Design for Reliability

IS defined as the probability that a component,
equipment or system will satisfactorily perform its
Intended function under given circumstances.

| mproving Reliability
e Making failures less likely to happen in the first place
(e.g. By maintaining the equipment properly or fitting
more reliable equipment)
« Making changes such that the overall systeontinues to
function satisfactorily even when a failure occurs
(e.g. By fitting standby equipment)




Reliability Network

e —E [ S
Unit 2

Parallel Connection

Series Connection

Sub-system B Sub-system C
Series-ParallefNefwork




4.17 System reliability

Systenreliability stands for the reliability of a systenonsisting of two

or more components. It is difficult to estimate the reliability of the
systemcomposing of many elements. Following approach is used t
determine the reliability of a system

Method of determining system reliability

Following are the steps involved in one approach of finding the syster
reliability of a systentonsisting of sub-systegomponents.

1. Reliability of sub-systems and individual components of the system
determined.

2. Manner in which sub-systems and components are arranged in t
systemis identified. i.e., logical manner in which elements are arrange:
IS represented in a block diagram

3. Based on the manner in which the sub-systems are connected in
system, the probabillity rules are applied to find the systelimbility.



4.17 System reliability
Types of configurations

Various types of configurations are discussed below.

Series configuration

In series configuration elements or components are arranged in a seri
Figure shows a systemonsisting of‘n’ units which are connected In
series. For the successful operation of the systamnecessary that all
‘n’ units function satisfactorily. If the successful operation of each isnit
Independent of the successful operation of the remaining units (fc
example heat dissipated by the first unit which may be a resistor shou
not affect the performance of remaining units), then systelimbility Is
expressed as follows

1 2 n

Series configuration
System reliability, P(S)=P(X;)x P(X,)x P(X5)x...x P(X,)

where, P(X1) is the reliability of the first unit, P(X2), rability of the second unit and
S0 on. So, system reliability will be worse than the pooreshgonent in the system.
For example, if 0.6 is the reliability of the component hayihe least reliability and
other components has reliabilities 0.7, 0.8 and 0.9 coedantseries then,
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Series configuration

P(S) = 0.6 x 0.7 x 0.8 x 0.9 = 0.3024.

The systemfailure rate is the sumof failure rates of individual
components. .
P ie., 4 =) ni
i=]

where,4s is the failure rate of systemnd A is the failure rates of
iIndividual components and n 1 Is the number of each component

MTBF or MTTF =/Ji and reliability is given by, P(S) = g~
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Parallel configuration
In parallel configuration elements or componel -

are arranged in a parallel. Figure shows a sys
consisting of n units which are connected | .
parallel. In parallel configuration, satisfacto
functioning of any one of the elements leads f n

successful operation of the systelin'n’ elements FParatiel conjiguration
are identical and independent of one another, then,

System reliability, P(S)=1 - [1 - P(X)]"

If two elements are connected in parallel, then the sys&mbility Is
found using the probability expression.

Plaorb) = Pla) + P(b) - P(a) x P(b)

where, P(a) is the reliability of one element in the parallel gordition
and P(b), the reliability of other. Hence, P(S) is always greateettizar
P(a) or P(b).
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Mixed configuration

1 pr— 3 —
In practice, the components of a system. |
are not connected in simple series or_[— 5 | 4
parallel manner. A simple structure of a Mixed configuration

non-series  parallel  structure is
represented in the figure.

4.18 Redundancy

Redundancy is the existence of more than one means for performing
required function. Redundancy does not mean to have duplica
hardware. This involves deliberate creation of ngavallel paths in the

system For example, to have generator and KSEB supply for powe
supply in a hospital. In parallel configuration, satisfactory functioning o
any one of the elements leads the successful operation of the Syste
Therefore redundancy is a simple method for improving the reliability o
a systemwhen the element reliability cannot be increased. Thougl
successful operation of one of the elements is required for the success



4.18 Redundancy
the system, deliberate use of both elements increases the probability
success of the systeoausing the systeito be redundant (surplus). Few
areas where redundancy extensively used are : aircraft propulsion
system, satellite communication system, temperature controlnsyfete
space vehicle, etcvarious approaches for introducing redundancy are
unit redundancy and component redundancy -

iiiiiiiiiiiii

In unit redundancy additional path for the entire C; I c |
system itself is provided. In the figure shown, C1 an T e .. L :

C2 are components of a system and two suc | =t :
components are provided in parallel resulting iI “—+ C £_

Improving the reliability of the entire system. e A .

In component redundangyadditional path for
each component of the system is provided. In the

figure shown, additional components of C 1 al — —
C 2 which are the individual components of tf q1 ¢ | n ZA
system are provided resulting in improving tt_] . : : .
reliability of each component thereby the enti . : .
system.

