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Reliability 
Principles of reliability prediction and factors affecting the life of components 

Reliability is tho responsibili;y of tho 
engineer concetnod with the dos~gn of a 
system or a sub-system. yot it seems to 
be one of the lease ~omderstood concepts 
which he has to uso. Enginatu-s in general 
seem to p refor not to get involved in any 

cak:ulaaioos of the reliabiltly of the 
equipment which they are dos1gning. The 

reasons ror this ~re probably a lack of 
understanding ot 1he techniques irwolved 
- considered 10 bo bordering on the 
" Black Arts" by some. and is probably 
ta rgaty due to the fact that the data used 
in tollebility prediction has boon derived 
statistically - and prediction infers 
crystal balls. But those who shudder at 

the thought of any·chmg statiStical should 
be reminded that even the valu~:~ of a 
rasistor is really n statistical $tOtement 
and not an exact value. 

MA NY IH-:StG ~ERS \\o'ill ~Hl)' .. 1 do n't 

need to do a ll ~hose calcu lations. I 
dc.<ign reliable equipment by using the 
best componenlS ... On the race of 11 thiS 
argument is quite sound. but it can only 
be aL all valid in a situat ion where cost is 
of no consequence. Cos~ and reliability 
are Closely related, and cost can be or 
~ual, if not gre:>ter importance. There 
is. also another aspect to be considered. 
The user of an equipmc;nt also has to 
maintain it. Nothing. howevtrr l'eliable. 
will \\'Ork for ever and a prediction 'of 
failure rate is a useful indication or 
future maintenance effort required and 
li l<ely store's ho ldings ( today's 
components will nor be available for 
ever. particularly in the rapidly 
developing world of electronics). These 
con~idcrations may be of no importance 
where Grandma's portable tclly is con· 
cerned. but it is a different SlOry where a 
data·processing installation or ~ 
telephone exchange is concerned. 

Certtdn aspects of ,·eHability calcu
lations can be a little involved. The 
object of this ankle is t.O pres-tent ~me 
of the fundamental ideas. Excellent 
works are available on the subjeCt. of 
which 1-efert!OCC$ 1 and 2 are considered 
by the aulhor to be 1.-hc best. 

What is reliability? 
Every component, \\'hetht.:r electronic, 
clcctro -mechankal or pu re ly 
mechanical. has a finite life. After a 
conaln period or operation there will be 
signs or deterioration in itS performance 
unul a point is reached where it no 
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longer performs satisfactorily. We then 
say that it has reached the end of its lire. 
These last two sentences should pose 
some questions in the reader•s mind. 
Such a definition is ra.ther loose. Unless 
the device ceases to function comp· 
let:ely. that which means fa1lure for one 
application may not be so ror another. 
Aga in , in a cest sit ua tion where a 
device's paran'lete rs are bein g 
measured, the end-point of its life may 
be different to an application where 
negative feedback might mask the rau. 
off in performance Lo give nn extended 
life. We can c•cape this qu3ndary by 
recoenising that the test situation has 
the advantage that it yields the more 
pessimistic estimate of device life and 
furth cnnore, l.hnt it is appllca t.ion 
indcpendent. 

Reliability information comes from 
two mafn sources;. the compo nent 
manufacturer and the user. Firstlv fronl 
the component mttnufacturer, arld this 
applies mainly to active electronic 
components, e.g .. $emi-conduclors. 
Batches of components are tnken from 
the output of the production l ine 
according lOa pr~·determined sampling 
scheme. These componentS are placed 
on life.test durin8 whtch th~y are ox. 
posed to various types and levels or 
scress. nccording to the spcelrlcation of 
the devlce. and key param~lers are 
monnored. When any of these 
parameters fa ll outside prcscrJbed limits 
the compo,,cnt is deemed to hove failed. 
The cause or failure is dctermjned in 
order that t..he mechanism of failure can 
be better understOOd. In mO!\t cases this 
simple picture of life testing would be 
impractlc•l>lc due to lhe len~th of life of 
most electronic components: reliability 
data would not be available in time for it 
to be of any use to the designer. For this 
reason. accelerut.ed life testing is used. 
Cons iderable knowledge of th e 
relationship between the life or a 
compOnent and the ternp~rature or 
oper<1don. panicularly in the case or 
semi-conductor l'Ompont-rns. has been 
accu mulat ed. 1·hus by testin g 
components at a suitably elevated um· 
perature the life can !>e reduced to a 
IO\\'er. measurable \'<tlu~. and the 
compont:m's life u~ other lower tern per. 
ature~ may 00 COI'nputcd. 

As ~tated above. tho type of life test
ing conducted by component manufac
turers is app Hcnt ion·independcnc 

Furthermore, r..hc test environment is 
closely controlled and Lhe results which 
have been obtained over many 
thou•ands of device hours, enable the 
designer lO predict tho behaviour of his 
system even under different environ
mental a.nd operational conditions. One 
possible draw.baek with the rehability 
data produced by component munufac
turers Is that for economic reasons the 
number of devices of any one Lype that 
can be tested at a time is limited. Thus, iL 
still requires a considerable length of 
t ime for the number of d~viCC·hours of 
testing fo r any particular component to 
reach Lhe level required for the data to 
be statislically 'reliable·. 

The second mai n source of reHability 
information comes rrom component 
users. Jn general most large organi· 
sations in the electronic and eJectro
mechanical sphere keep some record of 
the reliability of the components which 
they usc. Sorne of the infonnatlon may 
have been accumula[ed over many 
device·years and is therefore 'reliable'. 
These data are, however, extremely 
applica tion -depe ndent an(l in the 
general case the publi~hed information 
drawn from these sources does not give 
details of environment, levels of stress, 
etc. under which the device concerned 
was operated. Indeed. the· published 
information may In fact be the grand 
average or many different applications, 
etc. 

Th is Information b;. in fnct, very 
valuable. Because iL is d rawn (rom a 
very wide range of applications and 
operating conditions. it tends tO present 
an average value and because in most 
cases the envit·onment is not defined, 
the net resu lt is ve ry muc h more 
pessimistic than tho data obtained from 
the manufacturer. Furthermore. be
cause or the very much greater number 
of device-years encompassed in thi~ 

type of tnformation one may have more 
(s~atistica.l) confidence in it. Although 
the method of derlvatjon of this info-r
mation is the very antithesis of [he 
scientific approa ch adopted by lhe 
manufacturcr•s quali~y control organi
zation. i.e .. it does not set out LO 

separate and control or limit the many 
factors which affect r'eliability, th h; is. Qf 

course, far more typica l of' many in
du.fitnal applications where little comrol 
can be exercised over. for example. 
environment. In many cases. particu-
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Reliability is the responsibility ot she 
engineer concerned with the dos.gn ol a 
system or a sub-system, yet it seems to 
be one ot the least understood concepts 
which he has to use. Engineers in general 
seem to prefer no: to get involved in any 
calcolations ot the reliability of the 
equipment which they are designing The 
reasons lor this are probably a lac* ol 
understanding of the techniques involved 
— considered to be bordehny on the 
"Black Arts" by some, and is probably 
argely due to the fact that the data used 
in reliability prediction has been derived 
statistically — and prediction infers 
crystal balls. But those who shudder at 
the thought ol anything statistical should 
be reminded that even the value o' a 
resistor is really a statistics statement 
and not an exact value. 

Many designers will say "1 don't 
need to do all those calculations. I 
design reliable equipment by using the 
best components", On the face of it tins 
argument is quite sound, but it can only 
bo at all valid in a situation where cost is 
of no consequence. Cost and reliability 
are closely related, and cost can be of 
equal, if not greater importance. There 
is also another aspect 10 be considered. 
The user of an equipment also has to 
maintain it. Nothing, however icliable, 
will work for ever and a prediction of 
failure rate is a useful indication of 
future maintenance effort required and 
likely store's holdings (today's 
components will not be available for 
ever, particularly in the rapidly 
developing world of electronics). These 
considerations may be of no importance 
where Grandma's portable telly is con- 
cerned. but it is a different story where a 
data-processing installation or a 
telephone exchange is concerned. 

