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DYNAMIC ANALYSIS OF THE THREE-GORGES SHIP LIFTING SYSTEM

“JIN Jing , LIU Yu-biao , CHENG Zai-bin

(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: Based on the latest design report of the Three-Gorges ship lift, a finite element model of the ship lift
system is built using finite element code ANSYS. The model is composed of a chamber, lifting cables, pulleys,
counters, water in the chamber, driving mechanisms and braking mechanisms. Modal and dynamic analyses were
carried out using numerical simulation method. Modes of fluid-solid coupled system and dynamic responses
under various working conditions including starting, braking and accidents were included. The parameters, such
as spring stiffness, over-loading water, damping and the chamber position, were also discussed. The results show
that the finite element model and the numerical method are reasonable for this kind of complicated system. It can
provide necessary references for the integral design of ship lifting system.
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Fig.1 Finite element model of the Three-Gorges ship lifting

system

2.1



181

( 40
SOLID 45 ) 1
( 40
FLUID80 ) ( 1 )
1
Block Lanczos
Xy z 1250kN/m(
) (2 +156m (3) 0
3.5m 1 X
1
Tablel Natural frequencies and modes of the Three-Gorges ship lifting system
( ) ( )
n X Y
flHz flHz
0.065 0.065 0 0
z z
0.082 0.089 2 0
Y Y
0.010 0.096 1 1
Y z
0.104 0.114 3 0
X X
0.117 0.134 1 1
z X
0.160 0.226 1 2
X Y
2 3
Mo
N \‘
\\ i
™
Z
X
z
Y
X
3
Y Fig.3 The ninth fluid-solid coupled mode of the ship lifting
2 system
Fig.2 The sixth fluid-solid coupled mode of the ship lifting 2.2 Xy ) (Z )

system



182

( SOLID 45)
1 4~
6 XY z
1250kN/m
+15m 3.5m 4~ 6
XY Z

f/Hz

500 1000 5000 10000 50000

k/ (KN/m)
4 X
Fig.4 Natural frequencies as a function of spring stiffness in X
direction
A
0.6+ - .
- - i A
054 [
V- PARe
B o /’
o 044 o
I ’
0.3
0.2+
0.1+ =
500 1000 5000 10000 50000
k/ (kN/m)
5 Y
Fig.5 Natural frequencies as a function of spring stiffness in Y
direction
7
X Y Z
1250kN/m

(X Y ) (Z
@ )
0.7 - >
0s] [ '
0s] -

f/Hz

5000 10000 50000
k/ (KN/m)

500 1000

6 z

Fig.6 Natural frequencies as a function of spring

stiffness in Z direction

0.16

0.14

0.12

f/Hz

0.10 4

0.08

0.06

7
Fig.7 Natural frequencies as a function of position of the
chamber
3
3.1
Z
(
FLUID80 )
20s 0
0.2m/s 0.01m/s*
S = 0.005t? 20s

3.2
3.2.1 (Z )

+15m



183

500kN/m  1250kN/m  5000kN/m
1250kN/m
1350kN 730kN
8~ 11~
10 14 (
)
201 [T ol | .
4 5000k &/ 1 == 500kN/m
6' - .- - 1250kN/m|
A 5000kN/m|
< 57 'A":.A"‘f. Y ,l\'.ﬁ \A\A 4
% 4_ :A“ - »A.“.A’ \*.;.‘.ﬂ‘.)-O
»
5
3
2
14
8 O T T T T
Fig.8 Displacement-Time curves of the chamber 0 5 10 15 20
t/s
=20 fl 20N 1
i 5000kN/!
_ 0207 . o Fig.11 Maximum stress-Time curves of the chamber
£ 4 e
£ 0.15 o 0-
> B 250
3 Ha ~ | - .- - m|
e .t;. 500 A 5000kN/m|
0.054 E
_.A"‘ . 2
0.00 - - . . N
0 5 10 15 20 &
t/s
9

Fig.9 \elocity-Time curves of the chamber

500kN/m
1250kN/m
5000kN/m

0.024

.0.020-

&.\

<%, 0.016

£

T 0.0124
0.008-

0.0044

0.000 : . . :
0

10

Fig.10 Acceleration-Time curves of the chamber
20s

2m 0

0m/s*~0.02m/s?

(6 KuKLI
0.01m/s?

0.2m/s

12

t/s

Fig.12 Pulleys’ end reaction-Time curves of the chamber

—.—
-

50

500kN/m
1250kN/m
5000kN/m|

401

30+

O7MPa

20+

10+

13

t/s

Fig.13 Maximum stress-Time curves of the starter

mechanism



184

1= 500kN/m
ot o
600 A»"::‘:’* ‘}.‘ .A“A‘ ".;A
400+
300+
200+
100+
0 : . . :
0 5 10 15 20
tl's
14
Fig.14 Driving force-Time curves
11~ 14
1250
KN/m( )
5.13404 MPa 40.1426 MPa
666.674 kN(
)
3160kN
Z 500 KN/m~
5000 kN/m
15 5000kN/m
KuK/LI
1250kN/m
5000kN/m
1.00+ —— 694.786kN
099 - sz
0.94 ‘ ‘
500 5000 50000
K/ (kN/m)
15
Fig.15 Influence of spring stiffness

3.2.2

COMBIN14 ) X
Y Z 1250kN/m( )
+15m 3.5m
K; =4K = 4x1.25x10° =5x10° (N/m) 1)
M =14605.3x2+1200 = 30410.6 (t) (2)
C=2{ KM 3)
¢ 0~0.05
16
1.000- —— 666.674MPa
e - 40.1426MPa
0.9984 . 4 5.13404MPa
0.996+ N
0.994+
0.992
0.990+
0.988
0.986
0.984
000 001 002 003 004 005
16
Fig.16 Influence of damping ratio
3.23
+15m +118m
XY Z
1250kN/m( )
3.5m
( 2
2
Table 2 Stress amplitude of the chamber
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