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ABSTPSACT

This docun~ent defines the maintainability block diagrams and
muth models and reliability block diayrams for the externally
mounted, automatically expelled/inflated multiplace life raft
for helicepters (automated life raft (~\L~R)). These diagrams
and models serve as a basis for estimating the effectiveness
of the life raft as a survival system and wi l l  be used in
allocation, prediction and failure modes and effects analysis.
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1. ~L-\ 1~~~~~~~~\ : N V ~~~~3 1 1~~ ~~~ :~~ l . ~~~~~~~~V ’2•1 :Vd~ ~~L~~T!:: :V :~~d’ ~~~d L

The AU ~~ : V ’d :.: : t ~\ LR I :i:; t i i  hi t  ~ on by i t s n a t  u :  ~ •is su r v :
-m s~~~e ” - ’  r•’m 1 v e ~-~c r s U ~ Ut  I :~ • 1 it - t t_

and ~t ’  ::~:~~~c t en e v -~ r •~ 1 ~ vs t one:  1 read i no s s :~~.

c n s~~d:: ~ i~ - :ns ~on ~ : i c e n t  . 1’hi~
; ~‘ - : r U ~ie t e :- 1 ~~o n s j _ i e i-~~•J 1~~~V ’ r  a s

sv~~~ t\- ::ou~ w~ t h  5 t i  labi l~ tv , ~~S 3 t’ S 5V V~~J ~~~~~ t~ ’e ~ol 1e’•~ no ~~ 1
and lat- :r c u a n t  i f:eJ ~s a :~~t r t C~t ~t i  1 f l t 3 .1f l1 : 11 V coat  ~cns  1f l J

j V S 5 V e \ V . : S n 5 i \ • S or sche~ u led i i : l t e ! 1 5 u : -e c omp r i s es  t h e
- ma ~~~ :- -t ~~on o: t h e  ~ stallati.c :1 :~t.  t - U - i : t c o  L~~r den ~ind is

ad re s s ’J a t be: h or~ an: .:at ona 1 a ! lVi  1 nt c rV ~~- d i  i t o  love is of m•i~
t e ! l a n c e  by t he  m o d el .  Co r r :  ‘V O  :~ 1 1  :1 e n a :~~ :s t rea to-i i n  a 1

a n d as a rosu  I t  the  b l ock ~] i ram and :~ a n t a i  n a b i  1~ tv model
can be used  to do rm i no t he  c har a ct er  and m a o n i t u d e  of the  •

V\~~~~1~~

ins  t a l l i  t i o n  ma i  :: tonance  d o w n r  ineS and m a in :  en~in c e  suppor t  ~~ ‘:t•ln~is
a t  the o r o, a n 1:V~~t onal and iatermedi •ite Levels o: m a i n t e n i .

2 ALR FL E~cARE BR \jçp
~~ N 

V1~T~~~.T~.RE ~~~~

The 1iBi~ iffords a ~r:iDh1e display of the end item subdivided
into success~ ve1v smaller units . Each unit is identified w i t h
a sur-.marv num ber c c n f cr m ~~no to the requirements of M I L — S T D — 7 5 0 ,
“Work ~n: t Codes an d M a t nt e n a n c e  En~~ineer~~na A n a ly s i s  C ont r o l
Numbers 1EACY:~) ~or Aeronautical EOU~ p r ient ;  L’ni form Number:n~
System . This number is used for Leo~~stic ~u~~ ort Analvs~~s ~•~d
ident :fication durin5~ d o s i e n  and JoveloDment , and for maintenance
reportin~ Jur :n~ oi’et-ational use , thus closine the icop of
Alloc ation , Pr ictien , V e m o ns tr at l e n  anti ~va luation .

