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Finite element inversion of hoist cylinder vibration of a large tail water emergency gate
YANG Bin*2,HOU Qin', LIU Lt hua’?,ZHOU Sheng peng?,ZHANG Y a chuan’
(1. H ubei Water Resources Technical College, Wuhan 430070, China;
2. School of Civil & Architectural Engineering, Wuhan University, Wuhan 430072, China)
Abstract: The hoist cylinder vibration of large magnitude at a large tail water emergency gate was detected. T he finite element
method was used to determine the vibration mechanism, the cylinder vibration disturbance force combined with the cylinder vibration
amplitude through field detection, and the pulsating water pressure distribution on the gate panel. Using the finite element method for
the determination of vibration mechanism and inversion analysis of vibration load of cylinder is a beneficial approach. Given the difficut
ties of the vibration load detection sometimes, the method provides a new solution for the structure detection.
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Fig.2 Schematic diagram of the tail water gate
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Fig. 3 Schematic diagram of cylinder m easurement

point at the 4# tail water emergency gate
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Tab.1 M easured cylinder natural frequency of
the 4* tail water gate
Hz
. 187
T
1 2 3

L L 2.79 11.99 18. 89
YL 3 RS 2.79 11.89 18.89
L3 21K 15.09 24.19 48.39
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BEFR 7] fik 20 1) 7K Hs g A 00 38 v ) e 2 T g2 — o AR IR
gk A DU T 1 B UE X 380k 50y 7K s 7 (4 4T 6 05 ) 1 52, 30
TG LK AL 304 36 m, FUFKAZ97 71 m W}, K i (17
U1 kBN K R ) KN 5 AT 45 R L3k 3,
1.3 MR R5HT

HR A0 37 MR B4 55 2007, #3 Hh An F 4R

(1) T I T00S R K Tk sl K I 0 4 K WL s a8 47 I B
K(H 4 38 m), WS TS AT /N R 0 47 m), BkEh )
RERE 25 4y 488 1K) 36 KM 98/ HLAH oK 3247 I 1) Jik 3D s 048
AR 0 41 m) 5 RK kS K s 5 IR 119~ 3 29 Haz.

(2) WETHR B A7 A 2 B R R (X 1)), W D3 T PR 5l
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mm, &5 F LK 2 69~ 3 09 Hz.
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Tab.2 Vibration displacement amplitude of cylinder and its surrounding at the 4* tail water gate

mm

. Tl LR il L e i B TR JAil

ML T
X Y Z X Y X Y A X Y A

0 1. 64 0.23 0.09 9. 60 3.04 40.97 5.70 1.59 0.15 0.10 0. 06
150 MW 0.39 0. 06 0. 04 1. 84 1.92 8.33 1.87 0.4 0.10 0.07 0. 04
st - 200 MW 0.51 0.09 0. 04 2.40 2.00 11.05 2. 81 0.4 0.10 0.07 0.03
3 [ FH 250 MW 0.39 0.08 0.03 1. 84 1.76 8.42 2.04 0.4 0.08 0.06 0. 04
300 MW 0. 20 0.02 0.02 0. 80 0. 88 4.25 0. 60 0.2 0.07 0. 04 0.03
7K 0. 30 0. 06 0.03 1.52 1.12 6. 38 1.36 0.3 0.07 0.03 0.03
0 1.35 0.20 0.10 2. 80 2.56 11.48 4. 47 0.8 0.15 0.08 0.05
150 MW 0.41 0.14 0. 06 2.32 1.36 8.42 2.21 0.49 0.10 0.07 0. 04
Lk 200 MW 0. 36 0.08 0. 05 2.16 1.44 8.93 0.94 0.41 0.10 0. 06 0. 04
i PR A2 250 MW 0.24 005 003 1.52 L1258 060 0.3 007 006 0.03
300 MW 0.21 0.03 0.02 1.36 1. 04 5.53 0. 85 0.2 0.07 0. 04 0.03
oK 0.29 0.05 0.03 1.36 0. 64 6.29 0.94 0.32 0.06 0. 04 0.02
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Tab.3 Pulsating water pressure test results of the 4* tal water gate

i) 13 T 00 R

T - 5
Al/m fi/Hz Ai/m fo2/Hz As/m
OMW 3.98 1.29 0.53 2.84 0.27
- 150MW 2. 61 1.19 0.61 2.59 0. 06
il
v 200MW 3.7 1.19 1.30 2.49 0.20
i
H 250MW 3. 14 1.19 0. 68 2.89 0.07
300MW 0.47 1.22 0.04 2.89 0.02
Hhk 0.77 3.19 0.07 6.19 0. 06
oMW 4.38 1.29 0. 64 2.69 0.33
! 150MW 2. 18 1.19 0.35 3.29 0.12
YHI L
. 200MW 3.5 1.19 1.05 3.29 0.08
I
. 250MW 1.47 1.29 0.14 3.29 0.05
FR AL
300MW 0.75 1.29 0. 06 3.29 0.03
K 0. 41 3.19 0.07 1. 19 0.05
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Fig.4 Cylinder integral model and finite element mesh
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Fig. 5 Cylinder local model and finite element mesh
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Tab.4 Calculated cylinder natural frequency of

the 4% tal water gate
Hz

1074 1 2 3 4 5 6
AR 2.80 13.32  23.47 36.33  64.33 71.50
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Fig. 6 Relationship betw een displacement ampliude and frequency
(force amplitude: 50 kN)
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Tab.5 Relationship between the disturbance force amplitude

and-vibration displacement amplitude of top cylinder

J11@E/ kN 10 20 30 40 50 60
JEIE/ mm  9.37  19.13 28.60 38.88 47.19 57.66
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Fig. 7 Relationship between the disturban ce for ce am plitude and

vibration displacement amplitude of top cylinder
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