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ADC-effectiveness-evaluation model with preventive maintenance

BAO Ming!2, DAI Yue-wei!, KONG Jian-shou', ZOU Yun'

(1. School of Automation, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China;
2. Wuxi Rail Transportation Development Co., Ltd, Wuxi Jiangsu 214035, China)

Abstract: For the repairable system with preventive maintenance, this article uses the discrete-time repairable model
to discuss the system effectiveness with preventive maintenance. By analyzing the state transition equation of a single-
component repairable system, we derive the dependability D with preventive maintenance. The effectiveness-evaluation
model of the system with preventive maintenance is obtained by integrating the availability A, the dependability D and
the capacity C. Numerical examples illustrate that this effectiveness-evaluation model with preventive maintenance is
advantageous for selecting the appropriate preventive repair-cycle to improve the system performance.
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1 5|3 (Introduction)

ADCRUAE VPl 7142 1 96 [ Tk 7 sl Rk
fE 2% 12> (weapon system effectiveness industry advi-
sory committee, WSEIAC)#¢ Hi 3K 11 VE A & 4t %4 BE
TR EICY | TR NRE 2 gt A% R LU DA 2 T
H & A(availability). 7] {5 #6i £ D(dependability) Fl g
71C (capability) 3™ 5 br ¥ 5 L5 341, £56 Be— A
FHIR RGP — AR R L

RG UL T IR R G AR AT A LT
LMER, 418 SEng 3G T 1T M AEAE L 1E PR
B55E. WIS 450 T IRFE RGHE Thie, Bk
ZRGNEREIR A 4% HE 50 € (1 Rl 5 H AR AT 1)
Yefe, 3 M e e, (HR AR UIE I ADC T
fEBE IR, AN 2 T ADCRIRE PEAL A5 2 [ 21
WHEFT, 38 & N FH ADCELRE VEAY /7 04T I R 4t
RRE BT 127, — IR AR Ty R B R B A TR
HEAT PRAS A FEIR, B 25 i R g i b 22 M2 5 3 i

ke H #: 2009—05—06; W& ek H #: 2010—01—12.
HEWH: BXKAREFAE S IIH (60674014).

TR E o AT 0 DL, HAT BB A 1 29 SR 4 A T
HIH AR G2 R 48 TAE BRI T M4BT R 58
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RN A1, A 06 AT T — M T, BRI 23 A1 R 2
H— MBI Sy A, 25 RS TR PR 4B AR RS O, X A%
25 ADC VAR AR BEA T S0k, 1 56 A5 284 (1) A R Y ).
2 ADCH fig VF 4l 77 ¥ & /- (Introduction of

ADC effectiveness evaluation model)
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3 TP 4L T ADCA REAL AL 53 BT (Analy-
sis of ADC model with preventive mainte-
nance)
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RE, LMl T A0 SR YT 1 B i A FURFALE, 1 L
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52 T RE T0LI 4 4 A8 100 S Wi, )R] A 0 AT
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3.1 FEAE ¥ (Basic hypothesis)

BB R 48 AN B, H AR R X, L
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(2)
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FERE T DL R A
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Z0)(F5 5 HL TR 2 SR ke 11 28Ik, B e A b
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3.2 W51 53 BT (Analysis of dependability)

% Py(k, J)EK R RFEALER Z D4 40 TORE; A
AT I ] A2, Py(k, j) KR RAALER Z) D&
AT LR GAS BAL I R I MER, Py(k, j) Rm R GE
TERIS 2] 2R T 2AR A5 5 A~ AL I [A] PR A 2.

