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Performance optimization for finger seal based on
fuzzy Nash equilibrium game

ZH ANG Yan2chao, CH EN Guading, SH EN Xiad2long

(School of Mechanical Engineering,
Northwestern Polytechnical University, Xpan-710072, China)

Abstract: For the-purpose-of multR2objective-optimization of finger seal with different
preference requirements, in engineering application,. the fuzzy comprehensive evaluation was
introduced into Nash equilibrium game;-and performance optimization model with uncertain
payoff of finger\seal was built. Byusing the presented model, the performance mult2objec2
tive optimization'problems with uncertain preference requirement for finger seal were re2
searched. As compared with exiting methods, the results show that the presented method
can not only effectively reflect the different response requirements of optimization objectives,
but also significantly reduce the decisiol2making difficulty of multRobjective optimization for
finger seal performances. Furthermore, the finger seal structure obtained through presented

mult2objective method has good performances.
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Table2 Encoding for the finger seal design parameter's
/(°) / mm /(kg/s) /105 (m’/ s)
1 63 02 0. 120. 152020 0. 003798 6 4.1529
2 63 0.6 0. 320--320. 30 0. 0022719 4.5454
3 63 1.0 0. 4520. 520. 45 0.0012808 4.0681
4 72 0.2 0-300. 320. 30 0. 0022015 4.2843
5 72 0.6 0. 45320. 520. 45 0.0011410 3.8003
6 90 0.2 0. 4320. 520. 45 0. 0068412 3.0495
7 72 1.0 0. 120. 1520. 20 0.0015154 3.2353
8 90 0.6 0. 120. 1520. 20 0. 0082788 2.6351
9 90 1.0 0. 320. 320. 30 0. 0051656 2.1752
10 63 0.2 0. 320. 320. 30 0.0018623 5.6123
11 63 0.6 0. 4320. 520. 45 0. 0007943 4.8898
12 63 1.0 0. 120. 1520. 20 0. 0049302 3.4481
13 72 0.2 0. 4320. 520. 45 0. 0007953 4.6468
14 72 0.6 0. 120. 1520. 20 0. 0042211 3.2922
15 72 1.0 0. 320. 3020. 30 0. 002409 6 3.6911
16 90 0.6 0. 320. 3020. 30 0. 0059415 3.5501
17 90 1.0 0. 4320. 520. 45 0. 002860 1 2.9838
18 90 0.2 0. 120. 1520. 20 0.0021234 2.4369
19 63 0.2 0. 4320. 520. 45 0. 000964 8 5.4945
20 63 0.6 0. 120. 1520. 20 0. 0042967 4.7134
21 63 1.0 0. 320. 320. 30 0.0019922 4.5120
22 72 0.2 0. 120. 1520. 20 0. 0044352 4.5017
23 72 0.6 0. 320. 3020. 30 0. 0020269 4.2261
24 72 1.0 0. 4320. 520. 45 0. 000947 6 3.6849
25 90 0.2 0. 320. 320. 30 0. 0023245 3.6020
26 90 0.6 0. 4320. 520. 45 0.0016159 2.9782
27 90 1.0 0. 120. 1520. 20 0.0101620 2.5256
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GA(genetic algorithms) Table 4 _-Optimization results for leakage
relatively preferential
79 0~7fw1+0-3fw2
173 Nash 0.9452  0.7012 0.8720
0.1 0.8740  0.7866 0.8478
300 0.9399 0.6642 0.8572
b 0.1 0.9373 0.6472 0.8530
"/ (k 0.0305
Q/ (kg9 0.9199 0.6472 0.8381
V /107 °(m?/s) 16.8369
0.9256 0.5490 0.8126
0.9392 0.5205 0.8136
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Table 5 Optimization results for abrasion

relatively preferential

0.3y +0.7fy,

Nash 0.7727 0.8222 0.7875
0.8427 0.8418 0.8424
0.7947 0.7699 0.7873
0.9012 0.7004 0.8410
0.7032 0.7265 0.7102
0.4954 0.7705 0.5779
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Figl 4 Result comparison of fuzzy Nash equilibrium

and finite element method

1) , Nash

2) ;

Nash ,

[1]

[2]

[3]

[5]

[6]

[7]

[8]

[9]

3)
Nash ,

> ) ;- [J].
,2003,39(5):1212124.

CHEN Guoding, XU Hua, YU Lie, et al. Analysis of the
hysteresis of finger seal [J]. Chinese Journalof M echani cal
Engineering, 2003, 39(5):1212124. (in Chinese)

[J]. ,2002,23(1): 8287.
LU Guangshang, JIANG Changsheng, ZHANG Hong.
Optimization design and simulation of fuzzy controller in
airborne electr®optical pointing and tracking systems [J].
Acta Aeronautica”et Astroemautica\Sinica, 2002, 23(1):
85287. (in-Chinese)
[I7. 52004, 23(9): 112@ 1122.
SU Hua, CHEN"Guoding. Structural optimization of in2
volute shap&curve finger seal with low hysteresis [J].
Mechanical Science/and T echnology, 2004, 23(9): 112@
1122. (in-Chines€)

s . 0 / 0
[J]. ,2007,28(6): 150@1512.

SU Hua, CHEN Guoding. Structural optimization of fin2
ger seal based on conceptions of / Customized) and / Gen2
eralized) finger curves[J]. Acta Aeronautica et Astronaw2
tica Sinica, 2007, 28(6): 150€1512. (in Chinese)

WANG lJiangfeng, WU Yizhao, Periaux J. Mult2 point
optimization with DDM, genetic algorithms and game th&
ory for high lift configuration in aerodynamics[ C]//4th
ATAA/ ASME/SAE/ ASEE Aercospace Sciences Meeting
and Exhibit. Reno, Nevada: ATAA, 2003: 394.

Kima W K, Lee K H. Nash equilibrium with noncompact
and nonconvex strategic set [J]. Journal of Systems Sc2
ence and Information, 2004, 2(4):612622.
ZHANG Yanchao, CHEN Guoding, JIANG Anying. The
characteristic optimization for finger seal based on Nash &
quilibrium theory [C]//5th International Symposium on
Fluid Power Transmission and Control. Beidaihe: Yanshan
University, 2007: 115€1159.
s . [M].
, 2000.
[D].
, 2006.
SU Hua. Structural design performance analysis and tests
of finger seal [D]. Xipan: Northwestern Polytechnical U2
niversity, 2006. (in Chinese)



