i l u r e m o d e s to enhance c o m p o n e n t i m p r o v e m e n t . F u n d a m e n t a l 

i n v e s t i g a t i o n s a r e r e q u i r e d in a r e a s s u c h a s : m e t a l l u r g i c a l fus ion p r o c e s s e s , 

diffusion r a t e e f fec t s , i m p u r i t y p h e n o m e n a , m a t e r i a l s c r e e p and fa t igue , t e m p e r a 

t u r e and r a d i a t i o n e f fec t s , e r r o s i o n , c o r r o s i o n , w e a r , we ld ing , bonding , h igh 

v a c u u m , shock , v i b r a t i o n , and m i c r o m e t e o r i t e e f f e c t s . F a i l u r e to v i g o r o u s l y 

s u p p o r t t h e s e a r e a s of effor t c a n r e s u l t in a s u c c e s s i o n of f a i l u r e s and quick 

fixes w h i c h a r e e x p e n s i v e and c o m p l e t e l y i n a d e q u a t e to a c h i e v e the f inal r e l i a 

b i l i ty o b j e c t i v e s . Th i s b a s i c p r o g r a m s u p p o r t is r e q u i r e d , in fact , to i m p r o v e 

the s t a t e - o f - t h e - a r t so tha t the effor t for l o n g - l i v e d h i g h - r e l i a b i l i t y s y s t e m s c a n 

p r o c e e d in a n o r d e r l y , e c o n o m i c and r ap id m a n n e r . 

b . C o m p o n e n t Modi f i ca t ion and R e - d e s i g n 

F u n c t i o n a l a n a l y s e s of c r i t i c a l p a r t s m u s t be p e r f o r m e d to d e t e r m i n e 

des ign , f a b r i c a t i o n p r o c e s s , o r m a t e r i a l s r e q u i r e d to e l i m i n a t e o r r e d u c e m o d e s 

of f a i l u r e . A l t e r n a t e s o l u t i o n s a r e c o m p a r e d and t e s t e d to ver i fy t h a t d e s i r e d 

r e s u l t s have b e e n a c h i e v e d . In c o m p l e x s i t u a t i o n s w h e r e d i r e c t func t iona l 

a n a l y s i s is i n a d e q u a t e to d e t e r m i n e w h e r e f a i l u r e m o d e s ex i s t , e x p e r i m e n t s d e 

s igned to s t a t i s t i c a l l y i s o l a t e the f a i l u r e m o d e wi l l be u t i l i z e d . 

3 . S y s t e m R e l i a b i l i t y I m p r o v e m e n t T e s t i n g 

In a c t u a l s u b s y s t e m and s y s t e m t e s t i n g the f inal s y s t e m f a i l u r e po in t s 

a r e ob ta ined and a r e u sed to define the a r e a s of c o n c e n t r a t i o n for the p r e v i o u s l y 

d e s c r i b e d p r o d u c t i m p r o v e m e n t d e v e l o p m e n t and p r o g r a m t e c h n o l o g i c a l s u p p o r t 

a c t i v i t i e s . 

a . L a u n c h E n v i r o n m e n t 

The s i m u l a t i o n of shock and v i b r a t i o n cond i t ions of m i s s i l e l a u n c h i n g 

wi l l be i m p o s e d on c o m p l e t e s y s t e m s and m a j o r s u b s y s t e m s . De t a i l ed m e a s u r e 

m e n t s of l o c a l c o m p o n e n t e n v i r o n m e n t s as effected by r e s o n a n c e o r d a m p i n g 

condi t ions wi l l be m a d e to guide d e s i g n m o d i f i c a t i o n s . 

b . Life T e s t s 

P r o p e r e v a l u a t i o n of the u l t i m a t e s y s t e m l ife c a p a b i l i t y and i t s p e r 

f o r m a n c e d e g r a d a t i o n p r o p e r t i e s r e q u i r e s l ife t e s t i n g . E x t e n s i v e l ife t e s t i n g a t 
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the component level will have revealed the majori ty of the aging effects such that 

sys tem test ing will p r imar i ly se rve to reveal interact ion effects which could not 

be anticipated. In pr inciple , all such sys tem effects should be represented in 

the environmental component testing; however, in prac t ice complete final sys tem 

tes ts in the most closely simulated environment possible must be undertaken in 

smal l quantity or sample for final verification of p rogram adequacy. 

c. Startup and Safety Shutdown Testing 

The sys tem orbi tal s tar tup p r o g r a m m e r , sensors and actuators 

must survive the launch conditions and then successfully s t a r t up the nuclear 

sys tem and eject nosecone fairings and radia tor sh ie lds . This requi res repeti t ive 

operation to reveal potential reliabil i ty trouble a r e a s . The safety mechanisms 

and end of life shutdown devices also requi re environmental and repeti t ive test ing 

to reveal problem a r e a s . 

4. Quality Assurance 

The major quality a s su rance effort will be associated with the production 

p rogram and is discussed in detail in the production repor t , NAA-SR-MEMO-6598 

(SECRET). 

The quality a s su rance effort associated with the reliabil i ty improvement 

p rogram is l imited to inspection and acceptance testing necessa ry to es tabl ish 

that specifications for m a t e r i a l s , pa r t s , and equipment used in the improvement 

p rogram are me t . Existing inspection techniques will be used wherever poss ib le . 

Inspection data will be recorded for l a te r use in analyses of failures which occur 

during the reliabil i ty improvement tes t work. 

5. Evaluation and Usage of Product ion and Operational Data 

Production, quality a s su rance , and rel iabil i ty groups will work in con

junction to evaluate the influence of dimensional to le rances , ma te r i a l s specif ica

t ions, manufacturing p r o c e s s e s , and s imi la r factors on both rel iabil i ty and 

product producibil i ty. This cooperative effort provides for determinat ion of 

cr i t ical i ty within such a reas with regard to reliabil i ty and thus provides the 

ea r l i es t possible indication of those specifications which can be relaxed to en

hance producibil i ty. 
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Limited field tes t and operat ional data as well as failure repor t s will be 

available for SNAP lOA units used in the per formance of space m i s s i o n s . The 

value of such information is discussed in Section III-D. 

m 
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I!. RELIABILITY PROGRAM PLANNING AND ADMINISTRATION 

A. PROGRAM ADMINISTRATION 

The organization of the SNAP lOA rel iabil i ty p r o g r a m within Atomics 

International consis ts of: 1) a SNAP lOA Reliability Projec t Engineer report ing 

direct ly to the SNAP lOA Chief Projec t Engineer; 2) a cen t ra l grouping of specifi

cally assigned SNAP lOA rel iabi l i ty engineers in the SNAP lOA Reliabili ty Engi

neer ing Unit; and 3) ass i s t ance of rel iabil i ty engineers assigned to var ious syb-

sys tems or specific tasks located where needed in var ious par t s of the organiza

tion. This type of organization is shown on Figure 9 and is consis tent with the 

present organization of technical responsibi l i t ies on the SNAP lOA development 

p rog ram. The relat ion of the SNAP lOA rel iabi l i ty organization with the overal l 

Reliability Representat ion at Atomics International is a lso i l lus t ra ted in F igure 9. 

The responsibi l i t ies at each level of the rel iabi l i ty organization a r e as 

follows: 

1) The Atomics International Reliability Adminis t ra tor is Chairman of 

the Reliability Commit tee , and also se rves as the Corpora te Office 

Representa t ive . He is concerned with rel iabi l i ty t ra ining, information 

exchange, and rel iabi l i ty policy with cus tomers and suppl ie rs . 

2) Divisional Reliability Advisors a r e m e m b e r s of the Reliability Com

mittee and in the case of the Compact Systems Division, a r e concerned 

with keeping the Division Head and each SNAP project rel iabi l i ty co

ordinator informed of rel iabi l i ty factors which have a bearing upon the 

Division's ac t iv i t ies . 

3) SNAP lOA Reliability Pro jec t Engineer is the focal point for SNAP lOA 

cus tomer contacts pertaining to rel iabi l i ty , SNAP lOA subcontractor 

rel iabi l i ty p r o g r a m requ i remen t s , and contract rel iabi l i ty specif ica

t ions . As a technical a s s i s t an t to the SNAP lOA Chief Pro jec t Engineer , 

he maintains survei l lance and provides direct ion to the complete SNAP lOA 

rel iabil i ty p r o g r a m . 

