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Abstract

The present paper focuses on the problem of active redundancy in the general case where several participating elements are kept on
standby. This study assumes that the failure distribution of all redundant elements, as well as the switch and the failure detector, all
follow the exponential law characterized by a constant failure rate. The analysis of the different success modes of the system considered,
first in the specific case of a system with a single element on standby, then with two, and finally with three elements on standby, this
analysis has allowed us to establish a recurrence relation that provides the analytical expression of the reliability of an active redundancy
system in the general case where several elements are kept on standby.

Keywords: Reliability; Safety; Standby Redundancy; Active Redundancy; Passive Redundancy.

Nomenclature system considered may not accomplish its task
within the planned time from the design phase. In these
E1 Main primary operating element conditions, redundancy is the only technical way to
Ez... Standby elements increase reliability and extend its average lifetime [5,8,9],
En [16-23].
Eq Failure detection Technical systems with redundancy are, therefore,
Switching mechanism in the redundant systems for which the failure of any element of their
Ec system structure does not lead to the failure of the system
R(1) Reliability function considered, and conse_quel_wtly, _ the _system _with
f(t) Failure density function redundan_cy can accomplish its mission in a rela_tlvely
. : longer time than when the system operates without
A Failure rate of main and standby element redundancy
4 Failure rate of the detector Depending on the operating mode of the main device
Re Constant reliability of Commutator (the one imposing a mission from the outset) with the
n Symbol of events intersection auxiliary device (the one on standby), redundancy can be
C Logical complement of event C either:

. - Passive (hot), related to a main device and an
1. Introduction auxiliary device operating [24-25]
- Active (cold), related to a main device and an

During the design phase, the prediction of the reliability auxiliary device operating successively, one

of a complex system to accomplish its mission up to a
well-determined time is very important [1-5], especially after the other [26-32]

when dealing with non-repairable systems that operate _ The literature on this subject is extensive, but it is
until the first failure [6-13]. mainly based on purely theoretical assumptions; it

Sometimes, despite the improvement of operating assumes that the switch and the detector are ideal and that
conditions and even despite the improvement of the the number of standby units is limited [6-7], [18-20].
technology of the constituent elements [8,9,14,15], the
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The present article deals with the case of active
redundancy in the general case where, instead of a single
one, several devices are kept on standby (Figure 1). This
type of redundancy requires a means of failure detection
which, in real-time, monitors the availability status of
the operating element, and which, in the event of a
failure of the latter, informs the switch to switch the
mission to the next element.

In what follows, the study of this system will be
limited first to the case where the system considered has
a single element in standby, then two elements in
standby, and finally, three elements in standby are
considered.

In this study, all elements are assumed to be
characterized by a constant failure rate A, the switch
characterized by a constant switching probability R
throughout the system's operating period, and the failure
detector by a constant failure rate Aq. [33-39]

The analysis and the aborted illustration of the
different success modes of an active redundant system,
first in the easy case when only one standby element,
second case with two standby elements and finally with
three standby elements, this analysis has led us to
determine analytically the general expression of the
reliability function of the considered system with any
number of standby elements.

Failure Detection Sysizm

 Switching Mechanism

Figure 1. The generalized structure of a system with multiple
redundant elements

2. A General View of Distribution
Models

The proposed models in many textbooks and journal
papers are numerous, such as the famous Weibull
model, which represents an extension and generalization
of the exponential distribution described in this paper.

- Exponential distribution: given by the failure
distribution function:
F(t) =1 —exp (—At) @)
When A represents the constant hazard rate.

Weibull  distribution: given by the failure
distribution function:
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b

F(t)=1—exp [— (2) ] 2
characterized by 2 parameters:
(a: scale parameter, b: shape parameter)

Complementary Weibull distribution: given by the
failure distribution function:

-b

F(t) = exp [— G) ] 3)

Also, like the Weibull distribution, characterized by
2 parameters (a: scale parameter, b: shape parameter)

Power distribution (Firkowicz distribution): given
by the failure distribution function:

b

F(t) = (i) (4)

This type of distribution describes the general case
of the bathtub curve of failure rate when b<1

Mackay-Hame distribution: given by the failure
distribution function:

b
F(t) =1—exp [1 — exp G) ] (5)
Gaussian distribution (Normal distribution): given

by the failure density function:

_ 1 Z?
f(2) = Eexp [—7 (6)
when
z=2t )

Log-Normal Distribution: given by the failure
density function:

f@) = =exp[-Z] (®)
With
7= In (t)—p (9)

g

The limitation of the exponential model is that the
failure rate of components or systems is independent,
and the failure rate is considered as a constant during the
lifetime.