Certain aspects of reliabiliiy calcu- 
lations can be a little involved, The 
object of this article is to present some 
of the fundamental ideas. Excellent 
works are available on the subject, of 
which references 1 and 2 are considered 
by the author to be iho best. 

What is reliability? 
Every component, whether electronic, 
electro-mechanical or purely 
mechanical, has a finite life. After a 
certain period of operation there will be 
signs of deterioration in its performance 
until a point is reached where u no 

longer performs satisfactorily. We then 
say that it has reached the end of its life. 
These last two sentences should pose 
some questions in the reader's mind. 
Such a definition is rather loose. Unless 
the device ceases to function comp- 
letely. that which means failure for one 
application may not be so for another. 
Again, in a test situation where a 
device's parameters are being 
measured, the end-point of its ife may 
be different to an application where 
negative feedback might mask the rail- 
off in performance to give an extended 
life- We can escape this quandary by 
recognising that the test situation has 
the advantage that it yields the more 
pessimistic estimate of device life and 
furthermore, that it is application- 
independent- 

Reliability information comes from 
two main sources; the component 
manufacturer and the user. Firstly from 
the component manufacturer, and this 
applies mainly to active electronic 
components, e.g.. semi-conductors. 
Batches of components are taken from 
the output of the production ine 
according to a pre-determined sampling 
scheme. These components arc placed 
on life-test during which they are ex- 
posed to various types and levels of 
stress, according to the specification of 
the device, and key parameters are 
monitored. When any of these 
parameters fall outside prescribed limits 
the component is deemed to have failed. 
The cause of failure is determined in 
order thai the mechanism of failure can 
be better understood. In most cases this 
simple picture of life testing would be 
impracltcabic due to the length of life of 
most electronic components; reliability 
data would not be available in time for it 
to bo of any use to the designer. For this 
reason, accelerated life testing is used. 
Considerable knowledge of the 
relationship between the life of a 
component and the temperature of 
operation, particularly in the case of 
semi-conductor components, has been 
accumulated. Thus by testing 
components at a suitably elevated tem- 
perature the life can be reduced to a 
lower, measurable value, and the 
component's life ai other lower temper- 
atures may be computed. 

As stated above, the type of iife tesl- 
ine conducted by component manufac- 
turers is application-independent. 

Furthermore, the lest environment is 
closely conirolled and the results which 
have been obtained over many 
thousands of device hours, enable the 
designer ic predict the behaviour of his 
system even under different environ- 
mental and operational conditions. One 
possible draw-back with the reliability 
data produced by component manufac- 
turers Is that for economic reasons the 
number of devices of any one type thai 
can be tested at a rime is limited. Thus, it 
still requires a considerable length of 
time for the number of device-hours of 
testing for any particular component to 
reach the level required for the data to 
be statistically 'reliable'. 

The second main source of reliability 
information comes from component 
users. In general most large organi- 
sations in the electronic and electro- 
mechanical sphere keep some record of 
the reliability of the components which 
they use. Some of the information may 
have been accumulated over many 
device-years and is therefore 'reliable' 
These data are, however, extremely 
application-dependent and in the 
general case the published information 
drawn from these sources does not give 
details of environment, levels of stress, 
etc, under which the device concerned 
was operated. Indeed, the published 
information may in fact be the grand 
average of many different applications, 
etc. 

This information is, in fact, very 
valuable. Because il is drawn from a 
very wide range of applications and 
Operating conditions, it tends to present 
an average value and because in most 
cases the environment is not defined, 
the net result is very much more 
pessimistic than the data obtained from 
the manufacturer. Furthermore, be- 
cause of the very much greater number 
of device-years encompassed in this 
type of information one may have more 
(statistical) confidence in it. Although 
the method of derivation of this infor- 
mation is the very antithesis of the 
scientific approach adopted by the 
manufacturer's quality control organi 
zation. i.e.. ii does noi set out to 
separate and control or limit the many 
factors which affect reliability, this is. of 
course, far more typical of many in- 
dustrial applications where little control 
can be exercised over, for example, 
environment. In many cases, particu- 
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larlv with electro-mechanical com~ 
pOn~nts, this may be the only source uf 
information. 

Before pursuing t he sub ject of 
component life data further and its 
application to the predlclton of equip· 
ment life we should now look more 
closely at some of the terms used and 
how they arc related. We have spoken, 
thus far ruther loosely, o t' l'eliabili ty, 
when most published data tends to be in 
terms of 'failure rate' lind 'mean time 
between failures' (m.t.b.f.). 

Since the behaviour of most physical 
systems follows some sort o f exponen· 
tht11aw it will come as no surprise LO the 
reader that the probability o f a fai lure 
occurring Is also an expOnential func· 
tion of time. Reliability is the probability 
that a component. will perform its func,. 
tion correctly for a given period of time 
under the spt!Cified operating con
ditions. The term probability is used 
here in itS mathematical sense. where 
complete certainty that an event will 
occur is given the probability value I 
and complete certainty that [he event 
'kill not occur Is giveo the value zero. 
The probability of an event occurring 
must therefore always be betweenO and 
1'. 

We cannot simply consider the failure 
of a single component. since this is a 
single evem in time: instead, we must 
consider what happens In the general 
case where a number of a Qiven type of 
compOnent operates in an equipment. If 
we plot the number or failures against 
time we get a curve similar to that of Fig 
1 - often referred to as the 'bath·tub' 
curve. Thi s curve has three distinct 
areas, the fJrst bein¥ know·n as the 
burn-in period. During this time the 
number of failures is high and these are 
due to infanl mortalities caused by 
component weaknesses. for example 
fragile leads, leakages in case seals, high 
leakage cu rrents. e tc. for electronic 
equipment this period is typically of the 
order of 200-300 hours and is not amen· 
able to mathematical prediction. 

At the end of the burn-in period the 
number of failures will have fallen to a 
low level M d the failure rate - the 
number or failures per unit time - then 
remains sensibly constant for a very 
much longer period of time until the 
components near the end or their life, 
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Fig. 2. Effect of junction u.mperature and YOIIage on m.r.b.(. for silicon thyristors. 

the third area where. the railure rate 
rises due to 'wear-out• faiJures. 

ln this article we are concerned 
primarily with electrical applications 
and of the above period that represents 
the useful life per iod. Failure studies 
have s hown t hat in this period 
compOnents tend to fail randomly with 
time and that the number or failures 
after a gaven operating time is ex· 
ponentially related to time a nd the 
number of components in service. l 'hus: 
t'Jr= N ... e_,,.. . ....... ... . ... ..... ( 1) 
where Nr • number of failures after 
timet 
N1 = total number of the component in 
service and e = 2.71 828. the base of 
Naperian logarithms. 
The constant m was found to be the 
arithmetic average of the time Lo failure 
for the compOnent concerned or m.t.bJ. 
Equation (I) can be rewritten in the 
more useful form: 

R(t) = NIN ,•e· 'm where R (I) is the 
probability that the component 
will not fail within time t. (the prob· 
ability of survival). In this Form R(t!_ 
ranges in -vnlue from 0 (~ero prob
ability o f s urviva l) for t • oo to 1 
(complete certainly of survival) for L ~ 
0. From the above equation. i t will 
be seen that, in a similar fashion to lhe 
chargetdischar(;e curve for a capacitOr 
resistor c ircui t the control lin g 
parameter is the ' time~constnrn• m. For 
example. fort• m. R(t) = 0.37. That is. 
the probability or survival ror a time 
equal to the m.t.b.f. m is 0.37 (or 37'lll). 
The probability of survival for a time of 
r=0.2m is R{t) •c-0·2m'm=-e ·OJ = 0.82 
or 82%. Conversely, we can find the 
value of t for which the probability of 
survival is, say. 98\!b. By taking 
logarithms we can rearrange the equ
ation to give: 

Ft&. I. The "bath-tub" curve of failures 
plorted against time 

r= m!og.(l/ R) • mlog,. (1/0.98) = 0.02m 
That is to say we can be 98% certain th~t 
the component or equiprncnt will 
operate without failure for 0.02m hours. 
Alternatively one can use the last form 
of the equation in a similar way to find 
what the equipment m.t.b.r. must be to 
achieve a g iven surviva l time with the 
required level of confidence. 