4) SNAP lOA Reliability Engineering Unit engineers conduct SNAP lOA 

sys tem rel iabi l i ty act ivi t ies including rel iabi l i ty apport ionment, fai l 

ure repor t analys is , maintain cen t ra l failure repor t f i les , and p r epa re 

rel iabil i ty repor t s for the AEC and the Air F o r c e . 
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5) Functionally assigned rel iabi l i ty engineers a r e organized within var ious 

groups as needed. Their duties a r e detailed analysis of modes of fail™ 

ure , effects of redundancy design, effects of component derat ing and 

design factors of safety, and a s s i s t development engineers in s ta t i s t ica l 

design of exper iments to determine cause of fa i lures , 

B. RELIABILITY ENGINEERING AND COORDINATION 

The overa l l function of rel iabil i ty engineering act ivi t ies is to supplement and 

a s s i s t the normal development engineering act ivi t ies so that rel iabi l i ty growth 

and measu remen t receive proper emphasis as a dist inct sys tem requ i rement . 

These act ivi t ies range from quantitative selection of factors of safety in the de 

sign phase to post m o r t e m analysis of fai lures in developed s y s t e m s . 

1. Design P rocedures 

Techniques useful in the design phase a r e es t imat ion of sys tem rel iabi l i ty 

goals, rel iabi l i ty apportionment to the component level, and in terpre ta t ion of 

these goals in t e r m s of recommendat ion of required safety factors for design. 

Alternate design approaches can be compared in t e r m s of relat ive potential r e 

liability and evaluated along with other relat ive performance c r i t e r i a to guide 

design decis ions . Design reviews can include rel iabi l i ty considerat ions with the 

aid of check l i s t s of p r io r fai lure exper ience on s imi la r components . 

2. Development P rocedures 

The development phase, when component and sys tem prototypes a r e being 

constructed and tes ted, is an important a r ea for rel iabi l i ty improvement . De

tailed analysis of ear ly fai lures and performance malfunctions can a s s i s t the 

development engineer in determining the probable cause of the failure and e l imi 

nate it by design modifications. In complex situations the rel iabi l i ty engineer 

can a s s i s t by a s ta t i s t ica l design of exper iments to revea l the factors causing 

performance de ter iora t ion . A careful survei l lance of purchased par t pe r fo r 

mance observed during the development phase may yield l i s ts of recommended 

suppl ie rs . The observed fai lures should be recorded and analyzed in failure 

r epor t s to guide cur ren t and future des igns . 

3. Production P rocedures 

In this phase the design is basical ly fixed and the rel iabi l i ty emphasis is 

upon fabrication p rocess control and es tabl ishment of wri t ten specifications to 
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detail the control . Fornaal re l iabi l i ty p r o g r a m s for selected subcontractors will 

be required with s imi la r p roces s control specif icat ions. The failure r epor t s from 

the development t e s t ac t iv i t ies , qualification t e s t s , launch pad activity t e s t s and 

t e lemete red orbi ta l operat ion per formance will be compiled and evaluated. The 

r epor t s will r equ i re individual fai lure mode analys is and cor rec t ive recommenda

tions as applicable. The per formance and tes t p r o g r a m resu l t s will be evaluated 

in t e r m s of demonst ra ted rel iabi l i ty and status r epor t s p repa red for the AEC and 

the Air F o r c e . 

4. Product ion and Per formance Records for Identification of Cr i t ica l P a r t s 

Production and performance r ecords will be maintained to follow each 

par t f rom design through fabricat ion, inspection, a s sembly , acceptance tes t ing, 

and final usage. Specifications and al l data obtained from inspection, quality 

control , pe r formance , and failure will be recorded and cataloged for use in iden

tification and improvement of c r i t i ca l pa r t s and components . 

The immedia te availabil i ty of this information will be useful in evaluating 

the re la t ive cr i t ica l i ty of the many par t s at any t ime so that work can be concen

t ra ted in the most c r i t i ca l a r e a s . This approach is analogous to the P E R T - P E P 

sys tems used to locate the c r i t i ca l paths through a development p r o g r a m in o rde r 

that effort is apportioned to best advantage. 

C. METHODS FOR EVALUATION OF PROJECTED RELIABILITY PROGRAMS 

1. One-Year Reliability Growth Equation 

In instances where considerable accumulated experience with individual 

components is avai lable, such as in the case of some electronic equipment, the 

rel iabi l i ty of the init ial design may be es t imated with reasonable accuracy . 

After a sys tem has been constructed and tes ted, the achieved rel iabi l i ty 

may be readi ly inferred using the techniques of probabil i ty and s t a t i s t i c s . How

ever , it is always very difficult to predic t the rel iabi l i ty improvement which 

would resu l t f rom an additional subsequent i inprovement effort; this difficulty 

a r i s e s because the re la t ionship of re l iabi l i ty improvement to ra te of effort is 

highly dependent on factors such as ability to anticipate possible failure modes , 

number of failure observat ions before redes ign can be completed, skil l of r e 

design, tes t down t ime for instal lat ion of redesigned components , and so on. In 

spite of the many unknowns involved, it is absolutely n e c e s s a r y that a re la t ionship 
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between rel iabi l i ty improvement and ra te of improvement effort be predicted for 

use in planning and evaluating rel iabil i ty improvement p r o g r a m s ; this re la t ion

ship is frequently called the rel iabi l i ty growth equation. The equation selected 

for application to the SNAP lOA sys tem and the reason for its selection a r e d e 

scr ibed in the following: 

Defining f as the failure r a t e , the rel iabi l i ty (R) i s : 

R = e 
- fT 

where T is the lifetime for which the failure ra te is defined. Defining a as the 

mean t ime between fa i lures , then 

_T_ 

R = e ^ 

or , since T = 1 year for SNAP lOA, 

R = e 

1 

For a rel iabil i ty improvement p r o g r a m c a r r i e d out at a fairly constant r a t e , it 

is reasonable to a s sume that information is gained and applied such that the mean 

t ime between failure i nc reases at a constant r a t e ; therefore , it is assumed that 

a = at + 9 

where a is a constant, t is t ime measu red from the initiation of the p rog ram, 

and 6 is the initial mean t ime between failure at t = 0. Then 

1 
"at + 9 

R = e 

At t = 0, there exists some init ial rel iabi l i ty based on previous work; for a r e l i a 

bility improvement p rog ram begun at mid-GFY 1962 this init ial rel iabi l i ty for 

SNAP lOA is conservat ively es t imated to be 0.05 yielding an init ial 9 = 1/3; hence 

1 

R = e 
"at + 1/3" 
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The value of the constant a, which desc r ibes the ra te of inc rease of 9, may be 

es t imated by compar ison with rel iabi l i ty improvement experience on liquid rocket 

engines . Liquid rocket engines a r e mechanical and hydraulic sys tems and thus 

serve as a be t ter model for compar ison with nuclear r eac to r power plants than 

any p r ima r i l y e lect ronic sys tem. An observed rel iabi l i ty growth equation that 

has been used to fit re l iabi l i ty growth experience at Rocketdyne i s : 

1.3 
1.5 Y + 1.3 R = e 

where 

Y = number of rocket engine firing duration t e s t s in groups of 20. 

This equation is shown on Figure 10 in compar ison with the 1-year rel iabi l i ty 

growth equation proposed for SNAP lOA. A value of a = m / 3 , where m is the 

number of equivalent simultaneous SNAP sys tem tes t s being conducted, is selected 

in view of the differences in rocket engine test ing and r e a c t o r sys tem tes t ing. 

Rocket engine tes t firings a r e conducted at a ra te of about 100 fir ings per year 

on a given engine, while SNAP sys tem tes t s will average only 2 to 6 per year . 

With such closely spaced rocket engine t e s t s it is difficult to incorporate design 

changes for rel iabi l i ty improvement into the next following engines tes ted . In a 

SNAP lOA sys tem rel iabi l i ty improvement p r o g r a m scheduling will allow each 

new sys tem tes ted to be modified and improved based on al l p r io r t es t exper ience . 

F r o m such considerat ions it is es t imated that 10 rocket engine fir ings yield a p 

proximate ly the same rel iabi l i ty improvement as 1 year of SNAP sys tem test ing 

in t e r m s of resul tant learning and rel iabi l i ty growth. This equivalence is indi

cated on the absc icca of F igure 10, and the proposed SNAP lOA 1-year rel iabi l i ty 

growth equation is seen to approximate the slope of the Rocketdyne equation. 

The implicat ions of, and some insight into the proposed SNAP rel iabi l i ty 

growth curve a r e r ep resen ted in F igures 11 and 12. Basical ly , the mean t ime 

between fa i lu res , 9, i nc r ea se s l inear ly with tes t effort t ime , t. In prac t ice 

var ious physical l imitat ions will form an upper l imit on the ra te of inc rease in 

mean t ime between fai lure; however, this l imitat ion is expected to be beyond the 

l imitat ions of funding. In F igure 12, the rel iabi l i ty growth is shown with r ea l 

p r o g r a m t ime as absc icca and var ious values of multiplici ty m in the level of 

concurrent equivalent t es t s as a p a r a m e t e r . 
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Figure 11. Proposed Learning Curves 
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iimmiB 
2, Launch Survival and Startup Reliability Growth Equation 

Since this portion of the p r o g r a m will be ca r r i ed out at a ra te propor t ional 

to the 1-year rel iabi l i ty improvement effort, the launch survival and s ta r tup r e 

liability growth equation should be of the same genera l form as the 1-year r e l i a 

bility growth equation just defined. 

