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FOREWORD 

The s p e c i f i c a t i o n  of r e l i a b i l i t y  o b j e c t i v e s  f o r  e l e c t r o n i c  equipment  i n  a 
uni form manner h a s  become i n c r e a s i n g l y  impor t an t  because  of  t h e  growing r e l i a n c e  on elec- 
t r o n i c  a i d s  i n  a l l  p h a s e s  of f l i g h t ,  and h a s  p a r t i c u l a r  s i g n i f i c a n c e  d u r i n g  c e r t a i n  
c r i t i c a l  p h a s e s  of f l i g h t ,  as  when employing ILS t o  v e r y  low minima. 

The t e x t  of t h i s  C i r c u l a r  w a s  o r i g i n a l l y  deve loped  by t h e  COM/OPS D i v i s i o n a l  
Meeting (1966) ,  and w a s  s u b s e q u e n t l y  amended t o  accommodate, a s  f a r  as p r a c t i c a b l e ,  t h e  
comments of States .  The r e s u l t i n g  document r e p r e s e n t s  a f i r s t  a t t e m p t  w i t h i n  ICAO t o  
p r o v i d e  a common b a s i s  f o r  f u r t h e r  i n t e r n a t i o n a l  a c t i v i t y  i n  t h e  s p e c i f i c a t i o n  of  r e l i a -  
b i l i t y  o b j e c t i v e s .  

A q u a n t i t y  of material h a v i n g  o n l y  a l i m i t e d  b e a r i n g  on t h e  d e f i n i t i o n  and 
measurement of r e l i a b i l i t y  h a s  been i n c l u d e d  i n  t h e  C i r c u l a r  f o r  t h e  b e n e f i t  o f  Admin i s t r a -  
t i o n s  who have no p r e v i o u s  e x p e r i e n c e  i n  r e l i a b i l i t y  work, and have  t h e r e f o r e  n o t  y e t  
developed p r o c e d u r e s  o r  g e n e r a l  o p e r a t i o n s  manuals .  Such material  need n o t  n e c e s s a r i l y  
i n f l u e n c e  S t a t e s  a l r e a d y  hav ing  developed  r e l i a b i l i t y  programmes u s i n g  d i f f e r e n t  p r o c e d u r e s  
and methods. 

No twi ths t and ing  t h e  impor tance  and d e s i r a b i l i t y  of a c h i e v i n g  i n t e r n a t i o n a l  
agreement on b a s i c  r e l i a b i l i t y  d e f i n i t i o n s  and o b j e c t i v e s ,  S t a t e s '  comments on t h e  material 
p r e s e n t e d  i n  t h i s  C i r c u l a r  emphasized t h e  complex n a t u r e  of  t h e  problem,  and t h e  need  t o  
p r o v i d e  s u f f i c i e n t  f l e x i b i l i t y  t o  e n a b l e  e a c h  A d m i n i s t r a t i o n  t o  e s t a b l i s h  r e l i a b i l i t y  
p rocedures  b e s t  s u i t e d  t o  i t s  needs .  The s t a t e m e n t  i n  C h a p t e r  1 c o n c e r n i n g  t h e  t e n t a -  
t i v e  n a t u r e  of t h e  material t h e r e f o r e  h a s  p a r t i c u l a r  s i g n i f i c a n c e ,  and i t  s h o u l d  b e  n o t e d  
t h a t  S tanda rds  and Recommended P r a c t i c e s  on t h i s  s u b j e c t  which may u l t i m a t e l y  b e  i n t r o d u c e d  
i n t o  Annex 1 0  may n o t  n e c e s s a r i l y  conform t o  t h e  material c o n t a i n e d  i n  t h i s  document. 

It s h o u l d  a l s o  be  no ted  t h a t  t h e  s u b s t a n c e  of p a r a g r a p h s  1 t o  2.1.4 i n c l u s i v e  
of  t h i s  C i r c u l a r  i s  i d e n t i c a l  t o  t h e  m a t e r i a l  i n c o r p o r a t e d  i n  Amendment 47 t o  Annex 1 0 ,  
Volume I ,  a s  Attachment "F" t o  P a r t  I. 
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THE RELIABILITY AND AVAILABILITY 
OF ELECTRONIC EQUIPMENT 

CHAPTER 1.- INTRODUCTION AND F U N D M N T A L  CONCEPTS 

Due t o  t h e  r a p i d  i n c r e a s e  i n  numbers of a i r c r a f t  and t h e  t r e n d  toward a l l  
weather ope ra t i ons ,  a i r c r a f t  a r e  i n c r e a s i n g l y  dependent upon ground-based n a v i g a t i o n  and 
communication f a c i l i t i e s .  Th i s  C i r c u l a r  i s  in tended t o  p rov ide  guidance m a t e r i a l  which 
member S t a t e s  may f i n d  h e l p f u l  i n  p rov id ing  t h e  degree  of f a c i l i t y  r e l i a b i l i t y  and a v a i l -  
a b i l i t y  c o n s i s t e n t  with t h e i r  o p e r a t i o n a l  requirement .  

