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Fig. 1 Sluice layout Fig. 2 Gate condition with inverted arc door opened downward
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Tab. 1 Dynamic calculation working conditions
THGS  AFKA/m  SNADKA/m FTTHFEE] Blm R/ m Log's  PDKRAL/m SMRKAL/me [ COREE T T S A/ m
1 4.10 2.15 3.5 6 3.50 1.03 1.5
2 4.10 2.15 2.5 7 3.50 1.03 0.5
3 4.10 2.15 1.5 8 2.00 3.50 2.5
4 4.10 2.15 0.5 9 2.00 3.50 1.5
5 3.50 1.03 2.5 10 2.00 3.50 0.5
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Fig. 5 Variation of natural frequency of sluice gate Fig. 6 Variation of natural frequency under different

structure (anhydrous) opening of sluice gate
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Fig. 7 First three order vibration mode diagrams of typical working conditions

5 JkaE ) S AT

2 T O0RIS BT FHISEE] Ry 12 s, SR FHI 24 R 0. 007 812 5 s, JUAAT LR Sk 20 , AR 4 T 3 AL AE I 1] %0, %
58 R 20, F 7K 145000 25k 2l = 7 B R S 5008 o 4 B, SOV T G L T A 1 0 s ok 2l s 1 D0 £ 7 [
— R Rk B FE AR T o

HRAE AT 2 A B, R AL IOk 3l s Bt 6 2 A7 40003 437 , T 238335 1) v (R A A b AR B R, F2 2
R T BRI AN E . TR ERTEE R R R 45 T PRSI A R o ARG SR ] R e AR A I A
(14 ik st FE 7B A 4 K, Bk 3 7 I A 340 % £ A0 HE 0. 3~ 1 Hz,10~20 Hz,30~50 Hz, fF THEZ X
LRI T A 1 SR A K Bl e T e st kRN D ek il 2k, Ha 18RI UL, M AL 11 R 6 f fE R R

o = 2.5 4 - oy
2 hyl NI
E Ezs"‘wmm“w AN 2
B =220 *1
= . . . R ! ! Z9 . . . . . R A
6 8 10 12 0 10 20 30 40 50 60 —2lo 2 4 6 8 10 12 0 10 20 30 40 50 60
I ] /s Wi | Hy B 1) / s W 7R/ He
() WAL UK R Tyt £E (b) I A1 1Kkl Ty Bl il 2k () I R Ok B s Ty isf It 2% (d) M mi 6k B 1 Ty D3 h £k

Pl 8 AN [ 00 s K 5 s 3 o 2 1 0y 33 o 2%

Fig. 8 Pulse pressure time domain curves and power spectrum curves of different measuring points
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Fig. 9 Displacement nephogram of arc panel of working condition 1
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Tab. 2 Maximum displacements of each component of gate and corresponding working conditions

PR KA/ mm B RABFRAE T

iilEbA

x y z X y z
ST A 23.4 4.9 38. 1 5 4 4
HIfiiR 25.1 3.1 36.2 5 4 4
B 21.8 4.7 35.2 5 4 4
AR 22.3 4.8 36.2 5 4 4
B 21.8 3.7 35.5 5 4 4
AL -5.4 3.0 -4.6 4 4 4
mHAE -4.5 -3.6 -8.8 4 4 4
A T -10.7 4.9 -9.6 4 4 4
P S A -10.6 4.9 -9.0 4 4 4
W AE A 10. 1 3.4 -9.6 5 4 4
[LUE#2 10.1 3.7 -9.6 5 4 4

m 2 Ar UL, 0] & R AR 25, 1 mm, IR A0 S (RIS KAz 3. 5 m, SMITH4 /K47 1. 03 m, [717]17]
T FE R 2.5 m) B T H B 5y IR RN 4.9 mm, HIFE 00 4 (PIIR47KA7 4. 1 m, ST Y
JKAE 2. 15 m, AT IFRE T T IO  FR Ry 0.5 m) AN T AR 5 IO AR B4 R Hh B o 2 i KA RSk 38. 1 mm, &
AFE B0 4 (IO T AR 3 )