FAl&.!Jiq£ t RATI 
It is seen from the above that the 

probability of survival, lhat is, of 
operation wJthout failure is determined 
by the parameter m. the m.t.b.f. It must 
be remembered that m.t.b.f. ls. as the 
tenn implies. an average value- which 
in turn implies that there will be 
components whos~ time to failure will 
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larly with electro-mechanical com- 
ponenis. this may be the only source of 
information. 

Before pursuing the subject of 
component life data further and its 
application to the prediction of equip- 
ment life we should now look more 
closely at some of the terms used and 
how they are related. We have spoken, 
thus far rather loosely, of reliability, 
when most published data lends to bo in 
terms of 'failure rale' and 'mean time 
between failures' (m.c.b.f.). 

Since the behaviour of most physical 
systems follows some sort of exponen- 
tial law it will come as no surprise to the 
reader that the probability of a failure 
occurring is also an exponential func- 
tion of time. Reliability Is the probability 
that a component will perform its func- 
tion correctly for a given period of time 
under the specified operating con- 
ditions. The term probability is used 
here in its mathematical sense, where 
complete certainty that an event will 
occur is given the probability value 1 
and complete certainty that the event 
will nor occur is given the value zero. 
The probability of an event occurring 
must therefore always be between 0 and 
I5. 

We cannot simply consider the failure 
of a single component, since ibis is a 
single event in lime: instead, we must 
consider what happens in the general 
case where a number of a given type of 
component operates in an equipment. If 
we plot the number of failures against 
time we get a curve similar to that of Fig 
1 - often referred to as Ihe 'bath-tub' 
curve. This curve has three distinct 
areas, the first being known as the 
burn-in period. During this time the 
number of failures is high and these are 
due to infant mortalities caused by 
component weaknesses, for example 
fragile leads, leakages in case seals, high 
leakage currents, etc. For electronic 
equipment this period is typically of the 
order of 200-300 hours and is not amen- 
able to mathematical prediction. 

At the end of the burn-in period the 
number of failures will have fallen to a 
low level and the failure rate - the 
number of failures per unit lime - then 
remains sensibly constant for a very 
much longer period of time untii the 
components near the end of their life, 
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the third area where the failure rate 
rises due to 'wear-out' failures. 

In this article we are concerned 
primarily with electrical applications 
and of the above period that represents 
the useful life period. Failure studies 
have shown that in this period 
components tend to fail randomly with 
time and that the number of failures 
after a given operating time is ex- 
ponentially related to time and the 
number of components in service. Thus: 

(0 
number of failures after 

iVf = Nre-"m 

where .N'j 
lime I 
Nt= total number of the component in 
service and e = 2.71828. ihe base of 
Naperian logarithms. 
The constant m was found to be the 
arithmetic average of the time to failure 
for the component concerned or m.t.b.f. 
Equation (1) can be rewritten in the 
more useful form: 

Fig. 1. The "bath-tub" curve of failures 
plotted against time 
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R(f)=j\VN,= e-,m where R (I) is the 
probability that the component 
will not fail within time t, (the prob- 
ability of survival). In ibis form R(l) 
ranges in value from 0 (zero prob- 
ability of survival) for £ = co j 
(complete certainty of survival) for • - 
0. From the above equation, it will 
be seen that, in a similar fashion to the 
charge/discharge curve for a capacitor 
resistor circuit the controlling 
parameter is the 'time-constarH'm. For 
example, for i=m. R(t) = 0.37. That is. 
the probability of survival for a time 
equal to the m.t.b.f. m is 0.37 (or 37%). 
The probability of survival for a time of 
t = 0.2m is R(f.) »e-o-2"> ">=e-02 = q g2 
or 82%. Conversely, we can find the 
value of f for which the probability of 
survival is, say. 98%, By taking 
logarithms we can rearrange the equ- 
ation to give: 
r = mlOg^O/R) = mlog, (1/0.98) = 0.02m 
That is to say we can be 98% certain that 
the component or equipment will 
operate without failure for 0.02m hours. 
Alternatively one can use the last form 
of the equation in a similar way to find 
what the equipment m.t.b.f. must be to 
achieve a given survival time with the 
required level of confidence. 

It is seen from the above that the 
probability of survival, that is, of 
operation without failure is determined 
by the parameter m, the m.t.b.f. It must 
be remembered that m.t.b.f. is, as the 
term implies, an average value - which 
in turn implies that there will be 
components whose time to failure will 
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be less than m and also those whose 
time to failure will be grearer than m l t 

is a common misconception tha.t the 
m.t.bJ. m. when quoted for an equip
ment, is the tire which one can expect 

before a failure occurs. As one can see 
from the survival equation. one can 

only be 37% certain that such a life will 
be achieved. 

Failure rat~. which we have alreadv 
mentioned, is related to m.t.b.f. The 
average failure rate or a component is X 
• l / m.t.bJ. or l t m. per \mit t ime. If m 1s 

in hours then ~ is failu re rate/hour. 
Failure rate is usually expressed as the 
pereenc.age component failures per 1000 
hours. For example, in n da ta
processing installation. 500 integra ted 

circuits of a particular type were in 
service for five years. In this time only 
two failures were recorded. The per· 
centage failure was, thcrcfore.(2t500) 
X 100 • 0 .4%. The total number of 
operating hours was 43680 (5 )'I"S). Thus. 
failu re rate • (0 .4143680) x 1000 = 
0.0092%/ 1000 hours. This forrn is useful 
when comparing the perrormance of 

components. but must be converted t.o 
railures per unit time when perrorrning 
fa ilu res rate c.alculmi(')ns. 

Eq uipment reliability 
So rar we htlvc only considered what 
happens In t he liFe of a si ngle 
componenl or equipmen t. Jn practice 
we are concerned more with the 
reliability or equipment which contains 
numbers of different <:OmpQnents and 
systems which comprise more t han one 

equipment. These rwo cases arc in many 
respects the same and what follows can 
be applied to bot h. However, th e 
reliability of a system can be compli
cated by the presence of duplicate cle
ments (redundancy) such that the fail· 
urc o f a sint; lc~ one of t hese elements will 
not resu lt In f ailu 1·e o f the equ ip
ment. 

Since an equipment wi11 contain 
numbers or components o f vnrying 

types and Individ ua l relia bili t iC$ we 

would expect the ovcroll reliability to be 
lower than that of the worst (least 
reliable) component. 1'he relationship 
above gives the probability of a 
compooenl's life extending 10 time t. If 
we have two components with in · 
dlvldual probabilities of •urvival or R1( t) 
and R2(L) res pect ively. t hei r jo int 
probability u r survival to t ime t will be 
Rt(l) ,. R.(l) X R2 (I). If we substitute 

in th1s expres~ion the exponential 
relat ionship for R(t) we get: 
R,.(t) = exp(- J\1!) X exp(- :1.21) where 
h: and ~1 are the failure rales of the tv •. ·o 
components. 
Then R,. (!) e exp - (:1., + J\2)1 • exp 
(-:1.,;!). Clearly E = l\1 + J\,. and the 
m.t.b.f. of the combination is 
l l l\E= 1/ (J\. ~X,). This leads to a very 
slrnple rule~ to f ind th~ failure rutc of an 
equipmen t in w h ich fa i lu re o f t he 
equipment re$uiLS from the failure of 
any one of the constiluent components 
we simply fadd together the inrlh· idual 
l'nUure t:nes ()fall the comp~ncnts. For 
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Tnble 1 . Componcllt l1$ l o f 1ypical Qhoto· elec:lrlc sys:em di:.cv$sed a$ on examplo. 