This approach represents an approximation of
reality and gives us the possibility to evaluate and
calculate the characteristics of reliability of more
complex systems and situations.

The reason is that it has been documented quite
fully that in most cases, components failure rate is time-
dependent, it results, of course, in time-dependent
failure rate of the components and units. For example,
the electronic components show a strictly decreasing
failure rate. In contrast, mechanical components, as well
as assembles, show a strictly increasing failure rate.

In these cases, when the constituent components
have failure rates that deviate from the exponential
model and instead follow, for example, the Weibull
distribution, obtaining reliability characteristics for
systems presents especially analytical challenges. That is
why we assumed in the following analysis to follow the
exponential model distribution.
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3. Case of an active redundancy
system with a single standby element

The illustration in Figure 2 allows a clear visualization
of the two possible success modes for an active
redundancy system with a single standby element.
v Success Mode 1:
- The main element E; operates successfully
for the entire mission duration until time t,
or
v" Success Mode 2:
- The main element E; fails at a time t; (with
t; <t)and
- The failure detector Eq detects this failure
at time t; and
- The switch Ec then transfers the mission to
the standby element E; and
- Element E; continues and completes the
remaining mission, from time t; until time t.

(Success Mode 1) El

(Syccess Made 2)
(Success Mode 2) L NE,NE,

EnE,

t t

Figure 2. Illustration of success modes for an active redundancy
system with a single standby element

Therefore, the reliability of this redundant system
with one main element and one standby element can be
expressed as a sum of the probabilities of these two
success modes [8-10]:

R, (t) = Prob(T; > t) + Prob[(T; <t;) N

(Ta>t)N(Te>t) N (T, >t—1ty)] (10)
when
And

dR;(t)

From the previous relations (12) and (13), Rz (1)
can be expressed as:

Ro(9) = Ry (®) + f; f(t)Ra(t)Re(t)R(t - 13)
t;)dt; (13)

When Ri(t) represents the reliability of a single
element, and the failures follow an exponential
distribution characterized by a constant failure rate A;
then:

R;(t) = e7Mit (14)
and the failure density function

fi(R) = — D = je it (15)
Then

Ry(t) = e A+ fot e MUR e Mie M-t g, (16)
After integration and simplification expression
(16), the reliability of this redundant system with one
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main element and one standby element can be expressed
as:

Ry(t) = e ™ [1+ RCA—Z(l — e7hat)] 17)

2. Case of an active redundancy system with
two standby elements
The illustration in Figure 3 allows clear visualization of
the three possible success modes for an active
redundancy system with one main element E; and two
standby elements E; and Es.
v Success Mode 1:
- The main element E; operates successfully
for the entire mission duration until time t,
or
v" Success Mode 2:
- The main element E; fails at a time t; (with
t1<t)and
- The failure detector Eq detects this failure
at time t; and
- The switch Ec then transfers the mission to
the standby element E, and
- Element E; continues and successfully
completes the remaining mission, from
time t; until time t without needing the
second standby element Es, or
v" Success Mode 3:
- The main element E; fails at a time t; (with
t1<t)and
- The failure detector Eq detects this failure
at time t; and
- The switch Ec then transfers the mission to
the standby element E; and
- The second standby element E, fails at a
time t; (with t; <t <t) and
- The failure detector Eq detects this failure
at time t, and
- The switch Ec then transfers the mission to
the second standby element E3 and
- The second standby element Es continues
and completes the remaining mission from
time to until time t.

