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In today's complex ~yste~ns, such as Saturn, many traditional reliability 

analysis concepts are not acceptable. &cause of time and budget restric- 

tions, and the requirement to provide a "nan rated" space vehicle, the 

Douglas Saturn Engineering Reliability Section has developed a new analy- 

tical approach; it is call "criticality ranking." It is a "totem pole" 

of components whose single failure may lead to system loss. "Criticality 

ranking" is one of the results of an analytical model which encospasses 

failure effect and reliabil2ty prediction. 

This paper describes this analytical model, discusses some of the tech- 

niques and ground rules, and presents examples. A discussion of the 

application of the resliLts is also included. 



INTRODUCTION 

The o ld  proverb, "a chain i s  no stronger  than i t s  weakest l i nk , "  has been 

the  bas i c  philosphy of r e l i a b i l i t y  s ince  i t s  conception. The i n i t i a l  de- 

s ign  approach generated by t h i s  philosophy was t o  attempt t o  make each 

"l ink" i n  tne r e l i a b i l i t y  "chain" a s  s t rong a s  the  next "link". This 

approach o r ig ina l ly  produced markedly increased r e l i a b i l i t y  f o r  nominal 

d o l l a r  investment but  a s  the  conponents have become more r e l i a b l e ,  the 

cos t  has increased exponentially. Tnis cos t  aspect  of increased r e l i a -  

b i l i t y  has spawned many new approaches towards r e l i a b i l i t y  and r e l i a b i l i t y  

t e s t i n g .  Douglas A i r c r s f t  Co., i n  i t s  Saturn R e l i a b i l i t y  Philosophy, 

be l ieves  t h a t  it has found a n  approach t h a t  w i l l  allow the next major in-  

crease i n  r e l i a b i l i t y  t o  be accomplished a t  r e l a t i v e l y  low cost .  The 

method considers the  use of the  r e l i a b i l i t y  "chain" but takes advantage 

of the  f a c t  t h a t  the  " l inks"  a r e  ne i ther  equal ly s t r e s sed  nor a r e  the 

11 lin.Ks" equally inpor tan t  t o  the success of a mission. Therefore, they 

do n ~ t  have t o  be equal ly s trong.  mis approach leads t o  " c r i t i c a l i t y  

ranking" of the " l inks" t h a t  a r e  e s s e n t i a l  t 3  the  success of a mission 

and neces s i t a t e s  the s h i f t  of design and t e s t  a t t e n t i o n  from the simple 

r e l i a b i l i t y  of a p a r t  to  i t s  c r i t i c a l i t y .  

The purpose of t h i s  paper i s  t o  present  how t h i s  " c r i t i c a l i t y  ranking" 

is determined and how it nay be applied t o  ~ p t i m i z i n g  the r e l i a b i l i t y  

of a systea.  Tnis w i l l  be acconplished i n  three  s teps .  F i r s t ,  a 

R e l i a b i l i t y  Matheaatical I - t~de l  - Fai lure  Effec t  Analysis technique w i l l  

be presented. Tnis w i l l  determine tinme "l inks" i n  the chain t h a t  a r e  

e s s e n t i a l  t o  the success of a mission. Next, an a n a l y t i c a l  technique, 



which includes r e l i a b i l i t y  ~ r e d i c t i o n ,  v i l l  be discuss?d. This technique 

w i l l  determine the' s t r ess  on th-se "links." Finally,  a br ief  discussion 

of the combined analyt ical  model resu l t s  w i l l  be presented. It w i l l  

s t r ess  the  application and use of the resul ts .  



I. RELIABILITY !~!TE~L4TICAL MODZL 

The pLrpse of the Reliability Mathematical E'Ddel is to provide early 

prediction analysis to determine whether initial allocations can be 

met, and to point out weak "links" in tne system. It consists of 

basically four major elements of effort: 

1. Preparation of reliability block diagrams for functional 

syste-m. 

2. Preparation of a single-failure effect analysis at the 

component/part level. 

3. Reliability allocation. 

4. Reliability prediction. 

*en though Item 4 is part of the Reliability Mathematical Model, it 

will be discussed in the second portion of this paper since it deals 

with the stress on the "link." 

The Functional System used as an e x a ~ l e  in our discussion of the 

Reliability Mathematical Model will the the "Ullage Tositioning" Sub- 

system of the Saturn S-IV Stage (~i~ure 1). During Saturn S-I to 

S-N Stage separation four ullage rocket Dotors on the S-IV Stage 

are fired to avoid any unseating of the S - N  propellant tank contents. 

This occurs between the decay of S-IV thrust and build-ap of thrust 

fron S-IV engines, when zero "g" is experienced. Figure 2 is an 

artist's conception of the S-I/S-N Stage separation after the ullage 

rocket motors have ceased thrEting and the stages are still relatively 

close together. 



A.  RELIPBILTIY 9V)CX ?I,?GRLJS 

To p r e p r e  a funct ional  r e l i a b i l i t y  block diagran f o r  t h i s  

pa r t i cu l a r  subsystem, t h e  t o t a l  3-N Stag? must f i r s t  be 

separated in to  i t s  maJor funct ional  subsystems. This breakdown 

i s  shown i n  Figure 3.  Since the  "Ullage Pcsitioning" subsystem 

is considered a s   art of t h e  serara t ion  function.  it i s  contained 

within a breakdokn of the SeFaTaticn Subsystem, coded as V-IV-60 

i n  Figure 3 .  Figure 4 provid?s t h i s  subfunctional breakdown of t he  

Separation Subsystem. Fina l ly ,  Figure 5 shcws the r e l i a b i l i t y  

block diagarc of t h+  compnznts t h a t  Frovide the  "Wllag? Positioning" 

functisn.  It should be noted, t h a t  the subsystem dzpsnds on 

W c t i o n a l  in;iuts from other  subsystems which are  shown by the two 

arrows with a coded rzference. This subsystem is highly redllndant; 

t h a t  is, proper ul lage posi t ioning may be accom:lished with any th ree  

rocket  motors f i r i n g  which i n  turn  a r e  i n i t i a t e d  by redtindant 

Exploding Bridgewire (EBW) Fir ing  Units and E3W bbtor I n i t i a t o r s .  

A b e t t e r  ?icture of t h e  ?hysical  arrangment of t h e  a c t u a l  hardware 

i s  provided by Figure 6 which shows the r e l a t i v e  locat.ion of t h e  

conponents i n  t he  S-Ff Stage. 

Charging of t he  f i r i n g  u n i t s  is accomplished i n  f l i g h t ,  

ap;roxinak!ly seven seconds p r io r  t o  t r i a e r i n g .  The p w e r  fo r  

charging these u n i t s  comes from t h e  "E lec t r i ca l  Power" subsystem, 

which i s  coded a s  V-I!J-51 ( F i g n e  7) and i s  a subfunction of t h e  

" E u x i l i a y  Power" subsystem. 'Ihe "Ullage Rocket Igni t ion  Charging 

28VK Power" subfunction i s  shown as "Function V i n  F i a r e  8. Figure 9 



provides the  block diagram of the  hardwsre which provides t h i s  

function. It should be noted here, t h a t  t h i s  dia- is arranged 

for  f a i lu re  e f fec t  analysis  ra ther  tban a s  s t r i c t l y  a r e l i a b i l i t y  

type block diagram. The "Ullage Rocket I g i t i o n  Charging Relay, y," 

coded a s  V-IY-51-22, provides fo r  connection of ba t t e ry  power t o  

charging the 5'.4 f i r i n g  u n i t s  upon receipt  of a command from the  

InstTment Unit (I.U.) which is located above the  S-N Stage. 

The I . U .  commandand the power o ~ t g u t  a r e  shorn by the coded 

arrows in the block diagram of Figure 9. The output i s  coded 

V-N-60-09, which references back a s  an input (charging) in 

Figure 5 .  

The t r igger ing function of EBV firing uni t s  i s  accomplished upon 

receipt  of an e l e c t r i c a l  sips1 from the S-N Sequencer. This 

item i s  a component of the "S-IV Sequencing" subsystem, which is 

shown a s  a subfunction of the "Electrical" subsystem, coded a s  

V-N-72 in Figure 10. The S - N  sequencer subfunctions are  shown 

in  Figure 11. Since f i r i n g  of the ullage rockets occurs pr ior  

t o  S-IY Stage powered f l igh t ,  t h i s  function al)pears under 

"Sequencing Pre S-IV Fl ight  Functions" and is noted a s  "Function 

C" i n  Figure 12. Upon receipt  of a command from the  I.V. e i t h e r  

re lay  can provide 28VDC e l e c t r i c  pover t o  t r igger  four E B W  f i r i n g  

units ,  one per rocket, and thus f i r e  a l l  four ullage rockets. 