1’i~~ ur e  1 ~~~~~ th e A~~~ i n~; t •~ I Iat:on tcr:ace~ ~~~~~ th  a sec-mont or
the x no o f t he  — 4  e he 1 as cent:.: nod n 

V

t)l~~2~~L~h• ’~~iV’ , Wc’:--z l n :t  ~‘ode M a n u a l  H — 4 i ~ A : r o r a tt  . As ~:~~ic3teathe A :~~ ‘s t a 11 a t  on a~ nr~’s e Lv onv i  s O f l O e  ce:’. t a: ns t roe ~ca:’~’n
Rep laco~~b Ic  Asse :’to i:es ~\~R~-\ 

5~~~~ 
~: ~~ fo Re  f t  Co: ’ . t  a ner Coc~~n 1 t

and ~‘eb’. U Control . ~ t sh ou l d  be n~ ted that the ma~ or co:i ’nts o~
t h~- ~ a f t  Co : ’ . : ax ne:- , :no f i : -~~t :our Shou ~ ~~~‘lacea:-
~ SRA s)  

• are Coy- ‘rn r t t e  ~V’U S S ~ t hod ~diu ‘iont CI-1~ . T. - - - L ’~~~~~
’

P Cf l C f l t S  i’- ’ in c  lud ’d :n :h: s m a in t a i  n3~~i 1~ tv  assossme~ . -: c n r o v  :de
a true V ~~~ ~~V ’ . o the eve ra Li :\Lfl ns tel L • i  t on ~~a : : .  V ~~~~~~~~ ~~~~ ~~~~~~~~~~

The i I : : eel c c mce n o n  s end ‘~~i r i_ n c  ar e  cons  i do • ‘d 1 U

• : ‘~~~~~~~~ • • ‘ 1  V 5 5  tne t or’e ~~i t i_on •’. I •‘io. i_ fl t oneace ‘.~eu Id ho r e r’o r ted
• • ic~~ 1- ~or • U n :  t code c 4 2 i ~L~O . Any  o tnc  A i1

mars ~~‘~‘ors m i  he u sed to exercise the m a i n t a i n a b i l i t y  m o de l .

3. \l.~z ~~~.‘ N A ~~I~~ 1TY V~~~CK DtAGR.-\M

The to -‘~ e 1 ‘ia i :‘. ta: n•ib: I v b lock  di acram for  t h e  .‘tL lI j  shown
i n  I-’: err .’ 2. T h i s  die  re :U i _ :~d :c’.to~ what  m a :  n: onence  mu s t  be ro~ —

t~ ’ rmV c . . ’e’.• : . r’: : - r : ormod . V~~~ne  lv i  t ic  th  s r5i O: : •:  I e t o  l- :~eV le’- e  ~ - : i r ~ a 1 1 i :on I :~~k’:~tur.~ r ’ s u  i t - s in  t he  do in  en of  r i
t u :‘.e:’: : 1-s : wor ~~ n:•o’~aces , • . how can ma’. r it e  I n d ’ :  I

I ~~~~ ,u t ~U’e r burden o t  r ecu  t re e  ‘ra 1 f l t : • i t i ~ ’e .’
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4. PL?.~~N ED MA I NTENA ’ :E

The Planned Ma in t en an c~ Block of the d iagram refers to the planned
m a i n t e n a n c e  requi remeni_~ of The Naval Avia t ion  Main tenance  Program
(NAr-1P) as defined in Ch -pter 11, Volume II of OPNAVINST 4790.2A.
The •~I.~R installa tion su~ tort  is based on the requirements of the
ALR wi th  their rationale are defined in the following paragraphs.

4.1  TURNAROUND INSPECTIO N

This  inspect ion is conducte~ prior to the first flight of each day
and each subsequent f l i ght  t - .~ ensure  the in tegr i ty  of the ALR
ins t a l l a t ion. Since the ALR ‘~ystem has a bu i l t  in test capabi l i ty
which is exercised as part of the pilot ’s preflight check list,
the main tenance  turnaround is imi ted  to a visua l inspection of the
Li fe R a f t  Conta iner  for securi t  and obvious damage.