El

(Success Mode 1)
E\NE;NE;
(Success Mode 2)
E\NE,
E,NE;NE;

(Success Mode 3) E NE;NENE,

|
=1
o

0 t t2 t

Figure 3. lllustration of success modes for an active redundancy
system with two standby elements

Therefore, the reliability of this redundant system
with one main element and two standby elements can be
expressed as a sum of the probabilities of these three
success modes:
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R;(t) = Prob(T; > t) + Prob[(T; < t;) N
(Ta>t)N(Te>t) N (T, >t—t)] +
Prob[(T; <t;) N (Tg > t;+t,) N (T, >
t+t) N (T, < t) N (T3 > t— (4 +t3))]
Let's now observe that the first two terms of the
relation given by (18) represent exactly the reliability
function of a system with a single standby element as
given by relation (17) consequently.
R3(t) = Ry(t) + P5(0) (19)
with
P;(t) = Prob[(T; <t;) N (Tg > t;+t,) N (20)
(Te > t1+t) N (T, < t5) N (T3 > t— (t+t3))]
Taking into account the notations given by relations
(11) and (12), we can proceed as follows:

Pa(®) = [y Jy " f(t)Ra(ts + t2)Re(t; + 1)
t2)f(t)R(t — (t1+t3))dt,dty

By replacing the expressions of Ri(t) and fi(t) given
by relations (14) and (15) in expression (21), we obtain:
P ®= 22
fot e~ M fot‘tl e—Ad(t1+t2)Rce— Atz o= At-ti—)q¢, dt, (22)
Finally

P;(t) = (%)2 Ree™ M1 — e~ 2t — g age7at] (23)

The finally expression of the system reliability
function of an active redundancy system with one main
element and two standby elements can be obtained from
the expressions of Ry(t) given by relation (17) and Ps(t)
given by relation (23).

(18)

4. Case of an Active Redundancy
System with Three Standby Elements

The illustration in Figure 4 allows clear visualization of
the three possible success modes for an active
redundancy system with one main element E;, and three
standby elements E,, Esand Ea.
v Success Mode 1:
- The main element E; operates successfully
for the entire mission duration until time t, or
v' Success Mode 2:
- The main element E; fails at a time t; (with
t1 <t)and
- The failure detector Eq detects this failure
at time t; and
- The switch Ec transfers the mission to the
standby element E, and
- Element E, continues and successfully
completes the remaining mission, from
time t; until time t without needing the
second standby elements Ez and E4, or
v" Success Mode 3:
- The main element E; fails at a time t; (with
t;<t)and
- The failure detector Eq detects this failure
at time t; and
- The switch Ec then transfers the mission to
the standby element E, and
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- The second standby element E; fails at a
time t; (with t; <t; <t) and

- The failure detector E4 detects this failure
at time t, and

- The switch Ec then transfers the mission to
the second standby element E3 and

- The thirst standby element Ez continues
and completes the remaining mission, from
time t2 until time t or

v" Success Mode 4:

- The main element E; fails at a time t; (with
t1<t)and

- The failure detector Eq4 detects this failure
at time t; and

- The switch Ec then transfers the mission to
the standby element E; and

- The second standby element E; fails at a
time t; (with t; <t <t) and

- The failure detector Eq detects this failure
at time t; and

- The switch Ec then transfers the mission to
the second standby element E3 and

- The thirst standby element E; fails at a
time t3 (with t; <t; <t) and

- The failure detector Eq4 detects this failure
at time t; and

- The switch Ec then transfers the mission to
the thirst standby element E4 and

- The fourth standby element E4 continues
and completes the remaining mission from
time t3 until time t.

Ey
(Success Mode 1)

E, NE;NE

E nE,
(Success Mode 2) 1

[Success Mode 3)

0 t % %

Figure 4. lllustration of success modes for an active redundancy
system with three standby elements

Therefore, the reliability of this redundant system
with one main element and three standby elements can
be expressed as the sum of the probabilities of these four
success modes:

R,(t) = Prob(T, > t) + Prob[(T; < t;) N
(Ta>t)n (T >t)N (T >t—t)]+
Prob[(T; < t,) N (Ty > t;+t,) N (T, >
ti+t,) N (T, < t,) N (T3 >t — (t+8,))] +
Prob[(T, < t;) N (Ty > ty+t,+t3) N (T, <
) N (T3 < t3) N (T, >t — (ty+tp+t3))]

(24)
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Let's now observe again that the first three terms of
the relation given by (24) represent exactly the
reliability function of a system with two standby
elements expressed by Ra(t) as given by relation (17),
(19) and (23) consequently:

R4(t) = R3(t) + Pyu(t) (25)
with
P,(t) = Prob[(T; < ty) N (T; > t;+t,+t3) N (26)
(T < t3) N(T3 < t3) N(Ty >t — (E+t,+t3))]

Taking again into account the notations given by
relations (11) and (12), we can proceed as follows:

