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Simulation design on the water-tightness of air-pressure
telescopic water seal in the Three Gorges ship lift gate

YANG Bin'”* ,GAN Liang’ ,LIU Lihua'
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Abstract; In order to rationally design the water seal of ship lift gate in the Three Gorges Project and reduce the
cost of sealing experiment, the computer simulation design of air-pressure telescopic water seal for the ship lift gate
of the Three Gorges Project was presented based on the basic principle of solid mechanics and nonlinear calculating
theory. In the design, the tightness of cavity behind the air-pressure telescopic water seal and the expansive
probability of seal head were also verified in the simulation. We obtained the required back pressures of sealing
water under different initial clearance between seal head and sealing panel, as well as different working pressure of
reservoir, providing data for the manufacturing and operation of seal device. The key technology during the design
was the water-tightness simulating method of air-pressure telescopic water seal, and can effectively replace the

traditional tightness experiment to greatly reduce the cost of design.

Key words; water-seal; simulation design; tightness; expansion overhang; water tight ability; the Three Gorges

ship lift gate
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Fig.1 Schematic drawing for the structure of water seal device
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Table 1 Material parameters of water seal components

0. 40 MPa , R 2 FE 7625 Jis R K 1 bR Co GGy MY
pi €z 0.6042  0.5196 0.5 0.4997
JKEFL (JHA)  0.2501  0.1802 0.5 0.4997
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Fig.3 Contact stress of wing head during the installation of water seal
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Fig.4 Extension diagram of the seal head under back pressure Fig.5 Relationship of free extension of

seal head and back pressure
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Fig.6 Total contact stress of water seal when initial clearance is 25 mm,

reservoir pressure is 0.2 MPa, and back pressure is 0.30 MPa
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®2 EEMEERLEER TS B E (415 EEE 25 mm)
Table 2 Contact width of seal head under the combined action of back pressure and

reservoir pressure when initial clearance is 25 mm

W, 2 fil 6 B2/ mm
MPa P=0.05MPa  P=0.10MPa  P=0.15MPa  P=0.20MPa  P=0.23MPa P=0.25MPa  P=0.27MPa  P=0.30MPa
0.16
0.18 7.72
0.20 11. 15 6.61
0.22 13.17 10. 50
0.24 15.16 12. 67 10. 00
0.26 16. 00 14. 20 12,18 8.16
0.28 17.59 15.56 14.31 11.19 9.17 6.13
0.30 18.74 17.25 16.23 13.34 12.90 11. 39 11.15
0.32 19. 25 18.27 16. 74 14.74 14.21 13.21 12.71 10. 52
0.34 19.77 18.57 17.78 15.96 15.76 14.75 14.24 12. 66
0.36 21. 18 19.38 18. 80 17.28 16.98 16.28 15.52 14.24
0.38 22.33 21.33 20.22 18.35 17.78 17.30 16. 26 15. 11
0.40 22.84 21. 86 20. 88 18.92 18. 80 18.32 17.82 16. 64
0.42 22.85 22.37 21.37 20. 14 19. 86 19. 34 18.32 17.32
0.44 23.38 22.58 21.90 20. 87 20. 54 20. 37 19. 36 18. 34
0.46 23.96 23.24 22.75 21.40 21.08 20.75 20. 39 19. 36
0.48 24.79 24.29 23.03 22.32 22.00 21.28 20. 88 19. 89
0.50 25.50 24.94 23.94 22.57 22.43 22.13 21.92 20. 25
x3 BEMEEILREERT LB (#5A EERE 25 mm)
Table 3 Contact stress of seal head under the combined action of back pressure and
reservoir pressure when initial clearance is 25 mm

HH/ FEfib)S 1/ MPa
MPa  p_0.05MPa  P=0.10MPa  P=0.15MPa  P=0.20MPa P=0.23MPa  P=0.25MPa  P=0.27MPa  P=0.30 MPa
0.16
0.18 0.16
0.20 0.28 0.10
0.22 0.35 0.23
0.24 0.42 0.33 0.19
0.26 0.47 0.41 0.29 0.15
0.28 0.51 0. 47 0.38 0.25 0.16 0.07
0.30 0. 56 0.52 0.45 0.36 0.29 0.23 0.19
0.32 0.59 0. 56 0.51 0.43 0.39 0.35 0.28 0.21
0.34 0.63 0. 60 0.55 0.49 0.46 0.43 0.39 0.30
0.36 0. 67 0. 64 0. 60 0.54 0.51 0.49 0.46 0.40
0.38 0.70 0.67 0. 64 0.59 0.56 0.54 0.51 0.47
0. 40 0.73 0.71 0.67 0.63 0.61 0.59 0.56 0.52
0.42 0.76 0.74 0.71 0.67 0. 65 0.63 0.61 0.57
0.44 0.79 0.77 0.74 0.71 0. 69 0.67 0. 65 0.62
0. 46 0. 81 0. 80 0.77 0.74 0.73 0.71 0. 69 0. 66
0.48 0.84 0.83 0. 80 0.77 0.76 0.75 0.73 0.70
0.50 0. 87 0.85 0.83 0. 80 0.79 0.78 0.76 0.74
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Table 4 Critical back pressure of seal water corresponding to —-— ZJJ ziu :ﬂ Iég 10 mm
the working reservoir pressure (simulating results) 83(5) r ¥ Q:L: Il |5,? ;::;3 mm
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5 mm 10 mm 15 mm 20 mm 25 mm 30 mm Z 0.25 ¢
0.05 0.08 0.08 0. 10 0. 14 0.18 0.30 i 8'?(5) /
0.10 0.12 0.12 0.14 0.16 0.20 0.34 e 0:10 I
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0.27 0.28 0.28 0.28 0.28 0.32 0. 44 Fig.7 Critical back pressure curve of
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seal water corresponding to the working
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