The m a t e r i a l  i n  t h i s  C i r c u l a r  i s  in tended  f o r  guidance and c l a r i f i c a t i o n  
purposes ,  and i s  not  t o  be considered a s  p a r t  of t h e  Standards  and Recommended P r a c t i c e s  
conta ined i n  Annex 10. It should be noted t h a t  t h i s  m a t e r i a l  is t e n t a t i v e ,  and i s  s t i l l  
under review. 

1.1 D e f i n i t i o n s  

1.1.1 F a c i l i t y  A v a i l a b i l i t y  - t h e  r a t i o  of a c t u a l  o p e r a t i n g  t i m e  t o  s p e c i f i e d  
ope ra t i ng  t i m e .  

1.1.2 F a c i l i t y  F a i l u r e  - any u n a n t i c i p a t e d  occurrence  which g i v e s  rise t o  an  
o p e r a t i o n a l l y  s i g n i f i c a n t  pe r iod  du r ing  which a  f a c i l i t y  does no t  p rov ide  s e r v i c e  w i t h i n  
t h e  s p e c i f i e d  t o l e r a n c e s .  

1.1.3 F a c i l i t y  R e l i a b i l i t y  - t h e  p r o b a b i l i t y  t h a t  t h e  ground i n s t a l l a t i o n  o p e r a t e s  
w i t h i n  t h e  s p e c i f i e d  t o l e r a n c e s .  

Note.- This de f in i t ion  re fers  t o  the probability tha t  the f a c i l i t y  w i l l  operate for a - 
specified period of time. 

1 .1 .4  Mean Time Between F a i l u r e s  (MTBF) - t h e  a c t u a l  o p e r a t i n g  t i m e  of a  f a c i l i t y  
d iv ided  by t h e  t o t a l  number of f a i l u r e s  of t h e  f a c i l i t y  du r ing  t h a t  pe r iod  of t i m e .  

Note.- The operating time should i n  general be chosen so as t o  include a t  least  f ive ,  and 
preferably more, fac i l i t y  failures i n  order t o  give a reasonable measure of confidence i n  
the figure derived. 

1.1.5 S igna l  R e l i a b i l i t y  - t h e  p r o b a b i l i t y  t h a t  a s i g n a l  i n  space  of s p e c i f i e d  
c h a r a c t e r i s t i c s  i s  a v a i l a b l e  t o  t h e  a i r c r a f t .  

Note.- This de f in i t ion  re fers  t o  the probability that  the signal i s  present for a speci- - 
fied period of time. 

1.2 F a c i l i t y  R e l i a b i l i t y  

1.2.1 ~ e l i a b i l i t ~  i s  achieved by a  combination of f a c t o r s .  These f a c t o r s  a r e  
v a r i a b l e  and may be i n d i v i d u a l l y  ad jus t ed  f o r  a n  i n t e g r a t e d  approach t h a t  i s  optimum f o r  
and c o n s i s t e n t  w i th  t h e  needs and c o n d i t i o n s  of a  p a r t i c u l a r  environment.  For example, 
one may compensate t o  some e x t e n t  f o r  low r e l i a b i l i t y  by p rov id ing  inc reased  maintenance 
s t a f f i n g  and/or  equipment redundancy. S i m i l a r l y ,  sho r t age  of s k i l l e d  maintenance pe r sonne l  
may be o f f s e t  by p rov id ing  equipment of h igh r e l i a b i l i t y .  
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1.2 .2  The fo l l owing  formula e x p r e s s e s  f a c i l i t y  r e l i a b i l i t y  as  a percentage:  

where R = r e l i a b i l i t y  ( p r o b a b i l i t y  t h a t  t h e  f a c i l i t y  w i l l  b e  o p e r a t i v e  
w i t h i n  t h e  s p e c i f i e d  t o l e r a n c e s  f o r  a t i m e  t ,  
a l s o  r e f e r r e d  t o  a s  p r o b a b i l i t y  of s u r v i v a l ,  

Ps) 

e  = base  of n a t u r a l  l oga r i t hms  

t = t i m e  p e r i o d  of i n t e r e s t  

m = mean t ime  between f a c i l i t y  f a i l u r e s .  