In this case the rel iabi l i ty at the beginning of the improvement p r o g r a m is 

es t imated to be 0.37; the growth equation is then 

1 
"bX + 1 R = e 

e 

where R is the launch survival and s tar tup rel iabi l i ty , b is a constant, and X 

is the nunaber of t e s t s completed. 

Pe r fo rmance of a single launch environment t es t of a sys tem, analysis of 

r e su l t s , and modification in line with the resu l t s will r equ i re about 3 months; 

test ing, ana lys i s , and modification of s ta r tup and safety subsys tems will proceed 

on the average at a comparable r a t e . By planning the p r o g r a m such that the in

stantaneous rat io of sys tems being subjected to launch environment tes t ing, to 

sys tems in s tar tup and safety t e s t s , r emains fair ly constant during the p rog ram, 

the number of launch environment t e s t s completed is an index to rel iabi l i ty growth. 

Therefore , X in the growth equation is taken to be the number of launch environ

ment tes t s completed. 

It is now neces sa ry to es t imate a value for the constant b . The failure 

of a single pa r t can t e rmina te a launch environment t es t so that information r e 

garding other c r i t i ca l pa r t s can be gained only via additional t e s t s . In life t e s t 

ing, a failed pa r t can usually be replaced so that test ing can be continued and 

other c r i t i ca l pa r t s can be identified. Therefore , it is es t imated that one launch 

environment tes t is equivalent in resu l t to one-half of a 1-year life tes t . Hence, 

by compar ison with the 1-year rel iabi l i ty growth equation, 

b - l ^ ^ . i ^ D i ^ 3 

f rom which 

. 4 . lliCTOFIED 
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Then 

R = e e 

This equation is plotted in Figure 13. 

3. Stat is t ical Methods 

a. General 

I^ 

In the preceding discussion a rel iabi l i ty growth equation was defined 

in t e r m s of complete sys tem t e s t s . However, good engineering development 

pract ice involves a mixture of component, subsys tem and sys tem tes t ing. A 

method of proper ly a s se s s ing the worth of component and subsys tem testing in 

t e r m s of equivalent sys tem testing is thus requi red . Some degree of guidance 

in planning may be obtained by f i rs t considering the equations to be used for 

evaluating tes t resu l t s on components in t e r m s of sys tem per fo rmance . 

In a s e r i e s sys tem of n components and independent fai lures it is 

general ly stated that failure r a t e s a r e additive; however, it is frequently for

gotten that only the mean or expectation values of failure ra te may be added. 

Stat is t ical t e r m s like median failure ra te , , most likely failure r a t e , or failure 

ra te at some confidence level a r e in teres t ing t e r m s when proper ly used, but in 

general none of these have the des i red additive p roper ty . 

In life t es t s in which failure r a t e s a r e assumed to r emain constant, 

Poisson s ta t i s t ics a r e applicable and it may be r igorously stated for a failure 

t runcated tes t with replacement that the expectation (average) value of i com

ponent failure ra te i s : 

_ X. + 1 

T. 
1 

where x. is the observed number of fai lures in t ime T.. 
1 1 

If a l l component tes ts a r e of same durat ion, T , then the expectation 
n 

(average) value of sys tem failure ra te is 
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X = 
n T 

n 

A neces sa ry modification required to make these equations consistent when com

ponent failure r a t e s a r e added is for the genera l case in which component tes t 

t imes a r e unequal, 

where 

w i 
I (1 - fi) 

th and f. = es t imated fraction of sys tem failure ra te due to i component. The T 
1 ' -̂  w 

t e r m has been designed to maintain consistency when T. = T and yield r ea son 

able values of sys tem failure ra te for unequal component tes t t i m e s . A r igorous 

s ta t i s t ica l t r ea tment of this type of problem for a sys tem consisting of more than 

two components r equ i res extensive digital machine calculation. This action is 

not war ran ted at this stage of planning but would be undertaken as pa r t of the r e 

liability p rog ram to a s s e s s rel iabi l i ty s ta tus . 

b . Worth of Various Tests 

The worth of a set of unequal t ime tes t s on sys tem components may be 

expressed in t e r m s of an equivalent sys tem tes t t ime , T.^, as 

1 + Z - i 
T = ==—=-

E X 
' n 

where X is obtained as descr ibed in the preceding. A useful approximation that 

is reasonably sat isfactory for p r o g r a m planning purposes i s : 
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rp ~ ' ^ 1 1 

E ~ i 

In the specific case of SNAP IOA a p re l iminary es t imate is that about 

2 /3 of the sys tem failure ra te will be due to the non-nuclear power conversion 

subsys tem while 1/3 will be due to the r eac to r sybsys tem. On this bas i s , a non-

nuclear subsys tem tes t is counted as the equivalent of 2 /3 of a sys tem in 

accumulating rel iabi l i ty exper ience . Similar ly , all nuclear SNAP 2 life t e s t s 

a r e counted as 1/3 of an equivalent SNAP IOA sys tem in accumulating r e 

liability experience applicable to SNAP IOA. 

The rel iabi l i ty growth equation is based upon an assumed level of 

learning from sys tem t e s t s . When a ground tes t sys tem malfunctions or fai ls , 

the par t s a r e available for detailed examination and rel iabi l i ty exper ience a c 

cumula tes . In the case of the init ial SNAPSHOTS, the operating sys tems will be 

provided with extensive t e lemet ry which will provide additional sys t em pe r fo rm

ance exper ience . Since the par t s will not become available for examination, a 

space tes t has been a r b i t r a r i l y counted as 1/4 as effective as an equivalent 

ground sys tem tes t in t e r m s of accumulation of rel iabi l i ty growth exper ience . 

Of course , operat ion of sys tems in space will be a much l a rge r factor in t e r m s 

of demonstra t ing rel iabi l i ty . 

c. Optimum Apportionment of Effort for Minimum Cost 

The preceding section indicates that optimum rel iabi l i ty growth is 

achieved by applying developmental testing effort on a par t i cu la r subsys tem in 

proport ion to its es t imated fractional contribution to the total sys tem failure 

r a t e . However, an economic optimum apportionment of effort must include the 

factors of relat ive cost of development testing effort on var ious subsys t ems . 

One method of apportioning effort within a sys tem composed of two major sub

sys tems is as follows: consider the SNAP IOA nuclear subsys tem with fraction, 

f, of the sys tem failure ra te tes ted for t ime T , and the non-nuclear subsys tem 

tes ted for t ime T and assume the case of ze ro fa i lu res . 

The expectation of sys tem failure ra te i s : 
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UieiASSIIED 
T =4- (1 - f ) T j + fT^ 

1 •-̂
 "̂  7 " r + (1 -1)711 

where 

r = T / T r ^ 2 ^ 1 

and the sys tem tes t cost is ; 

C^ = CjT^ + C2T3 = T ^ ( C j + r C 2 ) . 

Simultaneous solution of these equations to el iminate T, yields 

X = 
s 

C^ + rC^ 
1 . i 1/f 
^ ^ r • 7 + (1 - i)7i 

F o r 

dXs 
dr 

= 0, 

1 + i 1/f 
r " r + (1 -T)7f - r 

1 1/f 

1/f 

(r + (1 - f)/f}^_ 

{r + (1 - f)/f}^ 

This relat ion is presented in F igure 14 for var ious assumed values of f and is 

seen to be relat ively insensit ive to this p a r a m e t e r . At an es t imated rat io of 

C , / C ^ = 4 for r eac to r subsys tem to non-nuclear subsystein testing cos t s , the 

optimum t ime ra t io ranges from T^/T = 1.4 to 1.8 for the rat io of non-nuclear 

subsys tem tes t t ime to r eac to r subsys tem tes t t ime for f ranging from l / 4 to 

1/2. A figure of 1.5 was used in apportioning the testing levels in Reliability 

P r o g r a m s I, II, and III descr ibed in a la ter section. 

wmm NAA-SR-MEMO-6599 
44 



100 

50 

10.0 

5.0 rESTIMATED C/Cg FOR SNAP 

-1. , CM 

o o 

1.0 

0.5 

0.1 

REACTOR SUBSYSTEM TEST COST PER YEAR 
'2 NON NUCLEAR SUBSYSTEM TEST COST PER YEAR 
f = FRACTION OF TOTAL FAILURE RATE DUE TO REACTOR 

SUBSYSTEM 

r=OPTIMUM RATIO OF Tg/T, 

^2 _ NON NUCLEAR SUBSYSTEM TEST TIME 
'1 REACTOR SUBSYSTEM TEST TIME 

J L J -L 
.0 1.5 2.0 2.5 

Figure 14. Optimum Apportionment of SNAP IOA Reliability Development 
Test P r o g r a m 

NAA-SR-MEMO-6599 I 
45 ^ E 



mmwE 
d. Stat is t ical Design of Exper iments 

In many cases of component test ing it is possible to apply the tech

niques of s ta t i s t ica l design of exper iments . This technique is applicable when 

rel iabi l i ty may be defined in t e r m s of some c r i t i ca l performance output p a r a m 

eter which must stay within a pa r t i cu la r set of l imits for the sys tem not to fail . 

