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i I hit ’t’ i i i :’, , tttsl l’s’stits ’ i t t ~’, I - i t s ’ s i s i  t a , ,uis I s i  s f s ’s i s ’t ’  I p t I c i t  5 m 1’ t h i s ’

t-s ’s ’ I : a T i s t  t . t ’s ’ h i t i  1 ~~i l I ’ s l ’s ’!’ s t i t s i l  ~~~~~ 
1 t a ’  this ’ s i , t 1 s t .

Ri t , t  Ws ’oe ~,a t.ius ’i’s’C t ’i’s t n  th i ’ I i ! ‘ T’ s t l ’ l t ’s: s t  t t h u s ’  t i m s i

V t ’ t ’ :; i t m , sC Rt’, t otu , A l t ’  l” s’t’ s’s’ I I i : :  t - i tn t i ’ s ’ t ’ ‘I’ s’s’iuiis ’ Is ’:’,y , th i s’

Al t ’  Vs ’t ’ s ’ s ’ A v i s ’ t u i  i ’s:  ! , u I ’ s ’r ’ s i t s ’i’y 4 , A i ”A1 -~ , this ’ I t  . 5 5 . Ai’niy M.tt .s’t ’ls ’l

ils ’ti ,tn, utusl l’:unphui ~‘t, :; 1’oVt ,st itt i t U ’ l  Cs ’  t’ s ’i t a t ’ i I i t y  I’ t ’s t t t  I t ’ s ’ t i t s ’t i t ~~~,

p i ’ i ’ : ;s ’i  is ul 1 1 t ’t ’ s it ’ Is ’s; s ’ 1’ i’s ’ i’:;s t l u i ’ ts ’ I si t A i”At , s u i t s !  th i s ’ l’ s ’I’:tt’ t,ms ’ii t-

c I’ I’,’ l’t ’i :~ ‘ M i I i I , t or C t : i t  usIa t ’ , t s  : at t s t  s l s ’si 1 a,: i i n t i  t s !t ’ s ’s ’ k :: • l’ s ’ t ’ ::s ’ t t s i  1

I n  t . em ’v  1 oW : :  W s ’!’s ’ o e i n t u c  t i ’s! wi tNt t n , t i  i i  t - s ’ s i , t i t s ’ s ’ it t ’ T ’ a s m t l t l s ’ I t t ’iis ’s ’ t t u i ’~ i

W i  I i i  t , i t t ’ 1’ l t i”  s i T t t t  4, 1 111” t ,t ’5t t l’t ’ t ’C, t’ s t i i lU .  :S~\ l ’ tI  s ”~i1 i ’t ’ S ’L ’, t ’ s t i t i  i l i ,t 1 I t t i l s ’ t S s ’i t

V 1; ; , t i f l t  t ’’,’t ’ t t  I I s’: ’ s ; we u’ s ’ i n n’ s! I s ’ ~‘l’ 1 s t  i i i  1 s t  ii l i t ’ s ’ s l s t  t at  st i nt

- - 
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time 01’ lailui’eu. A descri p t i on  of tools and t e c h n iques for

co llec t in g da ta  is covered in subsequen t  chap te r s . This  r epor t

addresses a descr ip t ion of an airborne sa t e l l i t e  communica t ion

(sA :’cS oM ) se t  and inc ludes  a sect ion that  dt ’s ’r ibes  techni ques

• t ’er’ anal y z i n g  t h e  data  col lected and the  i d e n t i f i c a t i o n  of

s t a t i s t i c a l  techni ques and sources

PREVIEW OF REPORT CONTENT

Chapter 2: a review of the relevan t l i t e r a ture con-

ce r n iS iL -~ Satell i  I-v C o m m u n i c a t i on  Sy st e m s  and r e l i a b i l i t y

— 
b r i e f l y add ress~ s~ ‘the iteed for  relis-ible communica t ion  sy s tem s

in t h e  near term . In the remainder  of the chapter , the

importance o f ’ system r e l i ab i l i t y  is discussed.  In a d d i t i o n ,

the la tes t  system r e l i ab i l i t y  anal ysis approach is d iscussed.

Also , hasic  rel iab i l i ty  measurement  and test concepts are

reviewed and app l ied .

Chapter  3: in th is ;  chapter , the Satel l i  t o  C o m m u n i —

c : it ~~on Sys tem ( SATCOM ) addressed in t h i s  stu dy is desc r ibed .

I n adii t i o n , the SATC OM system r e l i a b i l i t y  a sp e ct s  are

d iscussed at -id SA TCOM cy stem r e l i ab i l i t y  model s  descr ibed .

Chapter  LIp : in the  data acquisi  L ion  ( ‘h iap t o l ’ , a dat a

acquici  t ion  approach is g iven  as par t of si t e a t  p lan e ‘I’his

plan was accomp l i shed  w i t h  a m i n i m u m  i n t e r f e r e n c e  to the on-

going F l igh t  Test Programs. The remainder  of t h i s  c h a p ter

covers the approach taken for data co l l ec t ion  and r e d u c t i o n .

