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Force characteristics of ship lock triangular gate and
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Abstract: During the operation of ship locks, the triangular gates may experience abnormal vibrations during the
water discharge process due to stress concentration, wear, and hidden faults in the supporting components. These
vibrations pose a serious threat to the operational safety and structural durability of the gates. However, the stress
characteristics of the triangular gates and their supporting components during the water discharge process are not
fully understood. This study focuses on the triangular gates of a certain ship lock in our country, establishing a
three-dimensional finite element numerical model based on the geometric dimensions of its prototype structure.
Using numerical simulation methods, the study analyzes the load response characteristics of the triangular gates
and their supporting components under different water level differences during the water discharge process. It
reveals the stress distribution patterns between the gate leaf and the supporting components and clarifies the key
sensitive areas and their stress response relationships. The results indicate that typical stress-sensitive areas exist in

lock gates and supporting components. By measuring the characteristic response parameters from these stress-sensitive
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areas, the correlation between the leaf and the top pivot, as well as between the leaf and the bottom pivot, has

been quantified. This allows for the preliminary dynamic assessment of the operational status of concealed

supporting components (such as the bottom pivot) through real-time monitoring of response parameters (e. g.,

stress, strain, vibration acceleration, etc. ) in the stress-sensitive areas of the gate leaf and top pivot. The findings

provide a theoretical basis for real-time monitoring of the operational status of triangular gates in navigation

locks, contributing to the advancement of intelligent operation and maintenance in lock engineering.

Keywords: ship lock; triangular gate; supporting component; stress-sensitive area; numerical simulation
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Fig.1 Gate model
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Tab.1 Material parameters
: i
R ;;g, L Eﬁ; %Lg/
GPa (Vm®) " Mpa  MPa
CCSB 150 0.25 7.87 245 440
Q355B 200 0.30 7.85 355 630
20 54X 210 0.28 7.85 245 500
B X17CrNi-16-2 210 0.27 7.83 1200 1080
Q235B 210 0.33 7.85 250 460
B 45" 210 0.31 7.85 355 600
40 Cr 206 0.29 7.82 785 810
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Fig. 2 Meshing and contact surface
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Fig. 4 Simplified model of gate and supporting components
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Fig. 6 Stress nephogram of the stress-sensitive area of the pivot surface at

different water level difference of the gate

)i 77/MPa )i 77/MPa
14.609 0 14.609 0
12.990 0 12.990 0
113700 11.370 0

9.751 0 9.751 0
81315 8.1315
6.512 1 65121
4.892 6 4.8926
32731 32731
1.6537 1.653 7
0.034 2 0.034 2
a)H=1m

)i 77/MPa )i 77/MPa
14.609 0 14.609 0
12.990 0 12.990 0
11370 0 11.370 0

97510 9.751 0
8.1315 8.1315
6.512 1 65121
4.8926 4.8926
32731 32731
1.653 7 1.653 7
0.034 2 0.034 2

d) H=4 m

1 F1/MPa

b) H=2 m ¢)H=3m

1 F1/MPa

e) H=5m f) H=6 m

7 WIIAREIKRAE TELE LN ASRX N =E

Fig.7 Stress nephogram of stress-sensitive area of mushroom head at

different water level difference of gate

2.2 Z5RN TSRS B

HRAE B 15 BCIT 3045 B A 45 8, % il 17177
M TROAR B g Sk b A AR DX I A I (A R AT R
Wegeit, dE— AR R G5 I ) U X AE RN )
SRR, dR R AE, dR /N E BE T AR R Al
M,
2.2.1 P SRR K G R v A AR A R A

W) 145 A6 17 7 Bt 7K AV 2 ) A8k DL I 8, T LA
Al BEEWEARC T, BTN (R
ﬂTﬁ%%@;mﬂmﬁm B BEAK AL (15 1k 5
TREEEEAR, TR E I IEZA 11 MPa; [7]7]

AURARR I EAR IR A K, FEAB TR, Bk

{E%5°4 16 MPa,
L n —a— RS
\ —o- AT
12k . —A— ) F7
n
¢ [ ¥
=%
S 10t A RH.
=
= Lg
= X* l\.‘
E 0.8 AAH l“
E “‘L“ \.‘.
o6l a et YO
s
-9 Yoy A
-
04 L $00000004¢q,
T 2 3 4 s s
TR 2 m

LI



- 170 - K iz L A2

2026

Br —m— B
16 | —8— /PR
—A— F I
uE U
- n
£ n2
E | V\.’.‘.'kr'\rl oS NE e
= L
3 0
gg'kk
—
F 6 A A A b pbpdardana
3,10
2k
)| ®eeseseccescceccssccse
1 2 3 4 5 6
TR 2 m
b) AR
2r —m— B
20| —o— B S
18 L —A— YI)i

6 wiigsgagsgapsgannann

| d-AAAadabddihddiddda

IR J)/MPa
>

8

6_

4 |

2+

ol 00000000000 00000000

1 2 3 4 5 6

TR 2 m
c) IEHX

B8 MIEEAEARAKMENTK
Fig. 8 Stress change of each part of the gate with
water level difference
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