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FOREWORD 

This B u l l e t i n  p r e s e n t s  concepts ,  t echniques ,  and procedures  
f o r  performing F a i l u r e  Mode and E f f e c t  Analyses.  Technica l  
and f u n c t i o n a l  interfaces with associated d i s c i p l i n e s  of 
m a i n t a i n a b i l i t y  a n a l y s i s  safety a n a l y s i s ,  and sys t ems  
e f f e c t i v e n e s s  are d e s c r i b e d  S O  as t o  develop a broad under- 
s t a n d i n g  of  t he  o b j e c t i v e s  o f  performing F a i l u r e  Mode and 
E f f e c t  Analyses. I 

This B u l l e t i n  has been pub l i shed  by t h e  E l e c t r o n i c  I n d u s t r i e s  
Assoc ia t ion  i n  t h e  be l ie f  t h a t  t h e  approach will i n t e r e s t  
and b e n e f i t  t h o s e  r e s p o n s i b l e  f o r  F a i l u r e  Mode and E f f e c t  

a c q u i s i t i o n  of e f f e c t i v e  e l e c t r o n i c  systems. 

This  B u l l e t i n  was prepared  f o r  t h e  E l e c t r o n i c  I n d u s t r i e s  
Assoc ia t ion  G-41 R e l i a b i l i t y  Committee under t h e  Chairmanship 
of E. D. Karmiol by a s p e c i a l  task group (69-001) c o n s i s t i n g  
o f :  

. Analysis development and u s e ,  and c o n t r i b u t e  t o  t h e  t ime ly  

O. L. Hetze l  - B e l 1  Telephone Labora to r i e s  

C, K. Smith - S p e r r y  Rand Corpora t ion  

D. I. Troxel  - Radio Corporat ion o f  America 

W. T.  Weir - Task  Group (69-001) Chairman 
General Electric Company 
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Sec t ion  I 

I n t  reduction 

This R e l i a b i l i t y  B u l l e t i n  i s  provided as a guide  f o r  eng inee r ing  
and management personnel  concerned w i t h  F a i l u r e  Mode and Effect 
Analyses (FMEA). * I n  a d d i t i o n ,  It provides  informat ion  concern- 
i n g  t e c h n i c a l  and f u n c t i o n a l  r e l a t i o n s h i p  of F a i l u r e  Mode and 
Effect  Analyses t o  a s s o c i a t e d  d i s c i p l i n e s ,  as f o r  example, 
M a i n t a i n a b i l i t y ,  S a f e t y ,  and System E f f e c t i v e n e s s  Analyses. 
This B u l l e t i n  covers  requi rements ,  concepts ,  i n t e r f a c e ,  pro- 
cedures  and r e p o r t s  o f  FMEA.. T h i s  B u l l e t i n  should  c o n t r i b u t e  
t o  greater u t i l i z a t i o n  of  FMEA resu l t s  and t o  the  unders tanding  
and a p p r e c i a t i o n  of  the purpose o f  FMEA on the part of englneer-  
i n g  and management personnel .  

F a i l u r e  Mode and E f f e c t  Analysis  i s  t h e  s tudy  o f  a sys t em,  o r  
p o r t i o n  t h e r e o f  and working i n t e r - r e l a t i o n s h i p s  o f  i t s  elemenes, 
t o  determine ways i n  which f a i l u r e s  can occur  ( fa i lure  modes), 
e f f e c t s  of' each p o t e n t i a l  f a i l u r e  on the  s y s t e m  element i n  which 
i t  occurs  and on o t h e r  s y s t e m  elements ,  and t h e  probable  o v e r a l l  
consequences ( c r i t i c a l i t y )  of each fa i lure  mode on t h e  success  
of t h e  sys t em ' s  miss ion ,  C r i t i c a l i t i e s  a r e  u s u a l l y  a s s i g n e 8  by 
c a t e g o r i e s ,  each ca tegory  be ing  d e f i n e d  i n  terms of a specif ied 
degree  of l o s s  of mission o b j e c t i v e s  o r  deg rada t ion  of pe r sonne l  
safety,  Although it i s  recognized t h a t  t h e  human element can 
be, and f r e q u e n t l y  is a major i n f l u e n c e  i n  both caus ing  as 
well as avoid ing  fa i lures ,  t h i s  a spec t  I s  no t  s p e c i f i c a l l y  
treated i n  t h i s  B u l l e t i n .  

e 

Report ing of F a i l u r e  Mode and Effec t  Analyses i s  an Important  
a c t i o n  c r i t i c a l  t o  communications of  data t o  and from pe r sonne l  
performing related analyses and p lanning  of des ign  and develop- 
m e A t ,  e v a l u a t i o n ,  t e s t i n g ,  ' q u a l i t y  a s su rance ,  l o g i s t i c s  and 

. o p e r a t i o n s .  

