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Abstract— The system leads to fail when the impact of
repeated stresses. In some situations there is uncertainty about
the stress and the strength random variables at any instant of
time and also about the behaviour of the random variables with
respect to time and/or cycles. The repeated cycles may occur in
known or unknown timings. The terms random fixed and random
independent are used to describe these uncertainties. The
survival function as the probability of survival of a system beyond
any given time has been derived for the impact of repeated
stresses and when the number of cycles occur in poisson
distribution and geometric distribution when stress and strength
follow random independent and also random fixed which follow
weibull distribution with different parameters.

I. INTRODUCTION

Stress is used to indicate any agency that tends to
induce failure while strength indicates any agency restricting
failure.

Successive stresses are generally independent.
Strengths will vary random and will be independent from
cycle to cycle only. It is being affected by the environmental
factors. Strength depends on the number of load
applications, their magnitudes and time durations. If the
strength varies only with time, the effect is called aging.
When aging occurs the parameters of the variable change
with respect to time. If the strength is a function of the
number of load applications the effect is called cyclic
damage. If the value of the strength depends on the number
of load occurrences as well as their magnitude the effect is
called cumulative damage. The strength may also depend on
the sequence of loading, cumulative damage adds
considerable complexity in the models. In addition we must
consider the stress applications, frequency factor or the
usage rate is done by converting R, to R(t) under the
Poisson assumption. The failure of a system under repeated
stresses has been investigated with respect to the fatigue
behaviour of the nature[1]. S N N Pandit et al [2] derived
survival function under strength attenuation in cascade
reliability. AC N Raghavachar et al [3] studied the survival
function under stress attenuation in cascade reliability.
Serkan Eryilmaz[4] discussed the stress strength reliability
with a time dependent strength. K C Siju and M Kumar[5]
discussed the reliability analysis of time dependent stress
strength model with random cycle times. K C Siju and M
Kumar[6] computed the reliability for a dynamic stress
strength model with random cycle times.
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Il. MATHEMATICAL MODEL & RESULTS
Survival function of i cycle of the component = F (i)
= Prob(X; >Y;)
Where X; is the strength random variability of the i" cycle
and Y; is the stress of i" cycle of the component.
Let the probability of the occurrence of i no. of cycles in
the time interval [0, t]

= m;(t)

Then the survival function at time t is[1]

FO) = ) mOF©

i=0
If the number of cycles follows poisson distribution then
mi(6) = i =0,
If the number of cycles follows geometric distribution
then
m(t) = pq',i =
0,1, ..., where p: probability of success,q=1—p

Case (i): Random fixed stress and random independent
strength

In this case, the stress Y is random variable with
known probability density function g(y) and stress for i"

Y .
cycle be Yi=E and successive random strengths

i

Xy,X5,...,X; are random independent and i.i.d with

probability density function f(x) then

survival function of i"cycle = F(i) = P[E;, Es, ..., E;]
The event

E; = the compnent survival at i"cyclei.e., E;~X; > Y.
Then the survival function of the component for i" cycle

(> 2) () ()]
[05)

i=1
Since all X;'s are independent and identical then

Ho—jlj ﬂme
(oo

Then the survival function at time t is

F@) =P

=P

g(y)dy
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F) = Zn.(t)f(i)

If number of cycles foIIows poisson dlstrlbutlon then

—at i Y
F(O) = Z%fo [1 - F (M— )] 9@)dy

i=0
If number of cycles follows geometric distribution then

F(t) = qulf [1 -F <u_)] g»)dy
i=0 0

L
If strength X and stress Y follow weibull distribution with

probability density functions f(x) and g(y) respectively
then

kxm"'l
f(x):kxme— m+1 x> 0, k’m>0
1ym+1
gy) =lyme  mii,y>0, [Im>0
X

F(x) =f fx)dx

Jxm+1
f kx™e™ "m+1 dx
kxm+1
=1- [e—m—ﬂ]

When ;i = 1then

F @) =flymexp (—
0

1
kit
If the number of cycles follows poisson distribution then

T(t):e‘atz(a_t)l | l
i=0

(ki + Dy™*? d
m+1 Y

i! (ik+1D
_ pat|q l (at)? 1
= [+at(k+l)+ 21 (2k+l)+"']

In special case, [ = k then F(t)
number of cycles
If the number of cycles follows geometric distribution

then
F(t) = qui
i=0

1 .
=— where a is mean

(ik + 1)
In special case, | = k then
n
F(t) = [1+Z+q—+ ]

Case (if): Random independent stress and random
independent strength

Let f(x) & g(y) represent the probability density
functions of strength X and stress Y respectively then
survival probability for one cycle is

- fo e [ fy iog(y)dy] dx

Since the random variables be independent and identical
for each cycle. Then survival function for ith cycle

L
F(@) = HCF =FLi=12,..

