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Structure optimization method of radial inflow impeller based on

design of experiment and support vector machine

MI Dong'?, YIN Ze-yong'?, QIAN Zheng-ming®,
ZHANG Zhtvyi*, FENG Ltyong®
(1. School of Jet Propulsion,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Aviation Powerplant Research Institute,

Aviation Industry Corporation of China, Zhuzhou Hunan 412002, China)

Abstract: The investigation of two critical techniques was conducted to shorten the
structure optimization time of a radial inflow impeller. Firstly, in order to reduce optimiza-
tion scale, the technique of design of experiment (DOE) was used to choose the critical ones
from a large number of disk structure dimensions as the optimization design variables. Sec-
ondly, in order to lessen analysis time, the technique of support vector machine (SVM) was
used to establish surrogate model for stress and vibration analysis of the radial inflow impel-
ler. Based on the investigation above, a structure optimization method of radial inflow impel-
ler was presented, which was low time-consuming. It was demonstrated by one example that
the life of optimized impeller increased almost four times and optimization time was one

twenty-seventh of that of traditional optimization method.
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Table 1 Orthogonal design of experiment

P, P, P, P,
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Table 2  Constraint conditions of impeller

optimization (25 in total)

1 <850 MPa
2 <850 MPa
3 < 700 MPa

4 >10000

( 4y, 26.2%, 4

5
Table 5§ Comparison between initial and

optimized impellers

/%

s 1050

3
Table 3 Comparison between initial and optimized

structure parameters of impeller

1 /g 1865 1880 +0.8
2 /MPa 776 794 +2.3
3 /MPa 1115 823 —26.2
4 /MPa 684 679 —0.73

5 / 2188 11380  +420

R, /mm 16. 8
R, /mm 5.2
a/ (") 17 14.2

L/mm 45 49.8

4

Table 4 Accuracy of surrogate model

1 /g 1940 1880 3.2
2 /MPa 845 823 2.7
3 /MPa 800 784 2.0

4 /MPa 664 684 3.1

Default fringe Fii J1/MPa
Max | 115.0@Nd 214847

Min 0.633@Nd 222761 1115.0
" ' 1041.0

966.4
892.1
817.8
743.5
669.2
5949
5206
446.3
1721 B
297.8
2351
149.2
74920
7 0.633

fLAEHT
Bk Akt

Default fringe Jii F3f MPa
Max 822.7@Nd 19208

Min 0.708@Nd 13895 822.7
/ 767.9
713.1
0.708 658.3
603.5
548.7
493.9

S
( 439.1

Ak
NPl

38431
329.6
224.7 .
211.9 ]

Y y 165.1
‘ Y- 1103 g

S5 55.51

, 0.708

4

Fig. 4 Distribution of Von-Mises stress of impeller
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