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Abstract: Aiming at different priority of equipment preventive maintenance and corrective maintenance in engineering
application, this research applyes phase-type distribution to modeling, and investigates a multi-state warm standby
system and a single repair facility of the two kinds of service: Preventive maintenance and corrective maintenance with
higher priority, and provides an analytic reliability model that is more appropriate to characterize the real situation.
Some important reliability features, such as system steady-state availability, system failure rate and mean time between
failure(MTBF), are obtained for certain. Finally, a numerical application is given to illustrate the applicability of Phase-
type distribution, and the trend of the system reliability function over time and the influence of the preventive maintenance
time and corrective maintenance time on system reliability are discussed, which can demenstrate the strong applied value
of the proposed model.
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moQo2 + m2Q2 + T5Q52 = 0, (10)
moQns + m3Q3 =0, (11)
m1Q14 + m2Q2 + m3Q34 + Q4 =0, (12)
wQas5 + m1Qu5 + ™5Q5 = 0, (13)
o€ + m e+ mee + m3e + mue+mwse =1, (14)
xf EIRTTREHEAT KA, AT A5 B R GRS R &

™= (71'0, ™y, T2, T3, Ty, 775)'
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RN R G IR B AT N () &R A [ e R A
L, T H ZR &8 ] S L IR E SCRT A5 L T S R A
R(t) = (0,0,1 ® a7, 0,0) exp(Q*t)e, (15)
1] 5% 29 W 55 T R A Oy
f(t) = (a1 ® a1,0,0) exp(Q*t)(Q™)".
42 RGRTSURE
RGRESWVTHERRGL T THERS TS
B, B R G4 MRS RIS MR, MR GRS
A BEAT 2R

A =moed,arx1 + T1€4, (n—m)ix1 + T2€d,kx1+

T3€4, (n—m)ix1 + T4€dykx1- (16)
43 FREgpaEER

RGREZ IR RGHE NF VRS B, AR

RGUREFHEHFRE Q15
rss = M2Qas5€px1 + TyQus5€px1- (17)
4.4 FRGFIEPEERRATE]

F2 G () B B [B) 2 HE R A OE ST HIRAS
Z A1 B TAR B, 8T8 R GAF MRS U IORE,
456 PH 43 An 1) 355 PRI, DU 2% 5 i o ] 98 IRF ] 2 il A
PH 7M1, BA (o, Q) £, Hif p = (0,0, 1 ®7,0,
0).

R 22 40~V 50t e (] B ek 1] 11 52 S, v A HE &R
G372 iR R B I 18 A MTBF = —pQ* e, Hife
FE{[(n—m)l+ k](dy +do) + didi + k} x 1T HITC R
2N 1 3 .

4.5 HEBITHIRSHEE
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Pj =1- ﬁoedldfxl. (18)

5 & #l
SN AL PR 73 1) AR A ) A B
RGP & BA I AR TERE K, &K 5

B 15 43 ) Al A [ £ PHL 43 A, 4645 £ AR 37 B[]l 4
A& ] 1) 415 A A [R] B PH 3 A, 8 57 2R Gt 1] S AR Y,
B UE AR Y ()3 F 15 2) RO 418 & AR 7 I ()R 4 45
IS T R AN RV R R 00047, 70 i SR A R 4] 4
PEFRBRIFI .
51 EELERMIIIE

1B 1% 22 G2 W9 BB A & AT 9 AN AN [ 1 1 R 7K T,
o {1} ROR AL T HEAFIRE, {2,3,4,5,6,7,8}
TR TF AR, {9} R T IR A,
) 28 495 AR AP AR O 6 B AP 25 P i 7K T B A B
) (¥ PH R R MR 1 .

ez e MR FENEMPHERNB = (1),8 =
(—1,2); LB} (8] /) PH R R A

= (L0, U= [0.6 0.6 ]
0 —05
F4b
[0 088 0.10 001 0
0 0 0875 0.11 0.01
0 0 0 0766 0.19
00 0 0 0842
P=|00 0 0 0 —
00 0 0 0
00 0 0 0
00 0 0 0
000 0 0 0
0 0 0 001 |
0 0 0 0014
0.02 0 0 0.024

0.112 0.02 0 0.026
<~ 081 0.12 0.04 003 |,
0 09167 0.04 0.0433
0 0 0.955 0.045

0 0 0 1

0 0 0 0

O0,=1009 01000 0 07;

