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Qualitative & Quantitative Definition.

Qualitative Definition:

A reliability may be defined as the probability of a device to
operate for a given period of time, without failure under a given
operating conditions; for a given interval [0,t] .



Quantitative Definition:

Let T be a life length (or time to failure) of a component then the
reliability is:
%(&) = ()	(+ > &)

Properties of Reliability function:

1- Decreasing	function.
2- % ∞ = 0
3- %(0) = 1



* %(0) = 1
This means at the initial time t=0 the system (or component or
device ) is working perfectly.

*% ∞ = 0
This means no device can work for ever.



% & 	in terms of p.d.f f(t) may be written as

% & = 3 4 5 65
7

8
% & 	in terms of c.d.f F(t) may be expressed as
% & = 1 − < &

Unreliability function Q(t)
> & = () + ≤ &
% & + > & = 1



Q/WhatQ/WhatQ/WhatQ/What itititit meansmeansmeansmeans totototo saysaysaysay R(t)=R(t)=R(t)=R(t)=0000....90909090 ????
It means that 10 percent will fail of the identical items under the
same working condition in the interval [0,t].



ReliabilityReliabilityReliabilityReliability functionfunctionfunctionfunction orororor survivalsurvivalsurvivalsurvival functionfunctionfunctionfunction::::

The life time (T) is non negative r.v.
%(&) = ()(+ > &)
										= ()(G	HIJKILML&	N5OPQPMN	G4&MO	GRM	&)

% & = 3 4 5 65
7

8



DistributionDistributionDistributionDistribution FunctionFunctionFunctionFunction::::
< & = () + ≤ &

= () 4GQS5OM	of	a	HIJKMLML&	&QJM ≤ &

< & = 34 5 65
8

T

< & = > & = 1 − %(&)



ProbabilityProbabilityProbabilityProbability ofofofof FailureFailureFailureFailure (Failure(Failure(Failure(Failure DensityDensityDensityDensity function)function)function)function) ::::
The probability of failure may be defined as the unconditional
probability of failure in the time interval (∆&) between (t) and
(t + ∆&).

4 & = () & < + ≤ t + ∆&



HazardHazardHazardHazard functionfunctionfunctionfunction::::
The hazard function may be defined as the conditional probability at a
component to fail in the interval (∆&), between	(t	and	t + ∆&) given that it
has not failed until time (t) this may be expressed as:.
Z & =	((& < + ≤ (& + ∆&)/+ > &)

Z & = [(8\]^(8_∆8))
[(]`8) 

Z & = 4(&)
%(&)



General  Expression of Reliability General  Expression of Reliability General  Expression of Reliability General  Expression of Reliability 
c d = e(d)

f(d)

c d = −f dg
   f d

3 c h ih
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3 c h ih
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-q c h ihd
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f d = r− q c h ihd
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Special	case
Q4	Z N 	QN	tILN&GL& → 						v N = w	
% & = M− q x y zy{

| = M} q ~	{
| zy = M}~8

4 & = Z & ∗ % &
4 & = �M}~8



EmpiricalEmpiricalEmpiricalEmpirical ReliabilityReliabilityReliabilityReliability::::
�� : Number of a component under the test.
��(&)	: Number of survival component up to time t.
��(&)	: Number of failure component up to time t.
(��5OPQPGS = % & = ��(8)

��

(�<GQS5OM = > & = ��(&)
��

�� = �� & + ��(&)



Mean time to failure (MTTF):Mean time to failure (MTTF):Mean time to failure (MTTF):Mean time to failure (MTTF):
Is the mean time to the first failure (non repairable device).
�++< = � & = 3 &4 & 6&

7

T
= 3 % & 6&

7

T

Mean time between failure(MTBF):Mean time between failure(MTBF):Mean time between failure(MTBF):Mean time between failure(MTBF):
Is the expected time between two successive failure (repairable 
component).

