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SAFE'IT ESGCllTEElRING FOR TEE MAN 

During t h e  p a s t  2 yea r s ,  Rocketdyne has pa r t i c ipa t ed  i n  t h e  f i e l d  

eva lua t ion  of a  complex opera t iona l  weapon system, namely, t h e  At l a s .  

Tra ined  s p e c i a l i s t s  observed every job operat ion from r e c e i p t  of t h e  

m i s s i l e  u n t i l  a c t u a l  launch. Interviews were conducted wi th  opera t ing  

personnel  t o  determine a l l  p o t e n t i a l  problem areas .  Each dev ia t ion  

from t h e  ks tab l i shed  o r  s tandard procedures was c a r e f u l l y  inves t iga ted .  

A l l  i n t e r rup t ions  o r  time de lays  were checked t o  determine cause and 

e f f e c t ,  This  f i e l d  e r a lua t ion  was a  systematic attempt t o  determine 

and i s o l a t e  a r eas  where improvement would be requi red  t o  achieve 

maximum poss ib le  s a f e t y ,  system e f f ec t iveness ,  and opera t iona l  capab i l i t y .  

Our s p e c i a l i s t s  were ab l e  t o  i d e n t i f y  303 problem a r e a s  i n x ~ o l v i n ~  some 

1500 inc iden t s  i n  which human performance could adversely a f f e c t  t h e  
- 

Rocketdyne engine system wit.h r e spec t  t o  s a fe ty ,  system e f f ec t iveness ,  

and ope ra t iona l  capab i l i t y .  To b e t t e r  eva lua te  t hese  problem a r e a s ,  

we have placed them i n  s p e c i f i c  ca t egor i e s  most appropr ia te ly  d e s c r i p  

t i v e  of t h e i r  na ture .  A summary of t hese  ca t egor i e s  and t h e  number o f  

t imes  each problem category occurred i s  shown i n  Table 1. 

The .problem category t h a t  occurred most f requent ly  involved d e f i c i e n c i e s  

r e l a t i n g  t o  t e c h n i c a l  data necessary t o  fu rn i sh  guidance o r  support f o r  

t h e  requi red  job performance, S p e c i f i c a l l y ,  t h i s  category includes 

t h e  use of a i d s  such a s  t echn ica l  manuals and operat ion and maintenance 

check l i s t s .  The problems %ere those  i n  which d i f f i c u l t y  was experi-  

enced because of an omission, t echn ica l  e r r o r ,  o r  lack  of c l a r i t y .  As 

a  r e s u l t ,  t h e  s p e c i f i c  t a s k  was improperly o r  incompletely performed. 



The second a rea  concerns organiza t iona l  cont ro ls .  Problems observed 

involved methods used f o r  personnel c o n t r o l  i n  t h e  work a rea  a s  i n f lu -  

enced by r egu la t ions ,  job p rac t i ce s ,  and use of equipment. 

The next  category,  s a f e t y  per se , t ,urned out  t o  be one of t h e  t h r e e  major 

problem a reas .  Approximately one out  of every f i v e  problems d i r e c t l y  

involved sa fe ty .  The .cause of t h e  hazards could be t raced  t o  hardware 

des ign ,  system conf igura t ion ,  t a s k  sequence, procedures, mater ia l ,  

ope ra t ions ,  and common personnel p rac t i ce s .  

-4 s u b s t a n t i a l  number of ma in t a inab i l i t y  problems occurred during t h e  

e a r l i e r  maintenance demonstration exe rc i se s ,  bu t  t h i s  number decreased 

r a p i d l y  a s  t h e  ope ra t iona l  system t e s t i n g  codtinued. 
. 

Poor job environment i n  t h e  work a rea  adverse ly  a f f e c t e d  personnel 

performance. These condi t ions  were a t t r i b u t e d  t o  excessive no i se ,  

poor i l l umina t ion ,  psychological pressure ,  inadequate t o o l s ,  in- 
I 

appropr i a t e  t e s t  equipment, and crowded work space. (I might mention 

t h a t  t h i s  s tudy d i d  no t  involve S i l o  operat ions.)  

