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Abstract

The paper examines an n-cascade system in which components can fail in
specific ways. To estimate the reliability of the cascade system, we analyze a
model where the operation of an active component is influenced by m stresses
that fall within an interval (aj,bj). A component is considered to have failed if any
of the stresses exceed these defined limits. In particular, when the stress-
strength of the components follows a Rayleigh distribution, we derive expressions
for the reliability of the model. Additionally, we present numerical values of
reliability in tabular form for selected parameter values.
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Introduction
An n-cascade system is a specific type of n-standby system [6]. In a cascade system, the
stresses on subsequent components are reduced by a factor k, known as the attenuation
factor. This factor is typically assumed to be constant across all components or to have
different fixed values for individual components. However, it is also possible for the
attenuation factor to be a random variable [7]. Let Xi, Xo,...,Xu be the strengths of n-
components in the order of activation and let Y1, Yz,...,Yn are the stresses working on
them. In cascade system after every failure the stress is modified by a factor k [1] such
that
Y2=kY1, Ys=kY2=k2Y:...,Yi=ki-1Y; etc.
In the stress-strength model, the reliability R of a component (or system) is defined as
the probability that its strength X is greater than or equal to the stress Y applied to it,
where both X and Y are random variables.

i.e. R=Pr X>Y)
In many scenarios, a component can fail in various ways, such as electrical or mechanical
failures. Each failure type can be linked to different stresses, which can be modeled using
distinct random variables. Suppose a component may fail in m different ways, each
associated with a specific stress. If X represents a random variable for the strength of the
component, the reliability of the component can be expressed as follows:

R= P[X>Y1, X>Ys..., X>Yu] (1.1)

The paper examines an n-cascade system in which components can fail in various ways.
We focus on the following model:

Model: In an n-cascade system, we assume that the operation of an active component
requires that the m stresses acting on it remain within the interval (aj, b;) for j=1,2,...,m.
The component will fail if any of the stresses exceed these specified limits. Both limits a;j
and b; are considered constants, and all components are assumed to be identical. For this
model the constants (aj, b;) and (aj, bij) must have been fixed on the basis of the strength
of the components.

Sriwastav and Dutta [8] examined an n-standby system incorporating different types of
failures within the stress-strength model. Doloi and Gogoi [2] discussed a cascade system
with Rama distributed random variables. They estimated the cascade reliability when
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stress strength is Rama distributed random variables. For multicomponent systems,
Hilton and Fergen [4] addressed structural reliability problems where the failure modes
of the components are independent. Moser and Kinser [5] explored a similar issue. Heller
and Donat [3] evaluated the reliability of a "multiple-load-path" structure, which can
continue functioning with m-1 failed components when it initially has m components. In
this system, the applied stress is redistributed among the surviving components after
each failure, and the system ultimately fails when all components are inoperable. They
also considered statistical dependence among different failure modes.

Here, we have considered an n-cascade system. To our knowledge, no previous study has
addressed a cascade model for this type of system. The objective of this paper is to
estimate the system reliability Rn under a specific failure model.

The paper is organized as follows: Section 2 presents the general expression for the
proposed model. In Section 3, the reliability expressions for an n-cascade system are
derived when the stress-strength of the components follows a specific distribution.
Subsection 3.1 focuses on the reliability expressions Rn for n<4, assuming Rayleigh
distributions for the stress and strength. Section 4 provides numerical values for the
reliabilities R(1), R(2), R(3) and Rs under the proposed model in a tabular form.

Development of the Mathematical Models

Let us consider an n-cascade system operating under the influence of m different
stresses. Our goal is to derive the reliability of this system under the proposed model.
Model: We have an n-cascade system. Let represent the stresses acting on the first
component. We assume that, for a component to function correctly, the jth stress must lie
within a specified interval, denoted as (aj, b;) for j=1, 2,..., m. When the first component
fails, the second component experiences m stresses given by and the third component
experiences m stresses and so on. We further assume that all components are identical,
meaning that the intervals (aj, bj) are the same for each component.

Then the probability that the ith component works is given by

RG)=PX, 2k7Y, X, 2k7Y,,..X, 2k, | i=12,..n (2.1) Then,
the reliability of the system is given by
R =R')+[1-RD]R'Q)+[1-RO]1-R'Q)|R'B) +...+[I-R' ()]

[1-R'Q)].[1-R(n-D]R'(n) (2.2)

=R(1)+R(2)+...+ R(n),say (2.3)
where R(i), i=1,2,...,n is the marginal reliability due to the ith component, given by

R =[1-RO|1-R'Q)].[1I-RG-D]R'() (2.4)

But now,
RG)=Pa, <k™'Y, <b).(a, <k™'Y, <b,)....(a, <k"'Y, <b,)|
= P(a1 <k™'Y, <b, )P(a2 <k™Y, <b, ) .P(am <k™Y < bm) (2.5

i=1, 2,...,n, since the stresses on the components are independent random variables.

