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Improved algorithm of flight conversion ratio for aero-engine
based on probability
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(Department of ‘Aviation Mechanical Enginéering,

Qingdao Branch of Naval ‘Aeronautical and Astrenautical University, Qingdao 266041, China)

Abstract: For SPEY MK202 engine,_ the stress.standard evaluation methods fail to con-
tain various random factors.\ In order to-explain“the differences in the actual working life of
engine component, as well as\the dispersion of the fatigue characteristic parameters of com-
ponent and the randomness of thé whole engine load spectrum, statistical analysis of meas-
ured data, finite elément analysis of stress and Monte Carlo simulations of component were
combined to put forward the improved algorithm of flight conversion ratio for aero-engine based on
probability. Actual example shows: the flight conversion ratio of ascertainable method for life as-
sessment is the average value of the improved algorithm; for a single flight conversion rate, the av-
erage conversion rate of improved algorithm is 2% smaller than that of ascertainable method; for
comprehensive flight conversion rate, the average conversion rate of improved algorithm is 1%
smaller than that of ascertainable method; and the single fight conversion rate and compre-

hensive flight conversion ratio of improved algorithin are in normal distribution.

Key words: conversion ratio; random; load spectrum; finite element; probability

S B LA A BB R LK A LU R B ATHST R F R R
BLA VKA IR 05 B L RE R B A i T BT R0 B 2 A BLSE I+ W/ B 0
5 BT A A A AR HEAR 56 B R 19, 5 MK202 % S BLRGE 501 (EGD-3) A5 i
BT R B LA/ B SRR A S TR W A0 IR B AR

W #E B H#3:2013-09-10
EETE : M E 254 (9140A280102)
TEHE BN 2UAE Q971 —) L B IR HE BRI EUZ 1 ETNE R DR W5 5 62 Wi ot



%5

U TR S RSPl AT B R O ik 1185

R 01 S SCHIR L3 T T S0 AT ) TR 55 TR 4R
WHAL T K S HLEE & RAT I R 0 7 J7 0k
SR BT A S /A D P S LR N
A5 IEM 2 RSP AT BB AR RS
WG A A AT R RS B G AL B
B 1 BN AR AR E T R R ok 5 B 45 M
BLIA 2R B 5 , R AR A 137 G 45 SR RETE — s R
A TR e oK L AELATIXE LA R e AL A
SR A A5 09 22 S P R AL SO RE VAR AN K 2l
PLEFBIF AR % S MK F. D e R SO 5 I8
FRPFI 57 T RE 2 B0 20 HOPE 70 % Sl LB AL T 3
A BERLPE & A RE R G B S I RATH B R 3
B o DO e T M 0 5 2 TR ) A

1 HEREK

LGB SCHRLL, 3, e LR A AT E
R AR O M CHLAE 55 S IR AR i 2 &
BIHLEE L ZR AT 1 s @10 5% & S AL o L g B LU
A5 55 B[] AH G 19 TRAT 0 T s D48 2 B HE N T TR A
FEAR I & Zh Il S B0 5% e 3 25 A% AL A T
IR ) K- D gy B — S Tk M S
DRI T AR S o KD DA =95 3 N %% = e
P A8 R A s IR ) 18 43 B BRI B
©H4 YA I B 3N 8- 06 {EL- 00 38, I i — 404
e Ry Bi HEDE A A7 I AR s D Rt 2 RAT B R
FEATIHFE TR R AT R @ B A K
(L

Gl GE 24 R B RS TE LT 4 A T iF
AT - O & Zh LR BILER 7 135 2% 3R S Bl AL B[] )7
G W BEALAS 5 Z () s @ FE R 7R 2 B s % ik
BB R GE T 2 B 0 ik A9 B 4 AR B B 5 O
Z B SN F 572 £k A P-S N £
CIE 9% 57 i 260 T 20, 4R 45 9% 55 10 50 il 26 1 1)
FE M Z T 51 9 X6 2238 A 2 g 43 v =B 15 4T A B
TCIH R s @ XF & sh AL L HL 3 A 33 2 7R by B
WL A 338 8 2, 2238 A 2 g ) 1w LA BE ML g ) T
TR ; @ XE A 75 i 1 A8 50 1 148 FLAE 5 9% B
A ABE 2R 43 A S 7.