PO = f P ) Ralty + 6 +
t)Re(ty + t, + to)f(t,)f(ts)R(t — (27)
(t;+t,+t3))dt;dt,dt,

By replacing again the expressions of R;(t) and fi(t)
given by relations (14) and (15) in expression (27), we
obtain:

P, (D) ==
fot fot_tl Ae~ M1 jeAtz) et Rce—)\d(t1+t2+t3). (28)
e Malt-ti—t) qe dt, dt,

After integration and simplification expression

(19), we obtain:

P,(t) = (%)3 Re.e™ M,

. [1 —eMat(t.ag)e Mt (1, Ad)ze-ld-t]

The final expression of the system reliability
function of an active redundancy system with one main
element and three standby elements can be obtained
from the expressions of Rs(t) given by relation (19) and
P4(t) given by relation (29). Therefore, we can conclude
that, in general, the reliability function of a system with
n redundant elements can be expressed by the following
recurrence relation:

(29)

Ry(®) = Rp—1 (O + P (0 (30)
with
PO (5)  Ree MZiz (1 eat| (31)

5. Conclusion and future scope

The analysis of the different success modes of an active
redundant system has led us to determine analytically
the expression of the reliability function, first in the case
of a system with one and two standby elements and then
for a system with any number of standby elements.
Furthermore, the generalization of the result obtained by
recurrence constitutes an extension of the various
existing works, which, in fact, only represent a particular
case of the results obtained in the present paper.

The same technique adopted for this analysis can
also applied for other more complicated failure rate
functions, such as the Weibull distribution. Rather too
complex to derive analytically the prediction system
reliability ~function, therefore, statistical modeling
commonly called Monte Carlo simulation can be
employed.

IJRRSNVol. 7/ Issue 2/ 2024 /113

Acknowledgments

The Researchers would like to thank the Deanship of
Graduate Studies and Scientific Research at Qassim
University for financial support [QU-APC-2024-9/1].

Conflicts of Interest

The authors declare no conflict of interest.

6. References

[1] C.Yang, W. Lu, and Y. Xia, "Reliability-constrained
optimal attitude-vibration control for rigid-flexible
coupling satellite using interval dimension-wise
analysis." Reliability Engineering and System Safety,
vol. 237, 2023, Art. no. 109382, doi:
https://doi.org/10.1016/j.ress.2023.109382.

[2] J. Liu, H. Xu, X. Peng, J. Wang, and Ch. He, "Reliable
composite fault diagnosis of hydraulic systems based on
linear discriminant analysis and multi-output hybrid
kernel  extreme learning  machine.” Reliability
Engineering and System Safety, vol. 234, 2023, Art. no.
109178, doi: https://doi.org/10.1016/j.ress.2023.109178.

[3] N. Zhang, Y. Deng, B. Liu, and J. Zhang, "Condition-
based maintenance for a multi-component system in a
dynamic operating environment." Reliability
Engineering and System Safety, vol. 231, 2023, Art. no.
108988, doi: https://doi.org/10.1016/j.ress.2022.108988.

[4] Y. Shi, W. Zhu, Y. Xiang, and Q. Feng, "Condition-
based maintenance optimization for multi-
component systems subject to a system reliability
requirement.” Reliability Engineering and System
Safety, vol. 202, 2020, Art. no. 107042, doi:
https://doi.org/10.1016/j.ress.2020.107042.

[5] V. Pradhan, A. Kumar, and J. Dhar, “Emerging trends
and future directions in software reliability growth
modeling,” in Engineering Reliability and Risk
Assessment, Elsevier, 2023, pp. 131-144, doi:
https://doi.org/10.1016/B978-0-323-91943-2.00011-3

[6] D.Y. Yang and C.H. Wu, "Evaluation of the
availability and reliability of a standby repairable
system incorporating imperfect switchovers and
working breakdowns", Reliability Engineering and
System Safety, vol.207, 2021, Art. no. 107366, doi:
https://doi.org/10.1016/j.ress.2020.107366

[7]1 M. Sharifi, P. Pourkarim Guilani, A. Zaretalab, and
A. Abhari, "Reliability evaluation of a system with
active redundancy strategy and load-sharing time-
dependent failure rate components using Markov
process." Communications in Statistics: Theory and
Methods, vol. 52, no. 13, pp. 4514-4533, 2023, doi:
https://doi.org/10.1080/03610926.2021.1995433

