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Analysis of influence of component uncertainty on selection of cycle

parameters of turbofan engine

FAN Wei, HU Binggian, LAO Xinpeng, SHU Yue
(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: Uncertainty analysis effectively can enhance the robustness of aero—engine design. An overall perfor-

mance calculation method considering uncertainty is established by applying Monte Carlo method, in which the un-

certainty variation of component parameters is qualified. By generating a sample set of cycle parameters combina-

tions, the uncertainty distribution of engine performance parameters and their compliance probabilities under differ-

ent operating points are obtained. The performance realization levels at specified confidence levels are analyzed.

The cycle parameter scheme meeting the design requirements is determined through comprehensive trade—offs be-

tween implementation risks under current technical capabilities and performance design margins. The design results

are compared with the design and test results of a certain engine. The results show that, during the preliminary de-

sign phase of engine system concepts, the proposed method can effectively enhance the robustness of the design out-

come and mitigate development risks. The cycle parameter selection of a certain engine is rational, and the pro-

posed method is feasible.
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Table 2 Range of uncertainty parameters
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Table 3 Range of cycle parameters
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Table 4 Probability of meeting the standard under
different combinations of cycle parameters
R AR LN
%%  BPR OPR = T, Wa, F sfe
1 1 1 2 2 2 1.000 0
2 1 3 2 2 2 1.000 0
3 3 1 2 2 2 0.002 1. 000
4 3 3 2 2 2 0 1. 000
5 2 2 1 1 2 0 0
6 2 2 1 3 2 0.561 0O
7 2 2 3 1 2 0 1. 000
8 2 2 3 3 2 1.000 0
9 2 1 2 2 1 0.862  0.383
10 2 1 2 2 3 1.000  0.443
11 2 3 2 2 1 0 1. 000
12 2 3 2 2 3 1.000  1.000
13 1 2 1 2 2 1.000 0
14 1 2 3 2 2 1.000 0
15 3 2 1 2 2 0 0.938
16 3 2 3 2 2 0 0. 800
17 2 2 2 1 1 0 1. 000
18 2 2 2 1 3 0.804  0.850
19 2 2 2 3 1 1.000 0
20 2 2 2 3 3 1.000 0
21 2 1 1 2 2 0 0
22 2 1 3 2 2 0.900  0.649
23 2 3 1 2 2 0.000 0
24 2 3 3 2 2 1.000  1.000
25 1 2 2 1 2 1.000 0O
26 1 2 2 3 2 1.000 0
27 3 2 2 1 2 0 1. 000
28 3 2 2 3 2 1.000  1.000
29 2 2 1 2 1 0 0
30 2 2 1 2 3 0.467 0
31 2 2 3 2 1 0.665  1.000
32 2 2 3 2 3 1.000  0.99%4
33 1 2 2 2 1 1.000 0
34 1 2 2 2 3 1.000 0
35 3 2 2 2 1 0 1. 000
36 3 2 2 2 3 0.938  1.000
37 2 1 2 1 2 0.004  1.000
38 2 1 2 3 2 1.000 0
39 2 3 2 1 2 0 0.850
40 2 3 2 2 1.000 0
41 2 2 2 2 2 1. 000 1. 000
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Table 5 Margin distribution of different samples

B EAREE30% EAIERE60% BRI 902
% p sfe F sfe F ofe
12 8.75% 2.16% 8.54% 1.84% 8.30% 1.62%
24 5.12%  3.03%  4.42% 2.62% 3.43% 2.05%
28 3.30% 3.23% 3.13% 2.87% 2.96% 2.68%

41 4.66% 1.21% 4.46% 0.87% 4.05% 0.61%

ST LA H

1) A2 F R R, F 2 REH Wa. fl
OPR 4 HC R J0 & Wa (38, ml L E
e ok F I 1 25 (F2 2% 1B 8] H br & shpLEC%E KL
B RSE SRR & DT E A BRI B, Waeid K
SR Z N .

2) KEA 24 F1 28 1 F  sfc ¥ B Je g ¥ 45, — %
EHEEARAS A G HRE AR A 13t BGE
WA R HMEIT AR —IFH I, 24 SRR
i1 e A1 OPR Bk 1B % F B AR & h bl & , 76 °F
B R thAF R ERAE I T o F OPR 1) 1
TN B TN R 45 1 G, A R ST N
(38, 5% i) & Sh AL IS HE 3 L 28 55 FEAS 1) BPR il
TCH - FR, 2% &R & sh WL H R K- % 2 fg
JIRUBRHREYE , T 0 2D R B KB E & e, Tl
1R, 25 LY U LRGSR R E T b TR T AN 0



XX M

AR 20 RS E A X e B A s HLAR 3 2 K O R IR o) 7

fil, (P2 2 rhopE iR 0 R A 30 B HE e Sk
2GR TE X T PO AR TRAL Y 1 R Sk U G i
sz,

3) FEAS 415 F # BE A XS 38 02, sfc 48 B R AIG
iz W8 bR R & sh L — e fil 22k, R B bl 4 7
iy P BE I — B OR F A — R U L B R
J1 W sfe EFHREA KT 105% , B H BARFEAR
AT FE VT B B sfc #y BE B, (H 7R fff 2o 72 rhid
A LLTUAY 520 WY I o B2, IR B BE AR 41 1 3R =
Bk A 35 8 B R Bt o X & S AL T AL
i e Ui BE AT A

ZEA UL AT IOREAS AR B TP R AR
AR TEA S EAS -
3.5 BIRSHEARERSLSH

P REA AL R S50 5 J R R shL G A =
B E AT, R 6 TR, AT LR BR T
BPR I T, LA , RS SFEA 41 — 30, i W]
AR SCHEEST TR AT
#6 MEASHEN I

Table 6 Comparison of cycle parameters

TR S5 Way T OPR T, BPR
FeA 41 1.0 1.0 1.0 1.00 1.00
HERRFHH 1.0 1.0 1.0 0.99 1.17
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Table 7 Margin distribution of different samples

after optimization

EAGE 30% A 60%0 EAF B 90%
pOE3
F sfe F sfe F sfe

ALTT 4.66% 1.21% 4.46% 0.87% 4.05% 0.61%
Ab)s  2.87% 3.20% 2.58% 3.01% 2.28% 2.88%
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Fig.7 Margin distribution in factory acceptance bench

testing for a model X engine
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