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Monte Carlo-based competitive failure delivery
simulation model of engine
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Abstract: To solve the problem of the complicated modeling process and the slving diffi-
culty when using conventional analytical methods to predict the engine delivery time, a
method based on Monte Carlo simulation to predict the first delivery time of the engine was
proposed. By analyzing the historical data of the engine fleet, the exhaust gas temperature
margin (EGTM) decline rule and the lifetime distribution of performance degradation excess
were studied. The time distribution of the first hardware damage occurred of each major
hardware was counted, the probability of occurrence of accidental damage was calculated,
and the time distribution of accidental damage was determined. Performance degradation,
hardware damage and accidental damage were subjected to competitive analysis, and a Monte
Carlo simulation model was established to predict the law of time when the engine is first de-
livered. Combined with the actual data provided by the engine fleet, the Kolmogorov-
Smirnov test was used to determine the distribution type of first delivery time. After analy-
sis, the reliability error of the simulation results was very small, between —1% and 2%,

and the rationality and feasibility of the method was verified.
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0. 63 % J2& i T 356 kA AR M 0 R B0 .

MBI 4E BE 24 R AT B[]/ T 2000 cycle
B 3 — B B i &R R 32 R AR B . R 2
A 63. 0420 T K& TRk A MR R G S

.35, 51 %0 I T &S th TR kAR TR
B L1 A5 YO0 R T30 2 2 P R R AT
S, 4 KATH FIFE 2000~8000 cycle fif . i —
B i 2 B S A5 SR
O LIS 25 i 40 4 K SR 08 e A 30 P40 05 1 91 8
WG A, R R A T e e AR R A Y L ) 2 )
U RATI ] T 8000 eycle i, A A9 F % 5L &
BRI 23k 91. 64U N ki TRE R E
VAR5 T 5 3. 8. 3306 9 T % S phy T3 00 e A M
S8 T 5 8 8 SR 950 003 1) L 191 8 2 A%
INGHA 0.03%, XFECIE 3 B RCR Il 4R %05 B
G5 LA T L A5 R % R B LT R B

x3 BHBEAZRRESETRALLH
Table 3 Percentage of each reason leading to delivery

in each period

T % mha / TRIEH B/ %
cycle PEREZEIR  FROEBIG  MEARAEBIG

0<Ct<22000 1.45 35.51 63. 04
2000<1<,4 000 43. 25 52.31 4.45
4000<2<26000 37. 44 61.96 0. 60
6000<1<<8000 19. 43 80. 40 0.18
t=>8000 8. 33 91. 64 0.03
4t B 22. 81 76.56 0.63

4.4 HEZRWEIE

T B[] 43 A 2SR R GE

K H Kolmogorov-Smirnov #; ¥ (fij #r K-S
R 96 A i 12 T & I ) 9 o A R K-S K
BT Bt o A eR A H DARS 38— A~ 22 00 53 A 2
BAFE RIS Ik . BARL BRI

D KEFEAR B AE 210 005 o0, 37 B/
FIRHEI 2y <xo) <o <z, JWFEA B Z K51
HEREF, () EXH

4.4.1

0 x < xa)
l
e L << X s
Fo(ao) =4n OIS )
i1 =1,2,,n—1
1 =z

2) MR A Bl BT S RO 15 B e
i BRI BLR 8 20 F (o) o AR SR T SR/ —3fe
X4 o A AT 28U

3) R REA LI A 1 22 56 3 A IR FL (00 5
5 1 B BEE 20 A pR AL F (o 2B A7 He R A i it



624 =S B VR I 55 34 %
D, . B} O3 AT AR A B, K B 5 R L 4
D, = sup |F,(z;) —F(x) | i =1,2,,n BB E KT «=0.05,. 2418 D,,=0.309,
1<i<in
(46) 4 AT IE A O EE 25 4 A0 MRS B R

4) B FEKFE o, ) Kolmogorov-Smirnov
o 30y i S ¢ A R0 N AR A B o 1 HE 48 I S
D,.. 5 D,<<D, I}, D 15 B3 00 0 A A il DA 3838
A3 S 2 V) B O T AR A AN il DA BRI 43 A