It may be s een  t h a t  r e l i a b i l i t y  i n c r e a s e s  a s  mean t i m e  between f a i l u r e s  
(MTBF) i n c r e a s e s .  For a h i g h  degree  of r e l i a b i l i t y ,  and f o r  o p e r a t  i o n a l l y  s i g n i f i c a n t  
v a l u e s  of t ,  w e  must have a l a r g e  WBF; t h u s  MTBF is ano the r  more convenient  way of 
e x p r e s s i n g  r e l i a b i l i t y ,  

1.2.3 Experimental  ev idence  i n d i c a t e s  t h a t  t h e  above formula i s  t r u e  f o r  t h e  
m a j o r i t y  of e l e c t r o n i c  equipments where t h e  f a i l u r e s  f o l l ow  a Po i s son  d i s t r i b u t i o n .  It 
w i l l  n o t  be a p p l i c a b l e  du r ing  t h e  e a r l y  l i f e  of an equipment when t h e r e  a r e  a  r e l a t i v e l y  
l a r g e  number of premature f a i l u r e s  of i n d i v i d u a l  components; n e i t h e r  w i l l  i t  be t r u e  when 
t h e  equipment i s  n e a r i n g  t h e  end of i t s  u s e f u l  l i f e ,  

1.2.4 A t  many f a c i l i t y  t ypes  u t i l i z i n g  conven t iona l  (vacuum t u b e  type)  equipment, 
MTBF v a l u e s  of 1 000 hours  o r  more have  been c o n s i s t e n t l y  achieved.  T o  i n d i c a t e  t h e  
s i g n i f i c a n c e  of a 1 000 hour NTBF, t h e  corresponding 24-hour r e l i a b i l i t y  i s  approximate ly  
97.5 p e r  c e n t  ( i , e .  t h e  l i k e l i h o o d  of f a c i l i t y  f a i l u r e  du r ing  a 24-hour pe r i od  i s  about  
2.5 pe r  c e n t ) .  

1.2.5 F i g u r e  1 shows t h e  p r o b a b i l i t y  of f a c i l i t y  s u r v i v a l  (P,) a f t e r  a t ime 
pe r i od  ( t )  , f o r  var ious  v a l u e s  of MTBF. 

Note.- It is significant tha t  t h e  probabiZity of surviving a period of time equal to the  
MTBF is oniy 0.37 (37 per cent);  thus, one should not succumb t o  t k e  temptation to assume 
tirat t h e  MTBF is a fa7:Zure-free peri.od. 

1.2 .6  It may be seen t h a t  adjus tment  of MTBF w i l l  produce t h e  d e s i r e d  degree  of 
ref i a b i l i t y  . F a c t o r s  which a f f e c t  MTBF and hence f a c i l i t y  r e l i a b i l i t y  a r e :  

(a) i n h e r e n t  equipment r e l i a b i l i t y ;  

(b) degree  and type  of redundancy; 

(c) r e l i a b i l i t y  of s e r v i n g  u t i l i t i e s  such as power and t e l ephone  o r  
c o n t r o l  l ines ;  
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(d) degree and quality of maintenance; 

(e) environmental factors such as temperature and humidity. 

Probabi l i ty  of survival  (PSI (per cent) 

FIGURE 1. PLOT OF P, = lOOe -t/m 
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1.3 F a c i l i t y  A v a i l a b i l i t y  

1.3.1 A v a i l a b i l i t y ,  as a  percen tage ,  may be expressed i n  terms of t h e  r a t i o  of 
a c t u a l  ope ra t i ng  t i m e  d iv ided  by s p e c i f i e d  ope ra t i ng  time taken  over a  long per iod .  
Symbolical ly 

Actual  ope ra t i ng  t ime (100) 
A = 

S p e c i f i e d  ope ra t i ng  t i m e  

For example, i f  a f a c i l i t y  w a s  ope ra t i ng  normally f o r  a  t o t a l  of 700 hours  
dur ing a  720 hour-month, t h e  a v a i l a b i l i t y  f o r  t h a t  month would be 97.2 pe r  cen t .  

1 .3 .2  Fac to r s  important  i n  p rov id ing  a h igh  degree of f a c i l i t y  a v a i l a b i l i t y  a r e :  

( a )  f a c i l i t y  r e l i a b i l i t y ;  

(b) quick response  of maintenance personne l  t o  f a i l u r e s ;  

( c )  adequate t r a i n i n g  of maintenance personnel ;  

(d) equipment des igns  p rov id ing  good component a c c e s s i b i l i t y  and 
m a i n t a i n a b i l i t y ;  

(e)  e f f i c i e n t  l o g i s t i c  suppor t ;  

( f )  p rov i s ion  of adequate  test equipment; 

(g) standby equipment and /or  u t i l i t i e s .  
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