%In  t h i s  B u l l e t i n ,  the term ''FMEA" i s  cons idered  t o  Inc lude  
f a i l u r e  mode and e f f e c t  s t u d i e s  f o r  c r i t i c a l i t y  a n a l y s i s ,  
sometimes c a l l e d  'tFMECA1l. 
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Requirements f o r  FMEA o r i g i n a t e  from t h e  need t o  unders tand  
hardware behavior  and i t s  i m p l i c a t i o n  r e g a r d i n g  system u s e .  
These requirements  are sometimes self-imposed and sometimes 
c o n t r a c t u a l l y  s p e c i f i e d .  Because t h e  need f o r  F a i l u r e  Mode 
and E f f e c t  Analyses (FMEA) may vary widely from case  t o  case 
depending upon establ ished o b j e c t i v e s ,  n a t u r e  of t h e  p r o j e c t ,  
and t h e  e x t e n t  t o  which o t h e r  related ana lyses  are c a l l e d  , 

f o r ,  t h e  customer should r e q u e s t  a FMEA p l a n  as p a r t  o f  t he  
proposa l  package. Th i s  would p r e s e n t  t he  p r o s p e c t i v e  con- 
t r a c t o r ' s  thoughts  concerning h i s  use of FMEA as a technique  
t o  do an adequate j o b  of eng inee r ing  t h e  systeni t o  perform 
as desired by t h e  customer. 
be stated by t h e  customer i n  his r e q u e s t  for  b i d s  as end 
requirements, such as the  r e l i a b i l i t y  wanted under  c e r t a i n  
cond i t ions  f o r  a s p e c i f i e d  p e r i o d  of time. 
t o o l  t h a t  t h e  c o n t r a c t o r  should  apply as a p p r o p r i a t e  t o  a 
p r o j e c t .  
t h e  sense  of FMEA c a r r i e d  out  i n  a p r e s c r i b e d  p a t t e r n  f o r  i t s  
own sake. 

T h i s  des i red  performance would 

FMEA i s  a des ign  

It should not  become a customer requirement  i n  

In  dec id ing  on t h e  e x t e n t  that  and t h e  way i n  which FMEA 
should be app l i ed  t o  a p r o j e c t ,  t h e  c o n t r a c t o r  should  con- 
s ide r  t h e  s p e c i f i c  purposes for which FMEA r e s u l t s  are needed, 
t h e  time phas ing  wi th  o t h e r  a c t i v i t i e s ,  and t h e  importance 
of e s t a b l i s h i n g  a predetermined degree of p r o b a b i l i s t i c  con- 
t r o l  o v e r  unwanted f a i lu re  modes and e f f e c t s ,  T h i s  leads 
i n t o  p lanning  PMEA a t  s p e c i f i e d  inden tu re  l e v e l s  (system, 
subsystem, component) in q u a l i t a t i v e  and q u a n t i t a t i v e  terms 
t o  re la te  t o  t h e  i t e r a t i v e  des ign  and development p rocess .  
Some of the  p o s s i b l e  a p p l i c a t i o n s  for FMEA i n  fo rmula t ing  
t h e  FMEA p lan  are as fol lows:  

a. 

b .  

0, 

d,  

e ,  

f, 

Determining need f o r  redundancy, fa i l -safe  des ign  
features, f u r t h e r  d e r a t i n g ,  and/or  des ign  
s i m p l i f i c a t i o n .  

Determining need t o  se lec t  more re l iab le  materials, 
parts,  devi.ces and/or components 

I d e n t i f y i n g  s i n g l e  f a i l u r e  p o i n t s ,  

I d e n t i f y i n g  c r i t i c a l  items for des ign  review,  con- 
f i g u r a t i o n  c o n t r o l ,  and t r a c e a b i l i t y  e 

Providing t h e  l o g i c  model requi red  t o  q u a n t i t a t i v e l y  
p r e d i c t  t h e  p r o b a b i l i t y  of  anamalous c o n d i t i o n s  of 
t h e  system. 