Chap t er  5i the data sm;tl y sis  chapter  presents  the

ro l  1 ;shil  i ty dat;i in bo th  tabular and bar gr aph  format to

-~~~~~~~~ ~~~~~~~~~~~ —- i~~_~_ __
~~~
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CHAPTER 2

REVIEW OF RELEVANT LITERATURE

SATELLITE C O MMUN I CAT IO N SYSTEM S

Sa I t ’ l l  I I.e cs’lltnu un I e:t ti otis (SATC OM) s ;y a t s ’Tns: are p r e s e n t l y

hei  in~ S I O V O  1 opesi for mu ~ tat’ ::  St i rborne commstn d ps ’s ;  I. app i i cat i  ens

I’er the  di roe ’ t i  on of U • C • Pert ’s’:; 1 s ’O S t  t O t !  ws’i’i (i—Wi do • Ca t e l  l i t  o

avs t - s ’ni a opt ’ i’:t t - I t I C  : ‘ v ~~~
‘‘  ‘ s a “ - “ s. : s ~’ ‘ - a’’ m ’ ‘ - 5 . t  - ‘ 

‘ ‘ -  ‘ ‘ - ‘  -

I ’ l t s ’ r e q u ir em en t -  t ’s’i’ :t nel  I st hl s’ i n s !  :n’ i ’ur ’ s’ worl d—w i do commun ’s —

051 t I en a ’,’ :; t i’m ox is: Is; us : i the Cs ’t~ t~ ;t; ni Foa 1 .u 1 i ’ ’ra t’ I • hs ’ c s n ,  a s’

o t’ t h ti’ impo i ’t ans ’e  o f ’  cOrnTTu t,ItI I en I is ’:l:; t’e”t’ e ’ o n s s s s s i i s d  s t n ~i v e t s  I re~

no s ingl e comrnun i on t i e t s  int ’ t l m ’ o a t s  l’ s ’ sit ’pi ’i~dod ‘~~~‘s ’ t s  1 0  s tu  I - i s: I V

the  to tal commun I on t i o u i  requ I rt ’rnt ’ s i t  . N’hs ’ ox I st - i ng commun i ca—

t i en s:ys: t e rns  wit i cii fi t  1 t ’ i l l  I Ia’::o reqsi t ’ t ’ns s ’ tits: i nd sa le  h i  s i t

t’r equ e u is ’ y ( H F ~ , vs ’rv low t ’ l’ t ’e~~s i s ’ t : i ’y ( v i  F~ , t i C  l i n e of  s ;l g ht

i’e 1 :iv s’ I ’ u 1 tra h i g h  t’rs ’qss t ’sa ’y ( U  ~i ” )  s~~ ist u i ’ s ’V C . A 11O~~ olsts ;s ; of

com m u n i e ’:t L ion  s ;\ ’ a t en l s ;  I s ;  new 1 0 1  r i ~’ im ’ v m ’ I t ’ p m ’ si i n  order  t o  i m —

pi ’evo  I - i s o  communi  oa t  ion  i’ s’! I s u t ’ i  1 1 t v e d  t o  i t s o i ’o st : ; s ’  cove  r igs ’ .

‘rh is new cI as;:; of’ cornntuit I o t t  1 1 c i i  ::y s: t s’ms : I t t V s ’ I vt ’s; a s:y: : I en;

wh ich uses a l i nt ’ et ’  s ; I gh t  t ’o i  .t y  I i t ’ cs aC t s a t e l l i t e  t.o i n —

0r ’ s ’ s s s ; s ’ sss ’V t’t’s l~~O . A l t  I n f o r m a l i Vt’ d i  ::e ’ e t : : : :  i on  c I’ s s t  t e l  I i  I s ’ COfli —

mu ui .1 c s t  L i o n s  is found i n a 1’ ro chu re prepared t~y A FAI - , on l i t .  I ed

Ai r  Force Av ion i c  Labora to ry  SATELL I TE C O M M U N T C A ’ I ’ I O N  PR O,1EC T (l~~.

The Command Post a i r c r a f t  (F .-~f )  i s  b e i ng  equ i p’~ - ’

a s tu p o r  b i g h t  f requency  ( SHF ‘I s :ttell i t  e communica t ion  sys tern

which  wi l l  s’pei’:ut e  over the Defense S a t e l l i t e  C omniun is ’s it ion  

-~~-~~~
- 
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Cy: ;  l e ns hCCC ) A lso  s’s ’ t i  t s i ( ’ t ho  tween the  command 1’s ’s ;t  stu d t h e

1 It’ s’ tn t  I ’ I, ‘ 5: do l ’ s ’ i s : ;  e l ’ s” s’c es; Wi 11 b o p r’o vi deC by t h e Al r Fore: 5 ’

: Ss i  1- e l  I I t s ’ C s ’mmuui i  c at i o n  Sy: ;tent (AF SATC OM ) , whi  ch use:;  ul  I t n t ,

h i  gbi  t l ’es lt t  o t t  e ’y ( U 111” ) band to prey i do to le  t y p o  commut i  i t ’s t ti c i i

I s ’ I wt ’ott I he comnisui d stnd th i s ’ l’orce e lements  • To i i i cr ’ esi se  corn —

r n t u t : j a i l  i e i t  : ; t t t ’ v i v st b  i i i  ty and r e l i ab i l i  t y ,  a new SA’I’C OM s ;ys :  t ent

was C eVe lo pod i t : ;  ii ug the extra hi  ghi f r e q u e n c y  ( EHF ) band Tb is:

now s ;v : :  tern w i l l  be b st s ;ed on the concepts  p rov ided  b y the Lin-

e ’ s’ i t s  L,ibei’st tO 1’\’ , wh i  cii is pai’ t 01’ the ~~s t , s : : s ichu se  t. t s~ I i ts t i  tu to

0 t ’ 1’es ’ I s i s e l o ~’:y

A l t ’  Force Avionics  Laboratory (AFAL ) r ecen t ly

e ’s ’usp 1 s ’ t cC a, i’l 1gb t. tea t. program to prove t e c h n o l o g y  and

s i m ’ n s t ’ i l :; tm I e s; ,vs ;  torn I ’e a sih il  it y  us ing  the Lincoln Experimental

Ca to I i i  t o  (1 -ES ) Number s  l~ and 9 opera t ing in the EHF band

i t t  s’t ’det’ to use b o t h  the EHF an d SHF SATC OM sy :; tent s on the

E—4 , the  A i r  Ps’i’ e ’ s’ A v i o n i c : ;  Laboratory, accordi t ’tg t o Al le i i

,1 ~‘i i u i a s ’ u i  in  iii :; p stp er  Os i t  I t 1 ~‘5i “ ~uai Frequency Sa tel ii te Corn—

fli u n i s ’si L i o n  S: stem ’ Is: Ce ’Vo  1 ‘t ’ l t ~~, ,- i s i s s : . i  : ‘ t’ t ’s l n e ’ t u s ’v .\ ‘. ‘C~ ’~

:;y:; tern w h i c h  wil l  al low ops ’r si t, ion  in  e i the r  the SHF or

FU N band .

SYSTEM R E L I A B I L I T Y

Impor t ance  of Re l i ab i l i ty  1 1  ~~ i a s s  a : y : O  s n : : ’  ,O ’ t ’ ho

h e a r t  of t h u s ’ an toll i te communi cation a i rborne  comnisuid ps~s; t.

I ‘ :5 i t s ’ I ‘ t i c s  ‘:1 ‘a t ’  t i i  ‘a s ’ -a’ s : I ‘ I  - I a w,’ ‘I~ 5 5 . ’ a I c i ’ I s

m ’s ’ s l U  Os ’ t i s i t  at  in  1 C m ’ t ’m ’ u s e  a ‘ ‘s ” 0 V I t  I s ’ S  t I I -  - m ‘ c ’ :’ , s i s s  5 : 11 00

l ’ v I I , -~ O t t .  i c y  t ’0 i’ s~5 ’ , I I i t t  i i i  :~ t n t  t ’ c t ’  ‘ i S  I c C  “ ,\ “A i “ : “~:i L

~

—

~

-

~

‘-‘

~
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I ’ m ’ t t o t ’  El oc I ‘~es si  ( :5 A t ’ t’o t ’ d s i t -  1 c ’ ( 1 s) ) “ I n  t h i s :  da\’  of J i r n i  n —

Is : h sg l’ s ’ S O U i’ , : s’S , w m ’ mu s t sil so add the word ‘ s i t ’ t o  r ’dab I e

h o e  i i s e ’s’ s ’ s t , s;od p e : t ’ t ’o rns s s s i c e  is; required to m a t c h  the  i n cr e a s—

lu g  t h u i ’ s ’, it , b s t l , t t ’,s ’ i i ’ug  a .  s . ;  ,~ - x~~’ - ,
-
, ‘ ,~z’- a s  I ’ S , ’ , s i , :  :: ‘ .h. ’ n h s s i s

i v w i t h  mci I ni ,’ i i I l - y  and cost .  is; a gr o at  c h a l l e n e fo r  bo th

I ha’ A r F om e ’o and t h i s ’ El ec t ronic  In du s t r y ” • There l ’ore  , in  the

I ’ s n i  I i n n !  ys :  I s: , cc:; t of  sos  o l  cc t r o n i  c s ;ya t ent is t i  ed d i rec t ly

I s ’ mel  i s i b i  I i  t y  and m a i n ta i na b i l i t y .  Lack of e i t h e r  g r eat l y

ca ’ ’ - Os  5 ’ 5 ,  ‘ ‘ ‘ a ‘ a ‘ ‘ i ’ s ’ ’ ’: ‘ ‘ 5 ’ ’ , ’ ’ I ~~~~~ s ’ 05 ’, , i I  s ’ S  — —

s’ : t 5 1 e — o  :‘ t ’ he tWOS ’ t S  t he  c o st .  of des i gn in C  r e l i a b i l i t y  in an a f —

i s ’ i ’ s ! s t , l ’ l e  sV: ; t -em new and the  increased  cost of m a k i ng  i t  work

1st t -er , is ;  di scussed by Dummer and Winton in t h e i r  t e x t  e n t i —  V

t l ’,’C “A - i s  E 1ement -stm~ G u i d e  to Re l i a b il ity ” ( 5 )

Complex I ty  sui d Capab i l i ty  versus R e l i ah i l i t~~ The

s ’ V t ’t’ — C L ’ O W U I C  needs  of M i s s i o n  Cr i t i cal  Av ion i c  System s re—

sul t a i n  ee l ’s 1 ptn s ’t’ . t of ever inc reas ing  comp l e x i t y .  As the

number s’ 1’ c. ’n:p os: ’ ’ ss  1:; i t - s a pie c e of e q u i p m e n t  is increased ,

I he pr ’s~b~ib l i l l y  of f a ilu r e  of t h a t  eq u i p m e n t  is  increased.

‘hs ’ I cc h: so! 5’ : .V i~O a 05s 5 t r y  t e sidvat i  cc caps ib i 1 i ty does tend to

i : t t ’ t ’ m ’t t s :e compi ex i t y , h u t  i t  could also increase mel i st b i l i t y

II ~~w s ’ v s ’;’ , improved  c a p a b i l i t y  does n o t  a u t o m a t i  cal l y improve

‘‘cii tb  i i  i t :  • There  st I ’O t m a d e — o f f s  w h i c h  may have to be made

h5 ’,’. u~ssc m eson rae: ; sire 1 imi  t e d ,  A level of rd I a b i l i ty  less

I han t ha I ds ’aj  red may have t o  be a cc ep t -e d  in order t o  a t a y

w i t  S t  1 5 5  t h e  s ; t a t e — o f —  th e—ar t  and , j u s  t a’s res 1-ri c t i vs ’ , budg et.

I I ml  ta t- i s~ 5 i , 5 -. Space and w e igh t are compet i  t - i  ye f ac to r s .

L — 
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10

Rd i t t  i i i  ty may have  to be s ac r i f i ced  to f i t  the equi pment

i n t o  t h o  advance communica t ion  system at the cost of increased

m siin t st i ssst bilit y . Therefore , maintainability of the equipment

m u s t  be g i ve n  continuing consideration. Lloyd and Lipow

addressed  the  above in some de ta i l  as par t  of the i n t r o d u c t i o n

to their text entitled “Reliability: Management, Methods , and

Ma t -isei:sa , t i cs ” (13)

Meth o ds  of Achiev ing  R e l iab i l i t y  Improvement

1. ) os ;L s. The r e l i a b i l i t y  of any piece  of equi pment  is

m o l d e d  “oy i t s  d e s i C s s  and manufac ture . The resul t  of desi gn

on, m e l i a J s i l i t v  i s  t o  es tabl ish  the inherent  r e l i ab i l i ty  of

t h e  s ’s i s s i p ; : .ent . . Th i s  level of inheren t  r e l iab i l i ty  cannot be V

s : ss i ’psia s ; s ’~1 wi thou I C os ign  changes .  Reliability must be con—

si  de ’i’1’d wi.ois a demand cx i s ;  I s  for  a new p iece of equipment .

Tne b e-at  m e t  !sosl t o tush i i ’ve  rd lability is to buy the design

In  t n ’  i t s i  t i al  u - t ’ o ” s r o n s e u  I. con t r ac t .  Shooman , in Chapter t’

o f ’  h i s  t e x t  et: t I t ied “ P r o b a b i l i s t i c  R e l i a b i l i t y :  An Engineer-

ing AN T ’ O . t C S , ” ( : 3 )  - h i a c u s s ; s ’ ss the  need for a design to assure

mel n i h  I ’ ,  • r i - t ’ c \ e n e n ’

~I .  I ’ e st  h ,~-,. :~
,. : ‘l ’ : ( t ’ t f l m ’n~ of ’ Defense requires  re l iabi l i ty

to be s t a t e d  i n  i s t . i s . t i  t s i t i v e  miss ion-responsive  terms for  all

deve l opm e n t  I ’ - i ’ c~~~I ’ . U i t s s . The r e l i ab i l i t y  goal must  be based upon

technically realist - i c requirements that can be contractually

specified and demonstrated. The concept of reliability

revolves around the ab i l i t y  of a system to perform its intended

f u n c t i o n .  The f u n c t i o n  or mission of the system must be de-

f ined , together  w i t h  the expected operational environment

‘

-1
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o :‘ : s m ’ c ’ l t . i p tt s t ’ t s  t~ • ‘he ’ rd i s i b i  i i  t .y r equ i  r e i s i o t s  I :sss s : ;  t t o  o x —

~~
- i ’ t ’ s ; . : m  - 1  in  t t . s ’ cot s t t ’ s i c  t i n  I t ’ i ’t ss a t h at  i t ’ s ’ a t  t s t i  t s s i b  Is ’ sis

:sst ’st: ; s ; t ’ stb l e to s’rt stt’ l e this ’ r e q u i r e m e n t  t o  be enl ’o t ’c eLl  . The

~ ~l~F’ ( M o a ,~~’, T i m e  Fe t W m , ’ m ’ t i  h” st. I l u r e s )  is the  m e s t s ;u r e t t i e n t  u ::od

h - s o re  t ’er rd j ab i i i  ty  . R el i a b i l i t y ,  as s i f u nc  t i  on of t it s o

stu d cor sdi  t l e t  ss , is; m e as u r e d  in term s of m e a t s  I I mc he tween

t ’ I I  j U t ’ s ’ u r s d s’ r a p m .’ci t’i ed condi  t i  ou t s , le st i  ng prov i  Js ’~ i n —

I ’o m m s &  t i o s s  t I s s i  t can a i d  in the e v a l u a t i o n  of the equ i p m e t s  t ’  a

me i~ s i t ’  11 i L v .  :‘he a.niouss t e I’ t e s t i ng  p e r f o r m ed  is lint i t  t ’d

b.’ c tuss ~ t e s s  t I n g cos La m o r ;e v .  A t e s t i n g  pI ’ogl ’si ns nia~’ , h o w —

ever  in d i c s t  t o  a w e s ik n e s s  i n  t h e  equi pment  t h a t  wou ld  not

e th 5 ’nw l a s ’ ho d i s c  5v e r e d  s i s i t i l  the equ ipment  is in the op—

t ’st t i os’sal envi  u’ots ,nse i s t~ , Wi th the i n f o r m a t i o n  o bt a i  i - s od from

tes t in g ,  the eng ineer  can eva lua te  possibl e design chstni a~ea

t o  mee t  t he  r e q u i r e d level of rel ial’il i t .y In Chs tp  t o m  ~4 , of ’

the  Amns v  M s i t e r i e l  Command Pamphlet  y C r—l ’ ) S , the s ie e~Is f o r

p o s i t i v e  L o s t  m a t ’ s t g e m e n t  and planning are discussed ( i

3.  ~ odi  Fl c a t i o t s , -  Another  method of impro v ing  r e l iab i l i t y  is

b~’ n s ~’an:: o f  component  improvemen t  as d i sc uss e d  b y Shooman in

Chap ter  o ( 2 3 ) .  A p iece  of equ i p m e n t  can be made more me-

11 sib le  by rep i ac i ng  the h igh “ all u r e  r ate  i tems w i t h  more

re l iab le  parts , c i r c u i t s , or si ssembl ies .  To use  a m o d i f i —

c a t i o n  program to i t s  best  advantage , there must  be an in-

fo rmat ion  system that  wi l l  i n di c at e  t b - se ps i r t  t ha t  is f a i l i ng ,

ho w i t  f a i l ed , when i t  f a i l ed , and why i t  f a i l ed , M o d i f i c a t i o n

is l i m i t e d  to cor rec t ing  the shor tcomings of  desi gn s ind

________________ ______ 
_____________________________ 
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cd ‘ se: . , ‘: i~~’ , r’ i Ia ;  - t S . 1  S s s t ’  e t ’fec  L a  o F s s t ,  1’o i ’~~’j s ’ t ’fl ce s ,J  Li ot i s

i s ,  t l s s ’ ,t c::ajl s : v j r s : ,is . c : s t  i s .  w ’ . i c b ,  t h i ’ e q U s ~~- ti. t ’ s . I. 1 5 ;  CLIIIUC

~~ t~~. O~~. r , 5 S . : - i c w c - .’ c i ’ , n~o~h i f i c s i t  ion , a t  t e s t , i s ;  a ~s i t c i s

0 eq ,s I s . c - s . , i s~~~I s ’ ’s Ca I I  on n a y  us ’ I. t o  S C O t  cmi  cal l

I i l l  c C .  : s- c i , .c I o~ : s s d v .  In ce s t  nsa’ ; pci  s - s t  t o  new equi  ~~i i i ’ i i  t as

a t ’ L t 5 - ’ cc S~~t i ’ t ’ e s ’ vcs , ea al t - c t ’ s s a t i v e . A lt i , c u 5 C ’  m c d i l ’ i c : s t i c u

I , ’ a : . ~~- tuod a - : ’ ‘, t . : t ’ c ’ s i - 5 I t a ~ r e l i a ti l i tv , i t  i -s a “ t ’ J s  C — i t , f i x —

I t ” C p t ’ t ’ . t  l o t . ,  It is  u s e d  on l y  be cats :: e t he  c ri a i  sail desic ; s s

.s s .C  s: .a nts t ’. t C  t t t t ’ t ’ :‘s ’ i l ~~~~~~~~ o t ’ th e  goal

Rt ~un 1. s s - ’, • l~ J , : . Is ~s ,c’: is a n ot h er  m e s h e d  ;v}:e~ ’e ny  r e l i —

t h i l i  I. ’, sf ‘ -~s;j~~s: o:, t ma’ , t - e  i n c r ea se d .  R e d s , i da:sc ’-, - is the

- of  t w o  em s :sot’ o con j one ca  t s , c i r c u i t s, or i t -cns s to I e m f o ~~ t

a t u n c t i o n  w i , i cI, :, c t ’ s : s : i l ly  r equ i r e s  only cisc  of these c i r c u i t s ,

5 s 5 .~ ’C t t U t : i s , or i t e m s .  In r edundancy ,  a f a i l u r e  of s il l  dup lica te

.1 t cUss: c :spn ’s l  c o F pe t ’  i’O l’s’ I ssg t h e  func  t i  en mus t occur  before  the

t’a i l u  t o  r o p a t ’  10- -i~n t h e  i’un c  t ies :  cxi s I - a ,  An advan t a o  of

i’ c s d 5 5 : . 5 L i sss ’ ’ , i s ;  Lsni I. i t  s a y  t -e the (ps i ckest  s o l u t i o n  to a

rd I s i t  i i  I I-; : ps ’c t — i sn .  w h e t s  t ime is ot ’ p r ime  importance . I t  may

‘ - V s - S S  t t ’  s - s e  ch o s i p c a  t- s o l u t i o n  if the components  are economical

w h e t ,  :o nsp s e .i’cu to t h e  cost  of re d esisn  and manufa c  Lure  of the

new esisi p lne : st  . tue disadva s:  tages of u si n g ’  r edundancy  to ins —

p -mo ve r e l i a b i l i t y  are nun s or cus -‘ For ex ample , the  c,’n ipcnents

necess ; su i ’y  to d up l i c a t e  the  f u n c t i o n  may he very  costl y .  Added

ci r cu l  ta  or ( : o r n p cn e s  I s  would  require added space and wei ght .

In a d d i t i o n , s ’ o 5 h s s i s d s i s s t  i t ems may a t t enua t e  the inpu t signal ,

caus ing  s i s - c e n t  for addi t ional  ampl i f i er s , w h i c h  in turn

-w - ,_ -- --— -  -
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increases the complexity of the equipment . From an analysis

of the advantages and disadvantages of redundancy, the great-

est gain in increased re]iability by the use of redundancy will

be on y 
~ ‘h ’ t l ava a ‘I n s’s s’ ’ - 1 i a s s ~~1i t v  or s’~~’ ca]  ce l ia :  : l j L v

as discussed by Von Alvern in his text entit led “Reliabi l i ty

Engineering” ( 2 8 ) .

5. Derating . Derating is another method used by design engi-

neers to increase reliability in electroni c equipment . In de-

rating , equi pment designed for operation at a certain level uses

parts designed to operate at a higher level 0 The main advantage

of derating , as discussed by Shooman in Chapter 6 , is that it

will tend to increase the life expectancy of the equipment (23).

However , derating tends to increase manufacturing costs because

parts used to derate may cost more than the parts actually re-

quired to satisfy design specifications ,

The TASRA M odel

General The TASRA (Tabular System Reliability Analysis)

model was develope d by BCL for performing reliability analyses

of complex systems. It is well suited for this purpose in

that the model can simulate real-world situations in which a

malfunction occurs in the system but major portions of the

system remain operational, as well as situations involving a

complete failure of the system . The TASRA model is computer-

based and configured so that the detailed funct ional inter-

relationships of the system components are represente d in the

reliability model . Thus, failure of a subassembly or assembly

_ _  - - TtJ. ~~~~~~~~~~~~~~ 
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The TASRA model can be used to predict the probability of

oesess urren ce of each st a t e  de f ined  l’or each ls ’vel of the :;yst en i

at w h i c h  an analysis is conduc ted,  Thi s  can ‘ho expr ess ;ed as

a MTPO or mea t - s  t ime b etween occurrence .  A p r i m a ry  o b j ect i v e

of’ the development of this model has been to orient it toward

the u ser ,  From the user ’s viewpoint , the  pe r fo rmance’  of the

K : i - i h i i t e i  SATCOM terminal I:; measured by i ts ;u v a i l ab i l  i ty s i t  the

t i  me the  u s om  needs to send or receive a m esn ; : lgo . T i tus ; , the

message s u v s i i  1 d i i i  ty to m eet a mission profile d e f i n e s:  t h e

t ’iunuhoi ’a e ” t ’ c ommun ica t i ons  tha t can be comple ted  for  each

sil t omn s i  t ive  communica t ion  mode as func t ions  of m i s s i o n  t ime

Ott o specific measure employed is the dependabi l i ty;  tha t  is ,

I-he p robab i l i t y  that  a specif ied number of communica t ions  w i l l

be i n i t i a t e d  and completed wi thou t  the occurrence of delay

t ’e ’si, i I  t, i ng front equ ipmen t mal func t ion .  A second measure of

t e r m i n a l  perfo rmance is “ expected communica t ion  delay ” , wh i ch

i s  d e f i n e d  as the “best est imate ” of t he delay in comple t ing

a c o m m u n i cat i o n  tha t results if the equipment  m a l f u nc t i o n s .

‘the above overview was discussed by Easterday and Drennan

in R ef ers ’i i ce 60

REL TAF T LI TI MEASUREMENT

One advantage of a probabi l i s t ic  approach when compared

to a deterministic approach is the capability to provide a

moo d measure of the uncer ta in ty  involved in a numerical

s i u i ; t ’I y:; . is ; , as d i scussed  in  Chapter 2 of the Arm y Materiel

Command P a m p h l e t  Pamphlet  706-198 (21)0 Another advantage is 