Let gj(y) be the p.d.f. of Y;, then

b

R (i) =ﬁ j gMdy, i=12..0 (2.6)

Jj=l g

K -1

78



Now from (2.4) and (2.6), we get
R =R'(1)

=lﬂﬂ g»dy, @.7)

J=l

R(2)=R(2)-R(R(2)

m bilk m b m bilk
=11 [ g,0dy, - [1 [2,()dy, [1 [2,()dy, 239
J= a1k J= a; J=a;lk
RB)=R'3)-R2QR'3B)-RMHR'B)+R' MR (2R (3)
m bilE m bilk m biE m b
=11 &0, -|IT]g0dy, || TT [0, |- T1]g, 00,
7= a1k 7=l a; 1k J= a1k J=l a;
m bk m b m bilk m bk
1_1[ [2,(ady, |+ ]_l[jg,-(y)dy,- 1_1[ [2,0)a, 1_1[ [2,(nay, (29)
7= a1k J=l a, J=l a1k 7= a1k

Substituting R (1), R (2),..., R(n) in (2.3) we can obtain Rn.

Stress-Strength follows Specific distribution

In this section, we consider stress and strength variables that follow Rayleigh
distributions, which may have different parameters. In the following subsection, we
derive the reliability of a 3-cascade system under the model described in Section 2.
Rayleigh stress-strength distribution

Model: Let gj(y) be the Rayleigh densities with parameters ,b’jz , J=1, 2,...,m respectively.
Then from (2.6) we get,

a; i
R'(7) =H[e A } i=12,...,n G.1.1)

J=1

Now from (3.1.1) and using (2.4) we get the marginal reliabilities R(1), R(2) , R(3) as
follows.
R()=R'(1)

[Tl -e") (3.12)

R(2) :H(ek[ —e C ] —ﬁ(eﬂ” —e” ) ﬁ(eTf - e\"/] (3.1.3)

Jj=1 J=
m ,ﬂ ,ﬁ m m 4 b/’ m ,ﬂ ,ﬁ
2 2 —a; —b; e e 2 2
[lle“ -e* +H(ea’—e’)||ek—ek1_[ek—ek (3.1.4)
J=1 J=1 J=1 J=1

By substituting the values of R (1), R (2) and R (3) from equations (3.1.2) to (3.1.4) into
equation (2.3), we obtain Ras.
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4. Numerical Evaluation

From the table, we observe that R(i) for i=2,3 increases as k increases. For example,
whena, =0.2, b, =3.0, a, =0.4, b, =3.0, then R(1)=0.7189, R(2)=0.1489,
R(3)=0.0489. When any of the upper limits increase, R(i) for i=2,3 may decrease in some
cases. Similarly, when any of the lower limits increase, R(i) for i=2,3 may also decrease in
certain instances.

Tablel: Values of R(1), R(2), R(3) and Rs for the failure model where Stress-
Strength Distributions are Rayleigh

a b b k R() R(2) R(3) Rs
a 2 1 2
1
0 0 3 3 0 0.71 0.14 0.04 0.91
. . . 89 89 89 67
2 4 4 0.71 0.17 0.05 0.95
0 89 87 66 42
. 0.71 0.21 0.05 0.99
6 89 64 89 42
1 0.71 0.21 0.05 0.99
1 89 83 99 71
2
0 0 5 5 0 0.65 0.15 0.05 0.86
. . . 67 61 40 68
3 3 4 0.65 0.22 0.06 0.94
0 67 01 79 47
. 0.65 0.22 0.07 0.95
6 67 33 22 22
1 0.65 0.22 0.08 0.96
1 67 43 13 23
2
1 0 6 6 0 0.28 0.05 0.00 0.34
. . 98 54 27 79
5 4 0.28 0.11 0.03 0.43
0 98 02 83 83
. 0.28 0.13 0.13 0.56
6 98 47 59 04
1 0.28 0.21 0.17 0.67
1 98 10 09 17
2
0 0 6 6 0 0.46 0.12 0.01 0.60
. . . 75 11 21 07
4 2 4 0.46 0.13 0.05 0.65
0 75 27 47 49
. 0.46 0.22 0.17 0.86
6 75 24 63 62
1 0.46 0.24 0.19 0.90
1 75 37 83 95
2
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