Component lis-t fot Phot~lee1rfc Beam Control Unit 

Seetion Component 

1 Amplif ier Res stors t.4w 
composition 

Ca;>&C!lOr!l: 
polyiHyrrm u 

e lectrolytic 
Transntots 

low power 
150mW 

O·c<les Atgnal G~A.$ 
light source 

So!dered toims 
Pnnted c "CUlt 

board 

2 . Roley Driver 
Ou1pu1 tr..-nsformtr 
Resistors 

composition Yaw 
C3pecitOt5 

polys1yrcnc 
Tr\l llSiSlOt$ 

medium i):>wer 
Diodes ZO•lOt 
So.'derod Joints 
Prin:ed c ·•cvit board 
Relay (2 c / o contacts) 

3 . Powor Supply Power f fO•">sformer 
100V.O. 

Diodes pc)\Yet 
Capacn ors e!ecuofytle 
Po•Nor conn-ector 
Soldered Joims 

exarnple. let us consider t he case of u 

simple phOto·electric sys£em fn which a 
beam of modulated infra·red radiation 
is generated by a gallium arsenide d iode 
and is detected by a silicM d iode. A 
typical system with a self-contained 

mains power supply might contain the 
components shown in Table I. 

Summing t he joi t\t f ailure rate:; in the 

ri,;ht-hand column of Table I yields the 
overall failure rates of 0.6605/1000 
hours. The-m.t.b.f. will therefore be 
1000!0.6605 = 1511 hours. Using the 
$Urvi val equation we see that we could 
only expect around 100 hours (with 90$ 
confidence) or fault·frcc operation and 
this ignOI'¢S, for exnrnple. failu res due tO 

the build-up of dust on the optical sys. 
ttm. If this equipment were an vse in a 
process·Comrol m .. tallation with. say, 

n ine o ther ident ical equipmcms and a 
failutc ot any o"e ~qu i pmenl wou ld 

mean failure of the installation. then th~ 
()veral1 rattun~ rate would be ten time~ 
greatcr.1'he m.t.b.f, h; therefore redoced 
t o 151.4 hours. \ Vc could cxpe<.·t. w ith 

90% confidence. a J>eriod of fau lt-free 
operation of only 16 hours. 

Suppose that it ts essen tial that the 

Installation sha ll operate with 90% c~.r· 

t.c~inty for a minimum period of22 hours 

without a failure. We can use the survf .. 
val equaLion to find what ovcrnll m.t.b.f. 
Is r~qulred; in thi s ex amp le we g<lt 

m.t.b.f. • 22/ log,. (1/0.9)= ~08.83 , say 
209 ho:.~rs. This requires that the m.t.b.f. 
of the individual equiprnents must be •t 
least ten limes this value - 2090 hour:;, 

Qu.-ntity Unit Join t 
Failure Failure 
Rate Rate 
0/(,/ )000 o/o /1000 
hour$ hourt 

20 0021 00042 

9 0 0008 0.0001 
5 3 .33 0 1665 

6 0 .017 0.001 
I o.oos 0.00008 
2 0.02 0 .0004 

120 OtS 0 .216 

0.01 0.0001 
0 .1 0 .00 1 

6 0 021 0.0013 

3 0 .0008 0 .00002 

1 0 .6 0 .0 16 
2 0.7 0 .0 34 

30 0 l 8 0.054 
I 001 0.0001 
I l.57 0.0157 

1 0.2 0 .0 02 

• 07 OC28 
2 3.333 0066 
I 0.005 0 .00005 

30 0 18 0 .054 

A L t hi~ ~tage we mighL rca~o nably 

question lhe: design of l his u1~il and 
consider what ImprovcmcnL~. if any. we 

can make to its reliability. The fi~t step 
i:; lo examine Table l lO see ho \V Lhc 
fai lu re rates urc di~1ributed over l he 

differ.,nt parts of the equipment. There 
are three distinct pans to this equip
ment: the photo -cell. light source and 
a mplifier. the relay driver fl nd the power 

supply. T he joint failure rates and 
m.t.b.fs for each are showh in Table 2. 

TABL£2 
Approximate OlstribUliOn of Failure 

Rates 

1tem Failure mtbf 
rate houtl 

pho-oll 
light source 03894 2568 
uu<l omplifier 
retay I)I IV (U 0. 1:.!1 1 8258 
powtr supply () 1501 6662 

In th1s case the phmo·cell. light ~uurce 
and amplifier Co•llribULCS most to the 
unreliability of the system. One now ha~ 
to dec1de whether any wonhwhife 
Jmprovcrnentt; can be made. 
. T he m.t.b.f. of the rctny d r iver and 

power suppl:,' togclher is 3687 hours and 
lhis represents the highest m.t .b.f. 
which can be achie"ed - by reducing 
lht' rail ure (tl{~ O( the amplifier lU t.ur<). 

Although t his is nm pos.:sib le. th is <.:.al · 

culauon does enable- one to a;1swer the 

question 'is any i:np:-ovemem hkcly to 
be significa n t?·. tn t hi s case, ir Lhc 
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be less than m and also those whose 
lime to failure will be greater than m li 
is a common misconception that che 
m.'.b.f, m. when quoted for an equip- 
ment, is the life which one can expect 
before a failure occurs. As one can see 
from the survival equation, one can 
only be 37% certain that such a life will 
be achieved. 

Failure rale, which we have already 
mentioned, is related to m.t.b.f. The 
average failure rate of a component is X 
= l/m.t.b.f. or I.'m per unit time. If m is 
in hours then \ is failure rate."hour. 
Failure rate is usually expressed as che 
percentage component failures per 1000 
hours. For example, in a data- 
processing installation. 500 integrated 
circuits of a particular type were in 
service for five years. In this time only- 
two failures were recorded. The per 
centage failure was, lherefore,(2/500) 
X 100 - 0.4%. The total number of 
operating hours was 43680 (5 yrs). Thus, 
failure rate = (0 4/43680) x 1000 = 
0.0092%/1000 hours. This form is useful 
when comparing the performance of 
components, but must be converted to 
failures per unit time when performing 
failures rale calculations. 

Equipment reliability 
So far we have only considered what 
happens in the life of a single 
coinponeru or equipment. In practice 
we are concerned more with the 
reliability of equipment which contains 
numbers of different components and 
systems which comprise more than one 
equipment, fhese two cases are in many 
respects the same and what follows can 
be applied to both. However, the 
reliability of a system can be compli- 
cated by the presence of duplicate ele- 
ments (redundancy) such that the fail- 
ure of a single one of these elements will 
not result in failure of the equip- 
ment, 

Since an equipment will contain 
numbers of components of varying 
types and individual reliabilities we 
would expect the overall reliability to be 
lower than that of the worst (least 
reliable) component. The relationship 
above gives the probability of a 
component's life extending to lime t. If 
we have two components with in- 
dividual probabilities of survival of R((l) 
and R,(l) respectively, their joint 
probability of survival to time t will be 
RE(t) = R.C) x R' (I). If we substitute 
in this expression the exponential 
relationship for R(l) wo get; 
Rt.it) = exp(-V) X exp(-V) where 
\. and X. are the failure rates of the two 
components. 
Then R,. (f) = exp -(\ +\?)f = cxp 
(-X^f) Clearly F. = Xi +X^. and the 
in.t.b.f. of the combination is 
l/XE=l/(X.-r-Xj). fhis leads to a very 
simple rule; to find the failure rate of an 
equipment in which failure of the 
equipment results from the failure of 
any one of '.ho constituent components 
we simply add together -.he individual 
failure rates of all the components. For 
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Table 1. Component l-s. of Typical Oho.c-elecirc system discussed as c-example. 

