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Abstract

Aiming at the correlation defects of anomalies and failures in the system, the concept of delay time
was used to study inspection and maintenance strategies. Assuming that the system’s performance
decreases over time, and anomalies may occur, leading to failures. Due to a certain time delay in
the occurrence of defects, the operating cycle of the system is sequentially divided into two stages:
nominal inspection and actual inspection. By optimizing inspection intervals, actual inspection
nodes, and planned update nodes, the average cost rate of the system is minimized. The influence
of maintenance default on the decision scheme is considered. Simulation calculations have veri-
fied the effectiveness of the model, and sensitivity analysis has discussed the impact of model pa-
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rameters on the optimal decision scheme.
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Table 1. Symbols and meaning settings related to the research in this article

# 1 SAXHMERXNTSNEORE

SEMIHEAT, AEHARRI R, AEMTAERAT A AT RER A s
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FRAE 53 . Wb SBAMR AN, WL R IS T LR 15 FiEIk. R, ol
NEHG, S =15, c=1.-15. Fift: 4, Rt c RAMBRRL: 4, R0 c THH
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Table 2. Functions for various scenarios ¢ .

F 2. BMIBHHREK 4,

B MBERH EFAHNKEH AREESTHKREHR SRS KR EHTR IR

1 1 Ms 0 0 (M =K)c, +c¢,

2 1 is is—x 0 (i-K+1)c, +c,

3 1 Ms Ms — x 0 (M =K)c, +c¢,

4 1 is is — X 0 (i-K)c, +c,

5 1 is y is—x-y (i-K)c, +c.

6 1 Ms y Ms—x—y (M =K)gc, +c.

7 1 is y is—x-y (i-K-1)c, +c.

8 1 (i+1)s y (i+1)s—x-y (i-K+1)c, +c,

9 1 Ks Ks—x 0 C, +¢C,

10 1 (K+1)s (K+1)s—x 0 C, +C,

11 1 (K+1)s y (K+1)s—x—y C, +Cp

12 1 is y is—x-vy Ce

13 1 (i+1)s y (i+1])s—x-y C

14 1 is y is—x-y Cr

15 1 (i+1)s y is—x-vy c
ﬁ;gé&ﬂ_%{&EU\T@ﬁﬁﬂE*ﬁﬁ N7 FORRESE, “x” FoRREME, “D” Foriddy, “R” FoRHRitk
B .

3.1. [0, Ks|&ARE

IR TE [0, Ks] A R A S8, TUTE Ks J oI AR A LR JUARRE L.
1) Ks AR

W 1 76 [0, Ms] et 2L 5, PR A7 (MR 20 ol . 57 1 AT B LI 1.
R

| 1 1 1 1 L | | | |
0 s 2s (K2 (K-I)s Ks  (Ktl)s (K+2)s (M-2)s (M-1)s  Ms

Figure 1. Scenario 1 operation diagram
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T|,1:¢|,1[1_F(MS)} @
2)Ks GBARE
1B 2. E[(i—l)s,is]ﬂﬂ?ii%ﬁ, HEEEL. H, 7 is #HATmpE4EE. i,
i=K+1--,M-1. HEE2ITEHLHE 2.

| | | | | | RV

0 $ 2s (K2)s (K-1)s Ks (-1)s (i)s

Figure 2. Scenario 2 operation diagram
2. 18] 2 BITHE

TETGTE 2 TR ¢ , RN A :
T,=(1-p)X" Qﬂj's f.s 4 ,dGdF @)

W 3: fE[(M -1)s,Ms | WRERH, BT57ERAEERIE XA, 15 Ms %itRIZEAT B4
&, FTUAEEEZ . T 3 BATEILIE 3.

R
| | | | | | | | | | /]
0 S 2s K-2)s (K-1)s Ks K+Ds (K+2)s (M-2)s (M-1)s Ms
Figure 3. Scenario 3 operation diagram
E 3. 1BF 3 E1TE
TEAEIE 3 BRI HL ¢ XF LA SME A -
Ms
Tia= .[(M -1)s J.Ms x¢| dGdF @)
157 4: T[ ), (i-1)s] WS H, 28 (i-1)s R Bk, 78 is BATHBIPE4Els . st
i=K+2,-,M s r*— 4347 R WL 4.
D R
l | | | | | L N/ ] |
0 s 2s (K-2)s (K-)s  Ks G(-2s  (i-1)s (i)s

