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Experimental study on unpowered emergency closing of

water delivery valves in high-head ship locks
ZHENG Hang, DENG Yue

(Three Gorges Navigation Authority, Yichang 443002, China)
Abstract: Under the emergency valve closing condition of high-head ship locks, the water delivery valves
close slowly under self-weight, which may result in over-filling or over-discharging in multi-stage ship locks
or excessive reverse water head in single-stage ship locks. Excessively fast closing, with a high velocity
maintained near the fully closed position, may damage the bottom water seal and even cause failure of the
hydraulic structure. To address the difficulty in controlling the emergency closing speed of water delivery valves
in high-head ship locks under unpowered conditions, this paper analyzes the feasibility of emergency closing
under UPS-powered operation and fully unpowered manual operation, designs an emergency system for the
unpowered closing of water delivery valves, and verifies its effectiveness through field tests. This system adds a
set of poppet-type solenoid directional valves to the hydraulic system of the ship lock valve, connecting the rod
and rodless chambers of the valve cylinder to form a differential circuit. A UPS power supply is used to power the
valve group. By actuating different numbers of solenoid directional valves, the lowering speed of the valve under
self-weight can be adjusted, solving the problem that the existing hydraulic system cannot realize rapid valve
closing when the ship lock is completely powered off. Field prototype tests on the ship lock demonstrate that the

proposed scheme features high closing reliability and adjustable closing speed.
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Fig. 1 Schematic diagram of water delivery for the 1st to 3rd

lock heads during five-stage water replenishment

AR TG T AR = [l B ey, (HA
BT ZuasfTh BRI, 18Tk Kis
FEmy, WEZRRES, BRI 160 m =W E A

P A% 157.75 m, KT BEKAL, —MEBRIT,
R E TS ) R S K, O SR 4 (i
FL RSB ) R R A e ] ]I K
WU MRSE L W I TG, A RGeS
i) BT FEL PRI 0 TGV R A T PR DG R AR ™

2 BKSARE T BN N A X BRI R
2.1 Jedh i R e AT s A

FEARIT A3 0 8 7K Sk AL I T e e 3
NG IIAH IR IR AT T o 1A W& T Tk =] 7
b FUEKAIE 224 27 m, 2 FS I ) 5 A RN
A 280 mx34 mx5 m( A WK <G BT <G BOK
W), 3R = AROUE R 120 mx18 mx3.5 m,

2" i I R s AT HLIBO RGE B FR LI 2,
D<]
—< D><]

DN255RIE

I%gl

ol [ XD

B2 @mBEANRERSRE
Fig.2 Schematic diagram of the hydraulic system

for valve hoists
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Tab.1 Cylinder force during operation of the upper
left valve of Lock No. 1

FEE LEES TEES TEER

SR % MPa MPa ZF1/KN wE
16:23:17 100. 91 1. 83 5.50 449. 86
16:23:39  95.13 2.13 5.75 429.92
16:23:59  90. 02 2.07 5.92 465. 85
16:24:19  85.16 2.11 6.17 494. 35 Bk

e
16:24:39  80.07 2.09 6.23 508. 65
16:24:59  74.96 2.11 6. 10 483.36
16:25:19  70.15 2.11 6. 14 488. 86
16:25:49  67.96 0.31 3.72 488.13
16:28:30  67.96 0.30 3.59 468. 14 Ll
16:29:49  67.75 5.36 10.13 439.92
16:30:19  60.47 2.11 5.71 425. 85
16:30:49  53.16 2.17 5.70 414.48
16:31:19  45.85 2.18 5.67 405. 99
16:31:49  38.78 2.20 5.63 396.95 KPS
16:32:19  31.49 2.21 5.56 385.80  KiW
16:32:49  24.24 2.22 5.49 373.20
16:33:19  16.96 2.20 5.41 365. 14
16:33:49  9.67 2.21 5.37 356. 50
16:34:19  2.38 2.19 5.31 351.05
16:34:39  -1.11 0.29 0. 82 63.90 K
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Fig. 3 Emergency system for unpowered closing of

water delivery valves
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Fig. 4 Collapse valve group and its supporting

electric control box
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Tab.2 Static water valve closing test items
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Tab.3 Record of static water valve closing test

(&1 LRSI TS SRS T/

P e wpa MPa  REHE s
10.0 0.291 1.841 - -
10.0 3.994 1.930 - -

e 49.9 4.268 1.979 - -

RE 50.4 4.234 1. 946 - -
100.3 3.019 0. 691 - -
100.3 2.975 0. 649 - -

- -0.087~-0.079 1.211~1.249 2 -
- -0.089~-0.044 1.169~1.278 23 -

g - —0.073~-0.035  1.225~1.467 1.2 -

- -0.087~-0.056 1.214~1.496 1234 -
- -0.084~-0.056 1.197~2.010 3.4 -

- -0.085~-0.056 1.202~2.083 1234 -
3.0 -0.079 1.277 - 52.31
2.9 -0. 088 1.260 - 36. 40

wy 100 -0. 076 1.331 - 156.49

RE 9.8 -0.078 1. 346 - 141.66
10.1 -0.078 1. 306 - 450.74
9.7 -0.078 1.326 - 280.51
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