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Abstract: This paper investigates a repairable system with bi-level repair strategy and two types of repairmen,
in which the working times and repair times of components follow exponential distributions. Employing the
Markov analysis method and the theory of the absorption time of a Markov chain, this paper discusses the sys-
tem availability, the rate of occurrence of failures of the system, the mean time prior to failure of the system and
some other system performance measures. Further, this paper also analyzes the influence of system parameters
on system reliability measures. Finally, Monte Carlo simulation and special cases are provided to show the

correctness of the theoretical results.

Key words: repairable system; bi-level repair strategy; Markov analysis method; reliability measures

il

1 35|

k/n(G)R kRS H n NEAFHRL, 2 n DME TR RDA AR IEE TEN, RG4IER¥E
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Fig. 1 State transition diagram of the system
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Table 1 Steady-state probabilities and performance measures of5/18(G) system

(4, 7) Dij (2,4) Dij (2, 79) Dij

(0,0) 0.00006058 (3,1) 0.001 83601 9, 1) 0.115397 38
(1,0) 0.000064 14 (4,1) 0.00458089 (10,1)  0.166 17223
(1,1) 0.00017447 (5,1) 0.01026121 (11,1)  0.212700 46
(2,0) 0.00006815 (6,1) 0.02134333 (12,2)  0.170 160 37
(2,1) 0.00064904 (7,1) 0.04097918 (13,2)  0.116 681 39
(3,0) 0.00007269 (8,1) 0.07212336 (14,2)  0.066 675 08

A 0.933 324 92 me 0.23336279  E[L] 10.601 167 41

[ 0.411 046 25 P, 0.646 217 58 Pe 0.353516 84

R2 TETIAEHT 5/18(G)FRRAG & R RERTHI T 0[]
Table 2 MTTFF of 5/18(G) system under different initial conditions

(i, 7) MTTFF (4, 7) MTTFF (4, 7) MTTFF

(0,0) 11.13258701 (3,1) 10.77913953  (9,1)  8.544 591 06
(1,0) 1099369812 (4,1) 1052372263 (10,1) 7.900414 92
(1,1) 11.13742152 (5,1) 1023112580 (11,1) 7.084 652 31
(2,0) 10.84663930 (6,1) 9.898 14656  (12,2) 5.999 149 97
(2,1) 1099214009 (7,1) 951638654  (13,2) 3.999 459 07
(3,0) 10.69038930 (8, 1)  9.072204 70

R 1G4 W T RGRSMARD AT LA R AT FEVESR bR BUE SR, 3R 2 4 TAEAR RIS AT T RGE IR
AR I (11 P ) A BB 45 R . R Rl TR I 2 &R S b s i 4ot %2, L MTTEF (R )y, 1X
5 SR A A

Bl 2 e 7AAEARRIR A O3 N FI4EEBIME s &, A, me, E[LJF P, (WBUAESE . ol & i, B
N IER, BI AR S8R 2 e 2E b, 2R gt n] FPEIBSD R0/IN, T R AT E T 459 Ao i 1 80R 2 2 i 2
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Fig. 2 System performance measures of 5/18(G) system versus (), s)
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Table 3 Steady-state probabilities and performance measures of 1/12(G) system

(4,7) Dij (4,7) Pij (4, 4) Pi.j

0,00 000240202  (3,1)  0.04265986 9,2) 0.090 571 99

(1,0) 000262038  (4,1) 008255259  (10,2)  0.03881657

(I,1) 000576485  (5,1) 0.13208415  (11,2)  0.01109045

(2,0) 000288242  (6,1)  0.18491781  (12,2)  0.001 58435

@. 1) 001844751  (7,1)  0.22190137

(3,0) 000320269  (8,2)  0.15850098  MTTFF  1.095923 91
A 099841565  mg  0.001 109 04 E[L] 6.454 408 92
® 0.462 132 59 P, 0.688 328 15 P, 0.300 564 34
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Table 4 System reliability measures for different values of n

n A A me mg§ n A A% me mg

4 0763231 0.763979 0570172 0.590052 10 0.882123 0.882585 0.293546  0.293 537
5 0.827542 0.827650 0.434874 0430874 11 0883184 0.883155 0.292342 0.292113
6 0.856124 0.856896 0.357432 0357759 12 0.883362 0.883369 0.291534 0.291577
7 0872141 0.871099 0323325 0.322251 13 0.883413 0.883444 0.293491  0.291 390
8 0.877532 0.877981 0.301 150 0.305048 14 0.883421 0.883468 0.291240  0.291 330
9 0.881122 0.881184 0297045 0297039 15 0.883474 0.883475 0291323 0.291312
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Table 5 System reliability measures for different values of A

A me

A iHgER MR  MEHRE PiEas R BEgR MRE
0.50 0.880611 0.890909 0.011 559 0.417239 0.381818 0.092 771
0.55 0.865048 0.875599 0.012 051 0.472239 0.435401  0.084 608
0.60 0.849854 0.860285 0.012 125 0.525229 0.489004 0.074 081
0.65 0.834443 0.845049 0.012 550 0.578339  0.542329  0.066 399
0.70  0.819818 0.829959 0.012219 0.631805 0.595142 0.061 604
0.75 0.805200 0.815068 0.012 107 0.681293 0.647260  0.052 580
0.80 0.790366 0.800416 0.012 556 0.733099 0.698 545  0.049 466
0.85 0.776318 0.786 032  0.012 358 0.781 504  0.748 889  0.043 551
090 0.763199 0.771938 0.011 320 0.829541  0.798 217  0.039 242
095 0.749330 0.758 151  0.011 634 0.876 895  0.846472  0.035941
1.00 0.736 686 0.744 681 0.010 736 0.922 121 0.893617 0.031 897
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