4 . 2  SPEC IAL INS PECTION V

A special inspection is an inspect~on with a prescribed intervalother than preflight, post flight , laily, turnaround , calendar/
phased or SDLM (Standard Depot Leve Maintenance). This inspection
may or may not be required for the A~ R , however it shall be con—
sidered when analyzing the final des: .n configuration of the ~\LR
ins ta l lat ion . The d r i v i n g  cons idera t.  ‘~n necessitating this inspec-
tion is the probabil i ty  that  the ins ta ‘ation does not unacceptably
degrade w i th  time bet~’ieen complete func -L o n a l  checkouts . Co~ p 1ete
funct ional  checkout is planned during tie; H-46 Phase Inspection
which equates to a 400 f l i ght  hour inter-  .1 between checkouts .
Dependent on a i r c r a f t  u t i l i za t ion  the cal edar time I :ween check—
outs w i l l  be from 5 to 20 months wi th  10 t - . 12 most r ‘ble.
Current  ALR concepts may use water sensing ‘.witches of the
automatic actuat ion,. These switches do not have a ver - Liable
performance h i s to ry  and, should they be used, Special 1. oction at
28 clay in te rva l s  would be established to tes i_ these swit ,. acs for
proper operat ion . Hence the need for, and the .n te rva l  of , this
Special Inspection, shall  be dependent on f i na  ALR design conf igura~ S -

tion.

4 . 3  PHASED INS PECTION

The 1-1—46 hel icopter  phased inspection is a series •‘f four  re la ted
inspect ions tha t  are per formed sequen t ia l ly  at I O h  tour i n t e r va l s .
One of these phases sha l l  include a comprehens ive  spectiori of the
A LII i n s t a l lat i o n .  The l i f e  r a ft  conta i ner w i l l  ci t :  .r be replaced
or removed , insoected , and tested at the in t e rmed ia t e  ‘.eve l of
ma in tenance  and r e — i n s t a l l e d  on the a i r c r a f t .  Thi3  a ‘t ion w i l l
ensure t ha t  the GFE container will be m a i n t a i n e d  in aL ordance w i t h
NA V AI R l 3 — 1 — t --~.l , “ Av i a t i o n — C r e w  Sys tems M an u a l , I n f l a t  -t b  Survival
Equi cmcnt” . ~Jhile the container is removed all ALSR c i i  r a ft  w i r i n c
will be inspected and checi-zed out. The intermodiate Ic’ 1 r e q u i r e —
ments  s h a l t  ho per the NAVAIR Manual.

, ( 5 S 4 ~~ S 41 . • 4  - -  s- ui
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4.4 CORrII:C TIv E (UNS ~-Cll ED t JL CD) ~‘J~I N T E N - \ N C E

Correctl y maint : enance  is a r e su lt  01 d i  ~crc ’panci es note]  ~I t t r i  fltj
p lanned  m a i n t e n a n c e  or r ep o r t ed  by p i l o t s  a f t e r  unsucces~; 1 u l  pre-
f l i g h t  t e st .  The l a t t e r  r ep resen t  en i~apect  on o v e r a l l  1 l — 4 b  heli-
copter av a i l a b i l i t y  and henco m ai n ta l  nability features of ALR desiqti
shall receive special attention in th is  area .

5. MMNTAIN~BILITY MATh EMATICAL MODEL

- 
I Figure 3 is a flow chart of the math  m ode l used to drive maintain-

ability quantitative parameters . Abbreviations, constants and
variables are d e f i n e d  as follows :

WRA Weapons Replaceable Assembly
BCM9 Beyond Capabili ty of Intermedia te Main tenance