~~~~~ ~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _  
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r st ;  :d~’ni v, i t ’ i  s u b  I e is ; cot s t i t a l on s ;  • liii  :: i s ’ s ;  I I s ” s t e ’ s C i’ s ’s ’:: Onu s ’s:; 0 1

th i s ’ s s t u i u i ’ I  s ’ s ; I :5 ’

‘ I h t s ’ r o t ‘i s i t ’ i ii i ,v s l s i t , t  o b t s t i : t s ’~i l ’s ’!’ I t i c ’ H’’s ’i ’ t s ’I’ c ’~ ’ s ’ s i i : s , 5 i —

I e s s i  L i o n  Ts ’ t ’ n s i t s , u t  ¼~ I ’ s c i s p - -  IC ws ’r ’ s ’ s’s ’tii ~~ i i’ s ’sl i s ’ i t t  c ’\ i ’ e ’ ; s o i l t  1 s t !  sfI: ;—

tc ’i h im I i s ’ i i l t s , l  l i i : . I i t ’ t - c ’ s ; t s i t ’ : ; , ’ r ’ i  l ’s ’s! ‘L i t  AI’ !‘t ’ t  t i  \ iS

[ I t  ~:u t r tum ; i  c v ,  w 1 i - h i  s: l ciii I’ I c u t  s e ’ s ’ l i v e ’! 1 a s ’ I :i I . s t a s h

s e :;:utup Ic ’ s e f ’ 1 1 ’ , i i  l i t r e ’s; , t h i s ’ ox p o t ’  1 s ’i t e ’s ’ cl ~lov 1s t I I O t t  \~~~. I S  I s ’s; :;

I u s i a  I I s , ’ max i u tu t tut  s i t ’s,’ 1 s t  i I i S ,  ‘ t i t u s ; , ‘u 1. I s ; i’ ,’,t s ;s ’: s i t ’  h e  I s ’ ,t s : s ; t ttile ’



I t~

i h a t .  I -h i ’ s s t L I t l ’  I s ’ e ’ s L I i t s ’ t t ’ & ’t t t  a popit t s i t  1 O t t  W I  th u s o t  s ’ x p o c u e r u  t 1s t !  i i i : ;  —

l - t ’ I h u i  I i s ’ t u ,  P b s ’ t’ c ’ s t u l  I s S  s c h t , s i i r t s ’ i,! at’s ’ s ’, l Volt lt t ‘sul l o IC of ’ Ap—

pe t i t !  S X C

lii ts ’ r ’ v s m l  Es ; t ’i n i s i t s ’  —— App end ix I’) A c c i i  l’i sIss ies ’ i tit emv :i I

i s; sit u i r t t t ’r ’ v : t I  s ’ s ; t , i i s t s i t . s ’ t ’s ’t’ w h u l s ’h t h t e t ’ s’ I : ;  :i k t t o w r i  l ct ’ s t l 5 t t d l I  S

I t h i s ’ t ,t ’t,i s ’ Vs t [It s ’ s’ 1’ t h u s ’ s ’h - , : s - ‘s~’: 5 p : t r’ su~tt t o i-o r ’ ( 5 ’ • a, , , M’I ’fl i” ) i i  O s ;

wi ih j u , su ‘oi t ipi t  t ,~ sl ‘i t t  i,s ’t ’Vst i  ‘l ’h i i s  s ’5 i. m i s t  I s ’ s t t t o r ’ s’ i t : ; s ’l’u i  t i t an

: ps ’ i i i  1. 5 ’ :; i I in s t  I -c ’  l ’ s n ’ s t t t : ; s ’ : t  ntum s ;ht he ’ I. i.s ’t’ I Cost is : s t l v et i  o I ’ th i s ’

U i t s ’s ’t ’ ta i t i i  v I liV e 1 Vs’sl it t  t,lts ’ s’s Li it t : i  i - i  O t t  l’t’ s’e:s’Ss , si: d i : ;cu s ;s ;es l

l ’s , S h u o o u t t : u t u  i t t  Ce ’ s ’ t . i o t t  C .10 ot ’ Ret’et’s’ii s ’s’ C 3. A.’’;:ui rt  t h u s ’  t ’ s ’l I —

s i t ’  i 1 1 t~ 41:m t , e  ol ’  I s i l  t i e d  For ’ t h u s ’  Roe f’to p C o n i n t t t t i i  e ’s t i,js’ti t’ e ’ l ’ !t i l rt ;i ’ll

30 ws ’ u ’ s ’ u t : ; s ’s! l i t  i b i s ’ s’st l ( ‘i l l  s i t - i O tt 0 t’ s i l t  ‘i u i t , e ’ i ’v s t l  c ’s,; t. j cns tt ,s ’

s ’l ’ M l i i i ”  I ’i’ r ’ st  s ; : tu t i p l  0 c i ’ .‘l i’:ul lut ’s’:: :u i a e, • Oh :; i E ’ : uu i  l’i s’sti i s ’s ’

