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Abstract: The original engine model cannot accurately express the engine performance due to the engine
performance loss caused by unheating. Therefore, it is necessary to use the model correction technology to modify
the original engine model to obtain the mathematical model of the engine with unheating. An improved multi—
verse optimization algorithm is proposed, which is applied to correct the model of engine with unheating. On the

basis of the conventional multi—verse optimization algorithm, the wormhole mechanism formula is modified to
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solve the problem that the calculation is easy to fall into the local optimum when the solution range deviates from

the 0 axis far away. And the chaos is introduced. The global search ability of the algorithm is enhanced by the cha-

otic initialization universe and the chaotic search in the region near the optimal universe of each generation. The

improved algorithm is applied to the study of engine model correction, and the correction results of conventional

MVO, improved MVO, PSO and GA are compared. The results show that the accuracy of the model of the engine

with unheating is greatly improved after correction, and the thrust error is only 0.07%, which can meet the input

accuracy requirements of the carrier aircraft take—off dynamics model. The results also show that the improved

MVO algorithm is better than the conventional MVO algorithm. Compared with PSO and GA, the results of model

correction by improved MVO are better as well.

Key words: Turbofan engine; Heating; Model correction; Multi—verse optimization algorithm; Formula

of wormhole mechanism; Chaos
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Fig. 1 Structure diagram of turbofan engine
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Fig. 2 Conceptual model of the MVO algorithm
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Fig. 5 Flow chart of improved MVO algorithm
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universes X around X,

Update U by wormhole

Update U by white hole
and black hole

A

Generate white hole by
roulette wheel selection

Replace X,

Correction factor U,
orX,
.
Y
A
Steady state model of lterate
engine initial value
A
The residual meets

the requirements?

A
Calculation value of
model
N ) ) P Measurement
Max iteration? " value of engine

Calculation value of

Y objective function F'
Optimal correction - - — —

factor
Fig. 6 Flow chart of using improved MVO algorithm to modify engine model
Table 1 Correction results of model for engine with unheating
lative 3 lative
Performance deviation Relative error Relative erfm Relative err.or Relative error Relative error
Performance . after correction after correction . .
aramet between heating and before by ¢ tional by i d after correction  after correction
parameter unheating/% correction/% Y c](\)/lnvvcz)r;(;oona y]:/[rr\l[%;);ce by PSO/% by GA/%

P 1.56 1.61 0.23 0.19 0.20 0.20
Ps 2.61 4.05 -0.11 -0.01 -0.01 -0.01
T, 0.79 3.78 0.10 -0.17 0.10 -0.45
Ps 4.77 2.06 -0.77 -0.43 -0.77 -1.39
Ty -0.14 -4.99 -1.56 -0.53 -1.16 -0.91
Fy 3.77 9.43 1.07 0.07 0.16 0.32
W, 4.13 8.21 -2.62 -1.87 -2.62 -2.05
Mean absolute error 2.54 4.47 0.92 0.47 0.72 0.76

T A& o WL AR 7R B IR 2 M SR R A R A
A IE T & 2% BB — H AR S B0 22 08 /ME
e FE T — HARS B 2238 R L. B, A S
F T H bR 2 504 38 13 22 197 BHEAE 9 AN K S pLEE
BB IERCRAEIR . NE LRI LEH, Bk MVo &
BB I J5 B 4 X i3 25 F- 4 MH R 0.47 % , Fie KAR X 1R
250 1.87% , AH LU A& 1 1 455 RO B B G 2 v, L v #fe
TIRZEALH 0.07% , B ik e AR 2R AL & Bl ) 2 455 7
NS ARG B K

XF EEH B MVO FIEUE MVO B IESE 3, /T LA
W, B SR IE S5 R T8 MV Bk X R
SR gk 08 T TR DX (0] 98 TR O 25 0 il 45 3 11 X

[ 71 Bl DA SCRAE GE BT S ), HE X TR] S = (0.9,
1), R ECE M MVO 735 B b 5 b A R 8 i .
WAL AL S5 S F B MVO Rk i MVO 1Ak 45 5 2%
SRR, B L MVO T 45 B4 SR 22 KT
PSO F1 GA, H I IA A # H MVO T 25 R BE A T &
Ao PANVE B IS po, Ml p, AR 228/ X &
PR oA XU RN FE ML A4 TR B HR R e Bl ML AR R A A0
{8, T8 1E i A8 R R B L AS B BILASE 7Y (9% ) A B
% T ARG RS ME . Fit, REHHMVo &
PAB E AR B A R 38 e A AR 2 56 F po, Ml py 15 25
SERAR IR o XF He Bk i MVO, PSO AT GA = Fh 81k
M IE S5 5, T LU Y, B0k MV O & 1E 25 52 i) 4 X6 5%
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Fig. 7 Relative error before and after correction
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+
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Fig. 8 Absolute error distribution before and after

correction
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A X 158 2 L4t %o 152 22 43 A1 45 i 18] 9 RN L 10 IR,
M QW] LI Y, Bt MVO & 1F J5 & 1 B 2 B0
R 26 YR T PSO A GA B33, WKL 10 /T LU Y, ele ik
MVO & 1E 45 5 1 15 22 43 A B0, Hrp 58 22 B KH

N7 B R T PSO A GA L B E T etk J§ MV O 25 3
TEAE IE K sh AL 7 B fY S 1 v

3

[—JRelative error after correction by
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Fig. 9 Relative error after correction by different

algorithms
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Fig. 10 Absolute error distribution after correction by

different algorithms

4 % it

ARSCHEHE M MVO F k3L aE b 38 8 o AR AL
MG AR T AR B8R T A A e R R R bR
J1, I B IS R MV O B35 TR e & s BILR B
BB (1 16 TE I 50, 45 L 2 0
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