B. F A m E  m C T  EJIbLYSIS 

The Failure Effect  Analysis i s  study of the  system or subsystem 

from t h e  standpoint that any single c ~ m ~ n e n t / ~ r t  may f a i l  



inopportur.ely. The f a i l u r e  e f f e c t  ana lys is  considers  w h a t  happens 

a f t e r  such an event occurs. The r e s u l t s  of  t h i s  ana lys i s  then serve 

t o  d i r e c t  design a t t en t ion  and t e s t  e f f o r t s  in t h e  e a r l y  design 

and developnent s tages  of a program. 

The Saturn S - N  Stage R e l i a b i l i t y  philosophy is that no 

independent f a i l u r e  i n  a subsystem should abor t  t h e  fli&ht. 

Since s t r i c t  adherence t o  t h i s  policy i s  not  ~ r a c t i c a l v i t h i n  t h e  

confines of  a t i n e  and budget l imi ted  program, it is important t o  

minimize stage l o s s  probabi l i ty .  This d i c t a t e s  an analys is  which 

i s  based on component r e l i a b i l i t i e s  and f a i l u r e  e f f e c t .  

A s  w i l l  be noted l a t e r  in t h i s  p?r, the  occurrence of a par- 

t i c u l a r  t~ o r  mode of f a i l u r e  does not  always r e s u l t  i n  a l o s s  

of t h e  system and consequently, not  a l l  of t h e  compnent u n r e l i a  

b i l i t y  cont r ibutes  t o  s tage l o s s  probabi l i ty .  Accordingly, t hese  

s ign i f i can t  p r t i o n s  of t h e  u n r e l i a h i l i t i ~ s  must be determined. 

To accomplish t h i s ,  the components e s s e n t i a l  t o  mission success 

must E i r s t  be iden t i f i ed .  This c a l l s  fo r  a f a i l u r e  e f f e c t  ana lys is  

and ground r u l e s  which produce a n a l y t i c a l  r e s u l t s  cons is ten t  with 

probabi l i ty  theory. The concept shoir. i n  Figure 13, developed and 

used by the  k u g l a s  Saturn R e l i a b i l i t y  Analysis Sections, has been 

used as the  bas ic  ground r u l e .  It shows t h a t  a l l  s ingle  f a i l u r e s  

of  conponents must be analyzed t o  determine t h e  e f f e c t  of t h e  

f a i l u r e  on the  S-IV Stage; i . e . ,  whether o r  not  t h e  f a i l u r e  w i l l  

l e ~ d  t o  s tage lo s s .  For a n a l y t i c a l  ourposes, t h e  e f f e c t s  of a 

compnent f a i l u r e  on t h e  system have been c l a s s i f i e d  a s  follows: 



Effect of Failure Probability of Loss 

(~e;tain) loss of (~ame of System) lo@ 

Probable loss of ... 5@ 

Possible loss of ... I@ 

None @ 

Since failure of a component m y  or may not cause loss of the 

subsystem performance, the probability of loss can be determined 

from analysis of the function of the component in tine system, 

system test results and past experience. Effect of a component 

failure on the performance of a subsystem is dependent on the 

time and trpe of failure, the degree of severity of the failure, 

and the amount of redundancy in the subsystem. ('Fne manner in 

which these conditional probability values are used for evalua- 

ting component unreliabilities is illustrated in FiguTes 19 and 

24). 

Figures 14 through 17 are actual examples of the failure effect 

analysis for the components which were discussed earlier in 

comection with the "Ullage Positioning" function. The code in 

the "item" column is the Reliability Mathematical Hodel identifi- 

cation number and it can be used to refer back to the particular 

block diagrams associated with the item in the failure effect 

analysis. 

The analysis itself is prepared by utilizing systez or subsystem 

functional schematics, logic diagrams, component and part drawings 



and spec i f ica t icns ,  f a i l u r e  da ta ,  t e s t  r e s u l t s ,  and o ther  

per t inent  i n f o n a t i o n .  In deternining the  e f f e c t  of component 

f a i l u r e  on subsystem .erformance or the  e f f e c t  on t h e  S-I3 

Stage, t h e  four following f a i l u r e  r c  a r e  considered: 

1. Premature operat ion.  

2. Fa i lu re  t o  operate when required.  

3 .  Fa i lu re  during oyerst ion.  

4. Fai lure  t o  s top  , o p r a t i o n .  

Since a s ingle  f a i l u r e  a such a s  "o:sn c i r c u i t  on a 

re lay"  may cover t he  f a i l u r e  e f f e c t  ana lys is  of severa l  

f a i l u r e  modes, it may a l s o  be used, e s ~ j e c i a l l y  in con>uncticr 

with pneumatic o r  mechmical comronents. As i n d i c ~ t e c  in  Figures 

14 through 17, t h e  ana lys i s  describes t h e  e f f e c t  of  conxnen t  

f a i l u r e  on subsystem Fr fo rounce .  It a l s o  poin ts  out  t h e  e f f e c t  

on the  S-IY Stage and t h e  Saturn Vehicle should f-zilure cccur 

during t h e  manual countdovn (checkout on launch p2d), t h e  auto-  

matic countdown sequence, t he  boost phase of f l i g h t  31id t h e  

powered phase of S-IY Stage f l i g h t .  Since the  time from component 

f a i l u r e  t o  t h e  e f f e c t  of t h e  f a i l u r e  on the  Saturn Vehicle is an 

important parsmeter fo r  hergency Detection md fi-bort Systems, 

t h i s  information is a l s o  included. It i s  termed Fai lure  Reaction 

TLwe (FKP) and is defined in Figure 18. Applic2ble FXC's a r e  

shown in the  f a i l u r e  e f f e c t  ana lys i s  (Figure 15, 16 2nd 17) in 

conjunction with "Mission Loss" o r  "Vehicle Loss." These l a t t e r  

terms a r e  a l s o  defined in Figure 18. 



It should be n*:ed, t h a t  the physical  ceuse of a given f a i l u r e  

type, o r  mode, is  not emphasized i n  analyzing the  e f f e c t  of the 

f a i l u r e .  For example, the e f f e c t  of a solenoid va lves ' s  f a i l u r e  

t o  operate when required ( f a i l u r e  t o  open o r  close a s  requi red)  

i s  considered and analyzed without any attempt t o  pinpoint  

whether the f a i l u r e  was caused by l ack  of cornnand ( e f f e c t  of a 

primary f a i l u r e ) ,  defect ive solenoid w i r i n g ,  jammed valve-stem, e t c .  

Thus there  can be mult iple causes f o r  the applicable type o r  mode 

appearing i n  the f a i l u r e  e f f ec t  analysis .  M y  of these causes 

of conponent f a i l u r e  a r e  well  b o r n  t o  the designer and the t e s t  

engineer. During the  R&D progren every e f f o r t  i s  taken t o  e l i n i -  

nate the c r i t i c a l  congonent f a i l u r e  types by "designing out" the 

potential. causes of f a i l u r e .  

The r e s u l t s  of t he  f a i l u r e  e f f e c t  ana lys is  can be suwar i zed  by 

l i s t i n g  those components t h a t  are e s s e n t i a l  t o  mission success. 

I n  o ther  words, any component whose s ingle  f a i l u r e  i n  f l i g h t  m y  

l ead  t o  S-IV Stage o r  Saturn Vehicle l o s s  is an e s s e n t i a l  c o q n e n t  

t o  mission accomplishment. It should be emphasized, t h e t  t h i s  

ground r u l e  contains t'ne terms "s ingle  f a i lu re"  and "in f l i g h t " .  

Tnese "e s sen t i a l  conrponents" in the Saturn Progra.. a r e  c a l l e d  

"Flight C r i t i c a l  Items." By reviewing the f a i l u r e  e f f e c t  ana lys is  

i n  our example ( ~ i g u r e s  14 throw&h 17) ,  the following F l i g h t  C r i t i c a l  

Items can be l i s t e d :  



"Ullage Positioning" Subsystem 

Ullage Rocket !.'&or (4)  

"Elec t r ica l  ?overn 3~bsystem 

U l l a ~ e  Rocket I w i t i c n  Charging Relay (1) 

"S-IV Secuencing" Subsystem 

F i r i n g  Ulla.ge Rocket EZ'd Relay (2)  

In t h i s  exsmple, it is assumed, t h a t  o ther  components in t h e  

"E lec t r i ca l  Power" and 'IS-IV Sequencing" subsystems a r e  r e l i6o le .  