Disc los ing  safety hazard and liability problem areas. 

' 2  
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’ Q *  

h .  

. i ,  

j -  

k. 

1. 

m.  

Assuring t h a t  t he  t e s t  program i s  re spons ive  t o  
i d e n t i f i e d  p o t e n t i a l  f a i l u r e  modes and safety 
haza rds .  

E s t a b l i s h i n g  a l lowable  use t i m e  o r  c y c l e s .  

P inpo in t ing  key a r e a s  f o r  c o n c e n t r a t i n g  q u a l i t y ,  
i n s p e c t i o n  and manufactur ing p rocess  c o n t r o l s  a 

E s t a b l i s h i n g  data r e c o r d i n g  requirements  and 
needed frequency of moni tor ing  i n  t e s t i n g ,  
checkout and miss ion  u s e .  

Suppor t ing  l o g i s  t i c s  p lanning  and m a i n t a i n a b i l i t y  
a n a l y s i s .  Provid ing  in fo rma t ion  f o r  s e l e c t i o n  of 
p r e v e n t i v e  maintenance p o i n t s  and development 
of t roub le - shoo t ing  guide .  

I d e n t i f y i n g  c i r c u i t s  f o r  worst  ca se  a n a l y s i s .  
( F a i l u r e  modes i n v o l v i n g  parameter  d r i f t s  
f r e q u e n t l y  r e q u i r e  wors t  ca se  a n a l y s i s  .) 

Suppor t ing  f l i g h t  o p e r a t i o n s  a c t i v i t i e s  such as 
des ign ing  f a u l t  i s o l a t i o n  sequences and a l t e r n a t e -  
mode-of-operations p lanning .  

The e x t e n t  t o  which FMEA a c t i v i t y  and r e s u l t s  w i l l  be  r e p o r t e d  
should  be s t a t ed  i n  t h e  FMEA p l a n .  T h i s  i n c l u d e s  s p e c i f y i n g  
whether a l l  e lements  of  t h e  FMEA a r e  t o  b e  r e p o r t e d ,  o r  whether 
r e p o r t i n g  w i l l  be  l i m i t e d  t o  t h o s e  f i n d i n g s  f e l t  t o  r e q u i r e  
c o r r e c t i v e  a c t i o n .  I n  a d d i t i o n ,  t o  avoid  subsequent  misunder- 
s t a n d i n g s ,  i t  i s  sometimes des i rab le  t o  s p e c i f y  t h e  r e p o r t i n g  
format .  

Whether t he  requirement  o r i g i n a t e s  from t h e  customer or i s  
self- imposed by  t h e  c o n t r a c t o r  i t  is  impor tan t  t o  remember 
tha t  t h e  o b j e c t i v e  i s  t o  minimize f a i l u r e s .  F a i l u r e  Mode and 
E f f e c t s  Analys is ,  FMEA, i s  a technique  f o r  ana lyz ing  a des ign ,  
e v a l u a t i n g  the  p o t e n t i a l  manner i n  which f a i l u r e s  can occur  
and t a b u l a t i n g  r e s u l t s  i n  such a manner that  r e s p o n s i b l e  d e s i g n  
pe r sonne l  can cons ide r  p o t e n t i a l  f a i l u r e  modes and t h e i r  e f f e c t s  
(and recommended c o r r e c t i v e  a c t i o n s )  t o  determine if it is  
desirable t o  a l l o c a t e  r e sources  t o  remove t h e  p o t e n t i a l  
f a i l u r e  mode 
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Sec t ion  III 

Concepts 

The basic  concept of F a i l u r e  Mode and E f f e c t s  Analysis  is  one 
of’ determining what items I n  an equipment can f a i l ,  t h e  modes 
of f a i l u r e  t h a t  are p o s s i b l e  f o r  each of these items and t h e  
e f f e c t  of each mode of f a i l u r e  on t h e  complete equipment or 
any poi*t lon t h e r e o f  , 

Within the  b a s i c  concept there are two primary approaches t o  . 
accomplishing a f a i l u r e  mode and effects  a n a l y s i s .  The two 
approaches are i d e n t i f i e d  on t h e  basis  of t h e  p o i n t  o f  depart- 
u r e  for s t a r t i n g  t h e  a n a l y s i s .  One i s  t h e  Top-Down Approach, 
a l s o  cal led t h e  Systems Approach, because t h e  analysis  proceeds 
from t h e  t o p  inden tu re  level ( t o t a l  system o r  equipment) t o  
success ive ly  lower l e v e l s .  Conversely,  t he  o t h e r  method i s  
known as t h e  Bottom-Up Approach, a l s o  i d e n t i f i e d  as t h e  Par ts  
Approach because here the a n a l y s i s  i s  i n i t i a t e d  a t  t h e  lowest 
level.  

