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Abstract

The concept of reliability has been interpreted in many different ways in numerous works. In different
fields of application the concept of reliability is interpreted in many different ways. One of the definitions
which has been accepted by most contemporary reliability authorities is given by the Electronic
Industries Association (EIA) of USA which states as “Reliability is the probability of an item performing
its intended function or a given period of time under the operation conditions encountered”.
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1. Introduction

Reliability is a new branch of activity, which figured during world war Il and deals with
integral features of the planning, design, testing, manufacture, acceptance and use of products
to obtain the ‘effectiveness’ of the products. The theory of reliability had been developed
during the last five decades. Available contribution was made to the development of the theory
of reliability by the mathematicians of the like Gnedenkov, Belyayev, Solovyev, plovoko,
Barlow and proschan. The development of present day technology created special attention
toward numerous problems concerning the improvement of the ‘effectiveness’ of the products.
The ‘effectiveness’ or ‘efficiency’ of a system is understood to mean the combination of
properties that determine the degree of suitability of the system for the fulfillment of the task.
Sometimes this is also referred to ‘qulity’in the literature. The efficiency of the system which
is performing a specific task, is described by the terms such as reliability, survivability.
Reliability means the ability of the system to perform its intended function satisfactorily. The
term reliability as defined by AGREE ™ (Advisory group on Reliability of Electronic
Equipment) is the probability that device/system will perform its intended function adequately
over a period of time Unser the specified operating conditions. In otherwords, it is the
probability of the system’s or device’s ‘uninterrupted working” or ‘trouble-free’ working in a
specified period of time. The concept of ‘survivability’ is understood as the ability of the
system to preserve the properties to serve its purpose under adverse conditions (viz.
explosions, fire, inundation etc...).

The reliability of a system is in turn determined by more concrete properties of the system,
namely ‘trouble-proofness’ is the property of a system to preserve its capability in the duration
of a definite time under the normal conditions of function. Reparability (restorability) means
the suitability of a system for a the prevention, detection and elimination of failures.
‘Longevity’ id the ability for a prolonged operation with the necessary technical maintenance
including various kinds of repairs. ‘Maintainability’ is define as the probability that failed
equipment is restored to operable condition in a specified time (know as down time). How
often an equipment fails and how long it is down’ are the vital consideration in determining of
repairable equipment’s. It is the combination of ‘reliability’ and ‘maintainability’.

‘Failure’ plays an important role in the context of reliability assessment. ‘Failure’ is an event
after which a system is incapacitated. In the reliability theory ‘failure’ is define as the
termination of ability of satisfactory performed of a system. The notion of failure is a useful
characteristic of reliability analysis because it is mainly responsible for various numerical
criteria of reliability analysis.
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The objective of reliability theory is to establish and study the characteristics of reliability and to investigate the connection
between the indices of efficiency, reliability and economy of the systems. In reliability theory one is interested with the following.
1) Development of methods for evaluation of reliability characteristics.

2) Development of methods for establishing rules and choices of characteristics ensuring optimum reliability.

3) Development of methods of choice of optimum design and procedures ensuring a given reliability methods.

The requirement that devices or systems of various types function without failure is required for all technological devices. For

instance, one is interested always with the questions like:

i.  What is the use of an aircraft that cannot complete a flight without failure?

ii. What is the use of a tractor that cannot perform the work for which it is meant for or an automobile that cannot transport
goods or passengers

One is interested in the problem of unreliability of the products he is using. The important of unreliability and problems he is

using regarding it is very much concerned in the theory of reliability.

In this chapter we will be concerned with the determination of the reliability characteristic i.e. Reliability (RHI) and mean time

between failures (MTBF) which reveals the important measures of the effectiveness of the system in the reliability analysis. In the

present chapter, the emphasis is on the Markovian Approach for lethal common cause Shock (LCCS) failures in order to derive

the important reliability characteristics which are mentioned already in our previous chapter.

We consider when the system is influenced by lethal shocks in addition to individual failures along with non-lethal common cause

shock failures. We referred this type of model is as lethal common cause shock failures model (LCCS model) in this research

work.

The expressions for Reliability function and mean time between failures of the system under the influence of lethal common cause

shock failures for mathematical models were developed. Also we compare the reliability and MTBF of the system in the presence

of Lethal common. Cause shock failures that of the situation when only individual failures are effecting the system.