I n  a c t u a l  s r z c t i c e ,  other cox>orents nay be added t o  t h i s  l i s t  of 

"Fli&.t C r i t i c a l  Items" fo r  t he  con-slete "Ullage Positioning" 

function; however, t h e  items would be l i s t e d  under t h e i r  subsystem 

breakdown. This i sbecause  many e l e c t r i c a l  and SeFencing compnents 

provide mult iple f'mctions and each conponent's unrel iabi l i t -3 must 

be accounted fo r  in i t s  respec t ive  S~hSyStem. To determine t h e  

r e l i a b i l i t y  of a complete system, such a s  t h e  S-FJ Stage, t h e  sub- 

systen r e l i a b i l i t i e s  a r e  taken i n t o  account only cnce. On t h e  o ther  

hand, when we s p 3 k  of t h e  r e l i a b i l i t y  of a ~ r t i c u l a r  flmction, 

t he  r e l i a b i l i t y  of a l l  compnents cont r ibut ing  t o  t h i s  funct ion  

must be considered. In our e-gle, two r e l i a b i l i t y  f igures  can 

be establ ished:  (1)  t h e  r e l i a b i l i t y  of  t h e  "Ullage Positioning" 

subsystem and (2 )  t he  r e l i a b i l i t y  of t h e  "Ullage Positioning" 

function.  The use of t h e  Re l i ab i l i t y  ! .h themt ica l  V&el Code rind 

t h e  Block Di2grw.s enables t h e  user  t o  e s t ab l i sh  both r e l i a b i l i t i e s .  

C . RELIX3EITY ~OC.~.TIC!ll 

It i s  imperative t h a t  a wel l  in tegra ted  r e l i a b i l i t y  Frogram be 

aggressively pursued i n  the  desigp of a system t o  assure,  with 



high confident$, that an acceptable "inherent reliability" is 

designed into the equipnent. The matLematical model is a nost 

useful reliability tool for this purpose, which among other uses 

allows the apportionment of the overall system reliability require- 

ment (contractu~v applicable) down to the component or part level. 

This apportionement is the reliability allocation, and should not 

be confused with the reliability prediction. 

The individual component and subsystem reliability allocation 

(actually the unreliabillty is apportioned) for determining which 

subsystem components are potentizllv_ the most unrelieble, is based 

on results of a paired coroparison analysis and operating time con- 

siderations. This statistical analysis is made using several 

engineers' rating of the severity of such qualitative variables 

as physical complexity, functional complexity and state-of-the-art 

for the component. For consistency, the following definitions of 

the variables were used: 

m i c a l  Complexity 

This relates to the number of elements in the system, the 

number of dependent structural (physical) relationships 

between them, and the possible structural (physical) 

reactions to their expected environment. 

Functional Complexity 

This relates to the number of functions performed, the 

tolerances on these functions, and the inter-relationships 

of these various functions with each other and their 

exterior stimuli. 



Stat2 of the . b t  

This r e l a t e s  t o  the  amount of h is tory  available on the  

use of similar  materials, devices, or  techniques. 

The Saturn 3-N s t lge  c o m ~ n e n t  and subsystem r e l i a b i l i t y  a l loca-  

t i c n s ,  together v i t h  the fa i lu re  e f f e c t s  analyses, serve t o  

indicate p t e n t i a l  r e l i a b i l i t y  prablens. This a ~ p l i e s  t o  components 

or subsystems i n  which the state-of-the-art  i s  new and t o  components 

and subsystems whose known fa i lu re  probabi l i t ies  are  higher than 

the  ~ I l o c a t e d  unre l i zb i l i ty  . 

The r c t . a l  S-IV Stage al loc3ted cm;onent r e l i a b i l i t y  i s  c lass i f i ed .  

Re l i ab i l i ty  z l locat icn  was discusszi  here only t o  complete the  

picture of t'cs Rel idoi l i ty  !.htheaaticzl >!&el. 

TI. CRTPIC.%LITY FUL:XEG 

"Cr i t i ca l i ty  ran?.i'igV is a "totem s l e "  of f l i g h t  cr i t ic11 items, 

with ezch iterr b;,:irg an associated re l : t i re  c r i t i c a l i t y .  These 

c r i t i c a l i t y  nunbers ;re derived by essessing a l l  a rpl icable  commnent/ 

p r t  f a i 1 ~ - e s  for  t h e i r  contribution t o  stace loss .  Tne item which 

contributes more t o  probabil i ty of stage loss  thrrn another item, w i l l  

end up v i t h  the  larger  c r i t i c a l i t y  number. The ranking of a l l  items 

provides a convenient comsrison of t h e i r  contribution toward stage 

135s. 

I n  judging the  c r i t i c a l i t y  of an item, i . e . ,  i n  assessing the  contr i -  

bution toward stage loss ,  it is necesz ry  t o  use a consistent  s e t  of 

ru les .  Figure 19 shcws the worksheet used by DAC Re l i ab i l i ty  Analysis 



Section personnel to  determine the c r i t ica l i ty  of an i t e m .  It also - 
defines the.data columns. This worksheet i s  divided into two phases 

of effort. The f i r s t  phase summarizes the re l iab i l i ty  fai lure effect 

analysis and the second phase selects the c r i t i ca l  items and deternines 

their degree of cr i t ical i ty .  To use th is  worksheet, four major factors 

must be considered and applicable data entered prior to further mathe- 

matical handling: 

1. The possible types or modes of fai lure for the iten. 

2. The frequency with vhich the item f a i l s  i n  each of the 

applicable fai lure types or modes. 

3. Tbe probability of item failure (for all fai lure types/modes). 

4. The stage loss  frequency vhen the particular type or  mde 

of fai lure occurs. 

Specifically, the criticality number i s  the portion of the inherent 

item unreliability assignable to  all of the applicable fai lure types 

6 
o r  modes of sn item which contribute t o  stage loss, multiplied by 10 . 
A simpler definition of the c r i t ica l i ty  number i s :  "item unreliabili ty 

6 
vMch leads to stage loss, multiplied by 10 to  f ac i l i t a t e  h a n u  of 

the number." 

'?.b determine the crit icaLtty of the i t e m s  Fo our example, a more 

detailed description of the i t e m  function and the actual. hardware i s  

necessary. Figure 20 provides a picture of the Ullage Rocket Motor 

Installation vhich lists all conponents of the "U~Lage Pos i t ionm" 

subsystem. The unlisted, but s h m  i t e m s  belong to  the "ULlage Rocket 

Jettison" subsystem and w i l l  not be discussed. 



One EBW firing unit is provded for each point of initiation. Since 

there are two points of initiation for each rocket igniter, eight EEW 

firillg units are provided, two in each of the four ullage rocket motor 

installations (see Figure 5). An EBV firing unit consists of the 

following functional elements (~efer to Figure a): 

a. A high voltage power suppkv vhich converts the 28 vdc input 

power to approximately 4,000 vdc. 

b. A storage circuit consisting of a capacitor and an associated 

bleed-and-monitoring network. 

c. A trigger circuit that receives a signal from the S-IV 

sequencer and ionizes a gap switch. 

d. A gap switch wich is connected in series with the charged 

capacitor and the EEM load. h e n  ionized, the switch allows 

energy to be transferred to the EBW load, therby, firing the 

motor initiator. 

e. A pendant high-voltage cable that transmits the firing pulse, 

minimizes the generation of noise, and protects the EBW 

motor initiator fron picking up stray fields of radio 

frequency energy. 

The EBW firing unit is triggered by 28 vdc pover coming through the 

S-IV sequencer. Firing unit charge time is less than 4 seconds; 

discharge time, upon removal of power input, is 15 seconds maximum. 

A cross section of an WI Motor Initiator is shorn in Figure 22. 

When the EBW firing unit is triggered, the discharge literally 

explodes the bridgevire in the EBW MDtor Initiator. This wire in 



t u rn  i n i t i a t e s  the pyrotechnic n ix  which r eac t s  rap id ly  and ruptures  

t h e  c losure  d isk .  The output of t he  i n i t i a t o r  i g n i t e s  t he  Ullage 

Rocket Ign i t e r .  

Figure 23 provides a view of the i g n i t e r  and rocket  motar assembly. 

The Ullage Rocket Ign i t e r ,  when ac t iva ted  by the  two i n i t i a t o r s ,  

starts the  s o l i d  propellant  rocket motor. The propellant  p a i n  burns 

for  approximately 3.6 seconds providing forward t h r u s t  t o  t he  S-IV 

Stage. 