[8] P. D. T. O'Connor and A. Kleyner, Practical
Reliability Engineering, 5th ed. Willey, 2012.



https://doi.org/10.1016/j.ress.2023.109382
https://doi.org/10.1016/j.ress.2023.109178
https://doi.org/10.1016/j.ress.2022.108988
https://doi.org/10.1016/j.ress.2020.107042
https://doi.org/10.1016/B978-0-323-91943-2.00011-3
https://doi.org/10.1016/j.ress.2020.107366
https://doi.org/10.1080/03610926.2021.1995433

114/ 13IRRS/Vol. 7/ Issue 2/ 2024

[9] R. Billinton and R.N. Allant, Reliability Evaluation
of Engineering Systems: Concepts and Techniques,
New  York, US: Springer, 1983, doi:
https://doi.org/10.1007/978-1-4615-7728-7.

[10] X. Ma, B. Liu, L. Yang, R. Peng and X. Zhang,
"Reliability  analysis and  condition-based
maintenance optimization for a warm standby
cooling  system,” Reliability ~Engineering and
System Safety, vol. 193, 2020, Art. no. 106588, doi:
https://doi.org/10.1016/j.ress.2019.106588.

[11] L. Hu, Zh. Bai, X. Yang, and M. Li, "Reliability
modeling and evaluation of uncertain random cold
standby k-out-of-m+ n: G systems,” Journal of
Ambient Intelligence and Humanized Computing,
vol. 14, no. 10, pp. 13833-13846, 2023, doi:
http://dx.doi.org/10.1007/s12652-022-04075-6.

[12] N. V. Martyushev, B. V. Malozyomov, S. N.
Sorokova, E. A. Efremenkov, D. V. Valuev, and M.
Qi, "Review models and methods for determining and
predicting the reliability of technical systems and
transport.” Mathematics, vol. 11, no. 15, 2023, Art. no.
3317, doi: https://doi.org/10.3390/math11153317.

[13] N.C. Xiao, M. J. Zuo, Ch. Zhou, "A new adaptive
sequential sampling method to construct surrogate
models for efficient reliability analysis," Reliability
Engineering and System Safety, vol. 169, 2018, pp.
330-338, doi:
https://doi.org/10.1016/j.ress.2017.09.008.

[14] D.W. Coit, and E. Zio, "The evolution of system
reliability optimization." Reliability ~Engineering
and System Safety, vol. 192, 2019, Art. no. 106259,
doi: https://doi.org/10.1016/j.ress.2018.09.008.

[15] K. Liu, Zh. Zhou, J. Qi, Y. Sun, and K. Guo,
"Reliability prediction used dynamic Bayesian
networks for redundant system with time lag
correlation,” Quality and Reliability Engineering
International, vol. 38, no. 8, p. 4267-4290, 2022,
doi: https://doi.org/10.1002/gre.3206.

[16] L. Guo, R. Li, Y. Wang, J. Yang, Y. Liu, Y. Chen,
and J. Zhang, "Availability for multi-component k-
out-of-n: G warm-standby system in series with
shut-off rule of suspended animation,” Reliability
Engineering and System Safety, vol. 233, 2023, Art.
no. 109106, doi:
https://doi.org/10.1016/j.ress.2023.109106.

[17] M. Oszczypata, J. Konwerski, J. Ziotkowski, J. Mat
achowski, "Reliability analysis and redundancy
optimization of k-out-of-n systems with random
variable k using continuous time Markov chain and
Monte Carlo simulation," Reliability Engineering &
System Safety, vol. 242, 2024, Art. no. 109780, doi:
https://doi.org/10.1016/j.ress.2023.109780.

[18] J. Bhatti, M.K. Kakkar, N. Bhardwaj, M. Kaur, and
G. Deepika, "Reliability analysis to industrial active
standby redundant system," Malaysian Journal of
Science, vol. 39, no. 3,pp. 74-84, 2020, doi:
https://doi.org/10.22452/mjs.vol39n03.6.

H. A. Guesmi

[19] M. Kayid and M.A. Alshehri, "Stochastic
Comparisons of Lifetimes of Used Standby
Systems," Mathematics, vol. 11, no. 14, 2023, Art. no.
3042, doi: https://doi.org/10.3390/math11143042.