Component list for Photo-eloctric Beam Control Unit 

Section 

* Amplifier 

2 Relay Driver 

3 Power Supply 

Component 

ResiSiors 'A vv 
composition 

Capacitors; 
pciysiyenc 
elecuclyiic 

Transistors 
low power 

1 50 mW 
D c-Jesrvcjnal QjiAs 

igh; source 
Soldered joinls 
Printed Circuit 

board 
Output transformer 
Resistors 

composition Vsw 
Capacito's 

pclystyrciio 
Transistors 

medium power 
Diodes Zcner 
Soldered Joints 
P'inted C'Cuil board 
Relay (2 c/O contacts) 
Power T'OlVSformer 

100 V A 
Diodes power 
Capacitors electtolyt-c 
Power connector 
Soldcec Joints 

Qunntity Unit Joint 
Failure Failure 
Rate Rate 
o/o/lOOO %/lOOQ 
hours hours 

20 0 02* 0 0042 

9 o ooos 0.0001 
R 3.33 0 1665 

6 0.017 0.001 
0.008 000008 

7 0.02 0 0004 
120 0 18 0 216 

1 0-01 0 0001 
O.l 0.001 

6 0 021 00013 

3 0.0008 0-00002 

t 0.6 0.016 
2 0.7 0.034 

30 0 18 0.054 
I 0 01 0 0001 
t 1,57 0.0157 

1 0.2 O.002 
4 0 7 0 028 
2 3.333 0 065 
1 C.005 0 00005 

30 0 18 0 054 

example, lei us consider I he case of a 
simple photo-electric system in which a 
beam of modulated infra-red radiation 
is generated by a gallium arsenide diode 
and is detected by a silicon diode. A 
typical system with a self-contained 
mains power supply might contain the 
components shown in Table ). 

Summing the joint failure rates in the 
right-hand column of Table I yields the 
overall failure rales of 0.6605/1000 
hours. The.m.t.b.f. will therefore be 
1000/0.6605 = 1511 hours. Using the 
survival equation we see thai we could 
only expect around 160 hours (with 90% 
confidence) of fault-free operation and 
this ignores, for example, failures due lo 
che build-up of dust on the optical sys- 
tem. If this equipment were in use in a 
process-control installation with. say. 
nine other identical equipments and a 
failure of any one equipment would 
mean failure of the installation, then the 
overall failure rale would be ten times 
greater. The m.t.b.f. is therefore reduced 
to 151.4 hours. We could expect, with 
90% confidence, a period of fault-free 
operation of only 16 hours. 

Suppose that it is essential that the 
installation shall operate with 90% cer- 
tainty for a minimum period of 22 hour.; 
without a failure. We can use the survi- 
val equation to find what overall m.t.b.f- 
is required; in this example we get 
m.t.b.f. = 22/102. (1/0.9)= 208 83. say 
209 hours. This requires thai the m.t.b.f. 
of the individual equipments must be at 
least ten limes this value — 2090 hours, 

At ihis stage we might reasonably 
question the design of this unit and 
consider what improvements, if any. we 
can make to its reliability, fhe first step 
is to examine Table 1 lo see how the 
failure rates arc distributed over the 
different parts of the equipment. There 
are three distinct parts to this equip- 
ment; the photo-cell, light source and 
amplifier, the relay driver and the power 
supply- The joint failure rates and 
m.t.b.fs for each are shown in Table 2. 

TABLE 2 
Approximate Distribution of Failure 

Rales 

Item 

plKUO-CCll 
light source 
u:i<l amplifier 
rcfay onvet 
power sjpulv 

In this case the photo-cell, light source 
and amplifier contributes most to the 
unreliability of the system. One now has 
to decide whether any worthwhile 
improvements can be made 

The m.t.b.f. of the relay driver and 
power supply together is 3687 hours and 
this represents the highest m.t-b.f. 
which can be achieved — by reducing 
the failure rate of the amplifier so zero. 
Although this is not possible, this cal- 
culation does enable one to answer the 
question "is any improvement likely to 
be significant?'. In this case, if the 

Failure mtbf 
rate hours 

0 3894 2568 

0.121 1 8253 
0 1501 6662 
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amplifier failure rate were zero the 
m.r.b.f. o! the system would be in· 
creased by a factor of 2.5. In practice. of 
course, we cannot ex.pect to achieve 
such a vast improvement., but at least 
the •cope is there. Had the ratio been 
much smaller, It is doubtful whether 
any practical improvement could be 
made which would be significant when 
compared with the rest of the system. 

Tl)e two components with the highest 
fa ilu re rates are the electrolytic 
capacitors and the •oldered joints. Pro· 
vided the required values are not htgh 
the electrolytic$ can be replaced by 
~ylar film types with a unit failure of 
0.0008%/1000 hours. This results in an 
overall m.Lb.f. for the amplifier of 4485. 
1'he overall .m.t.b.f. for the equipment 
be<:omes2023 hours; an improvement of 
34%. The likely cost of this modification 
would be small, so a worthwhile 
improvement would be obtained. ;As far as the other high failure rate 
~.o.r~ponent is concerned - the soldered 
JO,mts - a significant reduction could 
only be achieved by a pro·rata rcduc· 
t ion in the number of components. For 
l'.'f,~mple, if the amplifier could be 
reiy~ced by two operational amplifiers 
in dual-in-line Integrated packaaes. 
t!)en the numt>cr of soldered joln~s 
w?

1
uld be reduce?, to about 60, but there 

would be a co.nslderable reduction in 
the other components also. An estimate 
of theresulting'faJiure rate(assuming the 
integrated circuits to each have failure 
rates of 0.0005li.IIOOO hours) is 
0.109711000 hours. The resulting m.t.b.f. 
l'tthe amplifier is ~herefore 9115 hours, 
and the overall nu.b.f. of the equipment 
becomes 2625 hours, making the overall 
improvement due lO both modifications 
about 1.7:1. This second 'modification is 
quite drastic however and would only 
be considered at the design stage of the 
equipment . 

The time for which we could expect 
fault·free operation of ten units (with 
90% confidence) Is now increased to 27.7 
hours. Clearly this is a considerable 
improvement but it is still hardly a 
satisfactory situation. In the original 
example we quote the ease of ten such 
unitS-:lhe fai1ure·or any o ne unit causing 
system failure. In suph a situatiOI"'I we 
would be justified In looking for fur ther 
improvements: but some of these mtty 
nffect the design of the rest of the in· 
stallation and would require careful 
consideration. Redesigning the relay 
driver to eliminate the relay, ror 
example; although It would increase Its 
Intrinsic reliability, it would mean a 
drastic ehangc In the interface with the 
re>t of the system. Undoubtedly the 
power supply Is another high failure 
rate area with Its e1ecuotytic capacitors 
and high power li.vel devices. If the 
overaJI system design would permit. 
since 10 such photo·e1ectric units arc 
used. the use of a common power supply 
would make a significant change to the 
overall reliability. The joint m.l.b.f. for 
10 units would become (assuming the 
improvemenu to the amplifier dis· 

cussed above) 422 hours, nearly a 3:1 
improvement over t.he original situ ~ 
ation. 