Problems involving t h e  p r i o r  t r a i n i n g  of i nd iv idua l s  i n  t h e  performance 

of v a r i o u s  work t a s k s  increased i n  r e l a t i v e  importance during t h e  conduct 

of ope ra t iona l  system t e s t i n g .  These problems were r e l a t e d  t o  d e f i c i e n c i e s  

i n  s k i l l s ,  job knowledge, work h a b i t s ,  and a t t i t u d e s  t r aceab le  t o  e i t h e r  

i n d i v i d u a l  o r  i n t eg ra t ed  system t r a i n i n g  environments. 

Ope rab i l i t y  problems were those observed which r e l a t e d  t o  t h e  a c t i v a t i n g ,  

monitor ing,  r egu la t ing ,  o r  changing the  performance of an item of equip- 

ment be  means of c o n t r o l  devices.  



Comparatively few personnel s e l e c t i o n  and manning problems were observed 

o r  reported.  These problems r e l a t e d  t o  t h e  s e l e c t i o n  o r  assignment of 

personnel  t o  va r ious  job opera t ions ,  t he  number of persons assigned t o  do 

a  job, and t h e  requirement f o r  s p e c i a l  a p t i t u d e s  o r  t a l e n t .  

I n  Table 2, t h e  60 s a f e t y  problems a r e  categorized t o  more c l e a r l y  

d e f i n e  t h e  con t r ibu t ing  o r  causa l  f a c t o r s ,  i . e . ,  job environment; 

o rgan iza t iona l  con t ro l s ;  equipment design; t r a i n i n g ;  provis ioning;  

t e c h n i c a l  d a t a ;  personnel s e l e c t i o n  and manning, and manufacturing e r ro r .  

Now, using s p e c i f i c  examples, it may be poss ib le  to-more c l e a r l y  i n d i c a t e  

t h e  type  of problem w i t h  which we a r e  confronted. For example, l e t  u s  

t a k e  an inc ident  which involves both  job environment and organiza t ion  

c o n t r o l s ,  On a t  l e a s t  20 d i f f e r e n t  occasions, 4 t o  15 people were observed 

i n  t h e  m i s s i l e  t h r u s t  s ec t ion  where t h e r e  i s  only room f o r  2 o r  3 t o  

work e f f i c i e n t l y .  This  was a  s a f e t y  problem because the  e x i t  r o u t e s  

were obs t ruc ted  during t h e  i n s t a l l a t i o n  and removal sf l i v e  pyrotechnics  

and hypergol ics .  The cause of t h e  problem was determined t o  be t h e  

simultaneous scheduling of t h r e e  wbrk t a s k s ,  each of which involved crews 

of  t h r e e  t o  e i g h t  ind iv idua ls .  Obviously, under such condi t ions ,  on ly  one 

work t a s k  should be scheduled a t  a time. 

Now, l e t  us  look a t  an inc ident  which involved an equipment design problem. 

During t h e  leak  t e s t i n g  of a  gas generator  system, it is necessary t o  

i n s t a l l  a  t e s t  p l a t e  t o  conta in  t h e  pressurant .  The t e s t  engineer ordered 

t h e  leak  check accomplished wi th  the  shipping 'cover ins tead  of t h e  t e s t  

p l a t e .  He claimed t h a t  t he  t e s t  p l a t e  took too long t o  i n s t a l l .  The 

p r a c t i c a l  so lu t ion  was t o  redesign the  shipping cover t o  provide t h e  s a f e t y  

f a c t o r  necessary f o r  leak  t e s t i n g ,  o r  r equ i r e  adherence t o  t h e  

e s t a b l i s h e d  procedure. 