1
�+�< = � 1

�++<�

�

���

�+�< = �++< = 1
�

اكثر من فشل واحد

إذا كانت فشل واحد



Theorem:Theorem:Theorem:Theorem:
� � = 3 m(p)

7

j
�p

Proof: Left handProof: Left handProof: Left handProof: Left hand
� & = 3 &4 & 6&

7

T
= − q & %g (&)7

T 6&
� & = −& % & �∞0 + 3 % &

7

T
6&

�(&) = −∞ % ∞ − 0 % 0 +  3 % &
7

T
6&

∴ � & = 3 % &
7

T
6&

�M&:   5 = & 65 = 6&
6P = −%g & dt P = −%(&)



Right handRight handRight handRight hand
3 %(&)

7

T
6& = 3 3 4 N 6N

7

8
6&

7
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�M&:   5 = q 4 N 6N7

8 65 = −4(&)6&
6P = dt P = &

3 %(&)
7

T
6& = & 3 4 N 6N �∞0

7

8
+ 3 &4 & 6&
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∴ 3 % & 6&
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T
= 3 &4 & 6&
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= �(&)



In special case
If   Z & = �
R t = M}~8 
4 & = �M}~8

� & = 3 % &
7

T
6&

� & = 3 M}~8  
7

T
6& = −1

� M}~8 �∞0
= }�

~ M}~(7) + �
~ M}~(T) = �

~
� & = 1

� = �++<



TheoremTheoremTheoremTheorem::::
LetLetLetLet TTTT bebebebe aaaa timetimetimetime totototo failurefailurefailurefailure ofofofof anananan itemitemitemitem thenthenthenthen thethethethe distributiondistributiondistributiondistribution ofofofof TTTT isisisis
exponential,exponential,exponential,exponential, IfIfIfIf andandandand onlyonlyonlyonly ifififif thethethethe failurefailurefailurefailure raterateraterate isisisis constant?constant?constant?constant?
� − �~��� w 													→ 						v p  n	¡¢lnp£lp
¤ − v p = w		¡¢lnp£lp				 → 					�~��� w



1 − �~��� w 													→ 						v p  n	¡¢lnp£lp

	Z & = 4 &
% &

4 & = �M}~8
% & = ( + ≥ & = 3 4 N 6N

7

8
= q �M}~y6N7

8
= −M}~y¦∞&= M}~8

Z & = ~§¨©{
§¨©{ = � constant Z(t)



¤ − v p = w		¡¢lnp£lp				 → 					�~��� w
Z & = �													tILN&GL&
% & = M− q x y zy{

| = M} q ~	{
| zy = M}~8

4 & = Z & ∗ % &
4 & = �M}~8



Example(1)
If Z t = 3 ∗ 10}« find:
1- R(t) for 100 hours.
2- What is the reliability equal MTTF?
Solution
Z & = � = 3 ∗ 10}« constant
1 − % & = M}~8

% & = 100 = M}∗�T¨®∗�TT = M}∗�T¨¯ = 0.99



٢٢

2 − % & = �++< =?

�++< = � & = 3 % &
7

T
6&

� & = 3 M}~8		
7

T
6& = −1

� M}~8 �∞0
= }�

~ M}~(7) + �
~ M}~(T) =

�
~

�++< = 1
�

% & = �
~ = M}~8 = M}~∗°© = M}�=0.37



Example(2)
Assume that (5000) items are put under the test, and if failure rate is
constant 5 ∗ 10}³ find:
1- Reliability for 500 hour.
2- ��(&) for 500 hours.3-�́ (&) for 500 hours.

Solution/Solution/Solution/Solution/
�� = 5000		Q&MJN
� = Z & = 5 ∗ 10}³



1 − % & = M}~8
% & = 500 = M}«∗�T¨µ∗«TT

= M}T.¶« = 0.78
*******************************************************************************************************************************

2 − �� & = % & ∗ ��
= M}T.¶«∗ 5000 = 3900

********************************************************************************************************************************

3 − �� & = �� −�� &
	= 5000 − 3900 = 1100

********************************************************************************************************************************



Example(3):
If �=0.01 parameter of exponential distribution and R(t)=0.90,
Find: t [the number of hours as a system operated]

Solution:
% & = M}~8
0.90 = M}T.T�∗8
�L 0.90 = −0.01 ∗ &

& = −�L(I. 90)
0.01 = 10.5	ℎI5ON



Example(3):
If the Reliability for 100h equal to 0.99 find the failure rate:

Solution:
% & = 100 = M}~8=  0.99
M}~�TT = 0.99
�L 0.99 = −�100

� = −�L(I. 99)
100 = 0.00003