Figure 4. Scenario 4 operation diagram

4. T 4 1T
TEAEIE 4 R EL ¢y, XF LIS N -
Tia= pzZmzf((ii__:;:f:_xﬂ,zldeF (4)

3) Ks J5 kA 78 X #&
1HH 5. E[(i-l)s,is}W%Eiﬁﬁﬁﬁ&ﬁ%ﬂ&ﬁﬁé@o Rk, 7& is AT M 4EE . SR,
i=K+1,---,M -1, HE5TE LK 5.

| | | | | | X

0 s 2s (K-2)s (K-l)s Ks G-Ds  (@)s

Figure 5. Scenario 5 operation diagram
& 5. 1BF 5 &1TE
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Y
He o

TN 5 B g M BT
To=(-P) Tl ]y hedaaF ©)

W 6: 7E[(M —1)s, Ms ] P Se R A 3 P be, o T #ie RATE SRS — AN X1, ATE(EE L]
DIk, 78 Ms AT HbE4EE . f51E 6 I21T LI 6.

: R
| 1 1 1 1 1 1 | | X
0 s 28 K-2)s  (K-1)s Ks K+s (K+2)s (M-2)s  (M-1)s Ms
Figure 6. Scenario 6 operation diagram
6. 157 6 IZITE
FETHIE 6 e H ¢ o XTSI IIE 2
Te=Joaels oGO (6)

Wi 7: 1E[(i-2)s, (i-1)s | WSk Raprse, FAE (i-1)s dbikg. UL, 16 is TR,
i/

B, i=K+2,---M . B 7ETERLE 7.

1 | | | | | WX T

0 8 2s (K-2)s (K-D)s Ks (-2s  (@G-Ds  (@)s

Figure 7. Scenario 7 operation diagram
E 7. Er 7 ETE

FETETE 7 R EL ¢, RN A -
LFEE S i e @)

Wit 8: 1E[(i-1)s,is ] W Sh, 1 is I R2ERE2, e [is, (i +1)s] 2L MERE, T D54k,

HAF R _wEL . W, i=K+1---,M 1. & 8 iz I 8.

3.2.

D R
1 | | | | | L DX
0 s 2s (K-2)s  (K-1)s Ks (i-D)s is (i+1)s
Figure 8. Scenario 8 operation diagram
& 8. & 8 BITE
LERSTE 8 T ERHL gy, X BT B A
M-1 (is (i+1)s—x
T'vs = (1_ p)Zi:Kﬂ.[(i—l)sJ.is—x ¢|8deF (8)

[0, Ks| (RBRE

ISRV AE [0, K AU AR, BT BB T E e a, REIRERKESR] Ks. RAE Ks 4t

AL, FTRAR UR LRSI .

=
f

1) 7 Ks o B&HEL, HEFHIHE
W 9: fE[(i-1)s,is | WRAERH, HAE Ks WABL, WHATHEAEE. 1, =1 K. 1§
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£ 9 B T I 9.

| | BV IT

0 S (i-Ds is Ks

Figure 9. Scenario 9 operation diagram
E 9. 18] 9 E1TE

FETGTE 9 HHERHL ¢ o NI A 2
To=(-P)T 0. e hs0CCF ©)
2) Ks ibiE4), HBA M
WiTk 10: (E[(i-1)s,is] MR R W, HAE Ks dbib2, MITE (K+1)s AT HBHEAE s . BLAt,
i=1--,K. & 10 847 & WK 10,
D R

| | | | |

0 (-Ds s Ks  (K+l)s

Figure 10. Scenario 10 operation diagram
& 10. &/ 10 B1TE

TEE T 10 T EREL ¢ 4o XS R SAME N :
T|,1o = pZiilj.(iis—l)sI(i+1)s—xﬂ'lodeF (10)

3) 7£ Ks IR HRBEHL, HIE[Ks, (K +1)s |
W 11: fE[(i-1)s,is [WRERH, 7€ Ks B HILEL. KL, HRI7E (K +1)s AT R #HEH. H

E[Ks, (K +1)s | URAERES, $07E (K +1)s BARAT B AERS . BT, i=12, K. ] 11 BITEL

K 11,
D R
| VA L X T
0 (i-D)s (D)s Ks (K+1)s
Figure 11. Scenario 11 operation diagram
E 11. 18/ 11 817E
FERGTE 11 PR B g, XTSI A -
K (is (K+1)s—x
T|,11 = pZi:lI(i-l)s.[Ks—x ¢|,11de|: (11)

33. [0, Ks| EBERENEHE

U B TE [0, Ks] S0 R AE S5 SUR MRS, ol T MRS e B R, AR WO AR U T
P72, ATLASRBL R LR AL

1) RERNHBER—XE, BRAEEY

W 12: 7 [(I-1)s,is] 2B RS R BRI, k. is SATHORAEE. B, =1 K.
W 12 5247 LA 12.