IR M RGO R R R, () RFEBER
PEAEAE B SR REL, 1o (5) N ARGETRBG TEERE 012
52232 R B AR E 26 3 AT R 7 0%, mT LAS B R G )
&R IR
Po(k+ 1,7 +1)=Fy(k, j)(1 = A(5)),

Jj <min(Ty — 1, k),
Py(k,7)=0,5 > T
Pi(k+1,j+1)=Pi(k,j)(1 = (4)),J <k,
PQ(k+1aj+1):P2(k7j)(1 - :U'Q(j))vj < ks

3)
Rl 1.0) = 3 [0 k) +
)P ) “
Pi(k+1,0) = Z:O(A(j)Po(k»j),
Pylk+1.0) = (1— A(To)) Po(k. To).
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(Z(k)=Z(k —1)=0,Z(k—2) # 0} +-- -+

{Z)=2Z(k-1)=---=2(0)=0}, )
T EA
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(7
FTEA
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T s
3.3 TRt 415 T ADCRK RE 4L 25 B (The evalu-

ation steps of ADC model with preventive main-

\

tenance)

A H B A:

A B R G % FHRR B (0 B 6 17, — T LA Eh %
Gt FIA AT 11 Bl B 1) B INF [RIMTBE A1 142
S RIMTTRAA 2. KU, KR4k T P e 18 R IRES
(e I B S A = [ag a1 as):

MTBF

a = P(Z(0) = 0) = yrmr VTR
MTTR

a1 =P(Z00) =1) = JFEF T MTTR’

as = P(Z(0) = 2) = 0.
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FE 2 M), 171 300 3 ) AN [R) 33U 7 1 4% F 30T e o
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ARG Re KL,

4 B H 1 4> Hr(Numerical example analy-
sis)

i e 5 4% 2F N 10 3R 401 3 i B 1) g I T)
MTBF = 100 h, B L mMTTR = 10 h,
MR EA = [ag a1 as] RARN:

MTBF

a0 = P(Z(0) =0) = yrrprrarrr — OO
MTTR
a1 = P(2(0) = 1) = s15mr R = 0%

as = P(Z(0) = 2) = 0.

I ARG A AW TAER A4 Re% | o
2T M 5E AT 45, DR T DL 2R 4 AE ) FE A
C=1[100].

B 5 16 A2 P G TS P 44 1) 48 52 1 T 5 30
MU 53 A, 23 5 B g (k) = 0.01, pa(k) = 0.5. 6
T AN S EON (q, B) BB T A R340, h
TAE BB G VRS, BURE S Hg = 0.8, 1R
I 2 1) B T AR 2 50 3 S i) o 34 B
IR ST

BHl 1 BB = 1.5 > 1, Mk = o i i i
iR
B2 B = 1, WAy i o Am B 4k A JL

il 53 A, WA (k) = 0.001 K H %

HBHl3 WG = 0.8 < 1, W kE ey B s
5.

WUIAR 35 24 3 1D~ (13) V155 1) LA 21900 57 7 4 1%
I S R = Y ST s i B u AT S D N K =
#iE DRVEE 1 C3INFa bR 25 Ay, T L3RS 2% FE T
PEYEE T 1 RGERUREVEAN M £k, a1~ 3R, K
W, SEIRRGARE.
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BT WSS N (K R SURRE ih 2k
Fig. 1 Instantaneous effectiveness of system with

increasing failure rate
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Fig. 2 Instantaneous effectiveness of system with

constant failure rate
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Fig. 3 Instantaneous effectiveness of system with

0.0

decreasing failure rate
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5 458 (Conclusions)

FR A 05 P AT A& B R G MR A, I S EOTE R
FZ G K T TR PR SRS R 1 R SR RE. 10 6] L
P RGRES R T RE o0 b, /A3 T H I8 1B 525k
W& N RSG5 . el X R HEA. 7]
fHHUE DRIGE I C3IMN AR IR Ay, Al LASRAS % e i
Bl PELEAE T RS ALBEVIOY. VP S5 RS T
B7 1 2085 28 8 20 8 1R 52 M), 1T 0 3k 6] AS [ o 87 2k
AR R R RE VR I LE B, A BT A s ) BT
PEAE ST R, A 43 R RGN,
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