Modeling and Simulation £ 545K, 2026, 15(1), 67-78 Hans X
Published Online January 2026 in Hans. https://www.hanspub.org/journal/mos

https://doi.org/10.12677/mos.2026.151007

P ERIAI T8 E N RIRR M 4

R A 4
T KRNI B A R A ], T EE A
Woks H . 2025412 60 A HEM: 2025412 H30H; KA H: 20264F1H6H

=

PFEAE TR TREMZOERY), ABTHPFERDNZLERNE. A CKEERTRE, KAMKE
PEAZ FIED T ERIEHER, EHHGEMIEN S ETERIE, AT B SR
FELRERAIN I, BB RN SRR, B RE=gERA,  f MK R P e R
MATNBATERTG R, FrAERREKON SRR AN, SERSPT RIS,
MR SR RIHRES % . HBRKR, BETRERGE X FEEWEXE, RIFEES ST,
BE S AR K B R SR 5 i R4k, AR T4 T [T E R A K T3 BE P ) R &R IB AT

XK ia
FEMEIT, #KES, BEEAKAL, HESEE

Analysis of Hydrostatic Pressure and
Vibration Characteristics of Plane Steel Gate

Zuoxiang Xing

Henan Water & Power Engineering Consulting CO., Ltd., Zhengzhou Henan

Received: December 6, 2025; accepted: December 30, 2025; published: January 6, 2026

Abstract

The plane steel gate is an essential component in hydraulic engineering, but it encounters vibration
and deformation issues during operation. This study analyzes the line load of multi-main beams in
a real project using the method of halves of the sum of adjacent distances. The combined section
method performs theoretical calculations for each member. To address the problem of imposing
constraint equivalence due to structural simplifications in previous studies, while considering the
influence of the main wheel on the overall structure, a comprehensive 3D model has been estab-
lished. Finite element simulation is conducted on plane fixed-wheel steel gates for single-side water
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retainers, studying the stress-strain in each part at the maximum water level. By comparing with
the theoretical analysis and related specifications, it provides a reference for the strength check and
optimized design of the gate. In addition, circle the water area, define acoustic and physical regions
based on fluid-structure coupling, and develop wet mode analysis. Studying the vibration regulation
and response characteristics of gates when holding back water to ensure safe and stable operation
of plane steel gates in complex hydraulic environments.
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Figure 1. Hydrostatic pressure
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Figure 2. Panel area grid
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Figure 3. Multi-major beam load calculation
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Figure 4. Main beam unit load
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Figure 5. Schematic diagram of internal forces in secondary beams for continuous beam calculations
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Figure 6. Plane steel gate 3D model
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Table 2. Finite element model material setting
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Figure 7. Hydrostatic pressure load
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Figure 8. Stress diagram of gate components
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Figure 9. Displacement diagram of gate components
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Figure 10. Stresses at different water levels
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Figure 11. Deformation at different water levels
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Figure 12. Modal acoustics
[ 12, JEHESHREY

Bz B A, — PRI Sy il 1 T00 S o O 57 B I /KR 5 ) R T, R 28 2 B S ) [ oK
W7 AT, HW AL E A AR RS, =R BRI T IE T TRE N I x 7 R e 4 4580, i
SCEERLARTEECN, WU NI T z WS, TSI B 8 RIIREN . 7 5AS H I T TSP i)
A5 758 39.1. 62.3. 74.6. 86.1. 102.1. 111.5 Hz, 7E/KFAIMEF R TAESRIE 8 Hz £ 4,
BRI, A I TR 7K aE AT I A e R AR R

5. &ig

AR 1] 11 S bRz AT T, MR BRICHT 3, 70 W & R A i i KA R AN TR KA I PR R ) 5
AT, WETCIE T SRR & I, S as T

1) EFKIE . BESHEIERT, ERAZOKESEIIMIE, KRN 5UALT G R %
Mg i, HARRZ BN, EERBMNSE. FRAEN, TR SRR AL BN &
DR . ATARIEHT FA AT 0 R OB 5 76, JL i B AL .

2) BRI BB AN T HIRE, BRI 07 B2 R AT & SLbr Lo, &M T mkk
T HREE R R AL IS . B SR P 53R AN I P06 A2 KLYV F R, BT DIl TR 2R SN L REAE g ia

DOI: 10.12677/mos.2026.151007 77 e RSE TR


https://doi.org/10.12677/mos.2026.151007

TRFERE

TRtE%.
3) M EAKMM EAREVER, FESOEKE, BEASERT TSR, A4k,
SE

[1]  BPBH, . HEA b AR ) AR AR D], MR Tk oK 240, 2016, 48(3): 143-146.

[2] ERorvg. SPTAN IR 1] bk AR BN A BRG], 3 r KRS rE K IR, 2022, 51(4): 78-79, 85.

[8] 4fh, BRI, 5. ETHRIGER PN BRI ]. A RERIL, 2015, 36(3): 76-81.

[4] &EA, BRuNME, Bk, & SRR SO8 850 2 R TR T/ A B 72 [3]. /K J1K Ha, 2021, 47(7): 73-82.
[6] &EHA, BIEE, R, . KIS F 25 816 FR o/ A BRI [3]. 7K J3K HA, 2021, 47(10): 61-70.

[6] GKEE, skikdr, 5. S TIURM T # 3SR EUE /8T 5 i3 3 E[J]. A R3E, 2023, 45(3): 151-155, 160.
[71 e NRLANE KFIE. SL74-2019 7KHF]ZK HL TARAN I [ TR AHRIE ST, Abmt: /KR H 77t ik, 2019.

[8] A NERILANE KFIHS. SL226-1998 /KFI/K L TFE 4R S5 4R RARHES]. Abxt: ZKFIZK i HE AL, 1998.

DOI: 10.12677/mo0s.2026.151007 78 jé

it

5


https://doi.org/10.12677/mos.2026.151007

	平面钢闸门静水压力及振动特性分析
	摘  要
	关键词
	Analysis of Hydrostatic Pressure and Vibration Characteristics of Plane Steel Gate 
	Abstract
	Keywords
	1. 引言
	2. 理论分析
	3. 闸门三维与仿真模型的建立
	3.1. 闸门的三维模型
	3.2. 闸门的有限元模型

	4. 计算结果分析
	4.1. 强度校核
	4.2. 刚度校核
	4.3. 不同水位下的变化
	4.4. 湿模态分析

	5. 结论
	参考文献

