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ABSTRACT

Reliability of time dependent stress strength system is carried out by considering stress/strength variables as
deterministic or random fixed or random independent. The number of cycles in any period of time t is assumed to be
random. Reliability is obtained for the random models when the numbers of cycles follow binomial distribution where
stress and strength follow Pareto distribution and exponential distribution.Reliability computation are made for the
above said model

Key words: Binomial distribution, Pareto distribution, Exponential distribution, Deterministic, Random- fixed,
Random- independent and Reliability.

INTRODUCTION

Time dependent stress strength system is defined by Kapur, K.C. and Lamberson L.R [3].In stress-strength models
component fails if the stress exceeds strength. The uncertainty about the stress and strength variables is classified into
three categories. (1) Deterministic (2) Random fixed (3) Random independent. The components are assumed to be
identical and the number of cycles for any time period t is assumed to be random. Expressions for system reliability
have been attained when numbers of cycles follow binomial distribution and stress and strength both follow Pareto
distribution andexponential distribution for random- fixed stress and random- independent strength, random -
independent stress and random- fixed strength

NOTATIONS

f(x): The probability density functions of random variable X.
g(y): The probability density function of random variable Y.
R (1): Reliability at t time with n number of cycles.

R, : Reliability after i cycles.

p: probability of success.
q: probability of failure.

RELIABILITY EVALUATION

Number of cycles occurring in a given time interval followsbinomial distribution, then
() =P(X =i) = (rl‘) pig™l =012 ....n.

Case-1: Random- fixed stress and Random- independent strength

Let f(x) be the probability density function of random fixed stress X and g(y) be the probability density function of
random independent strength Y.

R; = fomf(x)(fxmg(y)dy)idx,i =012,....n
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R(t) = Yo mi(OR;
=3, (D)pla Iy o7 9o dy)'dx
=" [ FO 3 (7) (B 17 90)dy) dx
= q" ;7 00 (1427 gdy) dx

R(t) = q" fowf(x) (1 + SG(x)) dx ,where G(x) = fxoog(y)dy

R(®) = J; f() (g +pG(x))"dx, where G(x) = [ g()dy (1)
Case-2: Random- independent stress and Random- fixed strength

Let g(y) be the probability density function of random fixed strength Y and f(x) be the probability density function of
random independent stressX.

R(t) =3, ((’}) p'a" [y g f(x)dx)"dy)
= ¢ [ (901520 (7) (B2 FO0x) ay)
=" g (1+2 [ fodx)" dy

R() =q”f0°°g(y><1+§F(y>> dx, where F(y) = [ f(x)dx

R(®) = [y 9O) (a +pF())"dx ,where F(y) = [ f(x)dx @
If Stress follows Pareto Distribution and Strength follows Exponential Distribution
Case-1: Random - fixed stress and Random - independent strength

From equation(1)
R(®) = [ f() (q+pG))"dx ,where G(x) = [ g»)dy

G(x) = fxoc 'ue_ﬂ:)’dy = e_llx
I Ak? —ux\n
R®) = [, = (q+Pe*)dx
= Ak* fooo x~ D [ g™ + ne g7 (e TP + ng,q" A (pPe ) 4 e 4, g0 (PR e )]

R(t) = /Ik’l[foOO nCOq"x_(“l) dx + fow nclq"_lpe"“‘x_(“l) dx + fooo nCZq"_sze‘Z”xx‘(“l) dx
Foot [ e, q e T~ ] 1)

I, = f0°° ncoqnx—(Ml) dx = ncoqn f0°°x—(/1+1) dx
x—A—1+17%

—/1—1+1:|0

x=2 @

—_— n —_
=N, q" | =7], =0

— n
- nCOq

I, = fooo N, q"x MVdx =0..... )
let I, = fooo nclpq"‘le“”‘x‘(’”l) dx
— nClpqn—l f0°° e—p.xx—()&l) dx

et _ xx—/l—1+1 @
=N, pq [e #

o _ -2
—/1—1+1]0 —Jye Mx(_/“t)—% dx]
=n,pq"" [0 - %fooo e Hix=4 dx]
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ne,pq" "
=Tl |- aT(-A+ 1)
n-1
= % [_MAF(_A + 1)]
n-1
f n.,pq" e e M x~(+D) gy = % [T (=24 D] o oo (i)
let I, = f, ne,p?q"2e 2 x =D dx

2 n=2 (® —2ux..—(A+1
ne,p*q 7 [, e x A+ dx
—A-1417%®

o -1
ne,p*q" 2[[ e |~ e dx]
=n.,p*q""? [0 — Z—Mfm e 2Hx = dx]

nczplq -2 [ ZH_AH F( i+ 1)]

ne,p’q"

= el T yar(-a+ 1)

I, = [, n,p?q e~ x~ 3D gy —%[ PAT (=4 + D] .. .. (i)

let I; = f0°° nc3p3q”‘3e‘3”xx_(’1+1) dx
— Tlc3p3qn_3 f°° e~ 3Mx x—(A+1) g,
=n p3qn 3 [ —3ux X - 1+1] _f e—Sux( 3#)_
3 —A-1+1
_ Tlc3p3qn 3 [ 3_#f°°e—3ux ) dx]
negp3qn3
== )
n03p q"

