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Structural Design Optimization and Anti—vibration Effect Analysis of Integrated Gate Pump

ZHANG Xiao-fang, YU Dai-guang, LIU Hong-kun, CHEN Zhao
(Nanjing Water Planning and Designing Institute Co., Ltd., Nanjing 212000, Jiangsu Province, China)

Abstract: By solving the problems such as the shortage of drainage power in inland rivers and the difficulty of construction land, the integrat-
ed gate pump with compact structure and small floor area has received much attention. Among them, the integrated gate pump with larger di-
ameter has a short application time and few examples in China. This paper takes the Salt River Pump Gate Project as the background, uses
the three—dimensional parametric calculation model, carries on the design optimization analysis of the door blade thickness, the plate thick-
ness and other parameters, and the reinforcement analysis of the weak parts of the wall pipe and web. At the same time, the key problems
such as vibration and anticorrosion of the gate pump are analyzed and demonstrated. The results show that the thickness of the door blade
should not increase too much, and the panel and web structure with large separation should be properly strengthened at the same time to con-
trol the resonance frequency domain. When the ratio of gate width to height is less than 0.6 and the ratio of the pump outer diameter to gate
width is close to 0.5, the plate thickness combination in the range of 12~16 mm should be used. Transverse, longitudinal and diagonal ribs
should be considered at the same time for wall pipe reinforcement. Through a dynamic simulation analysis, the design of Salt River Pump
Gate can avoid the resonance of the integrated pump gate, and has a certain safety margin.
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Fig.1 Map of Salt River lock location and surrounding environment
12 PR
— AL ] 0 1] 2R T AR A R B R
Yo 1y BRA VRS iR SCHE R TR o S T 5 A e
R3] 3 X6F TR 1D 28540 BEATAMEAL , RSB 2% P B A 11 T 7K
AL RSE/NT 20 mm BN B A B2 ALSFARAE , R inven-
tor Xof — AL I ) HEAT SEUL AR, IF- 5 A Midas PEAT 4530 53
FErp T IREE K JREARSE ) IR SCPEEE R G0 BB SR S5 A I o
S ST RN A A AT 2 )R I e a0 . BN
B R S R F B AR 1Y) FGB ARL, TR WA, 9 Hog
PR 3575160 02 5% 249 5L, JE i S 45 2R JH B8 3 75 1) 52 8% 249 5 5
1ETKR T SF6574 44 44 F B 1w 1 7K SR 2R U 9 & s A R340 2y it
P, TR A A 2 o5 )] Ay 18] 249 0 A7 [ A 3 ) 5
H2319.8 T3 A BICHAN 39.5 T7 A1 i o XTI I 1%
(ERRL A 30 2 R 4 A S 2 1) B 0y Je B
W ALX TR IR g o AROCT TR R B A B S B LR 1,
V5 1) K U3 1y W EE HE A9 PR RO O 1, 3 B A A R BRI
0.005, — AR IR — RS RS Fl S P DL 2.
F1 —FURAERMBSHTIR

Tab.1 Material parameter list of integrated pump brake model
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Fig.2 Grid partition diagram of integrated pump gate model
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Fig.3 Curve of vibration frequency and modal variation law

corresponding to different door thickness specifications
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Fig.4 Curve of vibration frequency and modal change law

corresponding to different plate thickness combinations
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Fig.5 Schematic diagram of the wall pipe reinforcement scheme
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Fig.6 Curve of vibration frequency and modal change law

corresponding to different wall pipe reinforcement schemes
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Fig.7 Schematic diagram of vibration pattern development

of gate with wall pipe
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Fig.8 Curve of vibration frequency and modal variation law
corresponding to different side beam web reinforcement schemes
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Tab.2 List of the maximum amplitudes corresponding to the

resonance generated by different side beam web reinforcement schemes
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Fig.9 Schematic diagram of main girder web reinforcement scheme
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resonance generated by different main beam web reinforcement schemes
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Tab.4 Comparison table of characteristic frequency modal results of integrated pump gate
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