(Item condemned)
BCM1— 8 Beyond Capability of Intermediate Maintenance

( I tem shipped to Depot l e v e l )
MH/FH - Manhours per F l ig ht  Hour
A Maintenance Action Rate per 1000 Flight Hours
ET Elapsed Time in Minutes
CREW Average number of men required for the ma in tenance

action
TURNAROUND Performed every two flight hours and \ 500 per

1000 f l i gh t  hours
SPECIA L Performed every 28 days or 38.4 flight hours and

A = 26 .042 per 1000 f l i g h t  hours
PHASE Performed every 400 flicht hours and \ 2.5 per

f l i gh t  hours

5.1 MA I NT E NANCE DOWN TIME ... 
~~~
. V

ALR preventive maintenance is performed concurrent w i t h  e x i s t i ng
H—46 preven t ive  m a i n ten a n c e  requirements  and hence has no e~~foot en
aircraft downtime . ALR Mean M ain t en ance Downtime (MMDT) ani Ma~~i~—tenance Downtime per F l igh t  Flour (DT/FH) are computed as follows :

MMDT = (( Repai r  A * Repair ET) + (Replace  .\ * Replace  ET ’~)
((Repair A + R eplace \ ) ‘~~ O )

DT/FH = ((Repair  \ * Repai r  ET) + (Rep lace \ * Replace ET~~)

• 0.000*60)

5.2 ORGANIZATIONAL MAINTENANC E MANh OUR S PER FLI GHT HOUR (ORG MU.- 1-il )

ORG . MH’FH is a suirmation of preventive ( PREV ORG Ml L F11 ’~ and
corrective (CORR ORG MJ1/ ’FH) times, and is computed as fol lows :

- — V-_ _ _  ——— - -  ~~~~~~~— -_ V V- - -  ~~~~~~~ _VJ
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PR EV ORG MH ’FU ( ( TURNA R OUND \ * TURNAR0W ~’ ~T * TURNA R OUND
CREW ) + (SPECIAL \ * S P ! C I A L  E’F * SP E C I A L
CR EW ) + ( PHASE A * PHASE ET * PHASE C R E W ) ) /
(lOOO~~~O)

COR R ORG ~11-L ’FH = ( (RE PAIR \ * REPAIR ET * R E P A I R  CREW ) 4
(REP T ACE 

~ 
* REPLACE ET * REPLACE C R E W ) ) , ’

üOOO *~~o)

ORG Ml-I/FH = PREV ORG MH/FH + CORR ORG MFI/FH

5.3 INTERMEDIATE MAINTENANCE MANHOURS PER FLIGHT HOU R (IN T MH/FII )

INT MN/FH is also a summation of preventive and corrective time , and
is computed as follows :

INT MH/FH = ((PREy A * PREV ET * PREV CREW ) + (~ : - WpA x
* REPAIR WRA ET * REPAIR WRA CREW)),(lUUu-’~6O)

6. SUMMA RY OF RELIABILITY ANALYSIS

The system was analyzed for f l i g h t  s a f e t y ,  mi s s ion , and maintenance
m a l f u n c t i o n  R e l i a b i l i t i e s .  This ana lys i s  inc luded p red ic t ions,
allocations , Failure Mode and Effects Analysis , and test program
design . All numerical reliability requirements were met, and no
verifiable single failure points were found.

6.1 GENERA L DISCUSSION - S --

Three types of Reliability have been analyzed: 
-

a. F l igh t  Safe ty  R e l i a b i l i t y  - - . --

b Mission R e l i a b i l i t y
c. Maintenance M a l f u n c t i o n  R e l i a b i l i t y

Flight Safety Reliability is the probability that no hardware f a i l u r e’
will cause a ca tas t rophic  acc i d e n t .  For this system , t h i s  is
essentially equivalent to deployment of the raft(s) w h i le  f l y ing .

For this system , Mission Reliability is defined as the probability
that the rafts would success f u l l y deploy whenever the system was
actived .

Maintenance Malfunction Reliability is the probability of no hard-
ware ma lfunction requiring maintenance action.