Xif 7 T SCHR 3 T4 B R L T AR 4
T B AT IR B R 2R & AT 3 R etk 1158
SUR AU By (I

1) 3 & AL Bl AL 2547 335 Bl AR 8 L DA
K P-S-N i £ i fhAR 8 Q.

2) FEATEFR AR B AL I ) T A R T 5
R B UGB L AR AR K S L ZE A g ) T

NI P80 { ' (1) iy o 1= 152,500, L,

3) MR 9 55 1 50 othy 4 M 1 SR R R BRI
ARG P-SN &Gt Z&7 5 Y=A+
BX+ s« o EWE A, B, s v @ CH[15 ]9
P RHE 57 00 1 G 1T 5 VA AR B TR A 4 T 0 R
S0k (157, o K O Bl L £k 7 41, g = 1,
2’...’Q_

4 X 1=1,2, LU q=1.2,, Q. &
SCHRL3 JARAS Z2 3 Bk RAT 40 B BRI I 45 R
B,

5) X 1=1,2,, LGt Hr sk AT 55
BIFH) B ) 1= mq» RAF T FBAF B R AT # 5 R
BURY A T 25 L ME 95 BE 4 A R KR S AT e 1Y A
oy A AL,

6) X q=1,2,+, Q, B HAR RATLL IR I 6] 2y
t AT

J
1=

§ lg<t,

b
b? = lll @)
t

2
AT EIR LR a AT R (B} 1= a.

) Geit oy M FAEAT L RAT R T 5
(B') 1= R FTRAF L7 B AT H A R B (E,
J5 2% WA BE S0 A eR B ] RE R AR O3 A 28 AL
T VRN S B B v o A LR A N A R T
o3BT A B SR R B B BT AT LA
1.1 ETREHEENE NI EYER LR

TCHL AT IS R L R S L B A BE I ] AR
A& S g F T BE BIL Ik ROk 4 34 K K Zh LA L 4%
7 T A 38 S BE AL 8] 51 ZCod s o (o by R
R AE I B 781 B KRR ne HAE SRR Z] 1,
W BEALAS B Z Coo X5 BB “FEAR 57 o (6 s
2 (1) sz, (). AT 15 R AE BT 2 o, B, Bl AL
S ZCu) W (R RN AR HE 22 43 5 N

am:%Zam 2)
i=1

P = =30 [l — 20T =
o (3)
1 —
E[;[ﬁ(tk)*nz (tk)i|

BERFEREZ v, i, BEALAE B Z () il IE 2
O34 NCps o) s WIE 25 53 A0 BEAR B g FHO7 22
o M TC AR A T3 2 3ok

= (1) (1)
o, = kst (5



1186 Wz @

529 &

AP bnfE 22 18 1E R

T 1AM TXMAR o HABERK L5

F[n—l] AR5 1 o, R AE TR 52 B bt TR AR
N (6) MBI EIE 6= (1),
n
F —_
3]
R1 REEBERHM L

Table 1 Correction coefficient k of standard deviation
n 5 6 7 8 10 11 12 13 14
k 1. 063 1. 051 1. 042 1. 036 1. 031 1. 028 1. 025 1.023 1. 021 1. 020
n 15 16 17 18 20 30 40 50 60
k 1.018 1.017 1. 016 1.015 1.014 1.014 1. 009 1. 006 1. 005 1. 005
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Table 2, Results of\ flight -subjects, flight times and hybrid frequencies