I s ’~~s ’ I , u t s i  i t ;  i. h t s ’ I d t ’ s e ; t ’ s l l t I ’ s ’ dene ’t ’i l’ed i i i  Ap p s ’ ui sl i x  i i .  Art  sea

s ’ x s i u n p l  0~ t h i s ’ Ps~ I’ t ~ l” w s L s ;  e ’ s L l  sat 1s t  Li ’s! t,o l’e 0’ , •  ‘
,
‘ h o t i t ’ :; w i t h  s ui t

upp er c ’e c ri t ’I l ott e ’s ’ I int l i. o t’ 145 . ’) bou t’:; stu d si 1 ewex ’ s ’o i u t ’l —

s Ic ’s,’,’ I iu t t i I. c t’ is ’ • 0) b ou t ’s,; t o t ’  ~ r ’ o u p —  30 . 
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ChA t i ’f ’ R 3

syC;’E~-1 I)ESCRIP’I’J ON

~~~ S~,
’:S i ’EM

t h i s ’ Ebb ” s t u d U h F  CAI ’ (SOiV , s ’c lu i p n u e s i  I Cot ,; i , ’: isc ’~l i’or ,tse in

t, 1i5 ’ LES l’ s S i l l s !  0 s;sitej, i i t - c , ’ ti’s: I progr ’arn W s e s ;  Co~1 iveu ’s’d i i i  i0’ , ’5

O i s o  so I. of’ I ’ dhI ”  s t u d UI -lI” ec~st i pu t t t . ’u s t  was i t t : ;  taIl led in  a ~~‘t hO th

El l ’:ht ~‘ost Wi t s , ’, C—lC tc s;t s i , i m cra l’ t ( ts u il N o .  i ’r ’~.’~~ . A

;;iI’l I ti  s ’d b lock  dis u ’ : i ’ su i  of’ the SATC OM hardware  is ; s ;tscwis i n

l”i u r s ’ ~ (1  )

E hl i ”  CA IC OM sIlo t The A i rbo rne  SATC OM I e r ~ut u 1 s s s u l  ( ASC—2 2

C o i s s  is Is ot ’ a 1000 w a t t  m i l l i m e t e r  wave t r ans tni  t t s ’t ’ , a I ow

noise  i’ece I v i n g :;ys tent , a steerab.l e p a r s ubo l  i c an tenna , an

sui t ta’ i ttisi pci titin .’, s;y: ; t ern , su modu la to r  arid d on i o d u l s i t o r  ( W,O 1) E M )

mud inpu t sui d  ou tpu t devices as d i scussed  b y C • K , . ‘rsao i n

hi  :~ t e e s t i i s i  e s s u l  ms ’p oi ’  1. caL Lied “Ka—Bs -und Ssitelli Ic Conurn un i e st  I - b i t

~~~~ AN ,- A C C — C C ” (Cy ), : u i m d  M5  B0 Cappa , et al . , in  the t e chn ica l

re port iii ti tied “Spresud Spec trun i Modem , ’ Proce ssor’” ( 3 ) ~- Iii

add i t . i o t t  I c ’ s  the  c s i p a b i , l  i ty of actively t r a c k i ng  the s,:st telii  to ,

t h e  CAT COM svs ,:  t o u t h s s t ~ -the capability of psus ;sive ante~ s t i a

pou t 1- 1 p - . An IbM ‘i compu tot’, j ; t i ’  t, ~
-t j ’ the Computer Pointing

Sy:; tent ( OK’-C C c,’ ) , ~i u sed  to compute the antenna  p o i n t i n g

a t u g l o  to the s a t e l l i t e  f’ rom stored sa te l l i te  ephemeris

i r i f e r ’ tiu at i et i  and a i r c r aF t  l o c a t i o n/ a t t i t u d e  i r u I ’ o r it i ;u t i on

provided by an i ne r t i a l  nav iga t ion  systenu (LTN 5 1 ). Those

I r s [ u  I s ; sill ow the ca lcu la t ion  of the po. i n t i ng  anglo::, the

s tu d  the i le ’pp ler  or range ra te , t o  i b i s ’ :s I I.elhi t i ’  Si S
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Cl

• All inca , s t  s t l  • , i : s  t h s ’ t s ’ e h s : s i ( Su l  l’s ’I’ol’ t

e : s t i  t l s ’d “A i i ’t ’oi’tse ’ CIII” Csitelli Ic ‘l’erittiinil j’s’s ;t Ft ’ tp ’ i ’ s u: ” ( , ‘i

UHF s’ATCOM Ci t. The UHF CA [‘COM a~ a I - ot i s  Us :o s s i U H F

5:: i i  t. i ’v Linkabi I Corp. and x’ s:p o r ts ’ cl b y r M . J s i c , so f  :: so - sd

K • Ci  I t s s ’ s t : ; s ’ u i  in  t I s ’ techtii cal roper I o t t  ii ti i’d “U HI” AFSAT/SURVAT

1 ’ s t s u l  Modem ” 9 ) . [‘Its ’ UHF MODEM i s,; ph ,vs i c ;u l  I y .1 oca t t ’d i n  tb - s e

s , ; su n se  rack ses , ; the K s u — l ’ s e i ; d  MODEM . ‘Ph i l  a M OD EM j u s t  s ’ t ’ l ’ s t e ,’es; w i t h  s in

A k C — 1 5l U H F  t . r s u t t : ; c , ’iv or ’ . [‘ti e ARC— 15 1 t - i ’ s t i s a c e i v s ’i ’ pt ’ovlcis ’s; s u

1 O o ws u I - I ou tpu L t r at isut i  I I csipah il  I ty send i’s pe ra to::  t - h m ’ oi  ; ‘:il an

om ni —di  i’ec t I s ’i;al U H F  s i t i t en t i a , The r ece i v e d  s;i ,t ’ns el psu: :s;s’:;

i s  t ’ s ’ s t , ’ h i  s u I t’ s e t s s ; i ; 5  I t. i’O iss ’ i ye sw~i tch , in to ;u pr e ;u .nt i’sl I l’i ci’ , ansi

hack to this ’ A EC —~l ‘;l t-i’stuisceiver for dowri—conve’i’si on. A second

b 1 iii ~’ CA ‘COM sys tent su ’L’so ;urd the teat a i r c r a f t  used an UHF ” DUAL

MODEM ” nyn t~e’itt . The DUAL MODEM , wan designed to work wi th the

U H F  n i o d u l a t io n  of LES C and 4
~) or by awl tch selection wi th UHF

t:tod’ ,nl a Li on 01’ the AFSAT s st te l l l  te • I i i  ci th ie r  case , the modern

t ’s ’ s ’cis ~i t a  ni gr i s e l  t o  an A R C— i ~1 UHF t r : t t i a s :e iver , s tu d  t he 100 
—

Wa I- I- s,;i gist I i s :  ti’arinrni tted through an onin I —di rec 1.1 otisul U HF

s u: s  ts~ st ;t , [ ‘h i s  i’s’ cc i ved signal is ; rou Lcd through a trans,:mi I.

t ’C c, ;o i ye ‘awl teli to su preamplifier’ and to the ARC— I “i Iran:-;—

OOlV s ’l’ ,

Reel ’ t o p — I n n  tallatioti A complete s:ornplemetit s’sf EIIF

suid Ufil ” SATC OM eq u i p m e n t  was installed in AFA L ’  ‘a Bu i ld ing  eCU

r oofLop  t’a c i l i  ty ,  wh ich was sped f ica ll y hu ll I i - s ’s hous e t h e

SATCOM equi pms ’n L.  A :;imp l I f l ed  block diagram of the oqu ipn te t ’u t

is ; shown in Fi~’:u i~s~ C • The EUF modern , input .  suid out tpu t dov .i Cs’::

. .

~ 

_ _ _  ~~
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~~~~~~~~
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I i’ si: ,s ;i:s j t t s ’ i ’  in s t  l’ s ’ i’ L’ IV O I ’ , suss ! l o w  n o i se  anip l i  i’ier s u r e  i d s ’ i : t I —

‘ ‘ i i  I c  t h i ’ s ; t ’ c i s ’a c ’i’i bed on t e s t  s ui r er a l t C — 1 j 5 -  o’C . A l 0 — I ’t .

~‘;ii’ ;i 1’ i’s l i e  u i ;  t o t s  ci Ia  u ’aed  in t h e  r o o f t o p  l’aci ii l y i t t  p1 st C s ’ 01

the , ij t ’ c ’ t ’ s u i ’ t ’ s; j — t ’ t - .  : u n t e n t t s t .  Au a c t i v e ’ t i ’a ck i i~~’ o s i i ’ s i l - i l i t y

j s , ~‘I’~~V~~s1~~~j i n  I h s s ’ ‘ ‘ O C s ’ i ve r ’  situ ! t r at i ’au ni t t ci’ r a c k.  A contpu t or ’

P o i n t  i t s g  e ’ s u l ’ : u b i l i  t y  i s ;  p r o v i de d  b y :1 computer’ l o o s i t o d  in  the

:: I Os u I i c i :  Sv ’a toni Ev sul  us u t i  on L subor a  to r’y (CSEL ) l’;i c i i i  ty

P b s ’ 1 11k ” C A i C O M  s ’q s ; i  pmen t in th o r o o f t o p  fac i l i  Lv is,;

ic sii t i ’s t h i s i t  s l s ’; ;c i ’ i l ’e s l  in A i r c r a f t -  C—i 35’ e. ’r .’C~ A U H F

f lY AI  Mi ’s i ) FM c- ep sit ’ ii I ty  in  s d :;o suva i  1 able l i i  t - } ss ’ roof I op

t . i ~~i I ity .

V
SATCOM SYSTEM R E L I A b I L I T Y

‘Phi a t .o c b i n i  cal report  di n cuss, ;e ’a  t he  o p e r a t i o n a l  re—

I i s t h i l  i Lv a spe ct : ;  of  the EHF ’UHF SATCOM terminal s,: ins ta l led

i i i  t h i s ’ si  I i’cra I’ t and t h i s ’ r o o f t o p  tent facil I ti s’s as de ;:cribed

• F :es:h i SA TCOM SET is conipo sod of sub~ vs tern ~roups a:;

g I y ea i t t  b lock  diagrams in Figures 3 th rough  : ‘ , The groups ,

ooissis t .l ii; ’ of i de i i t i  t’iahl e :issemblies , are l i s t e d  ii i  Table I