An example in the case of SNAP IOA is the voltage output of the the rmoe lec t r i c 

c i r cu i t s . The voltage output must stay within par t icu la r l imi ts for the payload 

to function as intended. 

The physical var iab les that affect the rmoe lec t r i c voltage output de 

te r iora t ion with t ime a r e p a r a m e t e r s such as t e m p e r a t u r e , b raze m a t e r i a l com

position, and compress ive loading. If the output is assumed to be a l inear func

tion of the magnitudes of each physical var iab le , then al l constants in the assumed 

output equation may be calculated after performing one repl icate of a s ta t is t ical ly 

designed set of exper iments . This full repl icate set of exper iments mere ly in

su res that each physical var iable has been var ied sufficiently for its individual 

effect to be calculated. If des i red , only the most important of the var iab les a r e 

changed to yield a pa r t i a l rep l ica te . If it is des i red to de te rmine par t icu la r 

constants more p rec i se ly than o thers , some exper imenta l conditions may be 

repeated, yielding a confounded par t i a l r ep l ica te . 

Despite the imposing terminology, s ta t i s t ica l design is a useful tool in 

order ly experimentat ion. This type of effort to de te rmine the cause of pe r fo rm

ance deter iora t ion at the component level is expected to yield most significant 

contributions to achievement of high rel iabi l i ty sys tem des igns . It is for this 

reason that significant amounts of funding for component development act ivi t ies 

and supporting r e s e a r c h a re included in Reliability P r o g r a m s I, II, and III. It 

is at the component development level that high rel iabi l i ty is achieved. The sub

sys tem and sys tem test ing se rves p r imar i l y to revea l more complex modes of 

failure that a r e not apparent in an analysis nor at the component level . 
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III. DESCRIPTION, RESULTS, AND COSTS OF POTENTIAL 
RELIABILITY IMPROVEMENT PROGRAMS 

G E N E R A L 

T h r e e d i f fe ren t p r o g r a m s in add i t ion to the p r e s e n t R & D p r o g r a m a r e ou t 

l ined in t h i s s ec t ion ; t h e s e a r e deno ted a s P r o g r a m s I, II, and III. T h e s e p r o 

g r a m s a r e a l l p o t e n t i a l add i t ions to the ex i s t i ng R & D p r o g r a m and differ only 

in r a t e of effor t . P l a n n i n g , eva lua t i on , and p r i c i n g a r e b a s e d on the fol lowing: 

1) P r o g r a m s t a r t t i m e i s m i d - G F Y 62. 

2) E x i s t i n g l aunch e n v i r o n m e n t t e s t f a c i l i t i e s and equ ipmen t a r e adequa t e 

to hand le P r o g r a m I, II, or III in add i t i on to the ex i s t i ng R & D 

p r o g r a m . 

3) S t a r t u p and sa fe ty s u b s y s t e m t e s t i n g can be c a r r i e d out wi th f a c i l i t i e s 

and e q u i p m e n t u s e d for life and l aunch e n v i r o n m e n t t e s t i n g . 

4) The qua l i ty a s s u r a n c e effort a s s o c i a t e d wi th the r e l i a b i l i t y i m p r o v e 

m e n t p r o g r a m is l i m i t e d to i n s p e c t i o n and a c c e p t a n c e t e s t i n g n e c e s s a r y 

to e s t a b l i s h tha t s p e c i f i c a t i o n s for m a t e r i a l s , p a r t s , and e q u i p m e n t 

u s e d in the i m p r o v e m e n t p r o g r a m a r e m e t . 

5) All t e s t s a r e conduc ted in an e n v i r o n m e n t a p p r o x i m a t i n g tha t which 

wil l be e n c o u n t e r e d in a c t u a l o p e r a t i o n a l u s a g e ( p r e s s u r e , t e m p e r a 

t u r e , e tc ) . 

6) R e l i a b i l i t y g r o w t h is as p r e v i o u s l y d e s c r i b e d . 

7) Fund ing of the p r e s e n t R & D p r o g r a m is p r o v i d e d s e p a r a t e l y and i s 

not inc luded a s r e l i a b i l i t y i m p r o v e m e n t c o s t . 

The func t ions and t e s t s spec i f i ed in the s c h e d u l e for e a c h p r o g r a m a r e 

d e s c r i b e d in Sec t ions I - B and I - E . When p o s s i b l e , t e s t s a r e p l a n n e d at the 

c o m p o n e n t l e v e l so tha t the c o m p o n e n t f a i l u r e m o d e s m a y be s t u d i e d and c o r r e c t e d 

with g r e a t e s t e a s e when i n t e r a c t i o n effects a r e not p r e s e n t . Sufficient w o r k at 

the s u b s y s t e m and s y s t e m l e v e l s is inc luded for d e t e r m i n a t i o n of i n t e r a c t i o n 

effects and e l i m i n a t i o n of f a i l u r e m o d e s not i n h e r e n t in the s e p a r a t e d c o m p o n e n t s . 

B . P R E S E N T R & D P R O G R A M 

The p r e s e n t SNAP IOA d e v e l o p m e n t a l p r o g r a m is d e s c r i b e d in Sec t ion I - B , 

and the p r o g r a m s c h e d u l e is shown in F i g u r e 8. T h e r e a r e , of c o u r s e , p a r t s of 
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this p r o g r a m which will lend to rel iabi l i ty improvemient. Since the SNAP IOA 

system employs the basic SNAP 2 r eac to r , there is an additional contribution 

derived from the SNAP 2 p rogram. The ma te r i a l s and component r e s e a r c h 

being conducted in the SNAP 8 p rog ram will provide additional technology to aid 

in failure analysis and in product improvement . 

1. One-Year Reliability 

The portions of the SNAP IOA and SNAP 2 developmental p r o g r a m which 

will contribute to improved 1-year rel iabi l i ty of the SNAP IOA unit a re depicted 

in the top port ion of F igure 15. These a re evaluated in t e r m s of multiplicity of 

equivalent SNAP IOA sys tems undergoing sinaultaneous life t e s t s , and the net 

resu l t is shown in the center portion of F igure 15. Evaluation of the 1-year 

rel iabil i ty resul t ing from these r a t e s of effort by means of the growth equation 

(Section II-B) is i l lus t ra ted in the lower portion of Figure 15. 

The existing p r o g r a m r ep re sen t s a 1-year rel iabi l i ty improvement effort 

at an average testing multiplicity of about 0.7 for 3-1/2 y e a r s . 

2. Launch Survival and Startup Reliability 

The cur ren t SNAP IOA and SNAP 2 developmental p r o g r a m s also con

tribute to improved launch survival and star tup rel iabil i ty. Per t inent pa r t s of 

these p rograms have been evaluated in t e r m s of tes ts completed as noted in 

F igure 16. Allowing three months for operation, analys is , and elimination of 

failure modes in a single test of an equivalent sys tem, the resul t ing launch 

survival and star tup rel iabi l i ty evaluated by means of the appropr ia te growth 

evaluation (Section II-C) is also shown in Figure 16. 