The R e l i a o i l i t y  Kathematical Model Sumary fo r  the "Ullage Positioning" 

subsystem is shown in  Figure 24. The "Ullage Rocket I w i t i o n  Charging 

Relay" of t he  "E lec t r i ca l  Power" subsystem i s  included fo r  comparison 

purposes only. The f i r s t  four columns i n  Figure 24 s m a r i z e  the  

r e s u l t s  of t he  f a i l u r e  e f f e c t  ana lys is .  Taking t h e  BL' f i r i n g  u n i t  

as an example, it is shown t h a t  there  i s  no associated stage l o s s  

when e i t h e r  a s ing le  u n i t  f a i l s  t o  f i r e  when required o r  f i r e s  prematurely. 

Therefore, t h e  s tage l o s s  frequency i s  shown a s  zero i n  both cases.  

The j u s t i f i c a t i o n  f o r  t h i s  "no f a i l u r e  e f f e c t  on S-IV Stage can be found 

in t h e  f a i l u r e  e f f e c t  ana lys is ,  Figure 14. The same app l i e s  t o  t he  E E W  

motor i n i t i a t o r  and the  ul lage rocket  i - i te r ,  except t h a t  premature 

f a i l u r e  is not  applicable and therefore  not included i n  the  ana lys is .  

Thsse u n i t s ,  by themselves, carnot  o p r a t e  prematurely. 

Four f a i l u r e  types a re  l i s t e d  a s  applicable f o r  t h e  u l lage  rocket  

motor. Th? f a i l u r e  e f f e c t  ana lys is  i n  Figure 15 provides the  data 



for the "Stage loss frequency" column in Figure 24. As previously 

indicated, the ullage rocket motor is a "Flight Critical Item," since 

burst, burn-t;hrough and "Chuff" of the rocket can cause an S-IV Stage 

loss, which in a l l  cases can be classed as a catastrophic type of. 

loss. The "probable loss of the S-IV Stage" is weighted as 5 6  and 

tine "possible loss" as 1 6  in the "stage loss frequency" colur. 

This type of weighting derates the failure effect statement in the 

analysis since the effect of the mentioned failure types is neither 

totally "black" (lo@) nor totally "white" (@). (~urst or burn-through 

of the rocket notor can occur radially in any direction, even away from 

the airframe). 

Since the actual reliability of these components is classified, the 

entries to the right of the "stage loss frequency" column in Fieure 

24 haire been selected as "typical" for this type of hardware as used 

in our example. At this point, Figure 19 can be referred to for 

definition of the various columns of data. 

Again, taking the EEW firing unit as an example, it is shown that 

the criticality nuQber is a summation of the item unreliability 

assignable to the applicable failure types which contribute to stage 

6 
loss, multiplied by 10 . Since neither premature firing nor failure 

to fire of this unit leads to stage loss, the criticality number is 

zero and all tine unreliability of this item is listed in the 

"Unreliability contributing to stage loss" column. It should 

be noted, that this will be true regardless of the reliability of 

the item. With low iten reliability, however, the probability of 

multiple independent failures becomes significant. In our particular 



example a double premature f a i l u r e  of two unadjacent un i t s  (see F i ~ u r e  5 )  

would negate t he  redundancy of the system i f  the f a i l u r e s  occur r i g h t  

a f t e r  t he  un i t s  have been charged. The premature discharge of these 

two un i t s  would f i r e  two ul lage rocket motors a t  l e a s t  t-mee seconds 

prematurely (d i f ference  between time of charging and time of t r i gge r ing  

minus t i n e  required f o r  charging) which would leave approximte ly  1/2 

second of burning t i n e  f o r  the two rockets  when the function i s  a c t u a l i y  

required.  The probabi l i ty  of any two uni t s  f i r i n g  p remtu re ly  i n  our 

example ( ~ i ~ u r e  24) i s  extremely remote: 28 (.00002) x (.00002) o r  

1.12 x (s ince there  a r e  28 conbinations f o r  premature double 

f a i l u r e  of t'ne 8 un i t s ) .  This predic t ion  is very conservative, s ince 

it assumes f a i l u r e  of any two un i t s  ( r a the r  than unadjacent un i t s ) .  

Tne above example brings out  the importance of the "Failure t-fie-mode 

frequency" which is v e q  much responsible f o r  the remoteness of t'ne 

premature double f a i l u r e .  This term i s  defined as  the " f r ac t ion  of 

item u n r e l i a b i l i t y  associated with the indicated f a i l u r e  type." The 

da ta  i n  t h i s  column indicates,  f o r  example, t h z t  only one pe-cent of 

a l l  EBW f i r i n g  un i t  f a i l u r e s  w i l l  be of the "premture  f i r i n g "  type. 

Uhen su f f i c i en t  t e s t  data is not ava i lab le  t o  de ters ine  t h i s  f ac to r ,  

ana lys is  of t he  c i r c u i t  o r  component p a r t s  can be made t o  a r r i v e  a t  

a reasonable estimate. For instance,  a c i r c u i t  s t r e s s  and p a r t  

f a i l u r e  r a t e  count ana lys is  of t he  EBW f i r i n g  un i t  can be performed 

t o  deternine which p a r t  f a i l u r e  w i l l  l e ad  t o  the breakdown of  the gap 

tube causing it t o  discharge without r ece ip t  of a t r i g g e r  s igna l .  

Comparing the  p robab i l i t i e s  of the c i r c u i t  p a r t  f a i l u r e s  leading t o  



"premture  f i r i ng"  v i t h  t h e  p robab i l i t i e s  of  t h e  c i r c u i t  part f a i l u r e s  

leading  t o  " f a i lu re  t o  f i r e "  e s t ab l i shes  t h i s  "Fai lure type-mode frequency" 

f ac to r .  It should be noted, t h a t  t h i s  fac tor  f o r  t he  EB'd f i r i n g  u n i t  i s  only 

important from the  mult iple f a i l u r e  standpoint.  The c r i t i c a l i t y  number 

fo r  t h i s  item i s  zero and w i l l  remain zero a s  long a s  the single f a i l u r e  

effect ground r u l e s  a r e  i n  e f f e c t .  Ey t h e  sane ground ru l e s ,  t he  c r i t i c a l i t y  

numbers for  t he  EFd notcr  i n i t i a t o r  and the u l lage  rocket i g n i t e r  i s  

determined as zero. 

The four th  item of t h i s  a t t r i b u t e  (one shot)  group i s  the  ul lage rocket  

motor. Here " f a i lu re  t o  f i r e "  is t h e  only ncr ;c r i t ica l  f a i l u r e  type; 

hwever ,  i t s  adjusted f a i l u r e  r a t e  or  f a i l u r e  prcbabi l i ty  cont r ibutes  t o  

s tage  l o s s  on a d B  f a i l u r e  bas i s  because the  "Failure t ~ e - m o d e  frequency" 

i s  high for  a "dud". Thz >robabi l i ty  of a "ric>ble dud" is s t i l l  much smaller,  

however, than the con-cined ?robabi l i ty  of any c a t a s t r o ~ h i c  f a i lu re ,  such a s  

burs t ,  burn-throueh or  "chuff" of a  s ingle  rocket .  

Fven though t h e  c r i t i c a l i t y  n-umber f c r  t h i s  item i s  based on a s ingle-  

f a i l u r e  bas i s ,  t h e  "No Stage t c s s "  ~ r e d i c t i o n  in the b!athematical !4odel 

(See Figure 13)  considers mult iple  f a i l a r e  ? robab i l i t i e s  of redundant 

items. An analys is  made of many h a l l i s t z c  n i s s i l e  f l i g c t  t e s t s  j u s t i f i e s  

t h i s  s ingle  f a i l u r e  e f f e c t  ground r u l e  fo r  t h e  se l ec t i sn  of "Flight  

C r i t i c s 1  I texs ."  

The c r i t i c a l i t y  nunber fo r  t he  "Ullage 3ocket I p - i t i o n  Ckarging Relay" 

(Figure 24) is more t h a i  tvo  t i m ~ s  l a rge r  t b n  the  c r i t i c a l i t y  number 

of a  s ingle  u l l sge  r m k e t  motor. This amazes r5ny engineers 



since the r e l a y i s  20 t i n e s  more re l i zb le  than the  rh-ket motor 

(compare the  fa i lu re  probabi l i t ies . in  Figure 24). This great  difference 

o'bviously i s  w t i a l 3 y  governed by the  effect  of f a i lu re  and the  fa i lu re  

type-mode frequency ra t io .  Tnis necessitates the  s h i f t  of desi- and 

t e s t  a t tent ion *om simple r e l i a b i l i t y  of a part t o  i ts c r i t i c a l i t y ,  

i.e., t o  the  degree of inportance tha t  the item be highly re l i ab le .  