P h i ’ , ’ ;;s ’ ,is ss ’rnbl i s’s have been ass,i gned numeri cal des 1 g i t a t i  ons

i n  ke ep i n g with Tabular System Reliability Anal y s i s  (TASRA )

dos ;  i g r i s t  t o t ’ :: i’s,; tabi .1 shed by Bat i-eli e Columbu s ,: L-al’sora t o r i  l’s ( PCL

tot’ the SATC OM Reliability/Maintainability ( R/M ) model (~~~~~‘~

l’ h ic ’ss ’ ds ’s,; I gr ist  t, e r’s; are used i n  the var ious  b lock diagrams,; and

t. : u h l  s’s throughou t t h i s  r e p o r t.  The predi  cted MTII F values: for

the SATCOM SE P ::uha ~r eut ~’s e lemen t :; , : 1:; g.i yen in  Table 1 , were

p reV 1 dod i v  RCL S i : ;  part of the  A FAL ‘ a :;p eiiaoi’ s’sI Ka—Pand

I 

~~~~~~~~ T _~ ,~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘
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Reliability Improvement Program un der Contract F33(c15-75 C-l208.

‘l’ hts ’se p r e d i c t i o n s , ;  are based on the combined data eatinuates

furnished to BCL b y the EHF/UHF SARCOM SET equipment  develop-

s’r’ s,; based on M I L - H D B K - 2 1 7B  and by AFAL based on field data

collected during the EHF SATC OM SET test program ( u ) ,

Theoretical Estimates The theoretical system re-

liability model predictions are based on the equi pituent

c o n t r a ct o r ’s es t imated  bot tom level component and module i npu t

data . These data “ore generated by the manufac tu re r s  using

the m e t h o d s ;  ci’ MIL-HDBK-2l7B to estimate -the failure r at o  of

electronic components and niodules based on the number and

types of part;; used , the percentage of rated r oad at which V

each part i s , ;  ope ra ted , t he app lication of the equipment , etc.

Al though the r e l i ab i l i ty  estimation methods of MIL-HDBK-2 17B

are generally used for military equipment , such e at i u n a t e n  will

not detect i n h e r e nt l y  weak parts or conditions: conducive to

sonu o f ai l u tr e n , such as parts that are subj oct to t o s t t s s l i : i  c i  c c c

from high transient  voltages generated du r ing  swi t ch ing ,  s ;o t i io

types of poor design such as striving to achieve too h i gh  a

gain i i i  a single s; t ;u I’l e of ampl i f i c a t i o n, improper it i t ,e i ’pi’e  t a t ion

of t,}ie handbook guidelines , etc. These types of !‘;u i J u r e t :  w i l l

o f t e n  become evident  only during equipment o p e r a t i o n  and u se.

Field Da ta Estimates The field data estimates arc

ca 1culated from f ie ld  experience on the e x i s t i n g  SATC OM SE’!’

(Appendix B), The Bayesian method provided an approach for

combin ing  the re l iabi l i ty  da ta obtained th rough  exper I ~‘it ~ e

~1 
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( f t  [~ l i i  I ’, I )  i’s ’ I hi t h i t  I i i  , I i t  I t I

i t ,  ‘ i - S t  t ’ s S ”  1’~ i t s  :~ t i c  tV s ’ I iT t  “ c i”  i i  s , ‘ci

C o ui u h i t ied Es Li  ma i c r ;  l) i ’ e ’t iu s t i i , o u t l’ ;i  0 I i —  ~) o I
’ H s ’ t ’er t ’tu ’ s ’

d i  s ; s ’it s ; s ’: t , lu i  a app  r ’ o ; e s :h i  f o r ’  s f s ’ t erm i t t  I r ug  t , b u o  cot it h i t  s ’d

s ’ s; I i m s i  t e s ;  bass ’s! ou t  t w o  as ’ I s ;  o f ’  sist L;t , t h i s ’ t h u s ’scr e I,, i cal pre si l o t  1 s ’ i i

s ins!  t h i s ’ f ’ ’u s ’ I d  ex pe ’i ’ i  s’ u u C O  , ‘l’he pr ’os :s’siurs ’ s ; s ’  I s’O t e d  by HCI  t ’ s ’I ’

r t t p I Otiis ’ti t, i t o ’  si f t tve :;  I a r t  s t pp t ’o s t e b i  I ’oi ’ ;td ,~ i t s ;  I - i  rig a prod i o I c ’s!

t ’s d l i i i ’ s’ t’;e i - c ’ ( 1 M l i i i ” ) w i  t b  t ’ i s ’ 151 s’xpet’ i eu u ce ’  sls 1 st 1 r i d t i d e ’s; thus’

5. s e a s t i u t u p  f - i on that t 10 , 000 buosur: ’, o f ’ I s ’:; I. I I utus ’ I a ; i s i s l s’d t o  thus ’

t’ii s k i t .  I s’;;t. t i n u s ’ c i ’ ‘3~) OO itou t ’ s ; . Kiis ’s~ i t ug  this’ pi’e’il 1 c ’ i - c ’s! f’st 1 1 l i i ’ s ’

r s t  i t ’ ,\ I s t i u d  t h i s ’ s u s ; s ; i u n u e d  eps ’rst 1.1 rig t.s ’:; i, ti tu s ’ i ’s !~ .10 , 000 h u s ’ s i t x ’:;

t his ’ pr ’ t’s ! 1 e t s ’ si i u u t u t u h t ’ r ’  o f ’ t’se 1 bit t’ s’:; es t t i  he ’ s i c ’ i-s ’i’nu I i t s ’ s! I i i  I - t u e  V

:;swu s ’ r n ; t r t r t o z ’  t h e  1’ ‘i t ’ I d c ’x p ’r  1 erru’t’ d 1st 1 1 ore i’a It ’ i, A C
’) e s u r i  l’s ’

s i t ’  t . s ’ i ’u t i  i t s ’s1 I’ssi:;s ’ tI o ut t ,he tn t i u t ’ s ’i’ o t ’ t ’ ;t i Iii ’s’s s ’X p o t ’  I eii s’s’d stit si

r u u u t u b ’ s e r ’  s’s 1’ t i ’ s  t,:ii ops’l’:i 1,1 in ’ . h ours . As an ex s i n u p  I s ’ , t ’ s” i ’  f - h i s ’ s ; i i t ’ —

r 
: , i ’o u r p  ‘I’ASRA No , 3 1 ’ , ’ , l i i i ’ s’omh I u t e s i  s ’s ; t i  t r u s t  t i ’  ( I - .\ ) is; s!s~ t , e ’ t ’ t tu  I u us ’c!

-
~ I - 

3 5) 
~~~ 

-
~ ,‘ • S C a l l  ii t ’ s ’s ; ,-~

’ 1 0, 000 hoir l’ s; ,

X 1. 
I ., ‘ln 1 C I f ’:l l i n t ’ s ’ ;; , 000 hotirs ,

-. 

~~~~~~ 
‘ci ÷ iC .i (10 ,000 + 3 , 000’)

3 ,000 ~ 1 f ’;i l i i i  i’ s’ I ” ’  bout u’s

‘[‘ h u t ’  C cvi ’  is; t ’ s i;;c ’si o t i  t h e  da ta ~; i  von i n  t h e  l t t t o u ’ i n t  Cj’t’t ’ i s u t

‘ I ’ s ’ s : h i i u  I i ’ s t  I u’ s’~’s’ i ’ t ,  pr’epsui’e ! Icy ItCh ( ~ . ‘l’he’ s ’omlt I iuesl Os; t. i tits i t - s ’s;
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r e l a t e d  ti’ the  Reliability Furtction t ’y :

MTBF ~ J R ( t )dt

For parallel elements  the p r o b a b i l i t y  ci ’ c i t i s o t ’  or

t’oth s u r v i v i ng  is der ived from p r ob a b i l i t y  t };s ’so’y s o ;:

R(t) R 1
(t) + R b ( t )  — R ( t ) R

u
( t ) o

I t  is assumed that  the probabi l i ty  dens i t y  l’un c t i on

is an exponent ia l  d i s t r i b u t i o n  as discussed by Shoomari ( 2 3 ) .

Then

f ( t )  = ( L / 2 ) e x p ( — ( t / ”~ ) ) ,  t ~ 0 , In> 0

X exp(-Xt) , X —

w n e’re the

Mean = 0

Variance =

and the probabi l i ty  of no fai lures , R ( t ) ,  in the interval (0

-to t )  is iven by

R ( t )  1 — F ( t )

= e x p ( - X t ) .

There I’ore

R ( t )  e x p ( _ X at )

R b ( t )  = exp ( _ X b t )

where A and are element fa i lure  rates ,

and

MTBF 
~~~~

xp(_ X
at) + exp(-X bt) 

- exp(_ (X
a
+X h )t))dt

(i/A ) + (1/A b
) - (l/ (X a+X b ))•

_ _ _ _ _  
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‘.1st t - s  ‘s I t i p i t  I s ;  [‘or th i s ’ I’d ~l owi rig fac t.s’si’:; ii; or der  t-o s ic ’  s ’ s ’ s f lS~ ’ I i  : ; hi

t h e  gs’sa I s ;  I von i i i  C h a p t e r  1

I . Sys; t en’s Me’aui ‘1’ h it s’ Re tween Os.’ CU1’I’c !ts ’s’ ( ~ ‘1’Ps’s

C . Cv: ; ten ’s Meat ’s  Time Re tweet ’s Pal Lure’s; I, rs~.I’C I” 
‘I

3,’ Grc’up M ’ s ’ s t i  T i m e ’ Re t - w s ’ct; Os ’s.’ttrrs’.’nce ( ~j’CO

It’c’su p M e s t r i  ‘P lin e Fe ’ tween Pa lii i  rest I, MTF }s’ ’t

‘he ’ Cs’s [s ’ s Sto s l i t i s  it - I s’s i i  t ’ s’p c’s i ’ t -  !~s~ t’ i’ S ~, [~c’s m us t  t i’s r eps ’s l’ s’ C C

BCL ‘1 cou ’ss  I:; test o t’ s’s mtta l t’uns ’ t i o n  t ’c p s ’sr t  a r id  s i r ;  s’Vs ’s t ’ s  I I s ’,” . A

SA ‘(SOM sy :; t o r i  mal t ’ut l c t j o t ’ s  r e p o r t  c c i i  ta 1 ne ’s! S p s t s . ’ s ’ s ; l s ’sl ’  gt’ c ’t :p

I s’vs ’I , maj  s’s a uu ’s s ’sd ul  0 stu d su buuto dul e 1 s.’vt’l I nfe’runa t I out .

l i t  i s ;  i t  id iLsi s’sl mal Cur ie  t. 1 on sic ’s cr ‘r p t ion , es ‘si r s; s’ and i’s’?’ t’ s ’ s ’ I. I v s.’

s ic ’ Li on , p l us ;  I.Lt s ’ s ’l s ’spaed  t i me ’ l u l l  c’s’s t . s’st ’ i’e’;’ssl I sigs ;  ansi sty: ; I -o u t s

I s’osu ~ i o n .  A CA !‘u ’OM :5 ,\ ’:; te rn  s’V s ’ t i  t. I c’g c’s’sn t s i liss. ’si t i n t s ’ s’s I’ ‘ . l s iv  
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o I s ’ s  C s ; s ’ sl 1 1 i : ; s . ’ i s sii c ’si I c ’s a , t  t I c’s’s ’s I I cu ; i s  s’.! s ’s t . : , r ’  c ’U p 1 5’ V s ’ t , p 1

s’ s ulsal Is s n’,’ t I on u’ ’ ’ p ’.’s at ;st:i ;t ’ O r ’  - i i  SC s ’ v O s ;  I r ’s’n us ’sr ’k s; *

‘~~ s ’ s ’ s t ’ s ’ s v c’ t W c ’s W i t  s ’ s  t ’ s ’I’ s ’s t ’ I l ’ c ’ s t ’ t s I s ;  W O t ’ s ’ t t a s ’sl L’ y t h is ’