L. D e f i n i t i o n s  

Por any concept ,  t h e  f a i l u r e  mode and effects  a n a l y s i s  is no 
except ion ,  a c l e a r  understanding of t h e  concept  depends on 
e x p l i c i t  d e f i n i t i o n s  of terms e s s e n t i a l  t o  t h e  d e s c r i p t i o n  of  
the  concept .  Terms normally a s s o c i a t e d  w i t h  FMEA s t u d i e s  are 
def ined  i n  MIL-STD-721. 

2 ,  Desc r ip t ion  of Analysis  Techniques 

a .  System o r  Top-Down Technique 

A S  s tated ear l ie r ,  t h e  b a s i c  concept involves  t h ree  a s p e c t s :  
(1) an item ‘ fa i lure ,  ( 2 )  t h e  mode of f a i l u r e ,  and ( 3 )  t h e  
f a i l u r e  e f f e c t .  I n  t h e  s y s t e m  approach these a s p e c t s  are 
considered i n  t he  i n v e r s e  o rde r .  

F i r s t  of a l l  any system o r  equipment,  whatever  t h e  t o p  inden tu re  
l eve l  is, performs c e r t a i n  func t ions  u s u a l l y  i d e n t i f i e d  i n  
terms of s p e c i f i c  ou tpu t s .  These func t ions  or o u t p u t s  have 
s p e c i f i e d  paramters o r  c h a r a c t e r i s t i c s  of s a t i s f a c t o r y  per- 
formance. These parameters can be measured and,  a t  t h i s  l e v e l ,  
can o f t e n  be eva lua ted  s u b j e c t i v e l y  by t hose  who use o r  o p e r a t e  

anomalies r e l a t i n g  t o  these o u t p u t s  are i n d i v i d u a l l y  i d e n t i f i e d ,  
Examples would be no transmitter ou tpu t ,  low t r a n s m i t t e r  out-  
p u t ,  no isy  r e c e i v e r  o u t p u t ,  low slew rate  f o r  s ea rch  radar, 
bad p a r i t y  check i n  d i g i t a l  system, e t c .  Each of these amounts 
t o  some form of non-conformance wi th  regard t o  some desired 
f u n c t i o n a l  o u t p u t ,  

. the equ’ipment, The ult imate f a i l u r e  e f f e c t s  o r  t o p  l e v e l  
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I P  

The f a i l u r e  effects can occur  s i n g u l a r l y  o r  i n  combination. 
Usually t h e  top-down a n a l y s i s  i s  performed on t h e  basis of  
s i n g l e  effects. Fault l p e e  a n a l y s i s  technique? &re of ten  
used f o r  t h i s  purpose.  For each p o s s i b l e  f a i l u r e  e f f e c t  
t h a t  i s  i d e n t i f i e d ,  t h e  s y s t e m  o r  equipment i s  analyzed a t  
t he  next  lower inden tu re  l e v e l  t o  i d e n t i f y  any f a i l u r e  and 
a s s o c i a t e d  f a i l u r e  mode that  could r e s u l t  i n  t h e  o r i g i n a l l y  
i d e n t i f i e d  f a i l u r e  e f f e c t .  For  each of  these second l e v e l  
f a i l u r e s  the process  i s  r e p e a t e d  by t r a c i n g  back t h e  func- 
t i o n a l  pa ths  and r e l a t i o n s h i p s  t o  t h e  nex t  lower l e v e l .  
The p rocess  is  i t e r a t ed  u n t i l  t h e  lowest  feasible  o r  desired 
l e v e l  is reached.  Thus f o r  each ultimate f a i l u r e  e f f e c t  a t  
t h e  t o p  l e v e l ,  a l l  lower l e v e l  f a i l u r e s  a long  wi th  $he re- 
s p e c t i v e  modes o f  fa i lure  tha t  can r e s u l t  i n  t h i s  e f f e c t  
become I d e n t i f i e d .  As prev ious ly  s t a t e d  the  a n a l y s i s  i s  
u s u a l l y  i n i t i a t e d  on t h e  basis of  a s i n g l e  f a i l u r e  e f f e c t .  
It i s  no t  unusua l ,  however, t o  f i n d  t h a t  as t h e  a n a l y s i s  
proceeds t o  lower i n d e n t u r e  l e v e l s ,  c e r t a i n  f a i l u r e s  are 
i d e n t i f i e d  t h a t  produce not  only t he  i n i t i a l  fa i lu re  e f f e c t ,  
bu t  a l s o  one o r  more' o t h e r  e f f e c t s .  This  r e s u l t s  i n  i d e n t i -  
f i c a t i o n  o f  a s p e c i f i c  m u l t i p l e  f a i lu re  e f f e c t  c o n d i t i o n ,  

