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Reliability Analysis of Multi-Component System
Considering Preventive Maintenance:
Application of Markov Chain Model

Hun Gil Kim'

+ Woo-Sung Kim®"

'Defense Agency for Technology and Quality
*School of Management & Economics, Handong Global University

Purpose: We introduce ways to employ Markov chain model to evaluate the effect of preventive
maintenance process. While the preventive maintenance process decreases the failure rate of each
subsystems, it increases the downtime of the system because the system can not work during the
maintenance process. The goal of this paper is to introduce ways to analyze this trade-off.
Methods: Markov chain models are employed. We derive the availability of the system consisting
of N repairable subsystems by the methods under various maintenance policies.

Results: To validate our methods, we apply our models to the real maintenance data reports of
military truck. The error between the model and the data was about 1%.

Conclusion: The models developed in this paper fit real data well. These techniques can be
applied to calculate the availability under various preventive maintenance policies.

Keywords: Availability, Markov Chain, M/G/c/c Queue, Preventive Maintenance.
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Table 2 Application of equation (5) to the maintenance data of military trucks

Time unit : hour
Component Mean time to Operational mean time Mean time to The number of total
failure (f; ') to failure (/7)) repair (r; ) maintenance
A 4814 4814 2.61 28
B 4998 4998 2.62 19
C 4737 4737 2.16 16
D 3744 3744 4.54 13
E 5482 5482 1.47 11
Arrival rate(\) 1/24
Mean service time(w ') 0.84
11, 0.966
e F2 T A¥E A4 (Anderson-Darling Test) =PHog Fsta AT, <Fig. 4>9F o] A
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Table 3 Frequency of the maintenance for 10 components of military trucks

321

Component The. numb.er of The number of failure | The nu@ber of total Group type
preventive maintenance maintenance maintenance

F 0 844 844 Clutch group
G 125 509 634 Electrical device group
H 308 314 622 Brake system group
I 0 575 575 Clutch group
J 144 250 394 Brake system group
K 104 196 300 Electrical device group
L 56 197 253 Electrical device group
M 85 182 267 Brake system group
N 0 205 205 Clutch group
0 53 104 157 Electrical device group

Table 4 Avaliability of the system

Time unit : hour

Preventive maintenance Failure maintenance
Component Mean time between Mean time to Mean time to Mean time to
maintenance(d; ') maintenance((d) ") failure((f7)" ") repair(r; ')

A 4787 9.4

B 967 2.8 4537 4.4

C 1617 5.9 5983 5

D 4282 8

E 2441 5.7 5148 4.5

F 722 2.9 5466 6.8

G 788 32 6072 4.2

H 1323 3.4 5327 3.7

I 9708 12.6

J 358 3.5 5503 6.2
System availability| 0.9607
e 7 B JE duguA] HEAE B8 5 A E
AL, U A Mese g Tdsithal 7t
A (1l hystgnt. 2 A3 A28 7H-E+ 0.9639 7 =M w2z A 23 s Foko oA
Z Yegdth 58302 digu g $3ss ey AR S e HeidFo 749 A2FY 7t
B b5t &F Fbee A4S B9 & £ 9. 855 FAsE S AN B oy
o9 2ol hFR e A5l gL YOG HAA HolA AxHe GRS BH, Hagos
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