[0 0.89 0.10 0.01 0
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00 0 0 0
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T 1 REHHE MK FIEEATE PHER
, TARRRIE % SR
1
—-7.1 0.5 0.1 —-7.1 0.5 0.2
1 (1,0,0) 0.25 —7.0 0.15 (1,0,0) 0.25 —7.1 0.16
0.51 0 —5.5 0.5 0 —5.7
—0.11 0.012 0.015 —0.15 0.013 0.011
2 (0.2,0.235,0.565) 5.167 —26.46 1.88 (0.235,0.21.0.555) 5.267 —24.46 1.78
0.13 0.081 —0.943 0.1 0.071 —0.983
—49.5 7.26 0.602 —50.5 8.26 0.502
3 (0.209,0.565,0.226) 0.101 —1.754 0.105 (0.219,0.555,0.226) 0.111 —1.965 0.112
0.013 0.011 -0.195 0.01 0.01 —0.19
—1.346 1.035 0.267 —1.363 1.135 0.2
4 (0.66,0.301,0.309) 0 —1.346 1.329 (0.651,0.332,0.017) 0 —1.363 1.335
0 0 —1.346 0 0 —1.363
—2.689 0 0 —2.864 0 0
5 (0.006,0.093,0.901) 2.445 —2.68 0 (0.008,0.089,0.903) 2.454 —2.75 0
0.897 1.63 —2.698 0.878 1.63 —2.387
[—4.375 0 0.015 | [—4.451 0 0.042 ]
6 (0.025,0.953,0.022) 2.575 —4.339 1.76 (0.028,0.943,0.028) 2.768 —4.921 1.76
L 0.093 0 74.452_ L 0.079 0 74.359_
[—1.687 0 1.687 | [—1.656 0O 1.656 |
7 (0.001, 0,0.999) 1.687 —1.687 0 (0.001, 0,0.999) 1.656 —1.656 0
L 0 1.683 —1.683_ L 0 1.654 —1.654_
[—3.355 0 0 [—3.358 0 0o ]
8 (0.001, 0.999, 0) 0 —3.365 3.328 (0.001,0.999, 0) 0 —3.412 3.387
L 3.354 0 —3.354_ L 3.347 0 —3.445_
0 0 0 0 TELIZI, RG] 55 P R AL R(t) SR 26 R G
0 0 0 0 K1 Tw.
0.001 0 0 0 1.0
0.8
0.125 0.033 0 0 =
il
~ 081 012 004 003 |, ﬂ“lg 0.6
0 09167 0.04 0.0433 Q“j 0.4¢
0 0 0955 0.045 0.2F ™o
0 0 0 1 % 2 4 6 8 10
0 0 0 0 ¢ /A i)
(010 0 0 0 0 O] E1 RgGuUsESHENxE
0801 0 0 0 0 O A S50 T A5 T SR e FR AR AR S B HE T LB H, 2
010801 0 0 0 0 Rt R GRS e AT S B B (8] 412 & R 9%
O,=|0 010801 0 0 0 i [B) F1ZE A& B TR A N — M50 A7, F PH 20 A L& 2R
0 0 010801 0 0 FEAAT I, BT A5 508 2236 /2 R G0 vl SE A S b L
0 0 0 010801 0 SR, R R T AR RIE I VE L
0 0 0 0 010801 52 HEETIEREMN ARG AR

W IR B AN IR A F4 78 55 [ R 7T 43 2 B S Ak
R, KRB RGN RFEFRESTH
fEA = 0.9898, RAMIERE ry = 0.015, REE-T- I
e A B I5F ] MTBE = 9.595 4, 4E1& & - i fa A LR
P; =0.9939.
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PE R, 8807340 1 D9 PH 23 A1 4581, 0 412
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1) W42 & PRIF I T B NS EON X 8500 A,
BIF FC PR IR S 22 48 i) SR A RE M. AR 4 PH 20 A
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YRS PE AR R FRIN (8] s A PH AR B =
(1), 8 = (=A). ATA] DU PR 77 5 AR 4 X 2
GiAa ST B AR GUk R | - 25 g ] e 1] A 4
B B TR S HEAR A2, 11 2 ~ &5 .

1.00
2 0.96 |
=
% 092} )
# e
0.88
0 2 4 6 8 10
PRIFH 2
B2 FREREXNRSTHENZMN
11
s 9 P R
= p
07t
i
= 5t
i
W& 3f
1 I I I I
0 2 4 6 8 10
TRIRH H
B3 RFRENRGHIERNZNT
20
16+
= 12}
=
= 8t
4 s
% 2 4 6 8 10
RIFH R
El4 RFRESFMTBFAIENT
s 1001
i
¥ 0,999} P
18 i
e} e
iﬁ 0.997 7
B 0.905}
&
™ 0.993

(IS RuEs
Bl 5 RIFREINHEIEGITHIRSH RN

Hi P 2 ~ [ 5 AT R, Bt DR TR I R B, R G0AT
SEVEIFA B FPEL5E T, MR 2 PR e 134 T
PR AE ORI AR AT R R, AT DA AR SR
AR — € X [A] P P A 2R Gt AT S PR AR OA B R AR
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