O 

b ,  Par t  o r  Bottom-Up Technique 

The bottom-up approach i s  s t a r t ed  on t h e  basis o f  f a i l u r e  modes 
that  can occur .  I n  i t s  most complete form, f a i lu re  modes are 
i d e n b i f i e d  a t  t h e  p a r t  l e v e l  which i s  u s u a l l y  t h e  lowest  l e v e l  
o f  d i r e c t  concern t o  t h e  equipment des igne r .  C e r t a i n l y  w i t h  
regard t o  t h e  pa r t  manufac turer ,  f a i lu re  modes and e f f e c t s  
do e x i s t  f o r  i nden tu re  l e v e l s  w i t h i n  t h e  p a r t  from e i t h e r  a 
f u n c t i o n  performance concept o r  a manufactur ing r o u t i n e  con- 
cep t .  But f o r  ana lyses  p e r t a i n i n g  t o  equipment and systems,  
t h e  f a i l u r e  modes of t h e  v a r i o u s  par ts  are t a b u l a t e d .  For  
each of  t h e  p a r t  f a i l u r e  modes t h e  cor responding  e f f e c t  on 
performance a t  the  next  h i g h e r  i n d e n t u r e  l e v e l  i s  determined. 
The r e s u l t i n g  f a i l u r e  e f f e c t  becomes i n  e s sence -  t h e  f a i l u r e  
mode t h a t  may produce a consequen t i a l  e f f ec t  a t  t h e  nex t  
higher  i n d e n t u r e  l e v e l .  I t e r a t i o n  o f  t h e  a n a l y t i c a l  p rocess  
f i n a l l y  r e s u l t s  i n  e s t a b l i s h i n g  t h e  u l t i m a t e  e f f e c t  a t  t h e  
equipment o r  s y s t e m  output  o r  t o p  i n d e n t u r e  l e v e l .  Once t h e  
a n a l y s i s  has been performed f o r  a l l  t h e  par t  f a i l u r e  modes, 
it w i l l  be found t h a t  each  ul t imate  end f a i l u r e  effect  
o r  combination of e f fec ts  relates t o  s e v e r a l  and sometimes 
many d i f f e r e n t  p a r t  f a i l u r e  modes ra ther  t h a n  t o  j u s t  one. 
This  r e l a t i o n s h i p  t o  t h e  end e f f e c t  p rovides  t;ie basis  f o r  
grouping t h e  v a r i o u s  par t  f a ï l u r e  modes. 

e 

3 Comparison of Techniques 

Ne i the r  approach s t a n d s  o u t  as t h e  s i n g u l a r  o r  most appropr i -  
a te  technique  t h a t  should a lways  be t h e  one t h a t  i s  used.  
Each has c e r t a i n  advantages o r  s t r o n g  p o i n t s  which, i n  con- 
J u n c t i o n  w i t h  t h e  purpose o r  o b j e c t i v e  of a p a r t i c u l a r  a n a l y s i s  
e f f o r t ,  establish t h e  basis f o r  s e l e c t i n g  on6 i n  p r e f e r e n c e  