For ewmple, i f  the  re lay in our e-xmple would be only a s  r e l i a b l e  

a s  the rocket motor, the  c r i t i c a l i ' q  number f o r  the re lay would 

increase t o  4,950. This would mean t h a t  the  relay would contribute 

45 times (k950 divided by ~ 0 )  more t o  the  probabil i ty of stage loss  

than a single ullage rocket motor. This ewmple brings out strongly 

the  fact  t h a t  it i s  e~tremelly 2n1~0rw.t t o  know not ojLy the  "links" 

in the chain thst are  imyr tan t  t o  mission success, but a l so  the  

s t r e s s  tiut these essential. "linlis" must endure. 

111. : E E O C S  OF Fm!I;,E h?PLIC,~.TIO:: 

Tnere i s n ' t  cne of us who has not been faced with the  3roblem of a 

progran v i t h  too l i t t l e  money and too l i t t l e  t ine  t o  do the  job. 

The analyt ical  technique presented gives early,  r e s l i s t i c  discrinination 

c r i t e r i a  which 3rovide greatest  assurance the  progran w l l l  meet its 

requirements v i t h  the  most ef fect ive  money exy~enditure. Given c r i t i c a l  

items, f a i lu re  modes, and the c r i t i c a l i t y  index the companents d e s i w e r  

becomes concerned with t h e i r  application in  the  following areas: 



"premature f i r i n g "  with t h e  p robab i l i t i e s  of  t h e  c i r c u i t  pwt f a i l u r e s  

leading t o  " f a i l u r e  t o  f i r e "  e s t ab l i shes  t h i s  "Fai lure type-mode frequency" 

f ac to r .  It should be noted, t h a t  t h i s  f ac to r  f o r  t he  EB'd f i r i n g  u n i t  i s  only 

important from the  mult iple  f a i l u r e  s tandpoint .  The c r i t i c a l i t y  number 

for  t h i s  item i s  zero and w i l l  remain zero a s  long a s  the  s ingle  f a i l u r e  

e f f e c t  ground r u l e s  a r e  i n  e f f e c t .  By t he  same ground ru l e s ,  the  c r i t i c a l i t y  

numbers f o r  t h e  E N  motor i n i t i a t o r  and the  u l lage  rocket  i g n i t e r  i s  

determined P.S zero. 

The four th  item of t h i s  a t t r i b u t e  (one shot )  group i s  the  ul lage rocket  

motor. Here " f a i l u r e  t~ f i r e "  is  t h e  only n c ~ c r i t i c a l  f a i l u r e  type; 

however, i t s  adjusted f a i l u r e  r a t e  o r  fail 'me prababi l i ty  cont r ibu tes  t o  

s tage  l o s s  on a double failure b a s i s  because t hz  "Fai lure +w+e-mode frequency" 

i s  high f o r  a  "dud". The probabi l i ty  of a  " d c ~ b l e  dud" is  s t i l l  much smaller,  

however, than the combined r r o b a b i l i t y  of any ca tas t rophic  f a i l u r e ,  such a s  

bu r s t ,  burn-through or  "chuff" of a s ingle  rccket  . 

%en though Ythe c r i t i c a l i t y  number f c r  t h i s  item i s  based on a s ingle-  

f a i l u r e  bas i s ,  t h e  "Iu'o Stage Lcss"   re diction i n  the  gathematical Model 

(see Figure 13) considers  mul t ip le  f a i l u r e   roba abilities of redundant 

items. An ana lys is  made of many b a l l i s t i c  miss i le  f l i g h t  t e s t s  j u s t i f i e s  

t h i s  s ing le  f a i l u r e  e f f e c t  ground r u l e  fo r  t h e  se lec t ion  of  "Fl ight  

C r i t i c s 1  1terr.s. " 

The c r i t i c a l i t y  number f o r  the  3ocket 1p . i t i on  Charging Relay" 

( ~ i g u r e  24) i s  more than two t ims  l a rge r  t!un the  c r i t i c a l i t y  number 

of a s ingle  u l l sge  r a k e t  motor. This amazes many erigtneers 



The desiener  may use c r i t i c a l  i te l ls  t o  e s t a b l i s h  which suppl ie r  spec i f ica-  

t i ons  should have nore s t r i ngen t  than normal reqdirenents  f o r  design, 

monitoring, and t e s t  inposed. Since ef fec t ive ly ,  t he  components w i l l  

undergo very  l i t t l e  change once the suppl ie r  has del ivered an approx-ed 

p a r t  t o  the system, i t  is imperative t h a t  t he  design r e f l e c t  mininm 

c r i t i c a l  f a i l u r e  mode prdhabi l i ty .  C r i t i c a l i t y  ranking and f a i l u r e  effecr. 

ana lys is  becoses the bas is  upon which conpeting suppl ie rs  may be evaluated. 

An exanple of t h i s  would be th-ee prospective suppl ie rs  fo r  t ~ e  u l lage  

rocket i gn i t i on  charging re lay .  We know t'nat f a i l u r e  t o  operate end 

m i n t a i n  operation is c r i t i c a l .  ' h e  supp l i e r ' s  re lays  should then 5e  

evaluated f o r  1 )  contact bounce, 2 )  v ibra t ion  res is tance ,  3 )  t:veshold 

p u l l  i n  voltage,  and 4)  continuous duty e l e c t r i c a l  and thermal ra t i r .8  

of the c o i l .  Such non-c r i t i ca l  f a i l u r e  m3des a s  welded contacts  ( f a i l u r e  

t o  cease operat ion) should not be r a t ed  a s  heavily a s  such modes a s  

contact  bounce. Additionally, the suppl ie r  t e s t  program should r e f l e c t  

s t r i ngen t  consideration of these cha rac t e r i s t i c s .  Such t e s t  prograzs 

should analyze the e f f ec t s  of codoined enviror;;ental and c r i t i c a l  opera- 

t i o n a l  s t r e s s e s  on the hardware i n  order t ha t  the in t e rac t ion  of environ- 

ments on the hardware w i l l  be properly invest igated.  

Traceabi l i ty  requirements have been with us fo r  a number of years. Xow- 

ever, a s  r e f l ec t ed  today i n  the  various mi l i t a ry  end space program require-  

ments, they are  somewhat d i f f e ren t  than we a r e  tised to .  We now b a s i c a l l y  

have the  choice of naking ever j th ing  t raceable  down t o  m i l l  and melt, o r  

we can take the route of put t ing  t r a c e a b i l i t y  requirements on ce r t a in  

se lec ted  i t ens .  



C r i t i c a l i t y  renliing i s  an excel len t  d iscr in ina t ion  c r i t e r i o n  i n  t h a t  i t  

w i l l  give the bes t  re turn  f o r  t r a c e a S i l i t y  per  do l l a r  invested. I f  pro- 

g r m  n x ~ e y  i s  too shor t  t o  provide t r a c e e b i l i t y  on a l l  c r i t i c a l  items, 

the c r i t i c a l i t y  ranking index s h ~ ~ d d  be used. For instence only those 

items with a  c r i t i c a l i t y  nmber grea ter  than 100 could be m d e  traceable.  

Tnerefore, i n  the system discussed both the ullzge rockets  ~ tnd  the 

charging r e l ay  should be rade traceable.  Tne port ions of components 

t o  be made sub-trarxable should be generated from the f a i l u r e  e f f e c t s  

ana lys is .  In  the  case of the re lay ,  c r i t i c a l  f a i l u r e  modes center  

primarily around the c o i l ,  e .g. ,  threshold pul l - in  voltage and e l e c t r i -  

c a l  and thema1  r a t i n g  of the c o i l .  This c r i t i c a l  r e l ay  should have the 

c o i l  end even possibly the c o i l  wire t raceable.  'I 'raceability i n  t h i s  

case should 60 t o  the extent  of samples of the physical and chemical 

ana lys is  of the wire used. The a l t e rna t ive  is an expensive time con- 

suning progrem t h a t  could well run in to  .mny mil l ions of do l l a r s  and 

many months of schedule delay. 

Higll r e l i a b i l i t y  programs e x i s t  today. It i s  qui te  c l e a r  t h a t  they have 

one che rac t e r i s t i c  i n  cormon: t h a t  i s  cmponents with vhich they dea l  

a r e  a l l  nore expensive than the  normal Mi l i ta ry  Specif icat ion hardware. 