“ :‘A ‘C ’s\’ ~‘I” I ”  S i  0151 c ’~~;: I t i c ’s’i’st . ‘sS:cl t - s ’ s ’ l ’ s t i j  c ’ I S I S : ;  I t ’ s  t h i s ’ t’ e ’Os ’ s l ” .! I stg

o C el ’ :;, ’ i’ve ’.! esiss I 
~~~~~~~ 

I i t ~ ’s I t ’
~ i s  s c: I i c ’s n:; int’l rug t.b;e t c:; t i’ 1’ s’s~ ’ t ’ sui s

t: ss i j :s t e:sss : s s ’t’ sds.! r e p a i r  s ’ s l  this ’ s ’ si t’ c’t’s’s t ’ t  s it ; ’. !  t .hs ’ u ’o s ’ s t ’t .s ’sI’ to : ;  I

1 e ’.’~’s I - ic ’:;:;

iSA LA h’I” ”.’ S i ’  I s’sN

l ’ h i s ’ a s ’sW ‘.1st t i  W O i ’ t ’ l’c’V I owed i t :  ‘ .lot , uil ;us ;~! I r’ .’s ~s ; t ’s’t’t’ e ” .1

t c ’ t he ’ CA ‘ c. S Ot ll s ; \ s ~ t cus s ut is d r ’ ’ ’ ’ s s ’ t  i s ’ t S  s ’V ci ’s t. S ’ s O s ’ s i  \‘S i s ;  ::hi s ’ct , wi’s i oh

I’r ov i C c ’ . !  s ; ! ’s ld t ’ [ s ’ l’ s’ c ’ c ’i’d a s ; t  s ’ s r td s ’s i ’d  I s’.od eve t ;  I s!c ’:;st l’i p t - i  en ,

C s ’ O v ” : S  S e [ ‘ i t ’ s ’ t c ’ t t  t h i s ’ :;ys ;  t -e ’m , t h e ’ e~ eti t C5I1 , i s t s ’ , the ’ uit s’si r i t e—

~i ’ s~ 5 s~ t ’s s i s ’ I I en , I Cs’ i : ; s I i s ;  ts ’t i s ’ s t t c’s’ t i r t i c  I s . ’ rs’p:’si I’ , s ’st i s l  t i s’s I-c ’:; .

C ps n’ s ’ wsu  s ; s’s !s ; ’ .’ p ro  v i Cci S o t ’  me coast i in ’, the met; t i’s , t I l t ’ 55:t 5’ :;:; c’.i

05 15.11 pt : ; t ’ :s  t i dc ’n t.i t’ ii ’s’s t.i or ; num ber , thi s.’ s.’Vs ’n t S :;s’qs so ltc ’s’ t i - s ;~~:l’ e ’i ’ ,

, ‘sss ’ .! t - l ~e ’ s ’ po t ’ r. l i s t : ’, h ours  [‘ci’ s ’ t s ’h oc’sunl’s’ s l s e s s t  l it l i s t ’ cqu I ~‘~S O S t  t.

:~~
‘ 5 ’ s ’Vs ’ it t si l ls ’ s I ‘, ‘ :; i s ;  ~ l t s ’ s’ I: ; , wh  I oh t’s’srut’s’d this ’ Cs ’s : ; 1st I’s’s’s’

[- lie c t s t  I ~u a i’ e ’:; O S  I-s ” .l he’ i ’O i n , W s ’i’ s’ used I c’s Ot t  I I I  s’s s t - t i c ’S 5— ’s’l s ’ V 5 ’ s  i t -

[ ‘ i t  I 0 Os ’S t ’i’s’s Iti  th e  s’l’sn’l ’\ ’ s ’cl in sd f - su i t s ’  t s Ot ’s: ; ,

I n  t h e ’ e ve n t  , ‘ss t , ’s  lv:; I S  ‘ i ’ s e’ s’ I s ’.,  each ’s even t i s  c l,issi —

I’ i e ’d 1 S t  t o  s ’t lO s ’s I t w o  e ’Vs ’fl I. c f s ’ s s ’ i ’ I p 1 s ’ s t t  051  I o, ’, c’ r ’t  s ’:S 0 t ’ s’q i i  I

t o’’ t C a l l  Ut ’ s ’ sO:’.! equ 1 pins ’r i t  ms -si t” s tu’ sst I l o t ’ s ,  F l i t ’ [‘h’ s; I. c ’s’s I c ’C, c’sl’y

:;e ’ 1 1’— cxp 1 sins ’s t .s ’ s r~ ’s, , s ’ s t ’sd the ’  :te ’s’c ’i t d s’s i  t -0 ,”. s’s t ’\  sts ’ s V s ’I’ : t }t s ’s :;s’

s ’s’s : ;sn ;  W b i s ’ t t  t h i s ’ oslu ~‘I I ’smcn t. I a ni’s ts slv s. i I I  s’sL ’i s’ [‘or I no 1 sss ;i c ’ s t t

hi t ’ :;v s, ; t - s ’tn (‘s I’s t’l’i’s t I 01 ’s s t s ’s t ’ s  t ’ I gu i’s’s ts I s’su’s slut’ t - s ’ ui’srs’:;i’sl Vt’d I’l’s’sl’sl t’ll’sS

Phi’ “ O V t ’l i  I, e’ t t e c  I ‘‘ ‘s :l sis tS I Li s ’:u t :i c ’ s t t  ti s l ’ . l i ’s’ s ; s ; e ’s; t . i i s ’ i s ’s :;:;
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01’ l i s t ’ a ’, : ;  ten s , t h e’ p~ct’Lial loss of a ,vs ; t e rn , o r no loss to sya  t en .

;5:05s ’ 051 t O .’ ’ .’s i’ .L ss a Provided the basis; for e v a l u a t i ng  the e f f e c t

c t  each f a i lur e  on a y s ;t e r n  a vai lab ili  t~ and a s si st ed  in clan —

l ’y i s ’,~ t }:s ’s;e pr ob lem s w h i c h  are sys touts rd cy s t s ,  t fo r  Co ti: the

s i l  r ’ c : t ’a  l’t and the  roe 1’ top environments.

~‘0 e “ eves ;  t cau se ” c l as si f ic a t i os i  p r o v i d e d  the  f o l—

low I :‘.~~~S e ” .st’ a t . s ’ s t ; ’ . l s ’ s rc l  I :sed c a t ego r i e s:  modu le  or p a r t . I’si i lu re

ex t e r n al  s.:ssseae Cot’ i n t e r m i -t t e n t  f a i l u r e, unknown or u na b l e  to

var i i ’~; r ’s t i 1u r e , and th e  i n s t a l l a t i o n  ci’ dc s ;ig i s  n ’s o d i f i c a t i on .

:‘~~c “ nsa i s s t o s s s ’ s n c e  ac t ion ’ classification p-rov.i de~

t - : ;cac  t h r e e  f o l l ow i s ’.~’: catc :’:oi’ i C S :

1. t ’ e c s t l I y  or replace module ;

C , ret tuove and replace part ; - -

3. t roub leshoot  ac t ion;

w h i c h  a ffo rded a q u i c k  look at the maintenance action initiated

sI:; a t’esul I. of t h e  occurrence of each even t,

In f o r m a t i o n  co n ta ined  in some of the even t .  sinsil y s is

repoi’ 5 -s; i nd ica ted  that  fli ’s f a i lures  occurred at the e lement  or

s ; s s L : ’:t’ets p levels.  F }serel ’ore , a s ta t i s t ica l  me thod  was f o r m u —

iaS.ed to p’s’s~vi ’.1e the M i’FF es t imate a t  a t’O~ co n f i d e n c e  level .

i C e  :i pp rc ’s i ch  taken ,‘Jst s~ discussed b y Al l i son , e t  is . , in the

Shi ” Terminal Te: ;t Repo r t  ( 2 ) .  This approach is based on the

de t e rmina t i on  of a one s ided  conf idence  interval  cat L.st~ a l’or

s ’ s p a ramete r  w i t h  sin e x p o n e n t i a l  d i s t r i bu t ion, assuming that  the

tests sirs’ :; topped si f t e r  s’s cer’tain number s”sf t e s t  hours have

bee n accumula ted .

- -  - _ _ : : _ ___.~~~~~~~~~~~~~~~~~~ ,_ 
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The z ’o r m u l a  [‘or this con f idence  in te rva l  emp loy:; the X~~( p ,  d )

( i h i -S q uar e ) d i s t ri b u t i o n  as d i scussed  by Von Alves :  ( 2 8 ) ,  where

p i s  t h e  t ’: s s . : 2 t i os ;  of the  con f idence  c o e f f i c i e n t  ‘s’s and d is

the  dt ’ai’ees c C  t ’u ’c odom For a one s ided  ( l o w e r  l i m i t )

c o s st ’i de s sce  level wi th  a fixed  total a c c u m u l a t e d  t i m e  pe r iod  T

and wi t is  no f a i l u r e s, a 0 , the equation is;

( 2 T ’X~~(~~, 2 r + 2 ) , ’-~~ ) .

For example , let  r 0 sit a c o n f i d e n c e  level of 60%

r e su l t in g  in X 2 ( 0 , s , 2 )  approx imate ly equal t o O~ ?0? as taken

fact’ the X 2 (C h i- S qu ar e ) d i s t r i b u t i o n  tables.

Th e r e f o r e , the  lower l imit  MTBF at r = u ero w i t h

:‘s confidence level of 60% is

L 
= 2T/0 ,707 2 , 8 29 T ,

Thus ,there is a i:0% probability that the true MTBF is inciuded

within the lower limit of and infinity for zero failures,

Th is is t h e  hasi:; for  calculating l’sITBF values in Tables 3

through 8.

-l’he reliability anal ysis for both systems Models A and B

ass i  “ich group provides two measures of system performance.

1. Mean Time Between Incidents  ( M a l f u n c t i o n ) .

2 ,  Mean Time Between Failures ( M T B F ) .

Both of these measures of system’ performance are quantified

in Tables 3 through 8 of Chapter 5 and the appropriate tables

and plotted graphs in Appendix A .

~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~
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CRAP PER ~5

DA I’A ANALYST C

T N’I’RODtiC’I’TON

The sys Leun i’d i s ib I ii Ly analys is;  was based u por t  i’epor Led

s’qU I putu e_’rit utual l’uiict i otis [‘noun J atiu :ti’y 01 ’ 19’( ’n Li ’s Sep t .e u t tb or’  s’s C in ’, ’’ , ’

cliii’ ii ug the o i l~ ’1s it ig EIU”/U I-IF tet ; L pr’c gu’; sin ( ‘
,
‘ ) . The W e La were

coIl ‘c Lest , t abu la ted , and p lot  t ed  Croutu ho t , } ’t t h t c ’  ai ’s’ci’s ’ s l ’ t ansi

t ’ vO 1 ’ I,op l s ’s c se t , io iu s  a rud  in c l u ded a total c i ’ L’s14 ’UO ops ’ ’s ’ ; ’sLi tn’: l ieu i’ s;

sensi 3C C s ’qu I p u t u c r i  L unal C ur i c L i o n  i’epo ’s’ Lii . ‘I’he:;c tahul a l o s t  send

p11 s’s I, t e d  ds ’s La are pt ’os ;ssii Led In Appendix A. Care titus ; I- l.’s’ c’x,’t’ —

c l s ; sn l  i n  i i i  t c t ’ I ’ s r ’ o t . i  rug t h e  x ’es;tii L’s : ; i i i c e  these i’esi,t i I.:; s i t’ s’

Cu t usisuu ter u Us eiiy sic ( s ~ t ’ t t t I nod by th e i rip u -L d a t a .  A bass ic rs’st ie ’t’it

t h ’ s i ’ s ’ su gh i c u t  t, L i i i ’ s  au sa l ys i  s; I t s ’ s : ;  be c ’ii , “110w i’esel 1:; Li a set ’s’ the

s e v ; e  I J ab lo n ic a r u  t i m e  be Lw ee t ’s f a i l u r es ;  ( M ’ I B F )  I i ipu L Use ta ’s?” ‘ I h i c ’

IttSi 111110 L i (‘s its; t .b is e t . have been exper Ienced to da t,s ’ s e t ’ s ’ ‘ ‘:s ’t i o ’s’s’sll’,’

cC th e t. v h c ’ that car’s be experi cni ced it ’ s an s ’ s ps ’ l ’ s ’ s t - i c u s s !  s ’ i I v j  t ’ a i t —

uiu c t l  t , s;i nsh u se’s hiutu uat i error , random par t Cal l u re , cal l ii t g pro—

blent:;, stius ! utua l I’uuic ; t i  c u ’ s i t i d iuc ed  by I t i C O i ’ l ’ c’ s: I. o p c ’r a t i  on ci ’ t h u s ’

se t u ci I I s l av  esqu 1 puute t ’s I .

EVEN ’!’ ANALYSTS

A l l  ev er ’s t i ;  n ’ e p e ) r  I ,s ’d or ’s t h e  Event A i ts el ysn i :; C }t , ’o Is ~ W e t ’ s’

U scsi in the cs’s] (su] set I cii o I’ the Meat ’s ‘!‘i me Be t .w cu ’i t 11 its ’ i clot i Is;

( ma] [u n c t i on  ) ‘s Ls i  L i s t .  i (:st a’s g.i Vet ’s i i i  the t abu l s i l l  Os ::; s e t i , 1 pl s ’ s t,s

i t ’ s  A p p e n d i x  A.  The C o i l  ow I rug guide] I rue’ :;, sl c ’ : ; c i ’ i  [‘st~~~~~ l i t  t he

CU1 ” Sti I .e I I i t s ’  ‘ !o: ;I ,  Re ’p or ’ 1, ( 2  ‘1 , we re u a o s l  ii; sic t .er ’t i i  l i i i  rig whi i cli
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stressed in the a ircraf t  environment , when compared to the

roof top  laboratory environment , resulted in a larger number

of failures in the aircraft. The reliability data have to

some degree been compromised by the fact that some of the

elemental un i t s  have been interchanged during the test pro-

gram.

OBSERVED MALFU NCTION TO RELEVANT FAILURE COMPARED

The monthly observed MTBF ( malfunctions ) and the

cumula t ive  observed MTBF ( mal f u n c t i o n s) ,  are given as part of

Appendix A. Tables 9 through I i ’  and Figures 15 through 27 are

summarized in Table 7. A comparison was made of the observed

mal func t ion  to failure data w i t h  the MTB F calculations based

on relevant failures as shown in Table 7. Note that for the

EHF system under test on the a ir c r a f t , two-thirds  of the 150

malfunctions were determined to he relevant failures, whi le in

the rooftop environment , 71 relevant failures to 89 observed

malfunctions were recorded. This could suggest that the air-

craft environment places a greater stress of the operational

aspects of the equipment.

MODELS A AND B COMPARISON

Table 7 shows that adding redundancy to the Communica-

tion Control Group (20/20A ) by increasing the MTBF from 158

hours (predicted) and 15u hours (observed) for Model A to 2423

hours and 1460 hours for Model B did not greatly influence the

overall Ka-Band Set observed reliability . This was shown by

the MTBF value of 23 hours for Model A and an MTBF value of

29 hours for Model B.

—
~~~~~~~