[20] K.H. Wang, Ch.H. Wu, and T.Ch. Yen, "Reliability
analysis of redundant retrial machining system subject to
standby switching failure,” Quality Technology and
Quantitative Management, vol. 20, no. 5, pp. 561-576,
2023, doi: https:/doi.org/10.1080/16843703.2022.2132450.

[21] Ch. Wang, X. Wang, L. Xing, Q. Guan, Ch. Yang, and
M. Yu. "Efficient reliability approximation for large k-
out-of-n cold standby systems with position-dependent
component lifetime distributions,” Reliability
Engineering and System Safety, vol. 240, 2023, Art. no.
109548, doi: https://doi.org/10.1016/].ress.2023.109548.

[22] H. Dui, X. Huiting, and Y.A. Zhang, "Reliability
analysis and redundancy optimization of a command
post phased-mission system." Mathematics, vol. 10,
no. 22, 2022, Art. no. 4180, doi:
https://doi.org/10.3390/math10224180.

[23] J. Xu, H. Jing, and Ch. Zhao, "Reliability modeling of
MMCs considering correlations of the requisite and
redundant submodules.” IEEE Transactions on Power
Delivery, vol. 33, no. 3, pp. 1213-1222, 2017, doi:
https://doi.org/10.1109/TPWRD.2017.2757607.

[24] Q. Qiu, L. Cui, and D. Kong, "Availability and
maintenance modeling for a two-component system
with dependent failures over a finite time horizon,"
Proceedings of the Institution of Mechanical
Engineers, Part O: Journal of Risk and Reliability,
vol. 233, no. 2, pp. 200-210, 2019, doi:
https://doi.org/10.1177/1748006X18768713.

[25] R. Malhotra, F.S. Alamri, and H.A.E.W. Khalifa,
“Novel analysis between two-unit hot and cold
standby  redundant  systems  with  varied
demand,” Symmetry, vol. 15, no. 6, 2023, Art. no.
1220, doi: https://doi.org/10.3390/sym15061220.

[26] R. Malhotra, “Reliability and availability analysis of a
standby system with activation time and varying
demand,” in Engineering Reliability and Risk
Assessment, H. Garg and M. Ram, Eds. Elsevier, 2023,
pp. 35-51, doi: https://doi.org/10.1016/B978-0-323-
91943-2.00004-6.

[27] Y.L. Hsu, J.Ch. Ke, S.L. Lee, "On a redundant
repairable system with switching failure: Bayesian
approach”, Journal of Statistical Computation and
Simulation, vol. 78, no. 12, pp. 1163-1180, 2008,
doi: https://doi.org/10.1080/00949650701441384.

[28] Sh. Wang, Y. Yao, D. Ge, Zh. Lin, J. Wu, and J. Yu,
“Reliability evaluation of standby redundant systems
based on the survival signatures methods” Reliability
Engineering and System Safety, vol. 239, 2023, Art. no.
109509, doi: https://doi.org/10.1016/].ress.2023.109509.

[29] M. Manglik, M. Ram, “Reliability analysis of a two
unit cold standby system using Markov process,”
Journal of Reliability and Statistical Studies, vol. 6,
no. 2, pp. 65-80, 2013.



https://doi.org/10.1007/978-1-4615-7728-7
https://doi.org/10.1016/j.ress.2019.106588
http://dx.doi.org/10.1007/s12652-022-04075-6
https://doi.org/10.3390/math11153317
https://doi.org/10.1016/j.ress.2017.09.008
https://doi.org/10.1016/j.ress.2018.09.008
https://doi.org/10.1002/qre.3206
https://doi.org/10.1016/j.ress.2023.109106
https://doi.org/10.1016/j.ress.2023.109780
https://doi.org/10.22452/mjs.vol39no3.6
https://doi.org/10.3390/math11143042
https://doi.org/10.1080/16843703.2022.2132450
https://doi.org/10.1016/j.ress.2023.109548
https://doi.org/10.3390/math10224180
https://doi.org/10.1109/TPWRD.2017.2757607
https://doi.org/10.1177/1748006X18768713
https://doi.org/10.3390/sym15061220
https://doi.org/10.1016/B978-0-323-91943-2.00004-6
https://doi.org/10.1016/B978-0-323-91943-2.00004-6
https://doi.org/10.1080/00949650701441384
https://doi.org/10.1016/j.ress.2023.109509

Prediction of the Reliability of a System with Multiple Redundant Elements

[30] J. Bhatti, M.K. Kakkar, N. Bhardwaj, M. Kaur, and
G. Deepika, "Reliability analysis to industrial active
standby redundant system," Malaysian Journal of
Science, vol. 39, no. 3, pp. 74-84, 2020, doi:
https://doi.org/10.22452/mjs.vol39n03.6.