For the present study, two s-independent and non-identical components were considered and the results of the Reliability and

MTBF of the system for series configuration are discussed and presented in this chapter.

a) Reliability is the integral of the distribution of probabilities of failure-free operation from the instant of switch-on to the first
failure.

b) The reliability of a component (or a system) is the probability that the component (or the system) will not fail for a time ‘t’

c) The reliability is the mean operating time of a given specimen between two failures.

d) The reliability of a system is called its capacity for failure-free operation for a definite period of time under the given
operating conditions and for minimum time lost for repair and preventive maintenance.

e) The reliability of equipment is arbitrarily assumed to be the equipment capacity to maintain given properties under specified
operating conditions and for a given period time.

The failure is defined as the inability of equipment not to breakdown in operation.

2. Measures of Raliability

The prediction of system reliability is based on number of factors, such as life characteristics, operating conditions and the failure
distribution. Thus, the initial step in reliability predictions the determination of life characteristics.

If a random sample of items are taken from a population and are put to test (or use) under a set of fixed (or given) environmental
or operating conditions the members of the sample will fail successively in time. The data so obtain will represent the life length
of each item. The life length can be measured depending on whether the item is repairable or non-repairable. For repairable items,
the life can be measured by failure rate or mean time between failures; where as for non-repairable items, the life can be measured
y mean time to failure.

2.1 Failure Rate

The failure rate is denoted by r, and it is expressed in terms of failures per 100 or 1000 hours. It is computed as a simple ratio of
number of failures, N, during a specified test interval, to the total test time o the items under going test.

Thus,

r=N/T )

Where,

r = failure rate

N = number of failures fueing the test interval
T = Total test time.

When the design in mature, the failure rate is fairly constant during the operating or useful life of the system. The smaller the
value of the failure rate, the higher is the reliability of the system.

2.2 Mean Time between Failures (MTBF)

During the operating period, when failure rate is fairly constant, the mean time between failures (MTBF) is the reciprocal of the
constant failure rate or the ratio of the test time to the number of failures
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MTBF = 1= l 2)
r N

Mean time between failures is also referred as the average time os satisfactory operation of the system. In this case, larger the
MTBF, higher is the system.
Generally, the failure rate and mean time to failure are used where the item is repairable.

2.3 Mean Time to Failure (MTTF)

The mean time to failure is applicable to non-repairable items. The mean time to failure is expressed as the average time an item
may be expected to function before failure. If we have a life test information on ‘n’ items with failure items ty, tp, ------------------- ,
tn then (MTTF) is defined as

MTTF = —— 3)

n

2.4 Probability of Survival
The probability of survival is expressed as a decimal fraction or percentage which indicates the probable or expected number of
items that will operate for a required period of time.

3. Derivation of Reliability Function

If an event can occur in N mutually exclusive and equally likely ways, n of which possesses the characteristics A, and m of which
do not have the characteristic A, then the probability of a occurring is n/N.

Symbolically,

n
P (A) = —
(A) N (4)

HereN=n+m

We will now translate this concept for the reliability of a component. Let a fixed nhumber N, of components be repeatedly tested.
There will be, after a time t, n components which survive the test and m components which will fail. Therefore, N = (n + m) is test
because as the test proceeds, the number of failed components ‘m’ increases exactly as the number of surviving components ‘n’
decreases.

The reliability (or probability of survival) expresses as a fraction of what (by the probability definition), at any time‘t’, during the
test is

n n
R(t)= — ©)
N n+m
Where n or m are counted at a specific time, t.
The probability of failure or UN reliability at any time, t can be expressed as
m m
F) == (6)
N n+m
It is clear that at any time, t
RO +F@®)=1 ()
Because R (t) and F (t) are mutually exclusive events. The equation (5) can also be written as
n N—-m m
R (1) = _Nem)_, m ®)
n+m N N

Differentiating the equation (8) with respect to t, we have
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m
dR(t) d[l_ﬁj :_[ijdﬂ (©)
dt dt N /) dt
Ldm __y RM) (10)
dt dt

Which is the rate at whci components fail? Since, m = (N — m), we get an differentiation

dm _d(N-m)_ dm n
dt dt dt

dm
The equation (11) indicates the negative rate at which the components scurvies. The term E can be interpreted as the number
of components failing in the time interval dt between the times t and t + dt. which is equivalent to the rate at which the component

population still in test at time t, is failing.
Dividing equation (10) by n both sides, we have

ldm N dR(t)