__ 
— ~~~~

_ 
~~~~~~~~~~~~~~~~ ,_

—
~~
__

~~ 

- TTi ’~ -



+
ft~ 4’ N N ’ N ’ ~~‘,O G~ r~ ~~ ~~~~ i I

4’ c’4 I 50 (0 o’~ u’~ ,,-~ ~~
‘-4 (‘~ ~~~ .-4 (‘4 ~~ aj i I

I’)

(“4 ,—i C’— 0”~ I N-a) (‘-s Csi CX) (“5 I I
p—i (0 N’ .-4 I (“S -l I I
p—I I I I

It.

>-I
El

l,LsO
0 ~~ ‘i’s 0’ r\ N- I N- 0’s “-&) (‘4 0 (~~s I I 0

IL~ Es Si 0 CO N ~-s I (“5 —l —I I I
1 I I 1~/)

i) 0~~~
,—51
s—s

+ OD C”'~ ,“ i t~t”,’s5) ttW~ 0 ‘04 ’ r’~50 CX) 0”, 0 O’s’O S~l50 -.--~ C’sJ \O O’ss,r~”~O ,—s 0’~ ’.—i (“550 (3’~ C’— (‘4 ’-sJ ’-C) N-
1-4 “ 5 H ‘0 “0 4’ .—I i-4 v—’ -zl’ O’~ E-’

U) 5~- ‘-I
s-SI

0~U) ILl
o ILl s-i
S_~ It;: I t)

- ‘4’S 0 ‘0 (“s (“S4’-4’ 51’, 51’, (“‘SO) 0’ 0
It rso c”s ,-~~~ r”,o ~-t ,- .-~It4 0

IL,
5’-’ “~~ 0
It~ [-4 1/)
‘~~~ ~~~:s’I to

00
i -S Is)

,~) f-4 [-I
(1) It-. O 

‘N’ 0 ‘-0 ,-.s -4’ N N’ N’ N- It) 0’-4- 0’s
5~ p ~~4 sr~~~ ,-~ c”’5sr’~ ‘IS) ,-I ~4 ~-i f-s

In ~~ I’-~Es (‘s s-5~ ILl
5:’-
p—s
Es

Es
U, p--SI
55k-i 5:)
I-’, S—S

5:5)
o

N’ F-s
0

U) I—I s—i
0 IL, t \ ( ~’s,4’ 0 5 0  G” (XJ (‘— 0 5 0 5 0  00  1’) Cs? (“‘t~ I”~Q)

(0 Iii In (““ s C”\ ’O 0 ‘-“SN 0 ,-I 0 S-N’ 0 0 0 ‘4”\ N  (“S“O (—4
ItS F-’ (“5 0 ,-s ~ -4 50 ‘-f’s 0 N .4- (“5 V’S 0 - ,- ~ 

(I) [t
c—’ P-, 5:, ,—i N —s —I .—4 .—5 5 (‘4

+

~5,5 . 0 0
Cs?

( r u ’ s - S p—S
‘-55 ,—s N -cj i--s 0 00  ( “ 5 10 0 0 0  ( ‘ 4 00 0
E l  ~-‘i ,-i N (”S4’ 5:) u’S’O N’s))

- - ‘ -  - - -~~~~~~- — - --~~~~~- -— ~~~--~~~~~~~~~~~~~~ —- -~~~~—- -



‘--S (,
_
)

SUMMARY

~‘ S i I : s i i  :u  t I vo u’~-1 l:tb I l i t y  ~t a t  ~i rot’ Ha’ Eli l” : t  a U H i - ’

, 5 s\  ~~~~~~~~~~~~~~~~~~ a t’e ;; ‘an in  V I ~~it  t’os ‘) t i i i ’  s i - i  1 l’oi’ ~~ ~i 
- I A -

‘la l ’ s iu’ -:u’ stplis ; al l s ’a a i- s sj ’ LI L’ s ’ u s ! U S I I ’ i  s~ 0 i l  0 5 ’ 1’~’!’ H” ol~:;s ’ i ’v , ’ ,i l o t ’

5 1a S il  1 0 1 5 1  I ’t and u ’ o o s t  o~ V I S i t  :u t o  t h a t  01’ he N ’ I ’ I V - ’ t ’ u ’ ’d I s t  t ’d

s i s  1511 t 0 1 l i t ’ s ’ Is ’I tk ’f l t  su i ls ’Vt ’ I -

‘l’ltt ’ st~it S i I I t  I’s i b i o  W0I’t’ 1 Sit U ISIS t’Ll t 0 J’l’OV 1 LIs ’ I lit ’

t ’ I r i s a l  , ‘u iu i u  Ht I v~’ M ’ I ’ h I - ’ , count ing  1’ t ’1 s ’V ~i t i t !~si I silo s : o u t l y  , I ’L l ’

t ’ S R ’ l s 01 ’ ho s~A TCOI ~I S 5 s ’t  ,‘ iti ~l I Ou t ’ , : - in said i t  l o u t , t ho

o t ’ accumulated t u s i l : ’ s i i - t5 ’t  t o u t s : , : 15 ;  ~‘: i von i n  - : - ~ - i i ~u l x  A , ~s

L ’ O S S i t ’ S i i ’ S ’ sI 10 t l i o  I ’ o i L ’v : I I i t  i sLi hui’o : ;  - Ais ; o , I i i !  I i l l ’

t ’oo Si i ’ S l p l s i  s t s ; o L ’~;s ; n1s - u s t  0 1 ’ rol t ab  l i l t  v :is’I -vo d Itio i i ’  i s , ’

os ;  1 ‘o’~ ~ l1l V o u ’ s: u s :  l u s t p u’od I o t 5 ’d ‘ - 
~1o~1o A a t i d  11 .

~~~~~~~ A u ’oi l ab  l i l t  v 5 i a t  a rot’ t lie Elil” s ATs ’OM : , ‘t were

5 ’al cu I s i t  od l ’o l ’  l o t h  1 lie sui  i’ s ’ t : I t ’t 5 1 5 5 1  i’oot ’t 01’ 105 51 1 l O 1 i s ~ L i s o5t

0(5 5 bs ;oi’vo~i i’ols ’van t ‘ 5 1 i i u i i ’ s ’:; - “ ox ’  Ito a I l o t u s ’s L o s ~~ l o s , ,

a- xe .1 1 sib 1 ii t. in t 0 1 1 1 1 5  0 1 ’ t 11’[’IU ’’ wsu  s: liosi I ’ S  S I t  si ‘a la Ss L ’ S

1’& ’ S t ’ oL ’ t  E V ’  I V , I L l ’  a s u l l y  oj ’ t ’l ’a t  in 1 -: and m i u u l u : : i i s :  5i ~~J s ’ L’ 5u

s y ot  euui . ~‘ls  I s  wus ~ ooITupa u ’~’~I I L  t lie s ’~
, t j  I s t  (‘LI l’IV- ’ VA ’~’ s ’ s I ~I S ’ O t O l

~~) h o u i ’ s; st ud U , ’ li~ ui’ s: l ot’ t l i t ’ 1 ao u ss ,~ i -  I — t ’~
’sib los : ‘1 an sI  H ”  —

A dd i i i - :  t ’ t ’ d u n d s t u a ’ v  t o  C o u s s r l s l u I i L ’ s i t  i on  s ’o t i t  t o t  ( I 1 ’ ~~’t 1 p — ~~~L~

5 i Id (IL ’ I ~; 1 : 1 1  I .~ s i n s  I y I no l ’ s : l  5~ ‘ I la t ’o 1 1 s i t ’  11 i t  y o I ’ t Ia’ s :y t oni —

io  sa ’ h ‘ ‘V O any  1 5 ’~t i  i t ’I  c a n t -  I u u s ’ V O S I S : c  I u i  s\ ’ s ; t  ‘nI u ’ s ’ I I s i t ’  II I

i l k  u ’ o s i t  1 t I  i t  I on ~; ‘ i i  Id H ‘ ~‘: I v ou t a I uss r 1’OV I t i~ ’ t Ia’ ‘s i I I 5 - ~ 1 5 ,  C’ 51 1 ou 5