I n  an inc ident  t h a t  involved t r a in ing ,  the No. 1 mechanic attempted to 

hand the so l id  propellant gas generator through the turbine spinner access 

door t o  h i s  he lper  outside the missi le  th rus t  sect ion.  He bumped the 

s o l i d  propellant  gas generator agains t  the turbopump and dropped it. The 

mechanic claimed Chat he had not  been ins t ruc ted  i n  the proper rout ing  

f o r  s o l i d  propellant  gas generators,k?lich i s  through the b o a t t a i l .  

Another inc ident  i l l u s t r a t e s  a  technical  da ta  er ror .  A mec.hanic was slow 

i n  performing the s t eps  f o r  which he was responsible during the removal 

.of the miss i le  ba t t e ry  and explosives. He studied h i s  check l i s t  pro- 

cedures f o r  a  long time, but  k7as not  too sure t h a t  he has doing the r i g h t  

th ing ,  pa r t i cu la r ly  i n  regard t o  turning the power of f .  The check l i s t  

did no t  indica te  which power: how many places, o r  where. I n  t h i s  case,  

it  was necessary t o  revise  the check l i s t  t o  provide complete, c l e a r ,  

and cor rec t  information. 

Manufacturing e r r o r s  occur. A mechanic was observed having d i f f i c u l t y  

i n s t a l l i n g  the  sus ta iner  hypergol car t r idge .  Before the car t r idge  was 

properly aligned with the container  so t h a t  it could be inse r t ed ,  the  

a f t  end s t ruck  a welded bracket  used f o r  at taching the shipping s t r u t .  

The mechanic f i n a l l y  found a posi t ion i n  which he could exe r t  s u f f i c i e n t  

pul l  on the container  t o  spring it about 3/16 inch, allowing the car t r idge  
I 
I t o  c l e a r  the  bracket  and en te r  the container.  A s l i p  of the hand a t  the  

I wrong moment could have resul ted  i n  a  ruptured car t r idge  and a devastat ing 
I 

f i r e .  A new inspection procedure was established which required u t i l i z i n g  

a dummy car t r idge  t o  check clearance p r io r  t o  shipment. 



The app l i ca t ion  of s a f e t y  engineering p r i n c i p l e s  i n  system design 

must ensure optimum freedom from inadver ten t  and d e s t r u c t i v e  mishaps 

which r e s u l t  from f a c i l i t i e s ,  equipment, procedural ,  o r  personnel 

d e f i c i e n c i e s .  Important f a c t o r s  i n  ensuring t h e  appropr ia te  

a p p l i c a t i o n  of such system safe ty  e f f o r t  a r e  t he  phasing, t iming,  

and a l l o c a t i o n  of e f f o r t  i n  accordance wi th  the  system d e v e l o p  

ment s t ages  and t echn ica l  processes.  

Table 3 shows e igh t  commonly accepted s tages  of system development 

r e q u i r i n g  t h e  a l l o c a t i o n  of system s a f e t y  e f f o r t .  The second column 

l i s t s  t h e  general  r e l i a b i l i t y  milestones r e l a t i n g  t o  t hese  e igh t  s t ages  

a s  s p e c i f i e d  i n  A i r  Force Regulat ions,  The next  column c o r r e l a t e s  

system development func t ions  t o  t hese  r e l i a b i l i t y  milestones.  The 

1as.t column ind ica t e s  t he  type of q u a n t i t a t i v e  es t imate  of system s a f e t y  

t h a t  could be made a t  each s t age  of systems development, For example, a t  

S t age  6 ,  t h e  type  of opera t iona l  system t e s t i n g  which would provide t h e  

d a t a  shown i n  Table 1 and 2 i s  performed. It i s  a t  t h i s  s t age  t h a t  d a t a  

can be accumulated which r evea l  t h e  degree of system s a f e t y  a c t u a l l y  

achieved r e l a t i v e  t o  t h e  opera t iona l  environment. The information i n  