The simultaneous analysis of all three types of roliabilit is
essential to truly optimize rh o system . For examp le , ad ch t i on a l
l e v e l s  of redundancy tend to improve the f i r s t  two types or relic—
bility but maintenance malfunction reliability is deqradccl .
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6 . !  The tT L~’1 lo win g  ¼lrou nd ru les  were used fo r  dc~ i~in ev a l u a t ion :

a. No si nq ie  t a  i lure sli t 11 cause a f l i g h t  sa fet y  loss.

b. No s ingle  failure shall cause a mission loss.

c. The p r o b ab i l i t y  of f l ig h t  s a f e t y  loss s h a l l  be in  the
‘ remote ” category ( R f s  gr e a t e r  than •9~~~ )~~ •~~ or about  10

m i l l i o n  hours  between s af et y — a f f e c t i ng  hardware failures).

d. M i ss i o n  R e l i a b i l i t y  shal l  equal or exceed .90 for  439.65
f l igh t  hours (18 ca l enda r  months ) under f ie l d  condi t ions.

e. M i s s i o n  R e l i a b i l i t y  shall  equal or exceed .98 for  one
hour bench tes ts .

1. The system shall have a 9O”~ probability of passing tests
desiqned to demonstrato the requirements of ground rules
4 and 5 a t  the ~)O- . - conf idence  level.  

-

g. Subject to the above constraints , Maintenance Malfunction
R e l i a b i l i t y  sha l l  be max im iz e d .

h. The r a f t s  themselves are considered Government Furnished
Equipment ( G E E )  and are not sub jec t  to the above ground
rules .

6 .3  DES iGN CHANGE RATIONA LE

P r e ] im i na r ’~ Re l i a b i l i t y  a n a ly s i s  i nd i ca t ed  tha t  the sv’~~~’-~ as define~in  D2l.)_ 1l~~ ~ l was not c apab l e  of m eet i ng  the above - . ru les .
Acecr d in g ’.’~ , the  desi .m was mcdi :ied to that  show n in - 

~h e mat i - ’
of F iqur • .-’ 4 .  The fo l l o w i n g  are th~ r a t i o n a l e  for  thes.  . .~~: es:
( 1)  The p r e l i m i n a ry  Fa i lu re  Mode and E f f e c t s  Ana ly s i s  ~d emi z i f i e d
several  wi~~ine  s i ng l e  f a i l u r e  points  for  both f 1i~iht  sa:e o’ and
miss ion  r e l i a b i l i ty  ( e .g .  ooens , shorts to power , and shor ts  to
g r o u n d) ;  ( 2 )  The p i lo t s manua l  f i r e  capabi l i ty  was inh i i~i ted by the
zero speed sensor , but the cab in  sw~ tch was not .  The prc- 1 im inarv r ~11 —

abi. li tv ~ r - -’d i ct ~~on i ndi cate:l that s~ nci le  scui bs even “ l i x  — R - ’d” squi u~could tiot m eet  the “bench ’ ~1i ss Lofl  R e]  i ab i i i  tv re ~~~ rement . . 1 thou~~ - .
the wa ter  sens ing  switches  were capable  of m e e t i n g  a l l  r equ i  r eme nt s ,
a si g n i  f ic a n t  impr ovement  in  both redundancy leve l and a l l  numeri  ccl
reliab ilit -~~es could be roali :ed by u t i l i z in g  s wit c h i ng  l~~~ic already I

on board the hel i c o p ter .
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7. RELlAL~t LITY BL0~’~ DI A GRA MS

Figure s 5 , t2 , 7, and S are the rel iabi lit block diaqr~~1s for
Main t enance  Ma l f u nc t x o n , “b ench”  M i s s i L n , “ f i el d ”  Mis s ion , and
Fli~~h~ S : e ty  ~c l x ab i l  I t ies  respcct~ vclv . U n l e s s  o therwise  noted ,
all nur ,~ - - ’r s  are “etfective ” or “averm.~e ’ failur e rates ~n fa~ lures