‘n i l na 1 ~I u ’ o i t p —  -~ s~ and t i t s ’ NdI ” l - I IU ‘ I ’ i ’ oL ’os ~ s;a u ’ ‘ i t  
~— l U - 

~~~~~~~~i T ’ ~~~~~~ ~~~ ~~~~~~~~ ~~ ,



- 

~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

61

TABLE 8 P REDICTED AND FINAL OBSERVED RELIABILITY FOR
THE Na -BAND SYSTEM SUBGROUP AND GROUP ELEMENTS

TITLE PREDICTED AIRCRAFT ROOFTOP
MTBF + MTBF +

MODEM -PROCESSOR GROUP 107 61 147
ANTENNA ALIGNMENT 11981 2208 8645#
POWER CONTROL PANEL 15664 1104 8645#
R OLFv’ 1602 COMPUTER 981 441 764
MODEM CONTROL PANEL 3054 368 1528
ME SSAGE PROCESSING UNITS 506 2207 8645#
SYNCH-DEMUX UNITS 324 184 764
CODE GENERATOR 1993 2207 8645#
FREQ SYNTH 1500 1104 8645//
RUBIDIU M STANDARD 1405 2207 3056
REPORT BA CK DEMOD 1830 1104 1019
FOREWARD- REPORT BACK 17497 11 04 3056
CONFERENC E DECODE 5582 2207 1019
MODULATOR 8374 6244# 3056

INPUT-OUTPUT GROW -’ 1000 595 327

COMMUNICATION CONTROL GROUP
MODEL “A” 158 156
M ODEL “B” 2423 1460

ANTENNA CONTROL GROUP
M ODEL “A ” 808 616 389
M ODEL “B ” 868 976

SATC OM SET (Na -BAND )
~IODEL “A ” 39 23 42
MODEL “B” 52 29

+ FINAL CUMULATIVE W,TBF BASED ON RELEVANT FAILURES

# CALCULATED AT 60% CONFIDENCE LEVEL

4’ COMBINED MTBF ESTIMATES PER DCL 
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TABLE 8 PREDICTED AND FINAL OBSERVED RELIABILITY FOR
THE Na-BAND SYSTEM SUBG R OU P AND GROUP ELE MENTS

( C o n t i n u e d )

TITLE PREDICTED AIRCRAFT R O FTOP
MTBF4 ’ MTBF+ M TBF +

COMMUNICATION TERMINAL GROUP
M ODEL “A ” 1,29 65 86
IS ODEL “B” 135 69

POWER DISTRIBUTION 2713 2901 3385
LOW VOLTAG E POWER SUPPLY 4196 8207# 3385
LIQUID-AIR HEAT EXCHANGER100000 2901 1128
PUMP-CONTROL MODULE 1939 1451 1128
COOLANT LINE-FITTINGS 100000 82O7// 1693
RUBIDIUM STANDARD 1405 725 957 6#
1 MHz FREQ SYNTH 6537 8207# 9576#
STEPPABLE FREQ SYNTH 24732 8207# 9576#
FREQ GENERATOR 6524 8207# 1,128
LOW NOISE AMPLIFIER 1548 1451 677
DOWN CONVERTOR 4570 1451 9576#
RECEIVER 100000 1451 1693
AUTO TRACK RECEIVER 3028 2901 9576#
DOPPLER CORREC TOR 2555 1451 338,5
EXCITER 4436 967 1128
RF M ODULE (Tw’r ) 949 363 484
HIGH VOLTAGE POWER SUPPLY 675 363 1693
TRAN SMITTER LOCAL CONTROL 855 4j4 846
TRAN SM ITTER REMOTE CONTROL2 7O65 82O7# 9576#
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C HAPTER 6

C ONCLUSIONS AND REC OMMENDATIONS

The results of the assessment conducted in this

study obviousl y indicated that th e EHF SATC OM Set, which

is hi ghl y complex , can be expected to have a relatively high

incidence of malfunc t ion .  It appears , however , that potential

re l iabi l i ty  growth to an MTBF of approximately 60 hours may be

obtained.  This is based on f indings from the analysis of the

data obtained from f l igh t  test mal funct ion reports discussed

in C hapter f ive . Growth beyond this level will require con-

siderable reliability improvement for the two groups, the EHF

communication terminal and the MODEM , which are currently

experiencing most of the fa i lures .

To reach an MTBF of 100 hours or more , extensive re-

desi gn of the RF terminal would probably be required to avoid

using redundancy extensively as a main rel iabil i ty improve-

ment approach , an approach which can be costl y from a weight

and volume point of view ,

Recomm endations for further consi de ration inc lud e

a reli ability improvement program which addresses the use

of p r inted c i rcuits in place o f wire wrap in the MODEM/

Processor Group and the redesign of the high power amp lifier

an d power sup ply in the Communication Terminal Group ,

64
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1 a definite level of rel i sU b i l  i Lv may be houc~h t

in the or ig ina l  contrac t  fo r  the equ 1 p n t o t - i t ,

including si tes t - i I ’ig progran ’ ;

~, the equipment  may he m o d i f i e d  to i u i c l ’ o s i s o

the r e l i ab i l i t y;

3 r edundan t  c i r cu i  ts and - or components  may ho

used to increased r e l i a b i l i t y5  :‘i : s ~i

4. dor st t ing  of ps~,rL t ;  may he used for  greater

rel i si ’b i1 it -~’ .

Ut ’  these me thods , t he pro rerred m e t h o d  is to buy a rt~l iahl~’

design and the necessary t e s t i ng  to j -’rOVo the rd iabil i t y  of

the sit’S I gn in the  or ig inal con t r ac t,  Thus , coo 1-ly a c t i o n s

to provide i’d iab i l i  t ,v are p z ’cvont ed  after t he  equ i p m e nt -

is i n  the f i e l d .
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o x i n t s  for  the problem . Also the  MLE is the mo at efficient

i’er a. 1;tr~- e sample s i z e d  Shoornan in the pr eceding’ sec t i o n  of

h is text  discusses i n t e rva l  es t imates  ( c o n f i d e n c e  c o e f f i c i e n t )

:&s ;tddt-oss ed in Appendix D. This gives the a n a l y s t  some idea

oI ~ how precise the point estimate is0 MLE is clearly the l i t - s t

cho i ce , s ince i t  is the only es t imator  which  al lows a simp le

computation of variance .

The alove forms the basis for the calculation of the

~ “FF value: ; as show n in the body of the  r epor t .  For exam p le ,

in ~ab1e ‘ , at the subgroup level the a i rc ra f t  data. for the

Ui tth Vo IIaE-:e Power Supp ly ( TASRA Nr~ 3t’2 ) had accumula ted

2 Q C 1 tes t  hours and a total  of 8 f a i lu res .  Thus the estimated

I~’Vf ~F based on the observed data is 2901 d iv ided  by 8 or 3~’3
hours . The calculat ions of MTBF at group and system levels

are based on the models given in Table 2 and Figures 7 and 8.
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TABLE 14-2

CRITICA L VALUES OF THE ~O~ P.~OGO~ OV SMIRNOF F TEST STATIST IC
N — s.m~ 1, t ie . C • i.~~ 1 Id ~ nCt level . S S t ’ 9fl t ,C~~Fi~~~ level

N C • 802 902 932 982 992
5 — 2 0 1  102 52 22 12

.900 .950 .973 .990 .995
2 .684 .776 .842 .900 .929

3 .56.3 .636 .708 .735 .829
4 .493 .365 .624 .689 .734

5 .447 .509 .363 .6.27 .669
V 

4 .410 .468 .529 .571 .627

7 .381. .436 .483 .538 .576
I .358 .410 .454 .507 .542

.339 .387 .430 .480 .513
10 .323 .369 .409 .437 .489

11 .308 .352 .391 .437 .468

12 .296 .338 .375 .419 .44 9 U

13 .285 .325 .381 .404 .432

14 .275 .314 .349 .390 .418

IS .26.6 .304 .338 .377 .404

16 .238 .295 .321 .366 .392
17 .250 .286 .318 .3~~ .38.

18 .244 .279 .309 .346 .371
19 .237 .271 .301 .337 .361

20 .232 .263 .294 .329 .352

22 .221 .233 .281 .44 .337

24 .222 .242 .269 .301 .323
26 .204 .233 .259 .290 .311

28 .197 .225 .250 .279 .300
30 .190 .218 .242 .270 .290

32 .184 .211 .234 .262 .282

34 .179 .205 .221 .25 4 .273

34 .174 .199 .222 .247 .263

3* .170 .194 .215 .241 .258

40 .163 .189 .210 .235 .252

•pproxf~a~ 1on 107  1 22 1.36 1.52 1.63
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‘I’able 19 Program Coding ( C o n t i l i u l ’d )

[ ioc CODE KEY COMMENTS LOC CODE KEY COMMENTS
‘OU~ ‘42~ ~TO~~ ~~~ 95 =

21 21 65 x
• 42 STO 01 1

23 23 00 0
76 ibi 00 0
11 A 05 ~l5
44 sur~i 42 STO
22 22 ..~C’ 2 6
91 R/S 91 R/S
y6 1b1 ‘ ‘

~~~ ihi
01 12 B ).4 n

42 STO 43 RCL
24 24 2~ 25
91 x/s 75 -

76 lbl 43 RCL
13 C 06 26 26
43 RCL 95
23 23 91 R/S
35 i/x -76 ihi
94 +/- 10 E’

02 65 x 43 RCL
43 RCL 24 24
24 24 23 m x
95 42 STO
22 INV 10 10 x(T)
23 lmc 07 91 R/S
7.5 - ‘~6 ibi
01 1 19 D’
95 = .5)
94 +/- 53 (

03 65 x 4 j  RCL
01 1 26 26
00 0 75 -

00 0 71
95 = 33 x
42 sro 08 42 STO
25 25 %Ft(T) 11 11 y(T)
91 R/S 91 R/S
76 ibi y6 ibi
18 C’ 15 E

04 43 RCL 43 RCL
22 22 10 10
55 . 32X~~~ t43 RCL 43 Rd
21 21 1~ 11

L -“. - -
. 
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:nu tC b e r oP i ’~ 1lat-ev , Thus , the  f o l l o w i n g  C h i— O q u a r e  formu i. :il

w ’ .’x ’ c u s> .- - i  to o a t i m a t t ’  the  c o n f i d e n c e  i r it erva l : i  fo r ’  the

: 1.tl’I1’ , ’ t ’ ’ I’ : 0 ? ’ I t t.  cX ~ orient I I l l  d i s t r i b u t i o n  in  w h i c h  t he

PIt h l a r ’ t ,’n wei ’~.’ v c p a l i - x ’iJ or replaced .
V 

= TN ~ /X 2 (a /2 )  , uppe r l i m i t

= 2N ~~~~
/ >4

2 (1 - (a / 2 ) )  , lowe r l i m i t

. 4— 
-

N = Number’ of failures ,

DF = Degrees of Freedom = 2N

3113

= 0.05, significance level for a 9 5% c o n f i d e n c e

friterval. A formula on Table 6—2 of l~eference (18), titled

“E ’ oi- centiles of the Chi-Square Distribution” , gives a good

approximation for X2 (p, a) in terms of the standard nor- 
4

mal variate Z. Therefore for the upper limit

x2~~/2) = DF(l - 9(DF) - 

‘ 

z ( 
9CD~~ 

2~~~ 3

and for the lower limit

x2(i - (c~/2)) = DF(l - 9 ( D F )  ÷ ~ 9( DF)  ~ 
½~ 3

Let Z = 1.97, the Z value for two sided symmetrical upper

and lower conf idence  l imi t s .  A program , Table 20, was

formulated for the TI—58 programmable calculator based on

the above formulas (26).
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Table 20 Program Coding (Continued)

LOC 100E KEY COMMENTS LOC COD E KEY COMMENTS

~r 7 5  -

11 A 43 RCL
6~ x 06 06
0~ 2 54
95 /4.5 y

X

42 STO 05 03 3
01 01 65 x
91 R/S 43 RCL
76 lbl 01 01
12 ~ 95 =

01 42 STO 35 i/x
V 02 02 65 x

91 R/S 43 RCL
42 STO 01 01
04 04 65
76 lbl 06 43 RCL
13 C 02 02
43 RCL 95 =
01 01 91 R/S
65 x 76 ibi

02 09 9 15 E Lower
95 = 53 (
35 1/x 43 RCL
65 x 06 06
02 2 85 +

95 07 01 1
42 STO 75 -

05 05 43 RCL
43 RCL 05 05
05 0~ 54 )

03 34 x~ 45 yX

65 x 03 3
43 RCL 65 x
04 04 43 RCL
95 01 01
L$.2 STO 08 95 =
06 06 35 i/x
91 R/s 65 x
76 lbl 43 RCL
i4 D Upper 01 01

04 53 ( 65 x

01 1 43 RCL
75 - 02 02
43 RCL 95 =
05 05 91 R/S

_ _  -. —---——-~~ ‘ .- -- ~~~~~~~~~~~~ ——_ - —.-
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