ZHLBAFR AL T B R T & B R A 18 4 FFE A %R
P5:3399.6145,7286,7217.6912,9582,6 870,
9879.5327.,4052.,4327.,5413,6361.,7231.7311.
7408.7581.7928cycle, FIHIEZ M SHEIEDS

IRG3AT K-S K3y D, 2/ T D, Big B =
P o3 A ZE RO REA KR AT IS F AT I, 1 D, B
7N 0 B P % AT i) S o DRI 328 PR X 800 2
G A I3 WAL BB B R K 0 i) 5 453
XHZALBASRE A Y 18 21 S By & i 1] k47 %t
BOE A 5 R T AL R [ H S8 i .
HAEF) = 8.825617.0= 0. 311783, M i3 %
SIS B AT E B R ECA

53 7 HLS BB AG R 415 A8 B 0 A R = 1—g( =S THE2) )
®4 SHRBER
Table 4 Distribution test results
1. /eycle F, () @(LZ”) @[35%?1ﬂ] 1*am[*<%)ﬁ] L= exp(—at)
3399 0. 055555556 0. 059673672 0.02399749 0. 048 241262 0.42153799
4052 0.111111111 0.104318144 0. 07446675 0.091713818 0.479280075
4327 0. 166 666667 0.129048139 0.106798946 0.116051499 0.501837802
5327 0.222222222 04251051067 0.270332136 0. 237467097 0. 575936 362
5413 0.277777778 0.263807718 0. 286672241 0. 250285546 0. 581769003
6145 0.333333333 0. 383944 256 0. 429504766 0.372306875 0. 628276231
6361 0. 388888889 0. 422 368007 0.471048319 0.411867653 0. 640984376
6870 0. 444 444 444 0.515218499 0. 564083339 0. 508590419 0. 669239207
6912 0.5 0. 522912392 0. 571366748 0.516676231 0. 671468849
7217 0. 555555556 0. 578351471 0. 622135902 0.575247314 0. 687215707
7231 0.611111111 0.580867776 0. 624372698 0.57791816 0.687920113
7286 0. 666666667 0.590720342 0. 633077684 0. 588385679 0. 690672099
7311 0.722222222 0. 595180302 0. 636990755 0.593129089 0.691914966
7408 0.777777778 0. 61236322 0.651911671 0. 611432679 0. 696690197
7581 0.833333333 0. 642449768 0. 677474823 0. 643583683 0.705023 87
7928 0. 888888889 0.700047 18 0. 724638677 0.705425315 0.721055511
9582 0. 944 444 444 0. 9005876 0.879520219 0.918331131 0. 78628379
9879 1 0. 922405949 0.897130273 0.939921165 0. 796265132
D, = sup | F,(t)—F(u) | 0. 147350601 0. 14245094 0.159084 272 0. 369211031
4.4.2 TR EEE R 05 BAE R A 5E W BN

$4.05 04 51 1 50 000 41 % B ] 15 47 % R = 1— (RS (g

B R A E] 0 =8.778 214, 0 =

0. 293 216, P T 75 2 5 T 5 4 2 84 ) & 8l HL AT 5

P 5 25 T 2T 5 4 SR 00D LI TR R i 2k
5L K s ALY SE B nl 52 i A He . AT
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Fig. 5 Comparison of simulation reliability and

actual reliability
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ELAH LS BRABLEE R/ 5 2 i) [H] e 18000 cycle, AT
SERE R0 FAE SO T BRAE . X A Y i
KR 7 R sl E I & S L vl 5 5 JL-F-h
L f FLAE 5 SE PR W 3. 2548 8 — Bo ) i)
J& s R ENHLHE A BE A B L 3 B 0 & sh ML s 1T
AR KFGE WA S 51T & M7 AR
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ARRS T 52 B N A& I IA] 23 0 K. R & Zh HL iy s 47
R G T VA2 B LA 52 BraT 58 B il 42 10 200 A
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Fig. 6 ~Reliability error of the simulation results
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