DOI: 10.12677/0rf.2024.141050 545 BE 51


https://doi.org/10.12677/orf.2024.141050

fHtEg %

R
| X T
0 (i-1)s >i)s

Figure 12. Scenario 12 operation diagram
E 12, &R 12 B1TE

FENEIE 12 7B g, %0 B s
Tu=(1-P) X0, J, hndCdF (12)

2) RERMIEIER X, BAESL
W% 13: E[(i-1)s, is | WSER AT H AL S, (A is HILBLRATHEAT4EE, 18 (i +1)s MEAT
WA . BT, i=1- K o 1% 13 47 LA 13,
D R
| I X |
0 (i-D)s (1)s (i+1)s

Figure 13. Scenario 13 Operation Diagram
& 13. 15 13 BITE

FEGTE 13 R B g, o XTI A :
T = P Jy .o0GAF (13)

3) AWMBEANFIXE, BEFHAEL
W 14: E[(J-1)s, js] MRERE, [(i-1)sis|mREMRRE. BTRA IS, Fik, 7£isik
ITiEgEE . R, j=1--i-Li=2,K . 5 147 - RE 14,

| | N |><T...

0 (-1)s js (i-1)s is

Figure 14. Scenario 14 operation diagram
B 14. 157 14 B1TE

TETETE 14 TR EL ¢, X L SME N :
TI,14 = (1_ p)z:izzlj;ll,[(il)s ,[(i:;>;57X¢|,14deF (14)
4) RERMBREESRFXE, HHIBEEBEL

W15 fE[(J-1)s, js | WRERHS, [(1-1)sis| kb, BT HiEg, Hik, 7€ [i+1)sit
ITikEgEE . R, j=1---i-1i=2-, K. 5 157 - LA 15,

R

D
| | N | | X | |

0 G-Ds s (i-1)s s (its

Figure 15. Scenario 15 operation diagram
& 15. 1&H 15 B1THE

FENGTE 15 PR B gy (o XTI A 2
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Ts=PX, j(jjs_l)s j(i:;_qusdeF (15)
4. RARHRAERY
T, FORHE ¢ RAENBE, BT YS T, =1, WHILLE 15 MIERREREAR SN 1. A
VAL 15 FiETE, —AEEEIN, W REIRE N BT KOy E(T1)=Zi1T3,c , AL
SN E(T,) = 300 T, o Bk, AT 57 00 A A T DA+
E(C)=Y Tsc +C4E(T)+c5 -E(T,) (16)
N BT I R

E(T)=20 1T @7)
L, AN I N T 28 AR O
ECT =E(C)/E(T) (18)
FE ] A
E(U)=[E(T)-E(T,)]/E(T) (19)
8y e ) B IS Ay
E(V)=E(T)/(ZTe+ ToTec) (20)

5. BUES IR

AW B R I LIS AT R IR S, R RAER, WMREAR KNS, BEAEGE
PRI . NS B 1 F) S 3R N T R M S A R 40 o A T R R A% T BB AT I 1] P 0 5 N S A8
SRR S, WE 3.

Table 3. Model parameters and their values

# 3 RESHRHRE

i;é& a, ﬁ1 o, ﬂz r o ¥’ o] Ca Co C, (o Ce
A 1 3 10 3 0.2 2 1 0.2 0.8 2 0.1 2 4

B2 3 RIS EUE T N A (18) (19) (0)i# 4T HE H5, A% K'=1, M =5, s =14,
ECT =0.3970, E(U)=0.9805, E(V)=355830.
R T HE— B A AR S B A R AR PSR T R, VR REEUE A R .