A R RATEE/hO RS | B SRR RATETE /b LSRR | BLE S AR RATEEE /R AR S5 IR A
1 40 40. 6300 0.00613 19 104 142.7300 0.02153 37 10 29. 6000 0.00446
2 68 56. 4600 0.-00852 20 64 82. 6000 0.01246 38 11 31.7600 0. 00479
3 136 125.5300 0.01893 21 178 163. 8300 0.02471 39 5 20. 0600 0. 00303
4 138 93.4300 0.01409 22 288 211. 5000 0. 03190 40 5 20. 0600 0. 00303
5 20 23.5600 0. 00355 23 190 191.1300 0.02883 41 6 8.7600 0.00132
6 40 51. 6000 0.00778 24 266 247.0300 0. 03726 42 6 7.2000 0.00109
7 124 134.9300 0.02035 25 4 5.0000 0. 00075 43 278 567.5600 0. 08561
8 108 116.2600 0.01754 26 416 514.3300 0. 07758 44 142 380.7000 0.05742
9 10 8.2300 0. 00124 27 356 482. 2000 0.07273 45 164  422.4600 0.06372
10 92 93. 5000 0.01410 28 12 31.0300 0.00468 46 2 5.8600 0. 00088
11 144 104. 2000 0.01572 29 5 14.0600 0.00212 47 2 2.7300 0. 00041
12 20 20.0600 0. 00303 30 15 35.1000 0. 00529 48 3 6.4600 0. 00098
13 48 7.4300 0.00112 31 13 32.4300 0. 004 89 49 203 555.1300 0.08373
14 168 28. 3300 0. 00427 32 6 10. 7600 0.00162 50 119 313.0000 0.04721
15 40 6.4600 0. 00098 33 7 17.5300 0. 00264 51 137 361.4600 0.05452
16 40 6.5300 0. 00099 34 10 20. 2600 0. 00306 52 107 285.9000 0.04312
17 46 46. 8667 0. 00707 35 16 40. 8300 0. 006 16 53 101 286.1300 0.04316
18 82 61.3333 0.00925 36 23 57.0300 0. 00860
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Table 3 Analysis result of equivalent stress
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Table 4 Comparison of computational results of single

flight conversion ratio by a flight data

(unit: circle/h)
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Table 5 Comparison of computational results of
comprehensive flight conversion ratio'\by

a flight data \(unit:circle/h)

BRI LA

- EDG-3

= N Qi‘
T\ oM THER

BE—%4& 1.5176 1. 8200 1.4043  1.5310

10 -

Pl

0
1.2 1.4 1.6 1.8 2.0
Comprehensive flight conversion ratio/(cycle/h)
Fl6 R CITSEING G ATH R R % B ih &
Fig. 6 Probability density curve of comprehensive flight

conversion ratio by a flight data

e W 5 O P A AT B RO S S 0
5k A9 10 9 AT 4 L 93¢ o o 78 8 4
FE— B 45 4 AT A IE 25 411

3 4

AR SCHE VA B e B HL AT B R R AT 50 8L B 110 2
fih L, 5 IS BEL N R R R R S A S LR A
AR MRk AT T LT S

D) 7E7%5 84 L o3 B 0 28 A Bl LA B9 AT $2
0T ELUCRAT HR R R T IR BRI
AT BB 3 g R W /N T R 1R T ik R AR
PIE R 2E 200 s 0 T 238 RATH R MR T7 ik 31
FrRIZRG RAT IR A 4 (L do s /N T 5 1k 7 ik
AT R AR P A2 1.

2) 5500 E L7 WA LG AR AR OTE TR Y R
UCRAT B AR L5 B AT R IR N IE 25 0 A1

3) (e 7 Wk BRI, W T
BHAERE B BEALAAN A Sh AL 20 (Y9 BEALYE 1 A 1 &
LB TAF 73 i 2 ()40 22 5,

Sk -

C T3 B A 25 g, EGD-3 7 01 MK202 % 3h L1 ) 45 o
[S1. b5 . PRI 2 44, 1979 :40-60.

E21 R WA IRWE I8 R Sl ZE A& &HHr M.
U AT S Toll i pA: L 2003,

3] huld, Mg, iz Kahples & AT AR e e L]

e FAR ,2006,17(1) :24-29.
XU Kejun, YE Xinnong. Study on assessment method of
comprehensive flight conversion ratio for aeroengine[ ] ].
Journal of Propulsion Technology,2006,17(1):24-29. (in
Chinese)

4] SRR, mHEF. RS PLHLE AT 25 & #opr itk w52 L) .
A28 31 F124R . 2002, 17(2) : 212-216.