Table  3 should be in t e rp re t ed  t o  mean t h a t  some of p r e t e s t  a n a l y s i s  

o r  systematic  t e s t  a c t i v i t y  must occur during each s t age  of system d e r e l o p  

ment. System t e s t i n g  must be conducted p e r i o d i c a l l y  on va r ious  e q u i p  

ment o r  subsystems during a l l  phases of use ,  from f a c t o r y  t o  s t a t i c  

f i r i n g  f o r  launch opera t ions .  Equally important is  the  n e c e s s i t y  f o r  

system re-evaluation t e s t s  t o  ensure s u i t a b i l i t y  of modif icat ion ki t .s ,  

p rocedura l  changes, mater ial  changes, o r  source of supply. The b a s i c  

o b j e c t i v e  w i l l  be t he  evaluat ion of t h e  ope ra t iona l  s a f e t y  and 

r e l i a b i l i t y  of t h e  system under f i e l d  condit ions.  



Obviously,  t h e  e x t e n t  of such e f f o r *  would v a r y  from sampling i n  a r e a s  

of maximum l i k e l i h o o d  t o  an exhaus t ive  r e l i a b i l i t y  and s a f e t y  assurance  

e f f o r t .  The e x t e n t  of such e f f o r t  would be a f f e c t e d  b y  budge ta ry  

r e s t r i c t i o n s  and t h e  unique needs  o f  a  p a r t i c u l a r  program. 

How do we accomplish a sound systems s a f e t y  e n g i n e e r i n g  e f f o r t  a t  t h e  

lowest ,  p o s s i b l e  c o s t ?  It i s  o u r  b e l i e f  t h a t  a  major f a c t o r  i n  t h e  avoid- 

ance of s a f e t y  problems i s  i n  t h e  r e l a t i o n s h i p  between a r e l i a b i l i t y  concept  

o r  p r a c t i c e  and system s a f e t y .  A review of  t h e  r e q u i r e d ,  proposed, and 

suggested system s a f e t y  e n g l n e e r l n g  f u n c t i o n s  r e v e a l s  a  marked s i m i l a r i t y  

t o  t h e  a c t ~ v x ~ i e s  a l r e a d y  be ing  conducted by many e n g i n e e r i n g  r e l i a b i l i t y  

o r g a n i z a t i o n s .  

Table 4 shows t h e  reliability f u n c t i o n s  which now e x i s t  i n  Rocketdyne and 

o t h e r  s i m i l a r  organizations. It  a l s o  shows s i m i l a r  system safet.? f u n c t i o n s  

now b e i n g  c a l l e d  f o r  i n  v a r l o u s  sysfem sa fe ty  e n g i n e e r i n g  documents. F o r  

example, t h e  f u n c t i o n  e n t i t l e d  " I d e n t i f i c a t i o n  o f  Human E r r o r "  and t h e  

f u n c t i o n  e n t i t l e d  " I d e n t i f i c a t i o n  of Personnel  Er ro r"  a r e  b a s i c a l l y  t h e  

same. The R e l i a b i l i t y  Design Review a l r e a d y  i n c l u d e s  s a f e t y  a s  w e l l  as 

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

s e p a r a t e  review f o r  each of t.hese c r i t e r i a  could  be conducted,  b u t  it would 

o n l y  i n c r e a s e  c o s t s ,  d e l a y  schedu les ,  and make des ign  t r a d e o f f s  more 

d i f f : cu l t  t o  accomplish.  

I n  g e n e r a l ,  an  organized and planned syst,em s a f e t y  engineering f ~ n c t i o n  

s e r v e s  t o  emphasize s a f e t y  f a c t o r s  d u r i n g  the e a r l y  d e s i g n  and d e v e l o p e n t  

of each system. I t s  approach i s  c h a r a c t e r i z e d  by r i g o r o u s ,  s t ep-by-s tep  

methods o r  c o n t r o l s  t o  ensure  tha t .  s a f e t y  c r i t e r i a  cannot  be ~ n a d v e r t e n t l y  

overlooked. The a c t i v i t y  should cover  a l l  s t a g e s  o f  product d e s i g n ,  develop- - 

ment, f a b r i c a t i o n ,  inspection, t e s t , ,  maintenance,  and use .  