== — —= (12)
n dt n dt
n
The left hand side of the equation (12) is the failure rate, r (t) and N =R (t). Thus,
1 dR{t
r@)=- —~ RO )
R(t) dt
By rearranging equation (13) and integrating with proper limits, we have
dR( t
rtdt= —() (14)
t
dR
I j—)——ln R(t) (15)
, Rit
Initially, at t = 0, we have R (t) = 1
Therefore,
t
R(t)=exp — jr(t) dt (16)
0
This gives a general formula for computing reliability.
In equation (16), r (t) is a constant over time, and let r (t) = r say, then the reliability formula (16) becomes
R(t)=exp(-rt) (17)
t
Also, Rt = exp {——} (18)
m
1
Where,m ==
r

3.1 Failure and Its Causes
For each item, the properties that it must posses in the course of its use are listed. A deviation in the properties of the item from
the prescribed conditions is considered as a fault. A state of fault is denoted by the term “failure”.
An item is considered to have failed under one of the three conditions:
(i) When it becomes completely inoperable.
(if) When it is still operable but is no longer able to perform its intended function satisfactorily. Or
~3o~
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(iii) When serious deterioration has made it unable or unsafe for continued use, and thus necessitating its immediate removal from
service for repair or replacement.

The fundamental sources of failure include many aspects of design, material selection, material imperfections, fabrication and
processing, reworking, assembly, inspection, testing, quality control, storage and shipment, service conditions, maintenance and
un anticipated exposure to over load or mechanical or chemical change in service, often, more than one source contributes to the
occurrence of a given failure.

The measure of a system’s reliability is the frequency at each failures occurs. If there no failure, the system is considered reliable.
If the failure frequency is very low, the system reliability is usually still acceptable, where as if the failure frequency is high the
system is considered to be unreliable.

For the enhancement of system reliability, it is necessary that the design engineer understands the causes of failures, so as to the
deficiency and discrepancy, if any, in the system. The primary concern is to recognize the causes of failures and to take corrective
action so as to achiever higher system reliability. A few of the major causes which give rise to failure are (1) Deficiencies in
design, (1) Deficiencies in material, (I11) Deficiencies in processing, (IV) Errors in Assembly, (V) Improper service conditions
and (V) Inadequate maintenance.

3.2 Modes of Failures
In this section, we will discuss very briefly the manner in which system failures occur, so that appropriate corrective measures can
be taken.

3.2.1 Catastrophic Failures

A catastrophic failure causes a normally operating system to suddenly become in operative. For example, a blow fuse or a random
‘operation’ occurring in a wire resister after several hundred hours of operation. This type of failure occurs at random and we can
statistically predict the probability of occurrences of one or more catastrophic failures for any time period, if we know the failure
rate,

3.2.2 Degradation (Creedpin) Failures

These are the type of failures which occur gradually because of the chance of some parameter with time. For example, a decrease
in the value of a Tran’s conductance in a radio tube will cause a drop in power output. A chance in the value of the resistance of a
resistor might cause excessive frequency shift in the receiver. These failures can be detected and weeded out by proper inspection
and maintenance.

3.2.3 Independent Failures

An independent failure may be of the catastrophic degradation or wear-out type. It is called independent as it does not occur as a
result of the effects generated by other failures. For example, the failure of the fan-belt of an automobile is not related in any
manner to the puncturing of the type of the wheel.

3.3.3 Secondary Failures

A secondary failure occurs as a result of some primary failure. For example, the spokes in the motor cycle traveling at high speed
are broken as a result of a type burst. The braking of spokes would be considered as a secondary failure. On the other hand, if a
resister in an electronic circuit is shorted thereby causing an excessive drain on the tube. The tube failure would then the
secondary failure.