Th¢ above example serves to bring 
out one or two important points. The 
overall railure rate of an equipment will 
be greater. sometimes very much 
~eater than that of any of the com· 
ponents used. Whether or not this 
overall failure rate is acceptable 
depends upon the system in which it is 
being used. Failure implies ma intenance 
and calculation of the expected annual 
maintenance cost is oflen r.he best 
criterion for determining whether the 
expected failure rate is acceptable or 
noL It may seem a defentlst attitude to 
even consider that a fai lure rate could 
be acceptable but we must not lose sight 
of another factor - that the capital cost 
and the failure rates of components arc 
closely related. For example, In the case 
of Lt.l. integrated circuits, when the 
costs and reliabilities of different pack· 
ages are compared it Is seen that by 
using Class A devices the cost is in · 
creased by a factor of :1:1 over that of 
industrial devices, whilst the m.t.b.f. is 
increased by a factor of 5. 

Unfortunately there is no easy 
solution to tllis problem. A process of 
triaJ and error must invnriably be used. 
employing a table similar to that of 
Table I , but with an additional column 

· giving the cost of each type of com· 
ponent. so that each component change 
will enable not only the effect upon 
reliability but also upon cost to be cal· 
culated. This table is inspected to iden
tify those componenls w hich 
significantly affect the overall failure 
rate and o.ltcrnative componen Ls Rnd/ or 
circuit. redesign considered to improve 
the reliability bearing in mind the effect 

·this might have on the overall capital 
cost. It may well pay to trade·off in· 
creased capital cost against reduced 
maintenance costs since thC' former is a 
'once only' cost wherca.s 'the lalter ls a 
continuing cost. 

It .has already been remarked that 
failure rate of an equipment is not 
always due to complete failure of a 
component but instead Is due to 
para~eters varying with ag~ and falling 
outstde acceptable limits. It follows 
therefore that a positive contribution to 
reliabilily can be made by proper atten· 
.tion to equipment. design. Electronic 
circuits should be designed to be as 
tolerant of component parameter 
''ariation as possible. Computer pro· 
grammes are available which enable 
circuits to be simulated and the effect of 
component parameter variations to be 
accurately determined as well us power 
dissipations and stress 1cve.ls. As well as 
making for a more reliable equipment 
these design techniques can lead to 
cheaper designs using wider tolerance 
components. The design or circuits 
which are tolerant of component par
amc.ter degradation is alsO very depen

·dent upon the equipment performance 
specification. Performance spec.ificat
!ons should not be unn~essarily tight 
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since this is immediately reflec.led in 
component tolerances. 

Choice of components 
The reliability of a component is deter
mined by various factors and the degree 
LO which these fa.ctors are operative in a 
given equipment must be decided by the 
equipment designer before an accurate 
assessment of reliability can be made. 
Some of the factors which affect the 
reliability of a component are: 
--component quality and type of con· 

struction 
--temperature 
-- vibration 
--humidity 
--electrical sLre.ss level. 

Component manuraeturers aim their 
products at various application fields 
and often have separate product lines 
for each - milita ry a nd aero·spacc, 
Industrial, domestic consumer, etc. Par
ticularly in the seml·conductor industry 
the specifications for each of these fields 
are well defined. For example, in the 
ease of t.t.l. inte&rared circuits the 
military product line differs from the 
industrial version In packaging a.s well 
as the performance testing to which the 
fin ished product is exposed (on a 
batch · sampl in g bas is). There are 
significant differences in the reliability 
obtained but there are also equally 
significant differences in cost. 

Capacitors are another example of a 
component field in which there are 
mony types of construction. Here the 
constraints on the designer are not only 
cost and reliability but also physical 
sl~e. maybe weight. and electrical per· 
formance. One may for example be 
faced with the quandary of requiring n 
silver-mica construction from stability 
considerations, a polystyrene in order to 
meet space requi.remcnts, etc. 

The effect of temperature upon the 
life or a component may be judged in a 
qualitative fashion by remembering 
that the rate at which a chemical reac· 
tlon takes place doubles for every 10•c· 
tise in temperature. Tn general, clce· 
trical components show an increase in 
their useful life as their operating tern·· 
perature is reduced. Fig, 2 shows the 
relationship between junction tempera
ture and m.t.b.f. for silicon transistors. 

At high temperatures other effects 
come into play which affect the 
mechanical .rructure of the device In 
addit ion to affec ting its elec trica l 
operation; for example, thermo·plastlcs 
soften and distort at temperatures 
around 95°C, meLal·glass seals rupture 
due to differential expansion and 
dieleetrics change their characteristics. 
Under these conditions it is difficult also 
to maintain stable tentperawre levels 
and thermal run·away often occurs. For 
these reasons elec~ronic equ ipment 
should be designed so that It operates 
well within the temperature ratings of 
Its components with adequate ventllat-
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amplifier failure rate were zero the 
m.t.b.f. of the system would be in- 
creased by a factor of 2.5. In practice, of 
course, wo cannot expect to achieve 
such a vast improvemcm. but at least 
the scope is chore. Had the ratio been 
much smaller, it is doubtful whether 
any practical improvement could be 
made which would be significant when 
compared with the rest of the system. 

The two components with the highest 
failure rates are the electrolytic 
capacitors and the soldered joints. Pro- 
vided the required values are not high 
the electrolytics can be replaced by 
Mylar film types with a unit failure of 
0.0008%/1000 hours. This results in an 
overall m.t.b.f. for the amplifier of 4485. 
The overall m.t.b.f. for the equipment 
becomes 2023 hours; an improvement of 
34%. The likely cost of this modification 
would be small, so a worthwhile 
improvement would be obtained. 

As far as (he other high failure rate 
component is concerned — the soldered 
joints — a significant reduction could 
only be achieved by a pro-rata reduc- 
tion in the number of components. For 
example, if the amplifier could be 
replaced by two operational amplifiers 
in dual-in-line integrated packages, 
then the number of soldered joints 
would be reduced to about 60, but there 
would be a considerable reduction in 
the other components also. An estimate 
of the resulting failure rale(assuming the 
integrated circuits to each have failure 
rales of 0.0005%/1000 hours) is 
0.1097/1000 hours. The resulting m.t.b.f. 
of the amplifier is therefore 9115 hours, 
arid the overall m.t.b.f. of the equipment 
becomes 2625 hours, making the overall 
improvement due to both modifications 
about 1.7.1. This second modification is 
quiie drastic however and would only 
be considered at the design stage of the 
equipment. 

The time for which we could expect 
fault-free operation of ten units (with 
90% confidence) is now increased to 27.7 
hours, Clearly this is a considerable 
improvement but it is still hardly a 
satisfactory situation. In the original 
example we quote the case of ten such 
units, the failure of any one unit causing 
system failure. In such a situation we 
would bo justified in looking for further 
improvements, but some of these may 
affect the design of the rest of the in- 
stallation and would require careful 
consideration. Redesigning the relay 
driver to eliminate the relay, for 
example: although it would increase its 
intrinsic reliability, it would mean a 
drastic change in the interface with the 
rest of the system. Undoubtedly the 
power supply is another high failure 
rate area with its electrolytic capacitors 
and high power level devices. If the 
overall system design would permit, 
since 10 such photo-electric units are 
used, the use of a common power supply 
would make a significant change to the 
overall reliability. The joint m.t.b.f. for 
10 units would become (assuming the 
improvements to the amplifier dis- 

cussed above) 422 hours, nearly a 3:1 
improvement over the original situ- 
ation. 

The above example serves to bring 
out one or two important points. The 
overall failure rate of an equipment will 
he greater, sometimes very much 
greater than that of any of the com- 
ponents used. Whether or not this 
overall failure rate is acceptable 
depends upon the system in which it is 
being used. Failure implies maintenance 
and calculation of the expected annual 
maintenance cost is often the best 
criterion for determining whether the 
expected failure rate is acceptable or 
not. It may seem a defeatist attitude to 
even consider that a failure rate could 
be acceptable but we must not lose sight 
of another factor — that the capital cost 
and the failure rates of components arc 
closely related. For example, in (he case 
of t.t.l. Integra(ed circuits, when the 
costs and reliabilities of different pack- 
ages are compared it ij> seen (hat by 
using Class A devices (he cost is in- 
creased by a factor of 3:1 over thai of 
industrial devices, whilst the m.t.b.f. is 
increased by a factor of 5. 