[~ (=2 + 1)]

Iy = [ n,p3q"~3e x4+ gy = &[ AT (=2 + D] e (i0)

Continuing this process up to n times more, we get

let I, =f ne, prqt e R4 g

— ncnp qn nfo e HX 5 —-(A+1) dx

ne,p"q" " [[e‘"""’;_m — J e ey = ]

ncnpnqn—n [0 _ ﬂf‘x’ o~ THX =2 dx]

= ncnplq B [ nu‘ril;-'f'i F( A + 1)]
_ ne pnqn—n )_
= —[-p* T (=21 +1)]

A— 1+1]

= [ ne,ptq" e =D gy = —nC"p T[4 (=2 + D] . (v)

Substituting all these values in equation (1)
n—-1 2, n-2
R(t) = Ak* [0 + 28— [ T (=2 + 1)) + =2 — [—p* T (-2 + 1) +u[ Ar(=12+ 1]+
......... +ncnpngn—nA—ull (—A+1)

R :M _ A[v -y 1 n-1 2 ,n-2 3.,n-3 n,n-n
) = = [~ T (=2 + D][ne,pq" ™" + ne,p?q" % + 1e,pq" > + ot g """

R(t) = k—p*r (=2 + 1| oy ne, p¥ g™ *

If Stress Follows Exponential Distribution and Strength FollowsPareto Distribution
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Case-2: Random- independent stress and Random- fixed strength
From equation (2)

let

let

let

R(®) = [,” g (q +pF(¥))"dy ,where F(y) = [ f(x)dx

F(y) = [JAe™™dx = (1—e™)

oo Kkh _
R(t) - f yhtl (q + p(l —e /1}’)) 0 Jilp.+1 (1 —be Ay) dy
oo Kk _
R() = Mu+1 (1 —pe)'dy
= /«lk”f y~ D [, —n, pe™ +n, ple M —n, p3e 3 4 o L +(-1)"n, ple V.
R(t) = ”k”[fooo ncoy—(u+1) dy + fooo n61pe—,1yx—(u+1) dy + fooo nczpze_uyy—(uu) Ay + et
(D" [ nepte ™M~ D dy] L (1)

Io = Jy ne,y™® ™V dy =n, [y~ dy
_ y~H-1+1 ©
- nCO[ —u— 1+1]

=ng, [ _A]

Io = J, ne,y™ ®*Vdy = 0........ (1)

I = [ ne,pe ™y W+l gy
=ne,pJy e Py “dy
_ —u—1+1 _ -u
=nc,p [[e S m] —Jy e PN Ny
A poo _
= nclp[O —;fo e Ayy ”dy]
c A
=l [ (u+ 1)

I
=2 [T (—u+ D)

I = [ n,pe Py WD dy = "u—l” [T (—p + D] oo . (i)

I, = [} ne,p2e 2y~(+D) gy
=n,,p? [, e~ y‘("“) dy
_ u—1+1 _ I‘l
=nC2p2 [[e Z/th] _f e 2/1y( 2/1) y dy
21 oo _
=ne,p?[0 -2 [" e~y dy]
ne pz 21
S5

_ Tchpz [ AH’I—'
== [=#I(-p+1)]

I = [} ne,p?e ??y~ D dy = n”ff' [T (= + V)] e .. (i)

Iy = [ ne,pe 3y ~(D) gy

=n.,p° [)° e‘”yy‘("“) dy

B ymHo141 _ y ”
=ng,p’||e [ ol W] —Jy e (= 3=, dy
34 poo _
=n,,p’ [0 —7f0 e 3Myy-k dy]
Nc. p® 31
e L [— 3A-HF1 F(—Il + 1)]

3
=S [T (—p+ D)
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o C 3 .
I = ne,ple 3y Wt gy = % [2*T (= + D] e oo (V)
Continuing this process up to n times more, we get
let I, = fooo n, pte Yy~Wt gy
=ng,p" [, ey D dy

_ —u—14+17® o —u
annpn [[e nly Jiu_1+1:|0 _fﬂ e nly(_nl)_y_u dY]

=n. p" [0 _ nffow e~y dy]
:M[— nA r'(—u+ 1)]

" nA-ut+1

= =2 24T (—p + D)

I, = fow ne, pte My Wi gy = % [-2*T(—pu+ D] e (0)

Substituting all these values in equation (1)

Ne Ne 2 Ne 3
0 — P2 [ 24T (=t + D] + =2 [~ AT (—p + D] + =5 [T (—p + 1)]
= pkH u u i u
ot —% [—A“T(—p + D]

R(t) = #z_ﬂ [_AH[‘(_M + 1)] [n’Clp - n’Csz + nc3p3 T e +(—1)n_1pn]
R(t) = k[T (—p + D] Xy (- 1) 1 n,, p*
CONCLUSION

General reliability formula for n cycles is derived when number of cycles follows binomial distribution for the
following two cases: (1) random- fixed Stress and random- independent Strength. (2) random- independent Stress and
random- fixed Strength.
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