per mill ion hours . Numbers such as .0 (O )l23 are a short fo~~i for
.00000000123 I, liJ~c’-:ise •~~~~~~~~~~) 123 .9O9’~9l23) . M I L — S T D — 7 5 t ~ coiwen—
tions are applicable.

8. RELIABILITY PREDICTIONS

Figure 9 is a computerized reliability prediction for the four
different types of reliability . These predictions utilize the
logical relationships (redundancies ) shown iii the Reliability
Block Diagrams . All numbers are failure rates in failure per
million hours . Converted to reliabilities , the system ~-alues
are as follows : 

-

- Failure Time Predicted ‘quired
Rate (Hrs ) Reliabilit’ ‘ iability

Maintenance Malfunction 632.380 1 .9(3)36
“bench” Mission 24.009 1 . 9 ( 4 ) 7 5 9
“field ” Mission .061 43t •~~ 5 .9(7)3~ O
Flight Safety .0(8~ 175 4-3~~•~~5 .9(l2)22~ •a (7)

The Maintenance Malfunction value indicates an avera~ u ~ime of
1581 fliciht hours be tween m a i n ten a n c e — r e q u i r i n g  mal f ~~nc t± ous .
The r ema in ing  r eli a b i l i t i e s  exceed t h e ir  roqtiirement~ by a mar-
gin big enough to assure ~I0- .~ probability of passing a ~~0~~V - con-
fidence test. These mar~.iins are also large enough to assure
that a worst case (—3 siqma ) d e v i a t i o n  would still mee t the
requirements.

9. RELIABILITY ALLOCATIONS

Figure  10 is a comPuter i ?ed r e l i a b i l i t y  a l loca t ion  for the four
d i f f e ren t  types of r e l i a b il i t y . These  a l l o c a t i o n s  u ti  li  . e  the
logical relationships ( ro du n d an c ic~~ show n in the R e l i -~b~ l i t y
Block Dia~jr cms . A l l  numbers are f ai l u re  ra tes  in f a i l u r es  per
milli on hours. If the system level ~redictcd failure rate is
1L’SS than the r ec iu ir ements , the prour am a l l oc at e s  the Dr e d i ct e d
valu es to the ce:~ penents . I f  the sv~~tcm level pr edi c ted  t a i  l u re
ra t e is creatcr than the r e q u i r em e n t , tn c  rrocr -~m a l lo c at e s  the
required value to the components i :i p reoer t io n  to the i r r el .Vt t iv e

I cont r ibu t~ cn to the system level prediction (proportioned burden
ap p o r t i on m e n t)  .
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lx 81.765 3.83e 3.836 0.0 TOT~.L: AUTCUAT IC ARM CI R C U IT

1X 111.572 C.C06 0.000 0.002 TOTAL : ‘ A R M ’  C I R C U I T
11 c~ 8 1 R.C002 ‘FIRE’ C IRCUIT

lx C.) 0.0 0.000SUE4TOTAL

12 997 1 PC. RO. PC. AUT OMATI C FI RE CIRCUIT
1 75 1 26. .302 .C02 .C02 SWITCH NR,1

75 1 26. .302 .002 .002 SWITCH GEN~~2,1

~,, 75 1 26. .332 .C02 .C02 SWITCH NR,2
1t 75 1 26. .002 .C32 .002 SWITCH • GEN42,2

IX 1C3.918 0.0 0.0 0.0 T O T A L :  AU T C~~A T ! C  F IRE  C I R C U I T
~~“ ~~ 7 1 P.002 P .C02 R.C02 MANUAL ~ I~~E CIRCUIT
• 75 1 26. .3C2 .C02 .002 SWITCH FIRE

79 2 41. ,C. ,C. C.0 L IG H T , I N ’I C A T E
20 75 2 26. .002 .C02 ,C. SWITCH TEST

IX I5S.87.
~ C.C32 C.3)2 0.1)02 TOTAL: MAN UAL F I R E  C I ~~C’ J iT

V 
IX 263.751 2.332 0.032 O.th, o TOTAL : ‘F IR E’ C I R C U I T

21 993 1 P.0546 P24.0Cc ‘DEPLOY RAFT ’ CIRCUIT

1X 0.0 C.C55 24.009  0.0 SUBTOTAL

22 SC 1 2 P .3 2 7 3  P12.0045 RAFT CIRCUITS
23 145 2 64.1EO ,1~~5.C&4 ,72570. ,C. SQUIB

