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As the functions and structure of the system are complicated and elaborated, various types of structures are emerging to increase

reliability in order to cope with a system requiring higher reliability. Among these, standby systems with standby components

for each major component are mainly used in aircraft or power plants requiring high reliability. In this study, we consider a

standby system with a multi-functional standby component in which one standby component simultaneously performs the functions

of several major components. The structure of a parallel system with multifunctional standby components can also be seen in

real aircraft hydraulic pump systems and is very efficient in terms of weight, space, and cost as compared to a basic standby

system. All components of the system have complete operation, complete failure, only two states, and the system has multiple
states depending on the state of the component. At this time, the multi-functional standby component is assumed to be in a
non-operating standby state (Cold Standby) when the main component fails. In addition, the failure rate of each part follows

the Weibull distribution which can be expressed as increasing type, constant type, and decreasing type according to the shape

parameter. If the Weibull distribution is used, it can be applied to various environments in a realistic manner compared to the

exponential distribution that can be reflected only when the failure rate is constant. In this paper, Markov chain analysis method
is applied to evaluate the reliability of multi-functional multi-state standby system. In order to verify the validity of the reliability,
a graph was generated by applying arbitrary shape parameters and scale parameter values through Excel. In order to analyze

the effect of multi-functional multi-state standby system using Weibull distribution, we compared the reliability based on the

most basic parallel system and the standby system.
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<Figure 4> State Transition Diagram of the System

<Figure 4>9] JE|Ho|EE 3 FRIZZ
A2 [P () =[P)] - [4]E ol&sto] wiEAHTA 2
S AT g Sk o] W AejolFHELE 4 (7)3%

—h,(t)—h,(t) hy(t) hy (1) 0 0 0 0
0 —hy (t)—hy(t) 0 hy(t) k@) 0 0
0 0 —hy(t)=hy(t) 0 hy(t)  hy@) O
0 0 0 =h(t) 0 o M@ |(7)
0 0 0 0 —hy(t) 0 hy(t)
0 0 0 0 0 —hy(t) hyt)
0 0 0 0 0 0 0
2 ()9 Aol BB S ol g3ke] A (8)3} e v]E
A e 44T+ A
P/ (t) = —(hy(t) +hy(2)) - P(2) (8)
Py (t) = hy(t) - P(t) = (hy(t) +hy(t)) - Py(2)
P (t)=h(t) - P (t) = (hy(t) +hy(t)) - Py(t)
P/ (t) = hy(t) - P(t)—h,(t) - P,(t)
P/ (t)=h(t) - P(t) +hy(t) - P(t)—hy(t) - Py(t)



142

3

Py(t) = 1= (1+(at)?)e @ e )

P(t)=2[1—(1+ (at)ﬂ)57<("tw]e*(at}f’

s s

Pt)=N—-(1+ (at)?)e @]~

A A ()AL TTEW)O) g(i=2.3,4) 4
A 2E A EE Aostoith ol o] 8ske] e
(1002 o] 7 g7 sl Wt A=es 72

At

4 1> o

R(t) =p,(t) =P (t) = 672(“)“

Ry(t) = p,(t) +py(t) = P (1) + P, (t) + Py (1)
= [1+2(at)’)e2

6
Ry(t) = p,(8) +py () +p,(8) = D] P (1)

NNz Ee NFE AFS A8 HEEF o=0.005 F
RS B=05(742%), 1L.0(EAH), 3.5F7HE)E AR

ato] lefe] AZE tol ojgh 2l
<Figure 7>°llA4 23 3}3itt.
Zol tisiA FAEF

32 Hlu 2

FE g Eo| ofoly BEE wWEE F tF
el d7IA 2o a3tE EAE] A B =EedlAe
F7HA HAL RS AA G g7 RES 2] G 7
AR HEA LN SRS BF OS2 Y

Ji—Hye Kim - Young—Bae Chung

1 B =35
B =10
0.6 - B =05

04 -

02
0 ¥ t

0 200 400 600

<Figure 5> Reliability for the Required Performance Level g

R (t)
1 B =35
4 / 3
08 - B =10
B =05
0.6
04 |
0.2
0 | : -t
0 200 400 600

<Figure 6> Reliability for the Required Performance Level gs

Ry (1)

1 \ B =35
i / B
08 F=10

0.6 -

B =05

04 -

0.2 -

0 | : ot
0 200 400 600

<Figure 7> Reliability for the Required Performance Level g»

ZINzEe] AFEE AT BE FEe] ARt
TEE dolE FEE wEH, oo T v o



Reliability Analysis of Multi—functional Multi—state Standby System Using Weibull Distribution 143

32.1 WHA| =¥ (Parallel System)

<Figure 8> W78 24 o= 7H 7124 WE
Aglel QA BHER X, X B FRE]
<Figure 8>< #Fadte] BES9 wg-fo] e A|~E
o] AEj= <Table 2>9 7ol 4709 AEj& A ol3lt}
Xy
X3

<Figure 8> Reliability Block Diagram of Parallel System

<Table 2> State Table of Parallel System

oo |5 | e e | e

! w w W N pa(t)

2 W F W 9 palt)

3 F w w 9 pa(t)

4 F F F 91 p(t)
<Table 2>E& o] &38}o] A|AE AEjHo| e 245}
W <Figure 9> 2t} qleje] Azk (o] olg 7t $Fe)
AL hy(t) 2 3718} Th

FEE by (1),

<Figure 9> State Transition Diagram of Parallel System

P (t) = — (b, (t) +hy(t)) - P (t) (11)
Py (t) = hy(t) - P (t) —hy(t) - Py(t)
Py (t) =h,(t) - P(t) —hy(t) - P(t)
P/ (t)=h(t) - P(t)+h,(t) - P(t)

SICEEIREEREE RIEREE

0]
A

Y0,
o &

B
®
S mi

Jo >
A
o
-
ol

(12)

Ry(t) =p,(t) = P, (1) = e 2" (13)
Ry(1) =p,(1) +p, (1) = P, (1) = ¢ >
Ry(t) = p,(t) +p;(t) +p,(t) = P (t) + P, (t) + Py (¢)
_ (27ef(at){)ef(at)‘f
322 E1]7]/‘11‘-51‘31(Standby System)
<Figure 10>& Fo5% EF d7|H5s 2< 7H
A s gel A8 BRES X, i Fa
oM X, X,& 72t FREFA g dj7|FFolth
<F1gure 10> Fasle] BE 59 ufFo]| uE A~
glo] el <Table 3>9F Zo] 97]9] ez Aot}
J= J
L] %,
L T
Al

<Figure 10> Reliability Block Diagram of Standby System

<Table 3> State Table of Standby System
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