3. Cost 

The presen t developmental p r o g r a m s a re funded separa te from any 

formal rel iabil i ty program.. The resu l t s a re then assumed to be available to 

a rel iabil i ty improvement p r o g r a m at no cost. 
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C. P R E S E N T R & D P R O G R A M P L U S P O T E N T I A L R E L I A B I L I T Y I M P R O V E 
M E N T PROGRAMS 

1. P r e s e n t R & D P r o g r a m P l u s P r o g r a m I 

P r o g r a m I, d e t a i l e d and s c h e d u l e d a s shown in F i g u r e 17, is d e s i g n e d 

to add a v e r y m o d e r a t e r e l i a b i l i t y i m p r o v e m e n t effort to the p r e s e n t l y p l a n n e d 

d e v e l o p m e n t a l p r o g r a m and ex t ends for 5 - 1 / 2 y e a r s beyond the in i t i a t i on da te 

of J a n u a r y 1, 1962. 

a. O n e - Y e a r R e l i a b i l i t y 

The t o t a l m u l t i p l i c i t y of the 1-year e n d u r a n c e r e l i a b i l i t y i m p r o v e m e n t 

effor t , i nc lud ing the p r e s e n t R & D p r o g r a m , is s u m m a r i z e d in the top half of 

F i g u r e 18. E v a l u a t i o n of the r e s u l t a n t 1 -yea r r e l i a b i l i t y v ia the a p p r o p r i a t e 

g r o w t h equa t ion (Sect ion I I -B) y i e l d s the r e s u l t s shown in the l o w e r half of 

F i g u r e 18. 

b . L a u n c h S u r v i v a l and S t a r t u p R e l i a b i l i t y 

L a u n c h s u r v i v a l and s t a r t u p r e l i a b i l i t y w o r k wi l l a p p r o x i m a t e l y double 

tha t of the p r e s e n t R & D p r o g r a m and wi l l e x t e n d th i s p h a s e for the full 5 - 1 / 2 

y e a r s du r ing which 1 -yea r r e l i a b i l i t y effor t is a l s o to be m a d e . The to ta l n u m 

b e r of t e s t s w i t h s u b s e q u e n t a n a l y s i s and c o r r e c t i o n of f a i l u r e m o d e s at v a r i o u s 

po in t s in t i m e a r e shown in F i g u r e 19. T h e r e s u l t a n t r e l i a b i l i t y p r e d i c t e d us ing 

the a p p r o p r i a t e g rowth equa t ion (Sect ion I I -C) is a l s o shown in tha t F i g u r e . 

c. C o s t 

T o t a l i n f o r m a l e s t i m a t e d cos t of P r o g r a m I is 22.6 m i l l i o n d o l l a r s 

ove r a 5 - 1 / 2 y e a r p e r i o d . A b r e a k d o w n of P r o g r a m I annua l c o s t s i s p r e s e n t e d 

in T a b l e IV. T h e s e c o s t s do not inc lude the funding of the p r e s e n t R & D p r o g r a m . 
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Figure 17. Schedule for P r o g r a m I 
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Figure 19. Launch Survival and Startup Reliability, P r e sen t 
P r o g r a m Plus P r o g r a m I or II 
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TABLE 

INFORMAL PRICING ESTIMATE FOR SNAP lOA RELIABILITY 
IMPROVEMENT PROGRAM I 

(Pr ices in Thousands of Dollars) 

Re l i ab i l i t y E n g i n e e r i n g 
and C o o r d i n a t i o n 

P r o d u c t I m p r o v e m e n t 

Componen t Mod i f i ca t ion 
and R e d e s i g n 

P r o g r a m Suppor t 

Re l i ab i l i t y D e v e l o p m e n t 
T e s t i n g 

Life E n d u r a n c e T e s t s 

R e a c t o r C o m p o n e n t s 
( N o n - N u c l e a r ) 

R e a c t o r S y b s y s t e m s 

P o w e r C o n v e r s i o n 
C o m p o n e n t s 

P o w e r C o n v e r s i o n 
S u b s y s t e r a 

S y s t e m N u c l e a r T e s t 

L a u n c h E n v i r o n m e n t 
T e s t i n g 

R e a c t o r C o m p o n e n t s 

R e a c t o r S u b s y s t e m 

P o w e r C o n v e r s i o n 
C o m p o n e n t s 

P o w e r C o n v e r s i o n 
S u b s y s t e m 

S y s t e m 

S t a r t u p and Safety 
T e s t s 

S t a r t u p and Safety 
S u b s y s t e m 

F a c i l i t i e s and E q u i p m e n t 

T O T A L E S T I M A T E D 
P R I C E 

FY62 

35 

_ 

35 

861 

~ 

615 

-

~ 

4 3 1 

2 3 1 

3 0 8 

159 

-

98 

-

2,273 

FY63 

170 

„ 

170 

4 3 1 

-

307 

_ 

-

150 

4 6 2 

102 

3 1 8 

-

98 

9 7 8 

3,186 

F Y 6 4 

177 

5 3 1 

3 5 4 

4 3 1 

-

307 

1,046 

-

231 

-

159 

1,046 

9 8 

_ 

4,380 

FY 65 

184 

5 5 1 

367 

4 3 1 

-

307 

-

1,046 

-

-

-

_ 

1,046 

98 

. 

4,030 

FY 66 

190 

569 

380 

4 3 1 

_ 

307 

~ 

1,046 

_ 

-

_ 

_ 

1,046 

9 8 

-

4,067 

FY67 

199 

600 

399 

4 3 1 

-

307 

-

1,046 

-

-

_ 

1,046 

9 8 

4,126 

Subto ta l 

955 

2,251 

1,705 

3,016 

-

2,150 

-

4,184 

5 8 1 

9 2 4 

4 1 0 

6 3 6 

4,184 

5 8 8 

9 7 8 

22,562 

NAA-SR-MEMO-6599 
55 

I. 



'^^ 

2, P re sen t R & D P r o g r a m Plus P r o g r a m II 

P r o g r a m II, detailed and scheduled as shown in F igure 20, r e p r e s e n t s 

a 1-year rel iabi l i ty improvement testing effort about twice that of P r o g r a m I. 

The launch survival and s tar tup rel iabi l i ty inaprovement work is the same as 

for P r o g r a m I. The rel iabi l i ty engineering and coordination and the product 

improvement efforts a re expanded accordingly. 

a. One-Year Reliability 

The total multiplici ty of the 1-year rel iabi l i ty improvement effort, 

including the present R & D p rog ram , is summar ized in the top half of Figure 21. 

Results of such a p rogram, evaluated using the 1-year endurance rel iabi l i ty 

growth equation (Section II-C), a re shown in the lower half of that F igu re . 

b. Launch Survival and Startup Reliability 

This phase is the same as for P r o g r a m I and, therefore , has the 

same resul ts as i l lustrated in Figure 19. 

c. Cost 

Total informal est imated cost of P r o g r a m II is 31.1 mil l ion dollars 

over a 5-1/2 year per iod. A breakdown of P r o g r a m II annual costs is presented 

in Table V. These costs do not include the funding of the present R & D p r o g r a m . 
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BEGIN 
PROGRAM 

I 
GFY 62 GFY 63 GFY 64 GFY 65 GFY 66 GFY 67 

RELIABILITY ENGINEERING AND COORDINATION 

PRODUCT IMPROVEMENT 
COMPONENT MODIFICATION AND REDESIGN 
PROGRAM SUPPORT 

RELIABILITY DEVELOPMENTAL TESTING 
LIFE ENDURANCE TESTS 

REACTOR COMPONENTS (NON-NUCLEAR) 1(2) 
REACTOR SUBSYSTEM (NUCLEAR) i l l 
POWER CONVERSION COMPONENTS 
POWER CONVERSION SUBSYSTEM 
SYSTEM (NUCLEAR TEST)* 

IM 1(01 
M 
1(1)1 

LAUNCH ENVIRONMENT TESTS (NON-NUCLEAR) 
REACTOR COMPONENTS 
REACTOR SUBSYSTEM 
POWER CONVERSION COMPONENTS 
POWER CONVERSION SUBSYSTEM 

M l •i S Y S T E M * * 
START-UP AND SAFETY TESTS 

*FOLLOWS S-IOFS-
**FOLLOWS S-IOFSM-I 

NUMBERS IN PARENTHESES INDICATE NUMBER OF SETS, SUBSYSTEMS, OR SYSTEMS TESTED SIMULTANEOUSLY 

-^^3 NUMBERS IN BRACKETS INDICATE NUMBER OF SETS, SUBSYSTEMS, OR SYSTEMS REQUIRED PER YEAR 

Figure 20. Schedule for P r o g r a m II 
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Figure 21 . Level of Life Testing Effort and Resultant One-Year Reliability, 
P r e s e n t P r o g r a i n Plus P r o g r a m II 



T A B L E V 

I N F O R M A L PRICING E S T I M A T E F O R S N A P lOA RELIABILITY 
I M P R O V E M E N T P R O G R A M II 

( P r i c e s in T h o u s a n d s of D o l l a r s ) 

Re l i ab i l i t y E n g i n e e r i n g 
and C o o r d i n a t i o n 

P r o d u c t I m p r o v e m e n t 

C o m p o n e n t Mod i f i ca t i on 
and R e d e s i g n 

P r o g r a m Suppor t 

Re l i ab i l i t y D e v e l o p m e n t 
T e s t i n g 

T,ife E n d u r a n c e T e s t s 

R e a c t o r C o m p o n e n t s 
( N o n - N u c l e a r ) 

R e a c t o r S u b s y s t e m s 

P o w e r C o n v e r s i o n 
C o m p o n e n t s 

P o w e r C o n v e r s i o n 
S u b s y s t e m 

System. N u c l e a r T e s t 

Launch E n v i r o n m e n t 
T e s t i n g 

R e a c t o r C o m p o n e n t s 

R e a c t o r S u b s y s t e m 

P o w e r C o n v e r s i o n 
C o m p o n e n t s 

P o w e r C o n v e r s i o n 
S u b s y s t e m 

S y s t e m 

S t a r t u p and Safety 
T e s t s 

S t a r t u p and Safety 
S u b s y s t e m 

F a c i l i t i e s and E q u i p m e n t 

T O T A L E S T I M A T E D 
P R I C E 

FY62 

59 

„ 

59 

861 

_ 

615 

_ 

-

431 

231 

308 

159 

-

98 

_ 

2,821 

F Y 6 3 

243 

-. 