Because of t h i s ,  high r e l i a b i l i t y  require2ent.s indiscriminately spec i f ied  

will l ead  t o  en excessive cos t  and schedule slippage i n  the program with 

a disproport ionately poor r e tu rn  per do l l a r .  C r i t i c a l  items and f a i l u r e  

e f f ec t  ana lys is  give us a  means f o r  es tab l i sh ing  which of these conpments 

should be Hi-Re1 and what cha rac t e r i s t i c s  should be emphasized. For in-  

stance, the charging r e l ay  would very well  j u s t i f j  high r e l i a b i l i t y  



specification whereas a relay of similar r a t ing  in  application in general 

non-cri t ical  power c i rcu i t ry  has absolutely no jus t i f ica t ion fo r  it. It 

therefore follows t h a t  the designer, where he has a c r i t i c a l  application, 

should use high r e l i a b i l i t y  parts when they a re  available.  The c r i t i c a l  

f a i l u r e  modes from fai lure  e f fec t  analysis provide the basic characteris-  

t i c s  around which the Hi-Re1 specification i s  written. Today's weayn 

systems such a s  Minuteman require high r e l i a b i l i t y  specifications fo r  

components for GSE and for the  f l i g h t  vehicle. However, i n  the  present 

s p c e  prograxns, the  greater emphasis i s  placed on the  launch vehicle 

i t s e l f .  As time goes on and the requirements for  meeting specific limited 

launch windows imposed, we w i l l  see the advent of high r e l i a b i l i t y  p r t s  

being incorporated in to  space vehicle ground support equ ipen t  a lso .  

It i s  well  t o  bear t h i s  i n  mind because we now have a t o o l  i n  c r i t i c a l i t y  

ranking which t e l l s  us what should be Hi-Re1 fo r  ground s u p p r t  equipment. 

hergency detection systems represent a basic technical problem most par- 

t i c u l a r l y  with regard t o  manned space vehicles because f i r s t  the  question 

must be asked "What should we detect?" and then "How sha l l  we detect  i t ? "  

and finally "How and where s h a l l  it be displayed?" - i n  the  capsule, on 

the  ground, or  both? An example of the  use of the technique might be a s  

follows: Cr i t i ca l i ty  oumbers associated with p a r t i c u b  fa i lu re  modes 

.give us the f i r s t  point upon which we can begin t o  base 3 program and 

discrfmination c r i t e r i a .  It should be pointed out here t h a t  any c r i t i c a l  

system fa i lu re  must r e f l e c t  i t s e l f  through a c r i t i c a l  end i t e m  fail=-. 

The item i t s e l f  does not have t o  have fa i l ed  but it must manifest a 

fa i lu re  as though it had. For instance, our c r i t i c a l  relay would appear 



the same t o  the system if i t  fa i l ed  a s  it would i f  power t o  the re lay 

c o i l  fa i led .  Because of t h i s  the  problem of selection of what t o  monitor 

becomes d e f h i t e l y  simplified. The components man now knows by using 

c r i t i c a l i t y  numbers, f a i lu re  e f fec t  analysis, and fa i lu re  reaction time 

where and what character of monitoring he must supply. In the  case of 

the ullage rocket motor, f a i l u r e  e f fec t  analysis points out t h a t  the  c r i t i -  

c a l  f a i lu re  modes are  1 )  burst ,  2)  burn through, and 3 )  chuff. Failure 

reaction time ( ~ i g .  15) fo r  the s ta ted fa i lu re  e f fec t s  i s  .01, .5, 

and 1.0 sec. respectively. We should nov instrument the  motors fo r  

chamber pressure and temperature sensing (burst arid chuff)  and nozzle 

skin temperature sensing (burn through). Depnding on customer evalua- 

t ion,  we should a lso  provide fo r  automatic abort for  rocket burst  and 

perhaps burn through because of the extremely short f a i lu re  reaction 

time and catastrophic resu l t s .  

Screening specifications can now be established by the designer t o  assure 

tha t  any components entering the plant which have an inherent weakness in 

the  c r i t i c a l  functions w i l l  be caught and rejected.  The items t o  be 

screened should be selected from the  t o t a l  c r i t i c a l  items l i s t  or ,  i f  

program money i s  limited, a more alscrimlnatlng selection can be msde from 

the  c r i t i c a l i t y  index. The character is t ics  t o  be inspected should be 

taken from the fa i lu re  e f fec t  analysis. This can be done in  the same 

manner a s  discussed for  the  charging r e h y  under supplier requirements. 

Finally, the  component designer should es tabl ish  t h a t  the fa i lu re  reporting 

system which ex i s t s  in h i s  company, specif ica l ly  reports f a i lu res  on a l l  



c r i t i c a l  items as  sucb, namely, a c r i t i c a l  f a i lu re .  He should a l s o  see 

t h a t  the report jxg system s t ipu la tes  the  specific mode i n  which the com- 

ponent f a i l ed .  The c r i t i c a l  items l i s t  should be used t o  es tabl ish  which 

items w i l l  receive special  expedited a t tent ion i n  the fa i lu re  report ing 

and corrective action system. Provision should be incorporated in to  the 

report ing system for  d i rec t ly  identifying on t h e  report  those fa i lu re  

modes which have been established by fa i lu re  e f fec t  analysis  a s  c r i t i c a l .  

With t h i s  type of information plus the normal r e l i a b i l i t y  s t a t i s t i c a l  

information surrounding fa i lu res  and fa i lu re  analysis, we can go back t o  

the math model and speci f ica l ly  report i n  c r i t i c a l  areas  what has in 

f a c t  happened. This provides for  a much more expedited and meanful 

analysis .  

It has been the purpose of t h i s  presentation t o  describe an effect ive  

t o o l  f o r  technical  management of systems and components r e l i a b i l i t y  

programs. There i s  no doubt t h a t  the type of analysis  presented can be 

carr ied  -her. I t s  probable ultimate end l i e s  in the area of the ac tual  

physical laws surrounding fa i lu re .  Considerable work i s  being provided 

by Armour Research Foundation i n  t h i s  area under A i r  Force funding. 

However, it i s  not presently available today uld not i n  the immediate 

fkture.  It i s  for  both the r e l i a b i l i t y  manager and desigper t o  take 

t h i s  technique which has been presented, fashion, mold, shape, and polish 

it t o  specific needs, and redi rect  it toward the industry. In t h i s  mazmer, 

W i l l  respect for  r e l i a b i l i t y  a s  a technology grow. The degree t o  which 

r e l i ~ b i l i t y  grows depencis a great deal  on how much the  designer respects 

~d uses the  r e l i a b i l i t y  information and techniques provided him. 



S-IV STAGE CUTAWAY 

INTERMEDIATE SPHERICAL 
(COMMON) BULKHEAD - 

ULLAGE ROCKET FAIRING 8 MOTOR 
INSTALLATION(4) 





PROPELLANT 

ACQUISITION 





DESIGNATION CODE: 
ERW.EXPLODING BRIDGEWIRE. 

EBW FIRING UNIT 

- 
IGNITER 

-- kBW FIRING UNlT 
COW MOTOH. 

I! 
0 
C 
XJ EBW FIRING UNIT 
rn 
wl 

EOW FIRING UNIT 

ERW FIRING UNIT 

(FUNCTION C-2) _ 
v - IV  - 5 1  - ROCKCT U 3  PROPER OPERATIC% OF ANY 

(FUNCTION K )  LllW M 0 1 0 K  IGNlTFR 
THREEOF THEFOURROCKETS 

kOW TIRING lJtlIT 
I N l l l A l O H  - CAN PROVIDE SUFFICILNT 

THPVST TO MAlN lA lN  THE CORRECT 
PO$ITION OF L I V  STAGE ULLAGE 
AT TtIC TIME OF S I / L I V  

ERW FIRING UNIT ' EBW Ibl l i lhTOR W T O R  1 STAGE SfPARATIOH. 

ROCK E l  P4 

EBW FIRING UNlT 
EDW MOTOH. . INITIATOU - 



ULLAGE POSITIONING SUBSYSTEM 

ROCKET MOTOR (4  PLACES) 

SEPARATION PLANE 

8 EXPLODING BRIDGE WIRE (EBW) 
FIRING UNITS 

* - 





INCLUDES THE FOLLOrlNG: 
SIX SLWFNCER BUS BARS 
P.U. ELECTRONICS OVCN AND RELAYS 
LOX TANK PRESSURE SWITCH 
COLD HE REGULATOR BACKUP PREUURF SWITCH 
C W T R O L  HE AEGIJLATOU 8ACKUP PRESWRE SWITCH 
F L l U l T  CONTROL ASSEMBLY IHYORAULIC ACCUMULATOR OPEN COMMAND) 
LYSTRWFNT W I T  ELECTRICAL " 

