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Reliability analysis for warm standby redundancy system considering
multiple asynchronous vacations of multiple maintenance stations

YIN Dong—liangT, HU Tao, CHEN Tong, XIE Jing-wei

(Department of Management Engineering and Equipment Economic, Naval University of Engineering, Wuhan 430033,
China)

Abstract: Taking the warm standby redundancy system as the research object, considering the scheduling and allocation
of maintenance forces when multiple maintenance stations support multiple systems, this paper introduces the multiple
asynchronous vacation policy of multiple maintenance stations. For the past research, the model known conditions are
caused by typical distributions such as exponential distribution. For the problem of excessively stringent conditions,
continuous phase-type (PH) distribution is used to describe the system working unit life, the warm standby unit life,
and the maintenance station vacation time and maintenance time, and a more general system reliability analysis model is
established. Some reliability features such as system reliability, system steady-state availability etc, and some maintenance
station steady-state features such as the number of steady-state busy station etc are given. Finally, the numerical application
verifies the applicability of the model, and demonstrates the influence of changes in the number of maintenance stations
and system warm standby units, and the changes in the vacation rate and repair rate on the system reliability features. The
results show that the reliability model can effectively reproduce the influence of multiple maintenance stations scheduling
on the reliability of the redundant system, and provide theoretical basis and practical reference for the rational arrangement
of the number of maintenance stations and the optimal configuration of the number of system units.

Keywords: redundancy system; warm standby; reliability; multiple maintenance stations; multiple asynchronous
vacations; phase-type distribution
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MRS, B KRB N R MBS 418
AR % H, R M i LR IR R U..

& B, 5t {H,, Hy, H3, H,} 1 5% IR Z B K
HRAT M. 2 I(t) = {i}(i=0,1,...,n —k+1)
KRRGNA N, L) = {131 = 0,1,...,
o) RINRGH I TR 412 &, W o] F BY
{I(t),L(t),t > 0} & —MEHRESMIE KL FE.

R 3.1 RGURA RISy, AT R {1(t), L(t),t >
0}:¥ 2 = {Hy, Hy, Ho, Hs, Hy, Hs, Hg, H7, Hg, Hy}
giifh, AR SR E W E TR, H 6 1) RonfE
I Z0 LI, RGA o R, A AT IRMESH ) 4215
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= .

=

3 1 H,

(O,c)—i-}(l,c) — (2,¢) - —» (c,0) i—> (ct+tl,c) —»--—» (n—k,c)i—b(n—kﬂ,c)
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I
< & : ET—’ :
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€01 (c+1,0) @& (1-k0) g™ (n-k+1,0)
]

1 RERTHEBE

R4 4040 5 1 R GRS 3 8 8, 5 {1(0), L(t),
t > 0} X —A BRRA A K FE AT IR H A2 7y
A, W 9 BT (R e A 1 L B AR B AN R

M0, ¢) B (1, ) RPIRESFEFE 73 M 2 I 72 &
GNA VAR, R c A 4R SRR b TR AR
W BN [T 1 ® Sh_k—1 ® R ® [T a® S9).

M(L,e) Bl (1, e — 1) KRS FERE 70 o i ICE 7%
e RENA I MEE G RN E TR a6 4k 12 TAE, #
FEAEEN [Ty © Sp_p—1 @ Re_1] ® RS.

M (1,¢ — 1) 2 (0, ) FPRES R M %Ik
T RGNS & YEAS T AR S5 I, WA 55 s
BN RS, A 4EA2 & 3F AR A, % 78 1K
[T}, & Sn—k—1 9 R._1] @ U ® 3.

M(1,c — 1) B (2,c — 1) FPARSFER W %Ik
R Ie RGNS ST TR MRS, It
I S 1A ISR e AS, e RN [T &
Snk—2®Rc1 UL @ [T a® S°).