243 

431 

468 

307 

636 

-

150 

462 

102 

318 

-

98 

1,835 

5,293 

F Y 6 4 

253 

759 

506 

431 

468 

307 

636 

1,046 

_ 

231 

-

159 

1,046 

98 

-

5,940 

FY 65 

263 

7 87 

526 

431 

468 

307 

636 

1,046 

_ 

-

-

-

1,046 

98 

„ 

5,610 

FY 66 

271 

813 

542 

431 

468 

307 

636 

1,046 

-

-

-

_ 

1,046 

98 

-

5,658 

FY 67 

285 

855 

570 

431 

468 

307 

636 

1,046 

-

-

_ 

_ 

1,046 

98 

_ 

5,742 

Subto ta l 

1,374 

3,216 

2,446 

3,016 

2,340 

2,150 

3,180 

4 ,184 

581 

924 

410 

636 

4 ,184 

588 

1,835 

31 ,064 
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3. P r e s e n t R & D P r o g r a m P lus P r o g r a m III 

P r o g r a m III, de t a i l ed and schedu led as shown in F i g u r e 22, r e p r e s e n t s a 

1-year r e l i a b i l i t y i m p r o v e m e n t t e s t i n g effor t about t h r e e t i m e s tha t of P r o g r a m 

I. The l a u n c h s u r v i a l and s t a r t u p r e l i a b i l i t y i m p r o v e m e n t w o r k i s about twice 

tha t of P r o g r a m s I and II . The r e l i a b i l i t y e n g i n e e r i n g and c o o r d i n a t i o n and the 

p r o d u c t i m p r o v e m e n t effor ts a r e expanded a c c o r d i n g l y . 

a . O n e - Y e a r Re l i ab i l i t y 

The t o t a l m u l t i p l i c i t y of the 1-year r e l i a b i l i t y i m p r o v e m e n t effor t , 

inc luding the p r e s e n t R & D p r o g r a m , is s u m m a r i z e d in the top half of F i g u r e 2 3 . 

R e s u l t s of s u c h a p r o g r a m , eva lua t ed us ing the 1-year r e l i a b i l i t y g r o w t h e q u a t i o n 

(Sect ion I I -C) , a r e shown in the bo t t om half of F i g u r e 2 3 . 

b . L a u n c h S u r v i v a l and S t a r t u p Re l i ab i l i t y 

Including the t e s t s r un in the p r e s e n t R & D p r o g r a m , the t o t a l 

n u m b e r of t e s t s wi th s u b s e q u e n t a n a l y s i s and c o r r e c t i o n s of f a i l u r e m o d e s a t 

v a r i o u s po in ts in the p r o g r a m a r e shown in F i g u r e 24 . The r e s u l t a n t r e l i a b i l i t y 

p r e d i c t e d us ing the g r o w t h equa t ion (Sect ion I I -C) is a l s o shown in tha t F i g u r e . 

c . Cos t 

T o t a l i n f o r m a l e s t i m a t e d p r i c e of P r o g r a m III is 48.7 m i l l i o n d o l l a r s 

o v e r a 5 - 1 / 2 y e a r p e r i o d . A b r e a k d o w n of P r o g r a m III annua l p r i c e s is p r e 

sen ted in T a b l e VI. T h e s e p r i c e s do not inc lude the funding of the p r e s e n t 

R & D p r o g r a m . 

D. P O T E N T I A L ADDITIONAL RELIABILITY I M P R O V E M E N T RESULTING 
F R O M USE O F SNAP lOA UNITS IN A S A T E L L I T E S Y S T E M . 

Up to th i s poin t , the inf luence on r e l i a b i l i t y of a c t u a l f l ights of SNAP 10A 

un i t s o t h e r t h a n SNAPSHOT has b e e n e x c l u d e d . Th i s w a s done for two r e a s o n s : 

1) O p e r a t i o n a l f l ights wi l l not c a r r y the c o m p l e t e d i a g n o s t i c i n s t r u m e n t a 

t ion tha t wi l l be u sed for SNAPSHOTS, a l though the r e g i o n of f a i l u r e 

wi l l be r e p o r t e d and c a n t h e n be i n v e s t i g a t e d in l a b o r a t o r y t e s t s ; th i s 

i n f e r s tha t o p e r a t i o n a l un i t s wi l l s e r v e to d e m o n s t r a t e r e l i a b i l i t y , 

but wi l l not l ead as d i r e c t l y to r e l i a b i l i t y i m p r o v e m e n t . 

2) The inf luence on r e l i a b i l i t y is a s t r o n g funct ion of the n u m b e r of 

o p e r a t i n g uni t s ex i s t i ng s i m u l t a n e o u s l y and of the r a t e at w h i c h un i t s 

a r e be ing l a u n c h e d . 
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GFY 62 GFY 63 GFY 64 GFY 65 GFY 66 GFY 67 

RELIABILITY ENGINEERING AND COORDINATION 

PRODUCT IMPROVEMENT 
COMPONENT MODIFICATION AND REDESIGN 
PROGRAM SUPPORT 

RELIABILITY DEVELOPMENTAL TESTING 
LIFE ENDURANCE TESTS 

REACTOR COMPONENTS (NON-NUCLEAR) 
REACTOR SUBSYSTEM (NUCLEAR) 

LAUNCH ENVIRONMENT TESTS (NON-NUCLEAR) 
REACTOR COMPONENTS 
REACTOR SUBSYSTEM 
POWER CONVERSION COMPONENTS 
POWER CONVERSION SUBSYSTEM 
SYSTEM** 

STARTUP AND SAFETY TESTS 
STARTUP AND SAFETY SUBSYSTEM 

*F0LLOWS S - IOFS- I 
**FOLLOWS S- IOFSM-

M 

M 
PI 

m ••i 

NUMBERS IN PARENTHESES INDICATE NUMBER OF SETS, SUBSYSTEMS, OR SYSTEMS TESTED SIMULTANEOUSLY 
NUMBERS IN BRACKETS INDICATE NUMBER OF SETS, SUBSYSTEMS, OR SYSTEMS REQUIRED PER YEAR 

Figure 22. Schedule for P r o g r a m III 
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Figure 23. Level of Life Testing Effort and Resultant One-Year Reliabili ty, 
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TABLE VI 
INFORMAL PRICING ESTIMATE FOR SNAP 10A RELIABILITY 

IMPROVEMENT PROGRAM III 
(Pr ices in Thousands of Dollars) 

Reliability Engineering 
and Coordination 

Product Improvement 

Component Modification 
and Redesign 

P r o g r a m Support 

Reliability Development 
Testing 

Life Endurance Tes ts 

Reactor Components 
(Non-Nuclear) 

Reactor Subsystems 

Power Conversion 
Components 

Power Conversion 
Subsystem 

System Nuclear Tes t 

Launch Environment 
Testing 

Reactor Components 

Reactor Subsystem 

Power Conversion 
Components 

Power Conversion 
Subsystem 
System 

Startup and Safety Tests 

Startup and Safety 
Subsystem 

Faci l i t ies and Equipment 

TOTAL ESTIMATED 
PRICE 

FY 62 

59 

» 

59 

861 

-

615 

w. 

-

861 

462 

616 

318 

-

195 

-

4,046 

FY 63 

364 

«. 