5.1 POWER , 
ENGtNE CUT PRESSURE SVITUiES ENGINE 81 THROUGH .6 

119VAC PO'FER 

- 5 - 7  

DESTRUCT I1 
m V I K  POWER 

PPCSS SW. AND 
EHGINE CUTOFF 

28VDC POWER 

BATTERY 81 

MOTL, THC ulnMo~ A F W C T I ~  IS THE SIMPLE PRODUCT OF THE THE R ~ N H  OF TWE ELECTRICAL POKER SUBSYSTEM IS THE THE PWBABILITY OF HQ STAGE LC% AT TPE WBSYST~U L L ~ L  
RIWH'S OF M E  INDIVIDUAL MATH MOOEL CODE NVMOERED SIMPLE PRODUCT Of THF FtNH'S O f  ALL  MATH MODEL CODE DEPENDS U P W  (1) RlrN OF THE SUSSYSTEM. AH0 (1) M f E  
CaUPOHENTS XHlCH APPEAR ON THE BLOCK DIAGRAM FOR NUMBERED CnNPCWtNTS OF THC SUBSYSTFI( FOR M l C H  PORTIWS OF THE UNRELlABlLITIES OF C W P W E N T S  NOT 
THAT FWCTION. FAILURE EFI CCT ANALYSTS ARC MADF. SUBSYSTEM PI,, IS CONTRIBUTING TO STAGF LOSS PPOIIADILITY. THE LATTER 1% 

NOT TtiE PRODUCT OF THE PIHtl'S OF T t i i  TWCTIONS A TAKCN INTO ACCOCR(T, It4 ACCORDANCE WITH SINGLE FAlLURL 

I 
THROUCti P DCCAUSE THIS PRODUCT INCLIJDCS COMPONENT EFFCCT kNALYS15, IN  THE STATISTICAL ANALYSIS FOR 
RIHH AS A FACTOR hS MANY TIMES AS THE COMPONENT PREPlCl lON OF TI4E PROSABILITY OF NO STAGE L O U  
APPEARS IN THE BLOCK DIAGRAMS. 







PRE S-IV-FLIGHT NORMAL S.1V D.OF-FLIGMT, 6 
IN-FL~WT FUNCTIONS RGENCY ENGIN 

OFF FUNCllOI 

+ THESE FUNCTIONS, APPLICABLE TO THE 
SEQUENCER AS A WHOLE. ARE PLACED AS 
SHOWN FOR FAILURE PROBABILITY ANALYSIS. 

SUBSYSTEM I wMr 

COO€ NUMBER 



(SUB OF V-lV.71.041 

GENERAL NOTES FOR FAILURE PROBABILITY ANALYSIS 
1 .  THE ITEMS SHOWN WITHIN DASI l tD  LINES REPRESENT 

ALL SEQUENCER RFLAY PARTS ON WtllCIi THE "TOP" 
FUNCTION D l  PLNVS. 

2. DEPENOFNCE MI AN ENTIRE RFL AY WITH ONE OR MORE 
ACTIVE CONTACT SETS. IS SHOWN BY A SOLID BLOCK 

3. DEPEN[)ENCF ON A SINCI E ACTIVE CONTACT SET IS 
StiOWN BY AN "ARROW" ITFM. 

4. INI'UTS TO THC SEOLIINC ER ARE FROM THE COUPONENTS 
INDICATFD BY COD[ N U M R f R  FROM THE S 1 STAGE (I-11, 
OR FROM THE IN5TRUMINT UNlT IIUI. 

DESIGNATION CODE, 
EXPLODING BRIDGEWIRE (EBW) 
INSTRUMENT UNlT f l u )  
PROPELLANT UTlLIZAT1ON fPu) 
C W A N D  DESTRUCT RECEIVER (CDR1 

PRESTART VALVE 
OPENING LOX 

PRESTART VALVE 

fV.IV-27.16) 

ROCKET EBW 

(V.IV M).OoA, h.WB) 

CONTROL SWITCH 
NABCING AKEUP PRESS. FUEL SWITCH TANK 

RELAY 

RELAY C7 
RELAY d SIGNAL (V-IV.1504) I 
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DSV4 SYSTEM ANALYSIS 
PROBABlLlTY OF NO STAGE LOSS BASED ON COMPONENT RELIABILITY 

UNRELIABIL ITY - I -REL IAB IL ITY  
[! PROBABILITY O F  r . j  
$ 4  NO STAGE LOSS 11 
E ?  
L. v> j 

REL IAB IL ITY  UNRELIABIL ITY x Y 

STAGE B E l  

TWO OR MORE "X'S'' 4 "Y" TWO OR MORE "X'SD' = "Y" 

r - 7  
NO STAGE il 

* NOTE! 

SYSTEM LOSS PROBABILITY RELIABIL ITY MATH MODEL - FAILURE 
DUE TO ADVERSE TOLERANCF EFFECT ANALYSIS CONSIDERS PRIMARILY 
ACCUMULA,TION WHEN SINGLE FAILURE UNRELIABIL ITY.  
COMPONENTS OPERATE 
WITHIN SPECIFIED LIMITS STAGE 
(ARE REL IABLE)  IS NOT I SUCCESS 

DEGRADATION I 
CONSIDERED I 



A ITW u m o  r m  w w mr RELIABILITY FAILURE EFFECT ANALYSIS 
L I c v s W Y m - * I F U I L  

m n  IY n w  81 conrrm . UnmmrrC X ~ F H Z  
t) K K H T  - O W 3 1  M Y €  
Dl FLWT - %)40 RU?I 

W G E  POS~IOUIUQ 5VssYBlEM (SC9 OF V-IV-63) 

FUYCTlON 

T i r i q  Unit (8)  

l o r  Ullage Rocket I g n i t e r  

v-N-63-lM, v.rv.60-1m 

I 

Ullnge Rocket I g n i t e r  (4) Fjtar ta  rocket motor. 
( a n )  P / R  ~ ~ 3 6 6 9 1  ~ h i o l m l  
v-N-63-11 

FAIWRE TYPE 

1) Pmla tu re  cxploalon of 
b r idg tv l re  (Subaeauent lgn l -  
t l o n  of sasoclnted exploalve 
t r s i n  i n  nssuscd t o  occur.). 

2 )  ?ni lurn t o  explode brldge 
wire when required.  

Fa i lu re  t o  s t a r t  i g n i t e r  
vhen ruquirsd. 

Fa i lu re  t o  s t a r t  motor vhcn 
reouirud. 

F A I U M  EFFECT OH 
W S T E Y  W W L 4 N C E  

None f o r  s l n ~ l c  f s l l u r e .  
Proper operot ion of th ree  
rockets  out  of  four  glvea 
s u f f l c l e n t  t h r u s t  t o  maintai 
co r rec t  u l l age  posl t lon.  

none: ndundsncy provided 

None; redundnncy pmvlded.  
Two i n i t l s t o r a  a re  provlded 
l o r  each rocket ,  snd e l t h e r  
one can n to r t  the rocket 
I g n i t e r .  

- - 

None redundnncy lo  provided 
t o  the  ex ten t  t h a t  proper 
s t s r t l n g  of three out  o r  fou 
motors glven ouf r l c l en t  
t h r u s t  t o  melntaln co r rec t  
u l l age  pos l t lon .  

FAlWRE EFFECT 
0r.i S-IV STm 

A )  1) Ron?: p r s m t u n  node 1 
not  app l l c sb le  becsusc D V  
un i t s  s r a  not charged u n t i l  
C) phaae. 

C) none: ndundsncy provlded 

D )  no t  oppllcnbla.  S t a r t  of 
funct lon occurs p r l o r  t o  D) 
phnne . 
A )  8 )  l one :  not  appl lcnble 
becsuae funrt lon 1s not re- 
o u l n d  u n t l l  C )  phnna. 

C) gone: ndundnncy provlded 

D) not  spp l l cnb le .  l unc t lon  
occurs p r l o r  t o  D) vhase. . . 

A )  B )  None: not -ppl icable 
bc,nuo+ runctlon i s  not m -  
nuired u n t l l  C )  phase. 

C) lone:  redundancy provided 

D) l o t  appl lcnhls .  Function 
occurs y r lo r  t o  D) phsae. 

A )  B )  None: not  sppl lcnble b 
cnuse funct lon In not requlr  
ed u n t i l  C )  phase. 

C) Wane; redundnnry provlded 

D) no t  npplicsble .  Function 
occurs p r l o r  t o  D) phase. 

lone:  e f f e c t  of unbnlnnced 
alde thrunt  10 conaldcwd 
neu l lg lb le .  