M(2,¢—1) Bl (1, c — 1) FPRESFEFE A %Ik
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o2 RA MR 4EE TAESS R, e 65X F—4>
WA AT 4R A2, TR 4R A2 50 BRI A gk A\ &
RS FERIEFEN [T, © Sp_j—2 ® Ro_1| @ U6 @ B.
A3, AT 19 H AR IR Z (A R 36 5. 455 PH
I3 AT ) 8 SCARYE R R GUIR AR 1 430 #, o] BL
R R QWIT:
Ay By
C: A B
C, A, B,
Chn i

An—k Bn—k

Crrs1 An_iki1

ORI Q o % e S B

D Ay = Ao,00,
/\q:‘
Ao =T ® Snr ® R+ Ry ® Lt ge1-
A A
A, = [Avoo Avor
Al,ll

He
A0 =T, D Sn—r-1 D R,
A1 =T, @ Sp—k-1© R—1 @ Uy,

A1 =Ty ®Sp—j-1 ®R.1]® RYS.

Az o0 Az
A1 Asio
As oo

A, =

i
A0 =T, © S, —r—2 D R,

\
7

A1 =T, ®Sp 2@ R._1 O Uy,

A0 =T, B S,_—2D Re_y ®Us,

Az o1 = [T, & Sp—t—2® Re_1] ® RS,
Ay 10 =T, &S 2P R, 20U ® RYS.
A,k =

Anfk,OO Anfk,Ol
An—k,,ll An—k,12

An—k:,22 An—k:,23
—

An—k,(c—l)(c—l) An—k,,(c—l)c
Anfk,cc

<4 (c+1)x(c+1)

/\EP
A, =Ty @R, ®U;, i =0,1,...,¢
A kitiv) =Tk O Re—im1 U ® RS,

1=0,1,...,¢c—1.

Ankarl -
Anfkr+1,00 Anferrl,Ol
A k111 An—kr112

Ay k122 An_kgi23

%
&
An7k+1,(cfl)(c71) An7k+1,(cfl)c
An—k—i-l,cc 4 (1) x(c41)
Hor
A, k=R ®U;, 1=0,1,... ¢
A, rir)=Reis1®R%,i=0,1,...,c— L
2) By = By oo,
7N EP
By =[Ti1 D Snt1D R [T a® 8.
B
B, - 1,00
B

Horp
Bioo=[Tio1® Sn_j—2® R ® [T°a® S,
B 11 =
[T 1® 8y k2@ R @U@ [Ta® 8.
B 00

B 11
B; 5

By =
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Boo = [Tio1 ® Sn_k—3® R ® [T a® S,
B =
[T1 @ Spk3® R @U@ [Ta® S,
Bj o =
[Ty ® Sp_j—3® Re2 ® Us] @ [T ® S°.

ankr =

Bn—k,OO
B, ;1

ank,22
%

B,k (c—1)(c-1)
Bn—k,cc |

(e+1)x (e+1)

y
5

mh—1 0
B, i=€e" ®R._,oU]T",

0
3) Cl = s
Cl,ll

/\q:l
Ciin=[Th®S—k19R_1]0UyRB.

0
Cy=|Cy11
Ca 22
Hor

Co11= [Ty ®Sn—k—2®R._1]0U° ® B,
Coo =T, &8, 1 2®R._20U |0 Uy® M.

Cnfk =

0
Cnfk,ll

Cn—k,22
%

Cn—k,(c—l)(c—l)

Croce | (c+1)x (c+1)
/\E}j
Chri=T®R._,0U;_1|2U%® 83,
i=1,2,...,c
Cn—k+l =
K
Ch k1,11
Chrki1,22
%
%
Cn—k+1,(c—1)(c—1)
Crit,cc | (c+1)x (c+1)
Hrp
Cn—k+1,ii =0 ® [Rc—i D Ui—l] X U’ ® 6,
k
a'=a®...0a,1=1,2,...,c.