364 

861 

936 

615 

636 

-

290 

924 

205 

636 

-

195 

3,125 

9,151 

FY64 

379 

1,137 

758 

861 

936 

922 

1,272 

1,046 

462 

318 

1,046 

195 

-

9,332 

FY65 

394 

1,182 

788 

861 

936 

922 

1,272 

1,046 

-

-

_ 

1,046 

195 

-

8,642 

FY66 

407 

1,221 

814 

861 

936 

922 

1,272 

1,046 

_ 

„ 

„ 

1,046 

195 

-

8,720 

FY67 

427 

1,281 

854 

861 

936 

922 

1,272 

1,046 

_ 

-

-

„ 

1,046 

195 

-

8,840 

Subtotal 

2,030 

4,821 

3,637 

5,166 

4,680 

4,918 

5,724 

4,184 

1,151 

1,848 

821 

1,272 

4,184 

1,170 

3,125 

48,731 
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H o w e v e r , i n f o r m a t i o n gained du r ing l a u n c h and o p e r a t i o n c a n be u sed in a 

r e l i a b i l i t y i m p r o v e m e n t p r o g r a m as d e s c r i b e d in the fol lowing, 

1. O n e - Y e a r R e l i a b i l i t y 

As in the c a s e of SNAPSHOT f l igh t s , the fai led SNAP 10A un i t s wi l l not 

be a v a i l a b l e for e x a m i n a t i o n and d e t e r m i n a t i o n of the s e q u e n c e of e v e n t s l e ad ing 

to f a i l u r e . Unl ike SNAPSHOTS, f a i l u r e i n f o r m a t i o n t e l e m e t e r e d f r o m o p e r a t i o n 

a l s a t e l l i t e s i s e x p e c t e d to i n d i c a t e only the m o r e g e n e r a l r e g i o n in w h i c h f a i l u r e 

o c c u r r e d a f t e r o p e r a t i o n for a c e r t a i n n u m b e r of h o u r s . A p r e - p l a n n e d s e q u e n c e 

of l a b o r a t o r y t e s t s on p a r t s and c o m p o n e n t s in t h a t r e g i o n wi l l t h e n be c a r r i e d 

out to r e v e a l the p r o b a b l e c a u s e of f a i l u r e . On th i s b a s i s i t is e s t i m a t e d tha t the 

w o r t h of i n f o r m a t i o n f r o m a n o p e r a t i o n a l s a t e l l i t e is about 1/3 tha t f r o m a 

SNAPSHOT. S i m u l t a n e o u s o p e r a t i o n of SNAP lOA un i t s in a s y s t e m of N 

s a t e l l i t e s t h e n adds a f a c t o r of 0,04 N to the m u l t i p l i c i t y m in the 1 y e a r r e l i a b i l i t y 

g r o w t h e q u a t i o n . The in f luence of th i s a d d i t i o n on 1-year r e l i a b i l i t y r e s u l t i n g 

f rom the e x i s t i n g P r o g r a m I, is shown in F i g u r e 25 for the 8 - s a t e l l i t e s y s t e m 

c o n s i d e r e d in a l a t e r e x a m p l e (Sect ion IV). As shown, i n c l u s i o n of o p e r a t i o n a l 

da ta and f a i l u r e r e p o r t s in the a n a l y s i s i n d i c a t e s r e l i a b i l i t y i m p r o v e m e n t 

s l igh t ly g r e a t e r t h a n tha t when it is exc luded ; the effect on the r e s u l t s of P r o 

g r a m II and III would be e v e n l e s s . T h e r e f o r e , e x c l u s i o n of th i s i n f o r m a t i o n 

f rom the a n a l y s i s does not c a u s e a s ign i f i can t e r r o r in p r e d i c t i o n of 1 -year 

r e l i a b i l i t y r e s u l t i n g f rom the p o t e n t i a l r e l i a b i l i t y i m p r o v e m e n t p r o g r a m s des -

c r i b e d p r e v i o u s l y . 

2. L a u n c h S u r v i v a l and S t a r t u p R e l i a b i l i t y 

Again , the SNAP 10A un i t s t ha t fai l d u r i n g l a u n c h o r s t a r t u p wi l l not be 

a v a i l a b l e for e x a m i n a t i o n , and it is expec t ed tha t i n f o r m a t i o n r e g a r d i n g only the 

fact and not the m o d e of f a i l u r e wi l l be t e l e m e t e r e d for f l ights o t h e r t h a n S N A P 

SHOTS. The p r o b a b l e c a u s e wi l l have to be d e t e r m i n e d by l a b o r a t o r y t e s t i n g . 

The w o r t h of l a u n c h and s t a r t u p of a n o p e r a t i o n a l SNAP lOA uni t i s t h e n e s t i m a t e d 

to be 1/2 t h a t of a n i d e n t i c a l g round t e s t un i t . E a c h l a u n c h and s t a r t u p a t t e m p t 

t h e n adds 1/2 to X i n the equa t ion for l a u n c h s u r v i v a l and s t a r t u p r e l i a b i l i t y . If 

a l a u n c h o r s t a r t u p fa i ls th i s f a c t o r should not be added to X un t i l a p p r o x i m a t e l y 

3 m o n t h s ; th i s i n t e r v a l of t i m e wi l l be r e q u i r e d to deduce the e x a c t c a u s e of 

f a i l u r e and i n i t i a t e c o r r e c t i v e m e a s u r e s . 
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The influence of operat ional usage on launch survival and s tar tup r e 

liability improvement is highly dependent on the numbers and dates of launch and 

s tar tup at tempts and i s , therefore , a strong function of both number and ove r 

all 1-year rel iabil i ty of the satel l i tes in orbi t . Figure 26 is pre'Bented as a s imple 

i l lus t ra t ion of the improvement that can resul t from use of operat ional launch 

and s tar tup data. This Figure shows the launch survival and s tar tup rel iabi l i ty 

achieved when data from one operat ional launch and s tar tup at tempt per month 

in addition to P r o g r a m I is considered, the operat ional launch and s ta r tup 

at tempts commencing at the beginning of GFY 1964, The effect in conjunction 

with P r o g r a m II would be the same, while that in conjunction with P r o g r a m III 

would be l e s s , 

After specification of a satel l i te network miss ion and select ion of a 1-

year rel iabil i ty improvement p rogram, the influence of operat ional data on 

launch survival and s tar tup rel iabil i ty growth can be determined in detai l . 
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IV. THE SELECTION OF A RELIABILITY PROGRAM 

A. G E N E R A L M E T H O D 

The s e l e c t i o n of a p a r t i c u l a r l e v e l of effor t in a r e l i a b i l i t y i m p r o v e m e n t 

p r o g r a m for a s a t e l l i t e s u r v e i l l a n c e s y s t e m m a y be guided by an e c o n o m i c ana l 

y s i s to m i n i m i z e t o t a l s y s t e m c o s t . To s impl i fy the a n a l y s i s le t the t o t a l u n 

a t t e n d e d s y s t e m c o n s i s t of a m i s s i l e b o o s t e r to a c h i e v e o r b i t , a SNAP p o w e r 

supply and a pay load tha t r e q u i r e s p o w e r . The l o g i s t i c s of e s t a b l i s h i n g an N 

s a t e l l i t e s t a t i o n n e t w o r k i s a funct ion of the m a x i m u m p e r m i s s i b l e r a t e of i n i t i a l 

l a u n c h i n g s and w i l l not be e s t i m a t e d h e r e . The f r a m e of r e f e r e n c e tha t wi l l be 

c o n s i d e r e d i s the l o g i s t i c s of m a i n t a i n i n g a c o n s t a n t l e v e l of N s a t e l l i t e s on 

s t a t i on and the in f luence of v a r i o u s r e l i a b i l i t y f a c t o r s . Le t the pay load have a 

f a i l u r e r a t e of f f a i l u r e s p e r y e a r , and the SNAP p o w e r supply have f f a i l u r e s 

p e r y e a r . In add i t i on , l e t the SNAP p o w e r supply have s o m e m a x i m u m l i f e t i m e , 

T, d e t e r m i n e d by the p a r t i c u l a r d e s i g n l i m i t a t i o n s . The n u m b e r of r e p l a c e m e n t 

l a u n c h i n g s r e q u i r e d p e r y e a r , N™, i s t hen a p p r o x i m a t e l y , 

/ -f T 
N|f + f + e ° 

N ^ = ^^ ° 
T R R, 

a b 

The t e r m R i s the r e l i a b i l i t y of the s a t e l l i t e r e a c h i n g an a c c e p t a b l e o r b i t . The 

t e r m R, i s the r e l i a b i l i t y of the s a t e l l i t e to s u r v i v e l a u n c h , a c h i e v e p r o p e r o r i 

en t a t i on , and s u c c e s s f u l l y s t a r t up . 

If the c o s t of a m i s s i l e launchi j 

c o s t can be r e p r e s e n t e d by the equa t ion 

If the c o s t of a m i s s i l e l aunch ing i s C p e r l aunch , the s a t e l l i t e r e p l a c e m e n t 

-f T 
N\f + f + e ° 

C = C ^^ ° 
L R R, 

a b 

The a n n u a l c o s t C of r e l i a b i l i t y i m p r o v e m e n t p r o g r a m s , (veh ic le , pay load , 

p o w e r supp ly ) , i s i nc luded in the c a l c u l a t i o n of the a p p r o x i m a t e e s t i m a t e d t o t a l 

a n n u a l c o s t , C™, a s fo l l ows : 
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*^T ~ ^ L 

N f + f + e c o 
R R, 

a b 

-f T o 

+ C. 

