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Structural robust optimization design of beam seal
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Abstract: In order to improve the sealing performance of the beam seal, the structural parameters of
the beam seal were used as design variables, and the robust optimization design was carried out. A finite
element model of the beam seal with elliptical arc groove was established. Taking the maximum contact
pressure and contact surface width of these two seals on the sealing contact surface as quantitative
indicators of sealing performance, second-order response surface models were established, and the
response surface models were solved by multi-objective optimization using genetic algorithm. The
additional sensitivity term representing the robustness of the objective function was added to the multi-
objective optimization model, and the robust design parameters combination of the beam seal was
obtained. The effectiveness of the robust optimization results was verified by the finite element’s
numerical simulation. The results showed that when the elliptic semi-major axis was 1.156 mm, the elliptic
semi-minor axis was 0.315 mm, and the nominal width of the first seal was 0.429 mm, the sealing

robustness of the beam seal was better, and the robust design achieved the expected goal.
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Fig. 1 Female connector structure
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Table 1 Value of the structure parameters of beam seal

ZH HfH
d/mm 3.19
a/(°) 8.5
I/mm 1.37
p/mm 0.1
a/mm 1.15
b/mm 0.4
¢/mm 0.27
h/mm 0.6
6/(°) 11
e/mm 1.8
d/mm 1.2
BI(°) 126.5
y/(°) 135
Ri/mm 0.3
Ry/mm 0.1
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Fig. 4 Finite element mesh model of beam seal
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Table 2 Orthogonal experimental results
Hefth £ J1/MPa Hefih 1 95 /mm
RIS a(m x; ) /mm b(mx; ) /mm c(Bx3 )/mm

4 P2 H, H,
1 1.05 0.26 0.06 173237 1022.61 0.06 0.40
2 1.05 0.40 0.27 1169.33 998.75 0.12 0.35
3 1.05 0.54 0.48 1 164.99 1209.58 0.26 0.34
4 1.15 0.26 0.27 1072.24 962.93 0.14 0.31
5 1.15 0.40 0.48 950.89 1043.82 0.17 0.26
6 1.15 0.54 0.06 152531 1232.99 0.05 0.24
7 1.25 0.26 0.48 1017.36 904.06 0.21 0.22
8 1.25 0.40 0.06 1726.80 908.15 0.06 0.16
9 1.25 0.54 0.27 1208.46 1129.36 0.18 0.14
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Table 3  Analysis of variance (Maximum contact pressure of the first seal)

Kl BT L ik F F(0.01)
E 704 018.324 6 352 009.163 62.706 12.1
Gz 11227.364 2 5613.682
syl 715 245.688 8
x4 FEFW(E 22 EEHREXEMEN)
Table 4 Analysis of variance (Maximum contact pressure of the second seal)

KR BB I H Ji2% FiH F(0.01)
A 115 296.049 6 57 648.025 52.157 12.1
FR% 2210.567 2 1 105.283
pEgl 117 506.616 8

x5 AESMW(E 1 EZFHER)

Table 5 Analysis of variance ( The first sealing surface width)

e e FIr F Ji%E FiH F(0.01)
EiYess 0.042 6 0.007 42 12.1
B2 0.001 2 0.000 5
SRR 0.043 8
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Table 6 Analysis of variance (Second sealing surface width)
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Fig. 9 Fitness value of the optimization calculation
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Table 7 Comparison results
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P P2 Hi Hy

G R 1.150 0.40 1159.36 1018.52 0.08 0.25

EASI R Kia 1.050 0.54 1128.95 1228.49 0.25 0.34
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Fig. 11 Fitness value of the robust optimization calculation
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E by 0315 mm, 5 1 & B 4 LTE
0.429 mm I, B2 1 5 AR A v T 4.

®8 MUFERILE

Table 8 Comparison of optimization results

IR a(3fx; )/mm b (8 xy )/mm c (1 xs )/mm Bk JyMPa R 5 /mm
P P2 H, H,
BIERT 1.150 0.400 0.270 1159.36 1018.52 0.08 0.25
% HFRfiAk 1.050 0.540 0.480 1128.95 1228.49 0.25 0.34
FRAdrE ik 1.156 0.315 0.429 1020.56 977.01 0.16 0.28
*x9 REEMMITLLE
Table 9 Comparison of sensitivity item
Al K F1/MPa 22l 5% /mm
e a(Bx; )/mm b (8% xp )/mm c(B{x; )/mm
D1 ) 2] H, Hy
W R 1.150 0.400 0.270 19.544 26.427 0.005 0.036
% HirfhAk 1.050 0.540 0.480 1.121 54.910 0.030 0.039
@t fiib 1.156 0.315 0.429 0.737 20.968 0.007 0.037
3 & W B4 ST ey 0.429 mm I, 5 (AL T L

AR SC DA G RS 1 3k MR GE 0 4, DA fi 1w
R il i 7 A % BV BB A TEAN F8 A, X R TQAS 1%
k25 S H TR R AR B, AR B T LR
Z:F'l:i/l:\.

1) 762 BARPL AR AL L 38 in 2 AE H A5 ok 5L
T 1 1% R 50 BT L, o S 2 AR A, A R
) R0 A5 AR 3 o 38 2 B R e, X (B~
a’fy 1.156 mm. i [& B2 4164 0.315 mm., 2 1 38

P T % A KA ik e Ty 3R AR BN, AR ) 5
138 %% 5 27 fik 1 4R 75 T 100%, 575 2 3 %% 2% fih
TR 12%, B Sk i AR e
AT
2) THEAR AR AL RS A R B B, AR
PR UL A0S 55 1 38 %% 3t o5 R M e g 1 52 B Y
INIE AT 96.23%, 55 2 18 % B i KBz fi &
1) 2 S BRI ITE FE AR T 20.66%, 11 P63 25 142
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