O 
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t o  the o t h e r .  Sometimes t h e  o b j e c t f v e  of a n a l y s i s  relates 
t o  certain end failure effects t h a t  are c r i t i c a l  o r  p a r t i c u l a r l y  
undes i r ab le  occurrences relative t o  t h e  miss ion  of t h e  system. 
Here the top-down approach is preferable because i t  can be 
a p p l i e d  t o  the f a i l u r e  effeots of i n t e r e s t  and o t h e r s  can be 
bypasrsed, Thus less time and effor t  2s r e q u i r e d ,  S i m i l a r l y  
where.all effects  are t o  be ana lyzed ,  it is  o f t e n  p o s s i b l e  t o  
t e rmina te  some of the a n a l y t i c a l  i t e r a t i o n  without  going t o  
t h e  lowest l e v e l .  This is  p o s s i b l e  because it is  sometimes 
feasible t o  establish t h e  r e l a t i v e  o r  a c t u a l  rates of occur- 
rence  f o r  the d i f f e r e n t  modes a t  a module o r  c i r c u i t  level. 
Here aga in  the top-down approach . r e q u i r e s  less t i m e  and e f f o r t ,  

When t h e  primary i n t e r e s t  p e r t a i n s  t o  I d e n t i f y i n g  a l l  the d i f -  
f e r e n t  failure e f f e c t s  that  may occur, t h e n  use of t h e  bottom-up 
technique  provides  a more d i rec t  and r igo rous  a n a l y s i s .  T h i s  
I s  p a r t i c u l a r l y  t r u e  w i t h  regard t o  i d e n t i f y i n g  u n a n t i c i p a t e d  
o r  new end e f f e c t s .  It i s  e s p e c i a l l y  a p p l i c a b l e  t o  d i s o l o s i n g  
m u l t i p l e  e f f e c t  cond i t ions  which may even t u r n  out  t o  be 
c r i t i c a l  as a r e su l t  of t he  p a r t i c u l a r  combination. I n  u s i n g  
t h i s  technique  i t  i s  sometimes poss ib le  t o  reduce t h e  amount 
of e f f o r t  by I n i t i a t i n g  the  a n a l y s i s  a t  t he  c i r c u i t  o r  higher  
l e v e l .  Th i s  I s  p a r t i c u l a r l y  feasible where p r i o r  knowledge 
from analyses on similar par ts  and c i r c u l t s  can be  app l i ed .  
Otherwise there w i l l  most l i k e l y  be some degree of compromise 
i n  Che r i g o r  of t h e  analysis. 

There is  a n o t h e r  a spec t  of comparison a p p l i c a b l e  t o  both  
techniques  and tha t  is  whether t h e  a n a l y s i s  i s  done on a q u a l i -  
t a t i v e  o r  q u a n t i t a t i v e  basis. The l a t t e r ,  of course ,  r e q u i r e s  
greater effort  than the former and consequently should only be 
done when t h e  q u a l i t a t i v e  approach is i n s u f f i c i e n t  t o  satisfy 
t h e  o b j e c t i v e  of t h e  p a r t i c u l a r .  a n a l y s i s .  

. technique i s  s u f f i c i e n t  when the  desired r e s u l t  i s  i d e n t i f i c a -  
t i o n  of t h o s e  Items t h a t  c o n t r i b u t e  t o  a p a r t i c u l a r  failure 
e f f e c t .  
t o  e l i m i n a t e  an e s p e c i a l l y  undes i r ab le  effect .  
o b j e c t i v e  is s i m p l y  t o  i d e n t i f y  a l l  t h e  f a i l u r e  mode and e f f e c t s  
and t h e i r  r e l a t i o n s h i p  o r  c r i t i c a l i t y  t o  a mission,  , then  quan t i -  
f i c a t i o n  Is not  necessary .  
relates t o  s e l e c t i v e  a p p l i c a t i o n  of l i m i t e d  time o r  funds f o r  
f u r t h e r  des lgn  e f f o r t ,  - q u a n t i t a t i v e  ana lyses  provide  a be t te r  
basis  f o r  dec id ing  where the e f f o r t  w i l l  provide the greatest 
c o n t r i b  u t  i o n  toward inc reased  missf;;on e f fe c t i v e n e s s  . 

The q u a l i t a t i v e  

This i s  most apropos  when an e f ' f o r t - i s  being put  forth 
Also chen t h e  

On t h e  o t h e r  hand when t h e  a n a l y s i s  
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Sec t ion  I V  

I n t  e rf ac  es 

Although a f a i l u r e  mode and e f f e c t  a n a l y s i s  (FMEA) i s  an  i n t e r -  
d i s c i p l i n a r y  s tudy ,  an i n d i v i d u a l  has t o  be a s s igned  r e spons i -  
b i l i t y  f o r  i t .  It involves  sys t em and equipment des ign  engi-  
n e e r i n g ,  r e l i a b i l i t y  data,  m a i n t a i n a b i l i t y ,  safety,  a p p l i c a t i o n  
of p r o b a b i l i t y  concepts ,  and t h e  mathematics of  modeling. Th i s  
s e c t i o n  d i s c u s s e s  t h e  k inds  of i n fo rma t ion  u s u a l l y  needed f o r  
FMEA, where i t  i s  obtained '  from, and t h e  t y p e s  of pe r sonne l  
g e n e r a l l y  involved.  