Unfortunately there is no easy 
solution to this problem. A process of 
trial and error must invariably be used, 
employing a table similar to that of 
Table 1. but with an additional column 
giving the cost of each type of com- 
ponent. so that each component change 
will enable not only the effect upon 
reliability but also upon cost to be cal- 
culated. This (able is inspected to iden- 
tify those components which 
significantly affect the overall failure 
rale and alternative components and/or 
circuit redesign considered to improve 
the reliability bearing in mind (he effect 
this might have on the overall capital 
cost. It may well pay to trade-off in- 
creased capital cost against reduced 
maintenance costs since the former is a 
'once only' cost whereas the latter is a 
continuing cost. 

Il .has already been remarked that 
failure rate of an equipment is not 
always due to complete failure of a 
component but instead is due to 
parameters varying with age and falling 
outside acceptable limits. It follows 
therefore that a positive contribution to 
reliability can bo made by proper auen- 
tion to equipment, design. Rlectronic 
circuits should be designed to be as 
tolerant of component parameter 
variation as possible, Computer pro- 
grammes are available which enable 
circuits to be simulated and the effect of 
component parameter variations to be 
accurately determined as well as power 
dissipations and stress levels. As well as 
making for a more reliable equipment 
these design techniques can lead to 
cheaper designs using wider tolerance 
components. The design of circuits 
which are tolerant of component par- 
ameter degradation Is also very depen- 
dent upon the equipment performance 
specification. Performance specifical- 
lons should not be unnecessarily tight 
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since this is immediately reflected in 
component tolerances. 

Choice of components 
The reliability of a component is deter- 
mined by various factors and the degree 
to which these factors are operative in a 
given equipment must be decided by the 
equipment designer before an accurate 
assessment of reliability can be made. 
Some of the factors which affect the 
reliability of a component are; 
— component quality and type of con- 

scruclion 
— temperature 
— vibration 
— humidity 
— electrical stress level. 

Component manufacturers aim their 
products at various application fields 
and often have separate product lines 
for each - military and aero-space, 
industrial, domestic consumer, etc. Par- 
ticularly in the semi-conductor industry 
the specifications for each of these fields 
are well defined. For example, in the 
case of t.t.l. integrated circuits the 
military product line differs from the 
industrial version in packaging as well 
as the performance testing to which the 
finished product is exposed (on a 
batch-sampling basis). There are 
significant differences in ihe reliability 
obtained but there are also equally 
significant differences in cost. 

Capacitors are another example of a 
component field in which there are 
many typos of construction. Here the 
constraints on the designer are not only 
cost and reliability but also physical 
size, maybe weight, and electrical per- 
formance. One may for example be 
faced with the quandary of requiring a 
silver-mica construction from stability 
considerations, a polystyrene in order lo 
meet space requirements, etc. 

The effect of temperature upon the 
life of a component may be judged in a 
qualitative fashion by remembering 
that Che rate at which a chemical reac- 
tion lakes place doubles for every I0oC" 
rise in temperature. Tn general, elec- 
trical components show an increase in 
their useful life as their operating tern-- 
perature is reduced. Fig. 2 shows the 
relationship between junction tempera- 
ture and m.t.b.f. for silicon transistors. 

At high temperatures other effects 
come into play which affect the 
mechanical structure of the device in 
addition to affecting its electrical 
operation: for example, thermo-plastics 
soften and distort at temperatures 
around metal-glass seals rupture 
due to differencial expansion and 
dielectrics change their characteristics. 
Under these conditions it is difficult also 
to maintain stable temperature levels 
and thermal run-away often occurs. For 
these reasons electronic equipment 
should be designed so that 11 operates 
well within the temperature ratings of 
its components with adequate vemilat- 
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ion to remove excess heat. In calcu. 
lating the expecte<l operating tempera· 
ture of an equipment the efrect of ex
ternal sources of energy such as solar 
radiation should also be considere<l In 
addition to the expected range or 
ambient temperatures. 

At the other extreme, operation of 
equipment$ at low temperatures can 
also adversely affect the life expect
ancy. For example, differential con
traction of materials in seals. hardeninB 
of oils and grease in bearings. Complete 
failure of e lect rolytic capaci tors, 
primary and secondary cells (except the 
Nickel-Cadmium type) In which the 
e lectrolyte has a very much tower 
freezing point than the lead-acid type. 

Associated with the effects of 
operating temperature is the electrical 
stress level at which a component is 
operated. In t he case of semi
conductors. reduction of the applied 
bias and operating current and voltage 
levels results in a significant increase in 
useful life. Tungsten filament lamps 
which typically have useful lives of 
some 2.000 hours at full rating, show an 
increase of up to five times this value for 
a derating of only 10%. 

Closely associate<! with temperature 
is humidity. The absolute humidity is 
determined primarily by the a ir tem
perature and is highest at high temper· 
atures and generally decreases wi th the 
temperature. Of all the various en~ 

vironmental factors humidity bas prob
ably the greatest effect upon com
ponent life, and performance. Absor
ption of moisture by a material used a~ a 
dielectric or just as an insulanc causes 
a.n increase in Joss angle with conse· 
quent local generation of beat and 
reduction in performance. Absorption 
also leads to dimensional changes, 
lowering or nexural strength and, over a 
period or time, co rrosion of meta llic 
parts, which is exacerbated by galvanic 
action where the cont,act of dissimilar 
metals is involve<!. 

Any equipment which moves or in 
which there are moving parts will suffer 
vibration. The design of mechanical 
structures to minimise 1he effects or' 
induced vibration upon the componentS 
is a complex exercise. To be carried out 
effectively the precise nature of the 
induced vibration in individual com · 
ponents must be known, Jn certain 
cases the effects of vibration may be 
alleviated by the use or anti-vibration 
mounts. Joints of all kinds and connec~ 
tors are part•cularly vulnerable. as also 
are potentiometers~ variable capacitors, 
switches, lamps and lamp· holders. 

In this comext particularly one must 
aJso consider lhe effectS of maintenance 
work. This is one of many aspects of 
reliabihly where there is Intersection 
"ith the subject of maintainability. In 
this particular case any component 
which may be moved in the co urse o r 
testing may be subjected lO damage. 

For example. it is often necessary to 
remove printed circuit boards in order 
to mount them on extender boards or to 

effect a repair. Apart from affecting the 
electrical contact between the mating 
contacts of the edge connector due tO 
disturbance of -dirt and oxidation layers 
- which should be cleared anyway 
before re·insertion - physical damage 
may also occur during the removal/re-
placement process. Carerul selection of 
board connectors and design of their 
mounting plays an important part here. 
Similar problems arise where it is 
necessary to replace components. The 
quality or SOldered jointS must be COO• 

trolled and the damaging effects to 
printed-circuit t racks and the board 
minimised. 

It is, of course, an intractable problem 
as far as reliability is concerned to 
include the above and similar effects in 
any reliability equations at the design 
stage. unless one has available his
torical records for similar equipment 
operated and maiotained under similar 
conditions. However, one is able at the 
design stage to design with the 
maintainability of the equipment in 
mind. The process whereby a faulty 
component is located should be made as 
direct as possible thus minimising the 
amount of speculative board removal 
and replacement for testing which 
otherwise occurs in practice. 

It is not possible to consider these and 
other topics which affect reliability in 
greater detail within the scope of th is 
paper. The subject is very adequately 
and explicitly dealt with in reference 2, 
which also goes a long way towards 
formulating the whole process of 
reliability calculations. 