Table 4. Impact of inspection interval on decision variables
F 4 REERS AR E NN

H p=0 p=0.2
(= K* M ECT E(U) E(V) K* M ECT E(U) E(V)
045 14 19 0.4175 09900 21.7917 14 21 0.4202  0.9893  21.7575
s 055 3 15 0.4173 09938  39.8832 3 15 0.4189  0.9929  40.6300
0.8 2 9 0.3959  0.9912  39.5270 2 10 0.4006  0.9885  36.4780
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£
15 1 4 0.3853 0.9869  41.4008 1 5 0.4025 0.9771  32.4036
2 1 3 0.4044 0.9790  34.1325 1 3 0.4292 0.9693  32.0580
3 1 2 0.4505 0.9588  27.9711 1 2 0.4896 0.9404  26.7933

245, ARRERAEL, A ER PN s KR, SERRRE ST Al KT AR PRI, s
FET Lo WHILE s BOK, #lans>150, AIEBRMER . Fok, THRIEH A M BE s K380
e fEs=3If, M™ =2, BIAXAAE— XA RbL2.

s HOAN R ERAE N AR AR L - 2oy AT Ik B~ 50 g [ ol g 0 52 i AL ] 16~18.

045 055 08 15 2 3

P=0 ====-P=0.2
Figure 16. Changes in cost rates corresponding to
different s values

B 16. NEHY s EX AR ARPTLER
1.01

0.99

0.97 -

0.95 \
0.93

T

0.45 055 08 15 2 3

S

P=0 ====P=0.2

Figure 17. Changes in average availability corres-
ponding to different s values
17. RNEH s B R BT B TR R

44
40
36
32
28
24
20

S £57 e e ) o B

045 055 08 15 2 3
S
P=0 ===-P=0.2

Figure 18. Changes in average time between failures corres-
ponding to different s values

[ 18. T[] s {Exf R 89 PR EFRAT A L IE R
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HIE] 16 R0, 4G A 8] BRI (8] s 38K, AR I0 T IS R & T B2 K, HEE% s 1
K, KGN, SRJFIEEE R, B 17 R, AL R R PR T BB AR K. s
BUNRE, P RIVESE /MBI OR, SRJAREE s BTN HIE 18 K1, £ s/ 0.55 BUK T 21, A7
FEIBLIIE LT 01 2l e (B B I 5 e A I (/KT EL BRI . fE s I LI, P ZRAR. MEEfAE
&, BEE s BUIER, ~PHMeba m] Be < S LS EHE K sk a3

Table 5. Impact of default probability p on decision variables

5. BYHER p IRKREERIFNT

ZH HUE K* M” s ECT E(V) E(V)
0 1 5 1.4 0.3849 0.9851 36.7583
0.2 1 5 1.4 0.3970 0.9805 35.5830
p 0.4 1 6 1.2 0.4047 0.9800 36.1775
0.6 1 10 0.8 0.4064 0.9864 43.1424
0.8 1 10 0.8 0.4022 0.9851 47.1473

M1 5 5, R AE LIRS p BRI, SEERR A 0 KT L, RPN EIR R A 2 I, THRIE
BT R MT AR OB KA R A s AN RS ECT SR, RGN PR
E(U) RN PR FRIERR K E (V) Sei/MR IS 1B HTH .

Table 6. Impact of failure rate parameters on « decision variables
2 6. BIEESH o FWRAKRTENENT

p=0 p=0.2
K" M° s ECT E(U) E(V) «k M s ECT EU) E(V)
2 1 5 14 03849 09851 367583 1 5 14 03970 0.9805 355830
1 9 15 07 04364 09857 17.0589 10 14 0.7 04400 09842  16.9620
a 08 13 16 05 04402 09850 162862 13 15 05 04442 09832 16.1758
067 15 17 04 04418 09872 153471 17 18 04 04450 09857 152617
05 17 18 03 04433 09867 147075 17 18 03 04471 09848  14.6401

4 BUA

6 J, ARS8 o BN, ARRERABL), bk E T A K AR R A M
BGOSR A A BRI ) s AP 25k R R I E (V) 39088 AR ECT Bk Py mr Fi ik

E(U) Atk
1
3*.% 0.99 —K 048 '\ o —e1
y P
F 098 —_——K=2 ¥ Q s —_— k=2
E \ x 043
P 0.97 ”"’h, -—-eK=3 - - K=3
9% .. K=4 038 = .. K=4
3456789 M\ 3456789 pp

Figure 19. Changes in average availability and cost rate corresponding to different values of K
and Mwhenp=0
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Figure 20. Changes in average availability and cost rate corresponding to different values of K and
M when p =0.2
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Figure 21. Changes in average availability corresponding to s
and p with different values
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