The effect of a rel iabi l i ty improvement p r o g r a m on operating cost may be in

cluded by defining each rel iabil i ty p a r a m e t e r in t e r m s of a rel iabi l i ty growth 

equation. Several c r i t e r i a may now be applied to de termine an optimum level 

of a rel iabil i ty improvement p r o g r a m . The most d i rec t c r i t e r ion is to minimize 

the total satel l i te sys tem cost over the tac t ica l life of the sys tem. 

The actual level of a rel iabi l i ty p r o g r a m should be es t imated by mi l i t a ry 

planne'TS with co r r ec t factual information to be used in the operat ional ana lys i s . 

The SNAP lOA rel iabil i ty growth es t imates have been presented in this r epor t 

in sufficient detail so that mi l i t a ry operat ions analysis personnel may readily 

include them in their more complete ana lys i s . 

B. EXAMPLE FOR AN 8-SATELLITE SYSTEM 

In the special case of an 8-satel l i te sys tem, the total operating expenses 

over a 5 year tac t ica l miss ion t ime may be es t imated as a function of level of 

rel iabil i ty p r o g r a m effort. 

The total p r ices of the SNAP rel iabi l i ty improvement p rog rams were evalu

ated in Section III and a re included in this example; the p resen t R & D p r o g r a m 

funding is excluded. 

This example r ep resen t s the following conditions: 

1) Total cost of a mi s s i l e , payload, and SNAP lOA power supply plus 

launch and t racking costs is 8 million do l l a r s . 

2) Reliability R of satel l i te reaching an acceptable orbit is a constant 
a 

0.9. 

3) By the t ime SNAP lOA is used as the power supply the payload launch 

survival , orientat ion, and s tar tup rel iabi l i ty is 0.9 and remains con

stant after that t ime . 

4) Payload 1-year rel iabil i ty is a constant 0.9. 

5) Reliability growth equations previously descr ibed for SNAP lOA sys tem 

a re applicable, effects of operat ional data being excluded from calcula-

i t i t W f t i P I F R 
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6) All SNAP lOA sys tems used during a given GFY were manufactured 

the previous GFY and have corresponding re l iab i l i t i es . 

7) Design changes to enhance SNAP lOA rel iabi l i ty a r e introduced into 

production at the f i rs t of each GFY beginning with the GFY in which 

production is s ta r ted . 

8) All SNAP lOA sys tems have a maximum lifetime of 1 yea r . 

9) Production of SNAP lOA units begins in GFY 1963 and utilization in an 

8-satel l i te sys t em s ta r t s at the beginning of GFY 1964. 

10) The rel iabi l i ty improvement p rog ram, if any, is initiated as scheduled 

at mid-GFY 1962. 

11) Tact ical use t ime of the satel l i te sys tem is 5 y e a r s . The equation 

represen t ing the approximate total annual cost of util ization is- then: 

6410.105 + f . , + e ° ' i - M 

^i ~ 0.81 R . , ^ ^ r , i 
e, 1- 1 

where the index i indicates the year of usage and i-1 indicates that the units 

were manufactured the preceding GFY with corresponding re l i ab i l i t i e s . 

An additional cost not included in this equation is the cost of init ial es tab l i sh

ment of the satel l i te sys tem. Denoting this cost by C , 

c = " 
o 0.81 R 

eo 
where R is the launch survival and s ta r tup rel iabi l i ty of the SNAP lOA units 

used for the init ial sa te l l i t e s . This equation infers that al l a t tempts to orbi t the 

sate l l i tes a r e made simultaneously and that a failure is immediately rectified; 

the value of C calculated using this equation is then somewhat l ess than the 

actual value, but it is adequate for compar ison of potential re l iabi l i ty improve 

ment p r o g r a m s . 

Fa i lu re r a t e s and launch survival and s tar tup re l iabi l i t ies resul t ing from 

the existing R & D p rog ram, and from the existing R & D p r o g r a m plus additional 

P r o g r a m s I, II, and III, a r e shown in Table VII as functions of yea r s SNAP lOA 

units a r e produced. 
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TABLE VII ,i'y 
FAILURE RATE, fo, AND LAUNCH SURVAL AND STARTUP RELIABILITY, 

Rg, OF SNAP lOA PRODUCTION UNITS 

P re sen t R & D P r o g r a m 

Fa i lu re r a t e , f̂  (units /yr) 

Tia.unch survival and s tar tup 
rel iabi l i ty , R 

P re sen t R & D P r o g r a m and P r o g r a m I 

Fa i lu re r a t e , f̂  (units /yr) 

Launch survival and s tar tup 
rel iabi l i ty, R 

P re sen t R & D P r o g r a m and P r o g r a m II 

Fa i lu re r a t e , f (units /yr) 

Launch survival and s ta r tup 
rel iabi l i ty , R 

P re sen t R & D P r o g r a m and P r o g r a m III 

Fa i lu re r a t e , f (uni ts /yr) 

Launch survival and s tar tup 
rel iabi l i ty, R 

Year of SNAP 

1964 

1,27 

0.61 

0.89 

0.74 

0.70 

0.74 

0,62 

0.80 

1965 

0.88 

0.63 

0.52 

0.80 

0.38 

0.80 

0.28 

0.85 

lOA Unit Manufacture 

1966 

0.85 

0.63 

0.37 

0.82 

0,25 

0.82 

0,18 

0.86 

1967 

0.85 

0.63 

0.29 

0.84 

0.19 

0.84 

0.13 

0.87 

1968 

0.85 

0,63 

0,24 

0.85 

0.15 

0.85 

0.10 

0.88 

Substitution of these values into the cost equations yields the annual and 

5-year total satel l i te sys tem costs presented in Table VIII. These es t imated 

costs indicate there is l i t t le difference between the resu l t s of P r o g r a m s I, II, 

and III, under the conditions of this par t i cu la r example . However, the pe r fo rm

ance of any one of these rel iabil i ty improvement p rog rams would reduce the 

average annual cost of the satel l i te p r o g r a m from over 200 million dol la rs to 

about 150 million do l l a r s . Such a la rge savings cer ta inly provides grea t incen

tive for undertaking of a rel iabi l i ty p r o g r a m . 

The apparent optimum p r o g r a m selection would appear to occur where the 

total cost goes through a minimum. However, there exist other considerat ions 

such a s : the probability of ear ly sys tem obsolescence, mi l i t a ry necess i ty or 

s t ra tegy, e tc . , so that it is not neces sa r i l y des i rab le to be guided ent i re ly by 

the minimum cost solution obtained from a tact ical analysis of only one satel l i te 

sys tem. Thus, more extensive considerat ions could lead to a decision to accept 

a higher apparent Qp„§.taS:^ution. 
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TABLE VIII 

•YEAR TOTAL SATELLITE SYSTEM COSTS 
(In Millions of Dollars) 

GFY 

SNAP lOA 
Reliability-

Improvemen t 
P r o g r a m Cost 

Satel l i te 
Rep lacement 

Cost 

Cumulat ive 
Total 
Cost 

With Exis t ing R & D P r o g r a m 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

214.498 
175.582 
175.325 
175.325 
175.325 

214.948 
390.080 
563.405 
736.730 
910.055 

Cost of Ini t ial Satel l i te Sys tem = 129.528 

Grand Total == 1039.583 

With Exis t ing R & D P r o g r a m P lus P r o g r a m I 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

2.773 
3.186 
4.380 
4.030 
4.067 
4.126 

150.123 
120.493 
112.352 
107.513 
105.412 

2.773 
5.959 

10.339 
164.492 
289.052 
405.530 
513.043 
618.455 

Cost of Ini t ia l 8-Satel l i te Sys tem = 106.77 3 

Grand Tota l = 725.228 

With Exis t ing R & D P r o g r a m Plus P r o g r a m II 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

2.821 
5.293 
5.940 
5.610 
5.658 
5.742 

139.018 
115.456 
109.269 
105.538 
103.739 

2.821 
8.114 

14.054 
158.682 
279.796 
394.807 
500.345 
604.084 

Cost of Ini t ial 8-Satel l i te Sys tem = 106.773 

Grand Total = 710.857 

With Exi£ 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

iting R & D Pro] 

4,046 
9.151 
9.332 
8.642 
8.720 
8.840 

__ 
__ 

; r a m Plus P r o g r a m III 

124.740 
106.063 
102.900 
101.082 
99.664 

4.046 
13.197 
22.529 

155.911 
270.694 
382.434 
483.516 
583.180 

Cost of Ini t ial 8-Satel l i te Sys tem = 98.765 

Grand Total = 681.945 
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