33 RGRSHEREE

RG22 P (B2 1T 2 Ja = AN IR
MR TR, RS EMLHER R RS
RIS BRI SRR SR, 5
YAk JE 1 S R BRI R QM RL AT UL R N T =
(71'0, T, T2 oy Tn—k, 7Tn—k+1), HESHE &N
FHSHE SO BT S0 e /2 T 5175 R AL

-0,
{“Q )

e = 1.
T T R FH R B A AT D7 RO S AT SR A SIS
A BTG Q B4 R TR 3K, ek o A R Ry B )
T = 770,00,
™ = (71'1,0077"1,11),

T = (71'2,00, 211, 7l'2,22)7
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Tk = (T (n—k),00s T(n—k), 115 - - - » W(n—k),cc)s

Tn—k+1 =

. 77r(n—k+1),cc)'
SINEE R, A R*B+R*A+C =0, (m, 1,

Ty o oy Tp_k, k1) B[R*] = 0, TR f# H B/
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e—1
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4 RG] EEIER
41 ERGRTSHERERE
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IR, X THZIUAR RGUIRES R 731 &, v ST 248
RGHE— At WA TIRESSE H, U Ha U Hs I
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A

R(t) = (e @ B" " ®~°,0,..
M 22 458 W00 Ve 5 FE ek 5000

.,0)exp(Q*t)e. (8)
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e
k
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—
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. c
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412 RGRESTHE
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AR W RGFEARESE H U H U Hy Fa3S
MR, MR GRS AR RN N
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413 RETETHARSHERME
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PO A5 L L R P B
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Gk TAE. A TS, RGN En — kI
B HEN RGO 06 AR J5 PO B SR R
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BRE, TAE R b AR SRy 7y, 7o,
1. AT 5 Y HAS A B A

. 77Tn—k7

n—k
Meontine = mo(T' @ €) + > _m(T° ®e).  (10)
i=1

414 REREHEME
TENZRGME, RAENMNREMEN
1, W ROIRES SN Hy. W R GRS TS
Msystem = Tn_k(T° @ e€). (11)
4.1.5 RGPl A KR E)
F2 431w o 1 B B TR) 2 Fi R G0 0 S Y A MRS
Z [ TAE B, SO R ST HLRES Hoy A8 Wik

A, 456 PH 23 B3 PR, T 23 G0 55 ) o B[] 412 T
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~¢,0,...,0).

MR 55 40~ 35 Wi (7] B BF (8] (MTBF) (1) 3, 1]
LIS HIMTBF= —pQ* 'e.
4.1.6 REHEE
RGBT 2R RS NAF VRS Hy IHEE,
AR R GUIRS A AR Q 15
Tst = Wp_pBp_ke. (12)
42 HEEHEXRTER
421 HBEEITCHREHE
G REME DR, RiFc M HEEE 0
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{H,, H3, Hs, He, Hg, Ho } WIA2SMEZ, H
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2 & IR IFR S
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(14)
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[Fi) B, S5 AR A (R B AP P A T
P{N, =i} =
TCO,OO + Zﬂ-x,wza 1= Ov

=1
c+i
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Xt RG] SEVE SR b 152 ).

TEHEAT B 3 b 2 00, 1 P RO B TAR R 7
s T8 SR A 77 Ay DA GBI 18] S5 Bl AL AR gk AT 2
i vh, AIRTFIEARG N PH 23 A 7] A0 A 46 £ 70 A1 1)

e 24 7 ) B 9 e, i DAL PR 5 oA I T LAR U (S Hb 5
SN PH 43 A5 2. (RIS R FH PH 20 A B B8 26 PR A, ]
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LB B AT S 5 v, SRR A DS
5.1 fEBYEFAMIIE
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TSR 77 i o Sl AR AAS TR 1 PHL 20 AT AE B T AR
AR 1] 4 A B 1 9 Al AAAS [ 14 PH 29 A7, B A4 55040
T

AR F5 dw o3 A A
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11zs1mm
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[
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Sua A5 AT FH BRI MTBF A BT n, 2 40 s %A F ik
b AR NIRRT, R G0 0] SEMEFR PR IR THIR FE A K, T
B 22 4EA& & 1 B 2 BE 1 06 2R 40 ) SEPE I S ma AR ]
g, BAE L Bt 2 g ST S LA
B G TR, A et — Dt m R v] Sk
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