System reliability 
Much of the foregoing discussion on 
equipment reliability applies also to 
system reliability. The system designer 
will be concerned with Integrating a 
number of equipments into a complete 
system. When he has some control over 
the design of the individual equipments 
also, be will have the necessary data 
from which to assess the overall system 
reliability. A difficulty arises, however, 
with proprietary equipment, for 
example. a dig ital processor, w here the 
system designer must rely to a large 
extent UPOn lhe information provided 
by the equipment supplier, weighte<l .by 
any previous experience. 

The system designer's work does not 
start. when all the separate equipments 
comprising the system have been de· 
signed. it must stan, before any detailed 
design can begin, with the complete 
specification of the system for which he 
must state the required minimum over· 
a1J system perfo rma nce object ives. 
These objectives must include 
minimum reliability and maximum cost 
boundaries. It would be supcr·idealistic 
to suggest that such boundaries can be 
fixed absolutely at this early point in the 
design but an initial feasibility Study 
would indicate where they should be. 

The overall design of a system from a 
reliability point of view requires more 
than the simple integration or a number 
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of component equipmenu and the cal
culation of the overall reliabilities. In 
the earlier example of a pboto·electric 
system the reliabili~y which was calcu
late<! referred only, in this ease. to iu 
electrical performance. In practice the 
system desianer must consider the 
overall operation of the system. In this 
example, experience shows that in most 
industrial applicat ions of photo-electric 
systems a.n important contributory fac· 
tor to the un·reliability of the system. is 
the accumulation of dust on to the 
exposed optical surfaces. Prior know
ledge of this factor could be taken into 
account in the design of th e optica l 
system and any recorded data relating 
to failure due to this cause use<! when 
calculating the expecte<l m.t.b.f. 

Fur thermore. the remarks made 
above regarding the effects of maint.e
nance work on the reli ability of an 
equipment apply equally to a complete 
system. It is, therefore, equally imper
ative that the quality control of 
maintenance work should be at least~ as 
vigorous as that .employed a t the 
manufacturing stage. This considera· 
cion together with the rising cost of 
maintenance for complex electronic 
systems has made the employment of 
centralised repair depots economically 
viable . First -line servic ing is thus 
reduced to the task of identifying and 
replacing a faul ty module. 
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ion 10 remove excess heat. In calcu- 
lating the expected operating tempera- 
ture of an equipment the effect of ex- 
ternal sources of energy such as solar 
radiation should also be considered in 
addition to the expected range of 
ambient temperatures. 

At the other extreme, operation of 
equipments at low temperatures can 
also adversely affect the life expect- 
ancy. For example, differential con- 
traction of materials in seals, hardening 
of oils and grease in bearings. Complete 
failure of electrolytic capacitors, 
primary and secondary cells (except the 
Nickel-Cadmium type) in which the 
electrolyte has a very much lower 
freezing point than the lead-acid type. 

Associated with the effects of 
operating temperature is the electrical 
stress level at which a component is 
operated. In the case of semi- 
conductors, reduction of the applied 
bias and operating current and voltage 
levels results in a significant increase in 
useful life. Tungsten filament lamps 
which typically have useful lives of 
some 2,000 hours at full rating, show an 
increase of up to five times this value for 
a derating of only 10%. 

Closely associated with temperature 
is humidity- The absolute humidity is 
determined primarily by the air tem- 
perature and is highest at high temper- 
atures and generally decreases with the 
temperature. Of all the various en- 
vironmental factors humidity has prob- 
ably the greatest effect upon com- 
ponent life, and performance. Absor- 
ption of moisture by a material used as a 
dielectric or just as an insulanc causes 
an increase in loss angle with conse- 
quent local generation of heal and 
reduction in performance. Absorption 
also leads Co dimensional changes, 
lowering of flexural strength and, over a 
period of time, corrosion of metallic 
parts, which is exacerbated by galvanic 
action where the contact of dissimilar 
metals is involved. 

Any equipment which moves or in 
which there are moving parts will suffer 
vibration. The design of mechanical 
structures to minimise the effects of 
induced vibration upon the components 
is a complex exercise. To be carried out 
effectively the precise nature of the 
induced vibration in individual com- 
ponents must be known. In certain 
cases the effects of vibration may be 
alleviated by the use of anti-vibration 
mounts. Joints of all kinds and connec- 
tors are particularly vulnerable, as also 
arc potentiometers, variable capacitors, 
switches, lamps and lamp-holders. 

In this context particularly one must 
also consider the effects of maintenance 
work. This is one of many aspects of 
reliability where there is intersection 
with the subject of maintainability. In 
this particular case any component 
which may be moved in the course of 
testing may be subjected to damage. 

For example, it is often necessary to 
remove printed circuit boards in order 
to mount them on extender beards or to 

effect a repair. Apart from affecting the 
electrical contact between the mating 
contacts of the edge connector due to 
disturbance of dirt and oxidation layers 
— which should be cleared anyway 
before re-insertion — physical damage 
may also occur during the removal/re- 
placement process. Careful selection of 
board connectors and design of their 
mounting plays an important part here. 
Similar problems arise where it is 
necessary to replace components. The 
quality of soldered joints must be con- 
trolled and the damaging effects to 
printed-circuit tracks and the board 
minimised. 

It is, of course, an intractable problem 
as far as reliability is concerned to 
include the above and similar effects in 
any reliability equations at the design 
stage, unless one has available his- 
torical records for similar equipment 
operated and maintained under similar 
conditions. However, one is able at the 
design stage to design with the 
maintainability of the equipment in 
mind. The process whereby a faulty 
component is located should be made as 
direct as possible thus minimising the 
amount of speculative board removal 
and replacement for testing which 
otherwise occurs in practice. 

It is not possible to consider these and 
other topics which affect reliability in 
greater detail within the scope of this 
paper. The subject is very adequately 
and explicitly dealt with in reference 2, 
which also goes a long way towards 
formulating the whole process of 
reliability calculations. 

System reliability 
Much of the foregoing discussion on 
equipment reliability applies also to 
system reliability. The system designer 
will be concerned with integrating a 
number of equipments into a complete 
system. When he has some control over 
the design of the individual equipments 
also, he will have the necessary data 
from which to assess the overall system 
reliability. A difficulty arises, however, 
with proprietary equipment, for 
example, a digital processor, where the 
system designer must rely to a large 
extent upon the information provided 
by the equipment supplier, weighted by 
any previous experience. 

The system designer's work does not 
start when all the separate equipments 
comprising the system have been de- 
signed. it must start, before any detailed 
design can begin, with the complete 
specification of the system for which he 
must slate the required minimum over- 
all system performance objectives. 
These objectives must include 
minimum reliability and maximum cost 
boundaries. It would be super-idealistic 
to suggest that such boundaries can be 
fixed absolutely at this early point in the 
design but an initial feasibility study 
would indicate where they should be. 

The overall design of a system from a 
reliability point of view requires more 
than the simple integration of a number 
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of component equipments and the cal- 
culation of the overall reliabilities. In 
the earlier example of a photo-electric 
system the reliability which was calcu- 
lated referred only, in this case, to its 
electrical performance. In practice the 
system designer must consider the 
overall operation of the system. In this 
example, experience shows that in most 
industrial applications of photo-electric 
systems an important contributory fac- 
tor to the un-reliability of the system,is 
the accumulation of dust on to the 
exposed optical surfaces, Prior know- 
ledge of this factor could be taken into 
account in the design of the optical 
system and any recorded data relating 
to failure due to this cause used when 
calculating the expected m.t.b.f. 

Furthermore, the remarks made 
above regarding the effects of mainte- 
nance work on the reliability of an 
equipment apply equally to a complete 
system. It is, therefore, equally imper- 
ative that the quality control of 
maintenance work should be at least, as 
vigorous as that employed at the 
manufacturing stage. This considera- 
tion together with the rising cost of 
maintenance for complex electronic 
systems has made the employment of 
centralised repair depots economically 
viable. First-line servicing is thus 
reduced to the task of identifying and 
replacing a faulty module. 
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