6.2 MIEMBINNITESF

HRAE ER A THLA A RS BL , %t W8] 1T 25K A s L 24 T TR SR L3 3,

& 3 ] UL, S T I B ) S K AB Dk 320. 267 MPa, 3Ky y ] -1 R A7, HBAE T00 4 (Il 4K 47
4.1 m, HMRPKAL 2. 15 m, [ [T BE T TR S R R 0.5 m) Bk R P M Ak s T8 S CTRIPS7K AL 3.5 m, SRR 4
JKAL L. 03 m, ][ T BE T TI0 = #2203, 5 m) BRGNS 4 fA AL B y 1) Y18 1E ) ) 253. 133 MPa, 1.4 8 R AL
B x [ FE N ) 242 MPa, S KOF-18 BT R J) 2 269. 675 MPa, tHBLAE T.00 5 i E-Ab . FEROE B M R S ir o
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Tab.3 Maximum and minimum stress of gate components and corresponding working conditions

i 11/ MPa 7 3 i 7 T
i
o, o, Ty T, o, Oy
S Max 124. 268 160. 952 63. 541 5 8 8
ISiAT ,
Min —228. 862 -112. 400 -65. 041 8 7 8
) Max 184. 553 157. 433 52.767 4 4 5
i ,
Min —-171.284 -217. 437 -56. 261 8 5 5
Max 125. 457 120. 953 85.053 5 5 4
B
Min —136. 426 -99.710 -85.139 8 7 4
) Max 148. 801 174. 745 49. 044 8 8 8
B ,
Min —168. 891 -122.418 —38. 821 8 8 4
A Max 218. 389 61.778 19. 671 8 8 8
iy _
Min -242.722 -77.411 -41. 300 8 8 10
N Max 145. 980 49. 573 61.977 5 4 5
B )
Min -61.968 -108. 200 -65. 340 8 10 10
. Max 187. 800 126. 295 269. 070 4 5 5
R ,
Min -153. 300 -136. 062 -269. 657 4 4 5
Max 119. 686 131. 236 103. 780 5 5 5
900 T A ,
Min -61.204 -187. 812 -72. 189 5 4 4
Max 145. 376 102. 196 94.713 8 5 4
i ‘
Min -86. 000 -93. 810 —-98. 020 7 7 4
) Max 148. 599 83. 108 87.037 4 5 4
A ,
Min -122.714 -93. 810 -86.973 5 7 4
. Max 85.163 253.133 149. 980 5 5 5
Wi % ,
Min —81. 049 -320. 267 -71.956 8 4 4
7 % iE
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Numerical analysis of dynamic characteristics of hydraulic radial cavity gate

HAN Zhang"*, SU Huaizhi"*, CHEN Jian"?>, YANG Guang"’
(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing

210098, China; 2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing
210098, China)

Abstract; Severe vibration of large-scale radial steel gates can induce dynamic instability damage. In order to
investigate dynamic characteristics of a new type of radial gates, the reversed radial cavity gate, a new FORTRAN
subroutine was developed in this study. Using the two development functions of the finite element software
ABAQUS, the data of the dispersion flow pressure fluctuation measured by the model tests are transformed into
hydrodynamic loads upon the gate. Based on the random vibration analysis method, the dynamic numerical
simulation of the cavity gate is carried out. The complete analysis method consists of the following steps: (1) estimate
the frequency and vibration mode for the gate under different working conditions; (2) analyze the spectrum for the
time series of fluctuating pressure of the water flow; (3quantify the response of the gate to the random vibration
under different working conditions; (@ develop the subroutine to analyze the extreme values of displacement and
stress for the gate. The analysis results show that the local stress of the gate is larger than the allowable stress of the
structure. This requires modifications and optimizations of the gate structure, otherwise the local strength of the
structure cannot meet the stability requirements. This numerical analysis method has a potential to be used for

improving the dynamic stability of the hydraulic radial gates.

Key words: radial gate; additional mass method; fluctuating pressure; natural frequency; time-history method;

dynamic displacement; dynamic stress



