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Fig. 1 Schematic diagram of rack-and-pinion torques for the No.1

drive unit
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Fig. 2 Schematic diagram of the synchronous shaft system structure
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Tab.1 Classification of the ship chamber operation data
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Fig. 3 Interface of the data processing software
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Fig. 4 Statistical analysis of the water depth distribution in the ship

chamber
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Fig. 5 Motor speed and torque variation during the ship chamber
upward operation
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Fig. 6 Motor speed and torque variation during the ship chamber

downward operation
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Fig.7 Torque of the synchronous shaft system
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Fig. 8 Total gear load under different ship chamber water depths
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Fig. 9 Variation law of the total gear load with the ship chamber
water depth and the misladen water depth
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under the ship chamber misladen water depth
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Analysis on influencing factors of load of ship chamber driving mechanism
for rack-and-pinion ship lift

WANG Xiangdong' SHI Lubing® YAN Xiaoqing'
(1. Three Gorges Navigation Authority, Yichang 443002, China)
(2. ZRIME Gearing Technology Co., Ltd., Zhengzhou 450001, China)

Abstract: [Objective] To address the unclear key factors affecting loads of the rack-and-pinion climbing-type ship-lift
chamber driving mechanism, based on the collected historical operational data including ship-chamber operation frequency,
water depth inside the chamber, driving mechanisms and synchronizing shaft systems, variation rules of rack-and-pinion loads
under different operating conditions of the ship-lift were investigated. [Methods] A mechanical analysis and numerical
calculation model for the ship-chamber driving system was established based on data-fitting results. Through statistical analysis,
the influencing mechanisms of varying water-depth conditions, operating modes and unbalanced loads among driving units on
pinion loads were systematically revealed, and targeted countermeasures were formulated. [Results] The results show that the
rack-and-pinion load during the uniform upward and downward movement of the ship chamber is mainly affected by the
misladen water depth and the system frictional resistance. During the acceleration and deceleration stages, the inertial loads
induced by the self-weight of the ship chamber and the rotating components in the system produce prominent peak values of the
rack-and-pinion loads. There are significant deviations in the rack-and-pinion loads among drive units, which are basically
unaffected by the operation process, operating conditions and overall load conditions of the ship lift, presenting a random
distribution characteristic. Optimized control over pinion loads can be achieved through precise regulation of chamber water
depth.

Key words: Ship lift; Ship chamber driving mechanism; Rack-and-pinion; Operating load; Misladen water depth; Eccentric
load of drive units (4t 37 SUF)
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