Ssme 

' j a m  

some 

Same 

s n m  

same 

Sene 

I 

( R E F E R E N C E  FIGURE 5 )  



C1 T U H T -  BOO51 FWUX 
Ol R M T  - PDIFRLD PWS! 

o s t  ptmss and burn f o r  approxi- 
t s l y  3.6 scconda, f o r  t h e  purpoas 

avoiditq any unseating of S-IV 
nnk contcnta bvtveon the nccay o f  
-I thrust and the  build-up o f  
hrust from S-IV engines. 

z 
6, 
C 
7u 
rn 
-.1 

m 

"chuff" sr tar  rocket t s s  
*en Jettlnunnd could cnuse 
ockct to  strlka nnd domega 



I T t U S  HIJ1KED THUS HI W NOT RELlAElLlTY FAILURE EFFECT ANALYSIS 
A l C C I N T X r n .  M 

OF7RATE 1Y fL IOHI  81 C(U(TOOIM . ~ l r w r ~ c  szcuw2 
CI n l r ~ r  . noosr wnsc 
0 1  F L U I T  . P O w r W D  PM4 

FL~CPRICAL POVW J ~ Y I I T P H  El F L I ~ T  . C w l  PIINL 

FAlWRE CFFECT OH FAILURE EFFECT FAlWRE EFFECT ON I 
A ITEM FUNCTION FAILURE TYPE 

Voltrgr  con t ro l  Osc l l ln t -  3 )  Pni lure t o  s top  o!xrntlun 
o r  Cal thrat ion 3 t n r t  vhcn required t o  the  rx ten t  

*UTE: Thlm Item lncludes 
#witch ( r e lny)  contact. 

(continued ] 

Ullage Rocket I p l t i o n  
Chnrgtnr( R r b y  
For Chargln(l Exploding 
brlclgrvlrc ( K H W )  Units 
Ref. We. Yo. 5H84429 
v-N-51-22 

nm: Thlr  item includea 
sv l t ch  ( r e l y )  con tac t s  
snd c o i l  

Provider f o r  t h e  connection of 
b a t t e v  f2 pover t o  t h e  CharRinu 
c i r c u l t  of EDW f i r i n g  u n i t s  ( V - N -  
@.MA. -mR) used i n  s t a r t i n g  
u l lnge  rocket3 (v-IY-61-12). 

N U I T :  Nominal time for  s t a r t  of 
E'6W rhnrging 1. 7.106 second8 be- 
fo re  S-119-IY newra t ion  time. 

of  no t  de-energizing c a l i b r a  
t i o n  box m e n  rcqulred.  

WELSYSTEM FCRFWVANCE OM S- IV  STACE "c* VEHICLE 

Xnnc; the p v e r  stdhsystem pr A) P b y  i n  lnunchlng o r  !Mas 
formanre is no t  affected by scrub. 
th in  f a i l u r e .  

B) Tnio f a i l u r e  docs not hold Same 
n u L m t l c  count4oun mrqurncn . 

C )  D) b s o  of a l l  da ta  mcqul- ? m e  
Rltion T r a  5-IV s t age .  

1) Premature opcrotion t o  th r  None; t h e  pover subayatem p- A) h l n y  l a  launchlng. 

1 
? m e  

ex ten t  of connecting charglns funnnnce l a  consldcred un- 
power s w n c r  than required.  a r fec tcd  by premature charg- R )  This  fmilure holds nuto- Stme 

ing of 5 W  un l t a  a s  n r e r u l t  m t i c  countdown sequence. 
of t h i s  f a i l u r e .  Thr a l p o l  nhvving unrhwgrrd 

r o n l l t l o n  i s  not  r e d y .  

C )  None; the  r eou l t an t  IZBV- Crime 
chnrpcd connit lon I s  conaldrr- 
c.1 a l p l f l r m n t  "212 i n  the 
*vent a s*eond I a i l u r e  cauacs 
vrrmntur* dlschnrga of these 
u t 1 1  t o .  

D) None; not  appl lcnblc be. 3 ~ 1 e  
cause unltm are c h r g a d  p r i o r  
t o  t h i s  r~hasc.  

2 )  Fa t lu re  t o  operate  when I I A )  B) Inn.; not nppllcnble 3nns 
required,  and t o  umintain the  trrrnuar orwr~ltlrrn i s  not  r e -  
connect ion. Power i s  not  mur~plied fo r  qulrcd u n t l l  C) +.a. I 

rhnrg ing  E8V f l r l n g  un l t a .  1 )  A n  ; n m r n ~ m  mi: m a l r ~ n  I 
h c  t o  pomslble t h rua t  Inas ,  mTW.1 aec. 
thr0up.h engine Fm:, rnv l tn -  
t lun  r r o u l t l n g  f r m  b c k  of  
ullap,r wmltlolllng. 

cnuse  o r r a t i o n  i s  required 



c1 f l . 1~1  - BOOST PWASE 
01 F L G U ~ .  Wwf WD " U 9 C  
CI rLlwr . CWT RUY 

NmE: Chsr~tng  of these ElfY uni t s  
beglns at ncmlnal T-7.106 seconds, 
npproxlmntely meven seconds ahead 

itm trigger c i r c u i t .  

2 
C) 
C 
W 
m 
d 

v 

appllcnt,le brcnuse the f l r l n g  
la  required i n  C) phnsc. 



DEFINITION OF FAILURE REACTION TIME, 
LOSS OF VEHICLE AND LOSS OF MISSION 

TlME OF FAILURE 
7 

RESULTS OF FAILURE 

I FAILURE THRUST EXPLOSION 
LOSS - OR 

I BREAK-UP 

PILOT 
CONTROLLED 

ABORT SENSING TIM -k-? 
MISSION VEHlCJE 

AUTOMATIC 
ABORT 

I 
SENSING TIME ENERATION TIM TO SAFE ZONE I 

FAILURE REACTION TlME < - 
FOR NON-CATASTROPHIC LOSS I 

I 
FAILURE REACTION TlME - 
FOR CATASTROPHIC LOSS 

I 
I 

VEHICLE FLIGHT TIME (NOT SCALED) 

+ LOSS OF VEHICLE - LOSS OF THE VEHICLE INCLUDING THE PAYLOAD OR CAPSULE 

* LOSS OF MISSION - LOSS OF THE VEHICLE EXCLUDING THE PAYLOAD OR CAPSULE 

r THIS DEFINITION APPLIES TO THE VEHICLE WITH A PAYLOAD ABORT CAPABILITY; 



B 18 the  condit ional  p m b a b i l l t ~  of r tage l o s s  a s u r i a t e d  v i t h  the indicated 
f a i l u r e  typc. 

U i s  the h-actlon of 1- u n r e l i a b i l i t y  associated vith the irdicated 
f.1lU-m t y p .  

t i s  the  erpected n m t c r  of cycle0 or  t i n e  of o p r a t i o n  in burs for  an i t e m  
du-in6 a mission (operational t h e  ghases s w l f i e d ) .  

I i s  the adjustment fac tor  f o r  raw f a i l u r e  r a t e  of sn item t o  r e f l e c t  n a l i a t i c  
f a i l u r e  r a t e  under mission enviromxnt.  

A i s  the f s i l u r e  r a t e  determined Irm h i s t o i i c a l  data of the  i t c a s '  operation 
co l lec ted  uoder ~ x m  ambient, s p x i f i c ,  simulate?, or a c t u a l  e n v l r o ~ x n t s .  

q i s  t h e  p r o b a b i l i t j  t h a t  the 1- w i l l  not o p r a t e  as required I n  a s p c i f i e d  , $, 2 
a i sa ion  the d mission opernting envirowe3t;  the inhcrent i t e n  u n r e l i a b i l i t y  '- - 
for  the miasloo intended. ? f 2 $ g g  $ 

>. rr: c 
- 4  - 

4 " 

r i s  the prob%bi l i t r  t h a t  the l t c a  vill operate a s  required f o r  a smxi f ied  
miszion t h  erd mission operating emriroment; the inherent i t a  reLlab i l i t J  
f o r  the mineion intccdeC. 

h e  portion of inherent i t e m  u n r e l i s b i l i t y  aas1gnnbl.e to the M i c a t e d  f a i l u r e  
trpt vhlch dnes not cont r ibu te  t o  #Lase lees. 

?be portion of inherent i t e m  u r ~ r l l a b i l i t y  s s s i g ~ b l e  to the M i c s t e d  fa i lu re  
typ? vhich d* contr:bute t o  s w e  loss.  

'Ibe portion of W e r e n t  item u n r e l i = ~ b i l i t j  s s s i j n b l e  t o  a l l  of t h r  l rd ics ted  
f s i l u r c  t p s  of aq item Wuicn contribute t o  stage l o s s ,  d t i ~ l l c d  by 1%- 

TL_C coded dsta m e  sod p x ~ e  m b e r  used for a . x , d A ar q as 
a ~ l l c a b l e  . 



U L L A G E  ROCKET 
WITH ITS FAIRING 
(SHOWN A F T E R  I T  

HAS SEPARATED 
APPROXIMATELY 

6 INCHES FROM 

U L L A G E  ROCKET 

FROM VEHICLE 

EBW FIRING UNITS (2 )  

FIGURE 20 



FIGURE 21 



FIGURE 22 



FIGURE 23 
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