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Fig. 1 3D model of hydraulic child-parent gate
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Tab.1 Q235 steel material properties
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2.06 0.3 7 850 150(>16 mm) 90(>>16 mm)
160(<<16 mm) 95(=16 mm)
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Fig.2 Variation curves of stress and deformation
characteristic parameters of hydraulic child-parent

gate under different opening degrees of sub-gate
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Fig.3 Stress cloud map and deformation cloud map of

parent gate when sub-gate is fully opened
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Tab.2 The first 10 natural frequencies of hydraulic
child-parent gate in air under different sub-gate openings

AN [5) R 1) B2 R 980 5B W 1] [ A7 3%/ Hz

0 0.2 0.4 0.6 0.8 1.0
1 18.26  18.08 18.05 18.06 18.03 18.01
2 29.71 29.63 29.61 29.64 29.66  29.66
3 58.42  58.40 58.40 58.45 58.45  58.47
4 63.35 63.33 63.14 63.29 63.07 63.45
5 63.90  64.22 63.38 63.63 63.28 63.48
6
7
8
9

67.03 68.09 67.43 67.73 67.42 67.71

68.01 68.64 67.70 67.80 67.96  67.79
109.47 109.76 109.86 109.83 108.70  99.85
118.38 122.38 122.26 118.06 111.11 100.30

10 119.42 122.63 123.73 118.68 111.49 100.87
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Fig. 4 Fluid-structure interaction and variation curves
of gate vibration frequency parameters under different
sub-gate opening degrees in air
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Analysis of Static and Dynamic Characteristics of

A New Type of Hydraulic Child-parent Gate
YAO Yan-sheng™ ,ZHENG Fei , YANG Yi*,SU Yi-wang’ s HUANG Zhen-dong' ,ZHANG Yong" ,DING Kun'

(la. Key Laboratory of Intelligent Manufacturing of Engineering Machinery; 1b. School of Environment and Energy
Engineering, Anhui Jianzhu University, Hefei 230601, China; 2. Anhui Shui’an Construction Group Co. ,Ltd. ,
Hefei 230601, China; 3. Anhui Shengda Hydraulic Dam Technology Co. , Ltd. , Anging 246000, China;

4, Anhui Luan Hengyuan Machinery Manufacturing Co. ,» Ltd. , Lu’an 237000, China)

Abstract: In order to solve the problem that the new hydraulic gate is difficult to manufacture experiment and debug
in the real environment, the historical gate operation data was analyzed and transmitted based on the digital twin simula-
tion platform. The designed gate was analyzed through numerical simulation, and the overall stress and deformation
changes of the gate with different sub-gate opening degrees under hydrostatic pressure were analyzed. At the same time,
the overall vibration frequency changes of the gate under the action of air and fluid-structure interaction were analyzed.
The flow state of the fluid domain at the sub-gates with different opening degrees was simulated. The results show that
with the increase of the opening of the sub-gate, the stress value of the gate varies from 58 MPa to 67. 5 MPa, and the de-
formation change is not obvious; Compared with the natural vibration frequency of the gate in the air, the fluid-structure
coupling effect will appropriate reduce the natural vibration frequency of the gate; Different sub-gate openings will affect
the flow state of the fluid domain, and increasing the opening will reduce the water velocity. The results provide some
references for its actual operation, maintenance and optimization of gate performance.

Key words: digital twin;numerical simulation;fluid-structure coupling;vibration frequency;fluid domain