The focus  should be on t h e  e a r l y  i d e n t i f i c a t i o n  and r e s o l u t i o n  of 

p o t e n t i a l  problems (i. e. , on prevent ive ac t ion  r a t h e r  than c o r r e c t i v e  

a c t i o n  fol lowing t h e  occurrence of a mishap). 

I n  conclusion,  a  system s a f e t y  engineering e f f o r t  which we consider  t o  be 

e f f e c t i v e  i s  emphasised a t  Rocketdyne. During t h e  pas t  few yea r s ,  w e  

have been conducting systematic  f i e l d  eva lua t ions  t o  i d e n t i f y  and r e so lve  

a l l  system s a f e t y  problems which could develop a s  a  r e s u l t  of t h e  ope ra t iona l  

u se  of our engine and ground support equipment. We be l i eve  t h a t  we have 

developed an e f f e c t i v e  and economical means of implementing t h e  system 

s a f e t y  engineering requirements by focusing t h e  t a l e n t s  and energ ies  of 

v a r i o u s  t echn ica l  d i s c i p l i n e s  on t h i s  highly important system development 

ob jec t ive .  Our system s a f e t y  engineering e f f o r t  i s  so in t eg ra t ed  i n t o  

t h e  mat r ix  of our in-plant procedures t h a t  we a r e  assured of t h e  f u l l  

a t ta inment  of t he  system s a f e t y  ob jec t ives  t h a t  have been es tab l i shed .  



TABLE 1 

(303 problems) 

TECHNICAL DATA 

ORGANIZATION CONTROLS 

MAINTAINABILITY 

JOB ENVIRONMENT 

PERSONNEL SELECTION 
AND MANNING 



TABLE 2 

SAFETY PROBLEMS 

(60 ~roblema) 

JOB ENVIRONMENT 

ORGANIZATIONAL CONTROLS 

EQUIPMENT DESIGN 

PROVISIONING 

TECHNICAL DATA 

PERSONNEL SELECTION 
AND MANNING 

MANUFACTURING ERROR 



U C A T I O N  OF SYSTEMS SAF'ETY EFPORT 

INTERPOLATED 

DYNAMIC SIMULATION AND EMPIRICALLY 

VERIFICATION AND VALIDATION 

7 

* 

DEMONSTRATION OF 
SERVICE READINESS 

SERVICE 
EVALUATION 

FULL-SCALE 
PRODUCTION 

OF 

IMPROVEMENT 

CATEGORY I, PERSONNEL 
SUBSYSTEM TEST AND EVALUATION 

CATEGORY 11 AND .II& PERSONNEL 
SUBSYSTEM TEST AND EVALUATION 

MONITOR PROCESS, PRODUCT, 
SYSTEM APPLICATION AND USE 

MODIFICATION AND SPECIAL 
SYSTEM TEST AND EVALUATION 

DEMONSTRATED 

SURVEILLANCE 

VALIDATION 
OR REVALlDATlON 



TABLE 4 

INTERRELATIOXSHIP BETWEEN RELIABILITY AND 

SYSTJ3 SAFETY PROGRILY ELENENTS 

STEMS SAFETY FUNCTION 

IDENTIFICATION OF HUMAN ERROR IDENTIFICATION OF PERSONNEL ERROR 

DESIGN REVIEW SAFETY DESIGN REVIEW 

DESIGN FOR MINIMUM HAZARD 
AND SAFETY POSTANALYSIS ACTION 

FAILURE EFFECT ANALYSIS 

MALFUNCTION ANALYSIS 
CATASTROPHIC ANALYSIS 

SYSTEMS ANALYSIS - 
PERSONNEL SUBSYSTEM ANALYSIS DEFINITION OF SAFETY CHARACTERISTICS 

FUNCTIONAL FLOW DIAGRAMS 

ACCEPTANCE TEST 

D E MONSTRATION EXCERCISE 

SPECIAL SAFETY TESTS 

ENVIRONMENTAL TEST 

OVERSTRESS TESTING 

OPERATION AND FAILURE ACCIDENT/INCIDENT REPORTS 
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