4. Lccs Model Reliability of Series Configuration

If the two component no-identical system under consideration is a series one, then the states one, two and three are considered to

be dead states and hence transition from states on, two and three to zero state do not exist.
(i.e. wo = 1 = 0) Therefore the Reliability of the series system for the LCCS model is

Rits(t) =liexp (7 1t) - laexp (7 2t) + lsexp (7 st) (19)
h=(p +y ket k) (7 = 7 D) (71 7 )
L=(Yi+7 kit k) [ (P -7 ) (7 = 7 9) (20)

|3=(7/32+}/3k1+ k) I (Y -7 3) (V2= 7 3)

¥ 1, ¥ 2, ¥ sin the above expression, the quantities that appear in the expressions (19) & (20) are to be seen as
A=2{0+BP1(1-P2) + Ao+ B P2 (1-P1)} + BP1P2+ @

B =M+ B P1(1-P2)] + [A2+ B Py (1-P1) + 3 (A2 + B P2 (1-P1)) + B P1 P2 +w]
+ (A2+ B P2 (1-P1)) [A2+ B P2 (1-P1) + B P1 P2+ 0]
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C=(M+BPs (1-Pz)) A2+ B P2 (1-P1)) [7»1-5- B Py (1-P2) +Xt+B P2 (l-Pl)
+ B P1P2+m]

K1=A1+ B P1(1-P2) + A2+ B P2 (1-Py)
Ko = {A1+ B P1(1-P2)} {A2+ B P2 (1-P1)}

The formula for reliability or the series system in the cause of LCCS failures agree with the result of CHARI [10] for identical two
compound system by letting A2= A,= X and P1 = P,= P in expression Also The expression aprés with the individuals failures (?) in
the case of identical components, if we assume that the LCSS as well as NCCS failures do not occur (i.e 2 =w=0)

4.1 LCCS model -MTBF of the Series System
For two components non-identical series system, the expected life (or) the average time during which an item performs its
function successfully In the case of LCCS failures model is derived as

E's(t) = j Ry (t)dt
0

00

j [iexp (7 16— Lexp (V 21) + lzexp () 3)]dt.
0

=l V-V )+ (e ) 9)

4.2 Numerical Results

The Values of reliability in the series configuration is obtained as a function of time ‘t’ taking the failure rates as A1 = 0.01 failure/
hr., X2 = 0.02 failures/hr., with P;= 0.03 and P,= 0.04 for various values of lethal and non-lethal common cause shock failure, and
are shown in table 3.1 and table 3.2.

Table (3.1): Reliability values for different sets p and was a function or time‘t’-CCS model-Series system.

) =00 | p=01 | p=02 | p=03 | p=04
Time/Hrs. V=00 | W=01 | W=02 | W=03 | W=04
0 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
1 09709 | 08721 | 0.7837 | 07043 | 0.6329
2 09418 | 07606 | 06142 | 04961 | 0.4006
3 09139 | 06633 | 04814 | 03494 | 02536
4 0.8869 | 05785 | 03773 | 02461 | 0.1606
5 0.8607 | 05045 | 02957 | 01734 | 0.1017
6 0.8353 | 04400 | 02318 | 01222 | 0.0644
7 0.8106 | 03837 | 0.1817 | 00861 | 0.0408
8 0.7866 | 03346 | 0.1424 | 00607 | 0.0259
9 07634 | 02919 | 01117 | 00428 | 0.0165
10 0.7408 | 02545 | 00875 | 00302 | 0.0105

Reliability Values for various values of B and was a function of time‘t’-CCS model-Series System.

p=0.0 p=0.1 p=0.2 =03 p=0.4

Time/Hrs. \y=00 | W=01 | W=02 | W=03 | W=04
0 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
1 09704 | 07891 | 06417 | 05218 | 04243
2 09418 | 06227 | 04118 | 02723 | 0.1801
3 00139 | 04914 | 02643 | 01422 | 00765
Z 0.8869 | 03878 | 0.1697 | 00743 | 00326
5 0.8607 | 03061 | 0.1089 | 0.0389 | 0.0139
6 0.8353 | 02416 | 00700 | 0.0204 | 0.0060
7 0.8106 | 01907 | 00450 | 00107 | 0.0027
8 0.7866 | 01505 | 00289 | 00057 | 0.0013
9 0.7634 | 01188 | 00186 | 0.003L | 0.0006
10 0.7408 | 00938 | 00120 | 0.0017 | 0.0004

5. Conclusion
From the numerical work, we observed that the reliability of the two component non-identical systems in the case of series

configuration is less for the LCCS failures model than for the cause with individual failures (ﬂ:W:O). Hence the present
expression may be used to assess affected by CCS failure in addition to individual failures. For the LCCS failures model, when
~34~
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the rate CCS failure increases, the system reliability decreases rapidly. This necessitates the inclusion of CCS failures when the
system is under the influence of CCS failures to assess correctly the reliability indices.
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