=
when the number of cycles follows poisson distribution
then
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and
kxmHL ym+1
fF:f kx™Me™ “m+1 f [ly e m+1dy dx
0

“i+k
Therefore survival function at time t is

PO = (5 ]j- )

1
In a special case, if | = k then F(t) = e'(E)‘”
If the number of cycles follows geometric distribution

then
F() = qu Ft

=P [l+k

i=0
If l = k then

FO) =p ) [g]"
i=0
2

__“P
2—q

Case (iii): Random fixed stress and random fixed strength

Let x, & y, be random fixed strength and stress and
probability density functions are fo(xo) & go(yo)
respectively. Then survival function of i" cycle of a
component is

FQ@) = jo fo(xo) [fo Ogo()’o)d%] dx

If X and Y follow Weibull distribution then

kxgM+1
m+1 [J [lyo e

ly m+1

m+1 dyo]] dxo

F (i) =j kx,"e”
0

l
T+ k
Hence

[oe]

FO) =) m®OFQ

i=0
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=1, (t)F(0) B oo | o2 | o3 | a4 | 05 | 06 | 87 | 0g |98
+ Z 7, (6) F () (4) Fle) | pomame| 097013 | 0.55545 | 0507588 | 079690 76040 | 07573 | 67434 07302
= b)  Number of cycles follows geometric distribution

I=05k=0.2

Then survival function at initial time = F(0) = 1and T
FO=7F Pl oen | w2 | e3 | s | es | 06 | 02| 03 | WS
If the number of cycles follows poisson distribution then g1 89193 |67 | A6 | A5 1 o4 03 ] RE ] o

Fit) | 021974 | 040419 | 0356395 | 0.670429 | 077645 | 0350620 | £.0957 | 0.04850 89738

F)=e ®+F(l—e™)
p=0.1,9=09,k=05

F(t) =e * + ;(1 —e %)

l+k ‘
1] 1| 2 3 4 5 6 7 s |8
—at ( k ) + l 5
=e — )+ — F{t) | 0230007 | 0319013 | 0396163 | 0472006 | 0546851 | 0621116 | 8.695045 | 76578 | 0341
k+1) 1+k ‘ : :

p=0.19g=09,1=5

If 1 = k then F(£) =5 (1 + e™4)
Floox | o2 | o3 | o4 | 65| o8 [ 07 | as | ¥

If the number of cycles follows geometric distribution
then from (4)

FIt | asstis” | 070 | 055706 | 09514 | 6546851 | 0308004 | 047634 | 6450041 | 0,025

Case (ii): Random independent stress and random

FO=p+ F1-p) independent strength
l a) Number of cycles follows poisson distribution
= — (1 - = = =
Pt 1-p) t=51=001k=05
|fl — k then T(t) — PT‘H . 0al s L) a4 065 0.0 097 0.08 o
1) | g gaven | 0430006 | 08001 | o067 | 0736 | @ 22600 | 0gouny | 6ey | *5%)
The strength and stresses acting on a component on
various cycles are independent and identically distributed as a=0.01,1=0.01, k=05
weibull random variables with parameters k, m and I, m.
Finding the survival probabilities of the system as a function il 28 § 7 5 9 ||| DB
of t for number of cycles follows poisson and geometric . 1
distribution for various parameters mean number of F() e0nss | 0923209 0914112 | 0905016 | 0896811 | 0.587096 | 0.87058 | 06353 | 0988
cycles(a), time(t), stress parameter(l),strength parameter(k),
probability of success of the cycle(p). a=001,t=5k=05
I1l. NUMERICAL COMPUTATIONS OF Ul oot | ome | oss | o | oos | w6 | wor | nos | 09
SURVIVAL FUNCTION FOR VARIOUS
PARAMETERS Fit}| oo | 0.01464 | 059766 0599768 | 056074 0949312 | 033412 | 05200 | 0,901

Case (i): Random fixed stress and random independent
strength a=0.01,t=51=0.01

a) Number of cycles follows poisson distribution
t=5,1=05k=0.1

-

|
0l 02 [X] ‘ 04 0.8 0.6 0.2 08 | 0

| [
FUO | 0564788 | 0.008033 | 0.920545 | 05285000 | 0932578 | 0.035635 | 09332 | 0.9304 | 0.9407

g | m 02 | 03 | o4 | o5 | 06 | o7 as | 09

» — b)  Number of cycles follows geometric distribution
| F() {05304 | 0san152 | 0759738 | a.s6me | 05699 | 04781 | 03503 | o 306133 0238558 1=02,k=05

a=011=05k=01 ‘
Pl 02 03 o4 | 03 06 0.7 s | W
| s s | 7 s | 10 ? | B
: - 2 8 2 L g L ¢ | o 03 | 07 7] ‘ 05 | 04 03 0.1 el
FIe) 0921304 | 0.906127 | 0890905 | 0.87535 | 0.899%86 | 0.844157 | 0.82802 | 0811503 | 0.7546 Flt) | o114 | 0229618 | 033936 0,43151.5555' 0658405 | 0.756723 | 0.84806 | 0.9219
a=0._1, t= 5,k=_0.1 p=0.1,9=09k=5
! 0 0.6 07 | o3 | og 1 11 )2 | 13
Fir)| 0021304 | 0.931730 | 0.939701 | 0.943043 | 0.050974 | 0955127 | 0958604 | 0.9615 | 0.0641

a=01,t=51=05
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cycles increased reliability decreased. Strength parameter

Il 1 2 3 4 3 6 7 $.| ¥ increases, Stress parameter decreases reliability s
. decreased.
FUt) | 0217936 | 0.142656 | 0.1796260 | 0220065 0278813 | B.ISI0GA | D448 | 83526 | 04843
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Dlowa | w2 | 3 | wa | os | 6| 07| os|¥
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b)  Number of cycles follows geometric distribution
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ploon | o2 | o3 | g | o5 | os | a7 | as | 08
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IV. CONCLUSION

The survival function of the system for stress strength
model of repeated stresses when random number of cycles if
number of cycles follow poisson and geometric distribution
have been derived. It is observed that when number of
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