2X 128.?Sc 3 . C 2 7  12.3C5 3.) TOTAL: RA FT C I R C U I T S

IX 2~~~.S 1 7  3.0 55 24. 039 0.3 T O T A L :  ‘ D E P U C Y  R A F T ’  CI~~C~.IT

IX 6 2 1 .882 C .C o l  24 .009 0.0 T O T A L :  L I F E  RA F T  S Y S T ~~’A V

ALLOCATION

FIGURE 10 CONTINUED
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10. FAILURE MODE AND EFFECTS ANALYSIS (FME A)

Figure  11 is a computer ized F a i l u r e  Mode and Effects Analysis
(FMEA) . “Opens ” , “shorts ” , “shorts to power” , and “shorts to
ground” were analyzed . Since both inputs and outputs were
anal yzed , wiring failures are also covered . After redesign , no
mission s i n g l e  f a i l u r e  poin ts  were i d e n t i f i e d. A u t o - i g n i t i o n
of the squibs would be a f l i g h t  s a fe t y  s ingle  f a i l u r e  po in t ,
but we were unable to identify any recorded instance of this
mode . The basic technique for protection against shorts to
power and shorts to ground is switch disconnection of both
power and ground connections. The technique-in conjunction with
twisted pair power/ground wiring-gives better protection against
EMI induced firing that is possible with shielded wiring .

11. RELIABILITY TEST PROGRAM

The requirements  for  this  program do not specifically call for
a Reliability Demonstration Test. However , they do say that:

a. Each system shal l  be designed for  a probabi l i ty  of success
(reliability) of .98 at the 90% confidence leve l for bench
testing .

b. Each helicopter system shall be capable of demonstrating a
reliability of .90 at the 90°~ confidence level when com-
pletely installed in the subject helicopter.

These require that a test program be designed so that the system
would be capable of passing such a test if it were r u n .  MIL-STD—
781 gives test p lans  which  demonstrate at 9O~ (and other) levels
of confidence , but this , by itself , is insufficient to respond to
the above r equ i remen t s !  The reason is tha t  hiqh confidence tests
(such as MIL-STD—781) are so powerful in rejecting bad equipment
(less than the re~1uirernent) that it also has a high probability
of rejectinq good equipment! For example , take recuirement a.
above (R of .98 at 90 1?, c o n f i d e n c e) . F i g u r e  12 shows t h a t  if you
were to conduct a test of 114 components (or systems ) with no

V 
• f a i l u r e s , you would demons t ra te  a r e l i a b i l i t y  of .98 at the 90~.conf idence  l eve l .  Now suppose you entered t h i s  test  with 114 com-

ponents w i t h  a t rue  r e l i a b i l i t y  of exac t ly  .98?  You would f i n d
tha t  you have only a ~~~ chance of pass ing  the test . * In o ther
words , if you repeated this test a number of times, an averaqe of
9 out of 10 tests would “flunk” (have one or more failures) . I t
t u r n s  out t h a t  j u s t  to have a 5 0 — 5 0  chance of passinci the  test ,
you must qo i n to  the  test w i t h  a true reliability of .99394 , eVen
though the requirement was only .98. In fact , in order to have a

*Thc th eorc ’-icai c ror in this statement is rccooni~ ed but  is V

not signi fi cant to the conclus ions cit-ye loped .
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