A FMEA r e q u i r e s  a v a r i e t y  of  i n fo rma t ion  and pe r sonne l  as l i s t e d  
i n  F igu re  1. Figure  2 diagrams how these i n d i v i d u a l  pieces of 
informat ion  and tasks  o rgan ize  i n t o  a p a t t e r n  t o  produce a FMEA. 

By i t s  n a t u r e ,  a FMEA t ends  t o  be a de ta i led  a n a l y s i s  of an 
equipment, subsystem, o r  s y s t e m .  As such,  a greater depth of  
unders tanding  i s  necessary  than  w i t h  some o t h e r  t y p e s  of ana- 
l y s e s ,  Not only i s  i t  necessa ry  t o  unders tand  how the  hardware 
o p e r a t e s  and how equipments i n t e r f a c e  when e v e r y t h i n g  i s  work- 
i n g  p r o p e r l y ,  bu t  i t  i s  a l so  necessary  t o  exp lo re  t h e  e f f e c t s  
of v a r i o u s  t y p e s  of i n d i v i d u a l  p a r t  f a u l t s  on equipment and 
system behavior .  I n  e l e c t r o n i c  systems, t h i s  f r e q u e n t l y  i n -  
volves  c i r c u i t  a n a l y s i s  (. e 
To examine and ana lyze  t h e  f a i l u r e  tendency of a p h y s i c a l  s y s t e m  
i n  t h i s  d e t a i l  u s u a l l y  r e q u i r e s  team suppor t  f o r  t h e  i n d i v i d u a l  
conduct ing t h e  FMEA w i t h  d i f f e r e n t  team members having  back- 
grounds and knowledge concern ing  des ign ,  s y s t e m  and parts re- 
l i a b i l i t y ,  p r o b a b i l i t y  and o p e r a t i o n s  r e s e a r c h  mathematics,  
thermal a n a l y s i s ,  and environmental  e f f e c t s .  An equipment o r  
s y s t e m  of' any complexity u s u a l l y  r e s u l t s  i n  a computer program 
a n a l y s i s ,  c a l l i n g  f o r  programming s k i l l s .  For  t h e  i n d i v i d u a l  
c a r r y i n g  out  t h e  FMEA t o  e f f e c t i v e l y  u t i l i z e  t h i s  team s u p p o r t ,  
he should a c q u i r e  as f u l l  an unders tanding  of' s y s t e m  f u n c t i o n s  
as p o s s i b l e  p r i o r  t o  engaging i n  e x t e n s i v e  d i s c u s s i o n s  w i t h  
team members. If he can d i s c u s s  h i s  FIWA p l a n s  based on rea- 
sonable  s y s t e m ' s  knowledge, t h e  response and c o n t r i b u t i o n s  by 
d e s i g n e r s  t o  h i s  FMEA e f f o r t s  w i l l  be  markedly greater.  For 
a meaningful  FMEA, t h e  a n a l y s t  has t o  a t t r a c t  t he  i n t e r e s t  
and achieve  coopera t ion  from the  s y s t e m  and equipment des igne r s .  

A s  shown i n  F igure  2 ,  knowledge o f  t h e  system/equipment opera- 
t i o n  i s  used t o  produce a l i s t i n g  of s i g n i f i c a n t  f a i l u r e  modes. 
Where t he  a n a l y s i s  i s  q u a n t i f i e d ,  a mathematical  model repre- 
s e n t a t i v e  of system/equipment behav io r  i s  t h e n  developed. 
I n d i v i d u a l  f a i lu re  p r o b a b i l i t i e s  are t h e n  i n c o r p o r a t e d  i n t o  
t h e  system/equipment mathematical  model s t r u c t u r e  t o  provide  
an a n a l y s i s  based on s p e c i f i c  fa i lure  mode p o s s i b i l i t i e s .  e 

                                        
                                         
                                        
                                         Full document details: SAE RB9

http://www.avadocuments.com/doc/sae-rb9
http://www.avadocuments.com/doc/sae-rb9