Component redundancy



4.18 Redundancy

Problems: 1

An electronic equipment is operated by 4 dry cells, each gitibgyolts
The cells are connected in series. The probability of the successi
operation of each cell under the given operating conditions is 0.9(
Calculate the reliability of the power system

Solution : 1

The batteries are connected in series and the successful operation of
battery does not affect the operation of other batteries. Hence, the eve
are independent.

P(S) = 09 x 09 x 0.9 x 0.9 = 0.656
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Problems: 2

In an hydraulic control system, the connecting linkage has a reliabilit
factor of 0.98. The pressure sensor actuates the linkage has a reliabi
factor of 0.92. The pressure sensor which actuates the valve has
reliability factor of 0.90. Assume that all the three elements najbéy
actuator, the linkage and the hydraulic valve are connected in series w
Independent reliability factors. What is the reliability of the control
system?

Solution : 2

Given, reliabilities of components connected in series are 0.98, 0.92 a
0.9.

We have, system reliability, P(S)=P(X;)x P(X,)x P(X3)x...x P(X,)

" P(S) = 098 x 0.92 x 0.9 = 0.811
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Problems: 3

A systemhas 10 identical components connected Iin series. It is desire
that the systemeliability be 0.95. Determine howood each component
be.

Solution : 3
As the components are connected in series,
System reliability, P(S)=P(X;)x P(X,)x P(X3)x...x P(X,)

PI5) =095 =p"
sop = 0.9949
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Problems: 4

Consider a systemonsisting of 3 identical units connected in parallel.
The unit reliability factor is 0.90. If the unit failures are independent of
one another and if the successful operation of the sysiEgmends on the
satisfactory performance of any one unit, determine sysediability

Solution : 4

Given, PS) = 0.90
For parallel system,system reliability, P(S) = 1 — [ —P(X)]

ie,P(S) =1 - (1-0.90) = 0.999
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Problems: 5

A parallel systems composed of ten identical independent components
If the systenreliability P(S) is to be 0.9%ow poor the components can
be.

Solution : 5

Let reliability of the system be P(S) and reliability of the components be P(X)
P(6) = 058 = [1 0 =m0 J= [1-1-p”
5 PIX) = 02581
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Problems: 6
Determine the system reliability of the system shown.
Input —| —{ 0.9} output
npu — b - pu

System reliability-Problem-6
Solution : 6

Above systentan be reduced to the following systdam replacing the
parallel path by an equivalent single path.

d c
Input =1 0.94 0.9 p=— Output

System reliability-Problem-6-Solution
P(a or b) = P(a) + P(b) — P(a) x P(b)= 0.8 +0.7 — (0.8x0.7) = 0.94
The reliability of the system is computed as follows.

P(S) = P(d) x P(c) = 0.94 x 0.9 = 0.846



Problems: 7

4.18 Redundancy

Determine the system reliability of the system shown below.

Input

a

Solution @/

0.8

0.9

b

C

0.7

System reliability-Problem-7

The above systems modified to obtain the following systeny
replacing ‘b’ and ‘c’ elements by a single element ‘f’. Further the gyste
IS reduced by replacing ‘f’and ‘d’ by a single element ‘qg’.

— Output

0.72 T
it —{05 d

P(S) = P(a) x P(g

a

g

Inpuit ——

0.9

System reliability-Problem-7-Solution

The reliability of the above system computed as follows.

) = 09 x 0.916

0.916

— Output

= 0.8244
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Problems: 8
Determine the system reliability of the system shown below.
— 0.7 b—
- 0.9
ey ¢ 0.9 Output
Input -
— 0.8

System reliability-Problem-8

Solution : 8

Sub-systentontaining parallel elements ‘a’ and ‘b’ are reduced to one
element named ‘g’.

P(g) = P(a) + P(b) — P(a) x P(b)
= 0.7 +0.7 = 0.7 x 0.7 = 091

Further elements ‘g’ and ‘c’ are reduced to element 4’

P(j)= P(g) x P(c) = 091 x 0.9 = 0.819
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Solution : 8

The reduced system is shown below.

0.819

J

0.9 = Output

Input

_d[}_g_ f

System reliability-Problem-8-Solution

Further elements ‘)’ and ‘d’ are reduced to element ‘K’
P(k) = P(j) + P(d) - P(j) x P(d)= 0.819 + 0.8-(0.819 x 08)= 0.9638
Finally, system reliability is computed as follows.

P(S) =P(k) x P(f)=0.9638 x 0.9= 0.86742
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Problems: 9

Determine the system reliability of the system shown below.

KN [ d ———outpur
Input
b

System reliability-Problem-9

Solution : 9

P(S) = P[(aorb)and (candd)| = [P(aorb) [x |P(c) and P(d) ]
P(a) + P(b) - P(a) x P(b) [P(c) % P(d):
P(a)xP(c)xP(d) + P(b)x P(c)x P(d)- P(a)x P(b)x P(c)x P(d)