SONG Yingdong, GAO Deping. Aero-engine composite
maneuver loading spectrum derivation[ ] ]. Journal of Aero-
space Power,2002,17(2):212-216. (in Chinese)

[5 1 5KT5 R 2F k. AT 2s 108 08 0% i K 3h B 2 5 038 135 4 o 7
HEWFEL) ] i & Bl . 2004,30(1) :6-13.

ZHANG Yong, YU Duokui. Constitution of multi-parame-
ter loading spectrum of turbojets and turbofans[ J]. Aero-
engine,2004,30(1):6-13. (in Chinese)

61 EBHL EAMRAE. T ITSHE MLl TE

ARSI HAT I R [ ], AR 5 TR, 2010,17(7)
1622-1627.
XIA Yirui, WANG Yongqi, XU Kejun. Establishment of
turbine components load spectrum for a high-pressure mo-
tor based fly parameters[ ] ]. Science Technology and Engi-
neering,2010,17(7) :1622-1627. (in Chinese)

C71 AL 1S BB iz K il RATAE 55 80 1 48 7 AL 5



1190

it

¥

5]

Ji

¥R

529 &

[10]

[11]

(1], A 3 144k . 2003, 18(6) - 749-752.

CHENG Li,FENG Wei, CHEN Wei. Study of the statisti-
cal rules for flight mission profiles of aero-engine[ J]. Jour-
nal of Aerospace Power, 2003, 18 (6):749-752. (in Chi-
nese)

R , o5 45 & S L AT AT 55 0 i iy 32 4 2R 2R
(1] fiezs 8 J1 2 4. 2002, 17(2) £ 196-200.

SONG Yingdong, GAO Deping. The principal component
analysis method for engine flight mission profiles categori-
zation[ ] . Journal of Aerospace Power,2002,17(2):196-
200. (in Chinese)

JELAE . 28 S S LR B b i 40 15 g o) 7 15 (D). MR FE
UL ZE iR K2, 2010,

ZHOU Nan. Research on the method of a standardized fa-
tigue test loading sequence for aircraft cold section engine
discs[ DJ. Nanjing: Nanjing University of Aeronautics and
Astronautics,2010. (in Chinese)

RIR 8. B LI LR 2 5 5 HAr i 0 5T [ ). e itk
AR ,2000,21(4) :54-56.

SONG Yingdong, GAO Deping. Turbine engine composite
route flight loading spectrum derivation [ J]. Journal of
Propulsion Technology,2000,21(4):54-56. (in Chinese)
HIWZR, PR AR AH O 1 & gl WL & 1% 452 70 55 5 LA
FE[J]. iz 8 124, 2003,18(6) . 727-730.

[12]

[13]

[14]

[1

P,

SONG Yingdong, SUN Zhigang. Model and simulation of
aeroengine load spectrum related to operation[ ]J]. Journal
of Aerospace Power,2003,18(6):727-730. (in Chinese)
BEAS SRR 8 L wh ak k. il 2 & S WL OG0 T 55 A MR L &R
Gt [, QAT 2S LR R 24 . 2000, 26 (1) : 45-48.
HONG Jie, ZHANG Dajun, HAN Jibin. Design of li-
feusage monitoring system of aeroengine critical part[]].
Journal of Beijing University of Aeronautics and Astronau-
tics»2000,26(1) :45-48. (in Chinese)
KRR AT FAE L B AL, S XK LR S AL 95 B4 25
BT[] 28 TR R 2 i HAR B AR 2011, 12(1)
6-9.

ZHANG Haiwei, HE Yuting, CHENG Li, et al. Fatigue
damage analysis of aircraft twin-enginel ] ]. Journal of Air
Force Engineering University: Natural Science Edition,
2011,12(1) :6-9. (in Chinese)

KA o5 F8F-. i as B s ML T 55 06 PR A e B[ .
Z5 251, 1999,20(2) : 158-160.

SONG Yingdong . GAO Deping:Cheice of aero-engine de-
sign duty cycles[ J ] Acta Aeronautical et Astronautica Sin-
icas1999,20(2),:158-160. (in Chinése)

ZEBER. AL R 25 5 0 & et [ML Jb 50 Bl W
1. 2006,