[31] M. Sharifi, P. Pourkarim Guilani, A. Zaretalab, and
A. Abhari, "Reliability evaluation of a system with
active redundancy strategy and load-sharing time-
dependent failure rate components using Markov
process,” Communications in Statistics: Theory and
Methods, vol. 52, no. 13, pp. 4514-4533, 2023, doi:
https://doi.org/10.1080/03610926.2021.1995433.

[32] J. Qin and Zh. Li, "Reliability and sensitivity
analysis method for a multistate system with
common cause failure,” Complexity, vol. 2019,
2019, Art. no. 6535726, doi:
https://doi.org/10.1155/2019/6535726.

[33] Ch. Gao, Y. Guo, M. Zhong, X. Liang, H. Wang,
and H. Yi, "Reliability analysis based on dynamic
Bayesian networks: A case study of an unmanned
surface vessel,” Ocean Engineering, vol. 240, 2021,
Art. no. 109970, doi: https://doi.org/10.1016/
j.oceaneng.2021.109970.

[34] Z. Wang, Y. Chen, and W. Men, “Failure behavior
analysis of 1-out-of-n hot-standby system with
imperfect switch,” in 12th International Conference
on Reliability, Maintainability, and Safety,
Shanghai, China, 2018, pp.355-362, doi:
https://doi.org/10.1109/ICRMS.2018.00074.

IJRRSNVol. 7/ Issue 2/ 2024 115

[35] J. Zhang, H. Lv, and J. Hou, "A novel general
model for RAP and RRAP optimization of k-out-of-
n:. G systems with mixed redundancy
strategy,” Reliability Engineering and System
Safety, vol. 229, 2023, Art. no. 108843, doi:
https://doi.org/10.1016/j.ress.2022.108843.

[36] Y. Ta, Y. Li, W. Cai, Q. Zhang, Zh. Wang, L.
Dong, and W. Du, "Adaptive staged remaining
useful life prediction method based on multi-sensor
and multi-feature fusion," Reliability Engineering &
System Safety, vol. 231, 2023, Art. no. 109033, doi:
https://doi.org/10.1016/j.ress.2022.109033.

[37] M. Xiao, J. Zhang, and L. Gao, "A system active
learning Kriging method for system reliability-
based design optimization with a multiple response
model," Reliability Engineering and System Safety,
vol. 199, 2020, Art. no. 106935,
doi:https://doi.org/10.1016/j.ress.2020.106935.

[38] N. V. Martyushev, B. V. Malozyomov, S. N.
Sorokova, E. A. Efremenkov, D. V. Valuev, and M.
Qi, "Review models and methods for determining and
predicting the reliability of technical systems and
transport,” Mathematics, vol. 11, no. 15, 2023, Art. no.
3317, doi: https://doi.org/10.3390/math11153317.

[39] J. Mi, Jinhua, Y.F. Li, W. Peng, and H.Zh. Huang,
"Reliability analysis of complex multi-state system
with common cause failure based on evidential
networks." Reliability Engineering and System
Safety,vol. 174, pp. 71-81, 2018, doi:
https://doi.org/10.1016/j.ress.2018.02.021.



https://doi.org/10.22452/mjs.vol39no3.6
https://doi.org/10.1080/03610926.2021.1995433
https://doi.org/10.1155/2019/6535726
https://doi.org/10.1016/%20j.oceaneng.2021.109970
https://doi.org/10.1016/%20j.oceaneng.2021.109970
https://doi.org/10.1109/ICRMS.2018.00074
https://doi.org/10.1016/j.ress.2022.108843
https://doi.org/10.1016/j.ress.2022.109033
https://doi.org/10.1016/j.ress.2020.106935
https://doi.org/10.3390/math11153317
https://doi.org/10.1016/j.ress.2018.02.021

	IJRRS, Vol. 7, No. 2, A 10-1174-Final-edited-p1
	IJRRS, Vol. 7, No. 2, A 10-1174-Final

