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Abstract: Aiming at the issue of insufficient energy utilization efficiency of engineering machinery
under complex working conditions, a collaborative control strategy for efficiency optimization of
torque converter and gearbox is proposed. Firstly, based on the power and mechanical balance of
loaders, a simulation platform of loader powertrain system is constructed based on the traction
performance theory. The effectiveness and reliability of this platform are validated through data
collected in the loader operational cycle experiment. Secondly, based on the test bench experi-
ments of engine and hydraulic torque converter, the traction characteristics of ZLL50 loader are
studied, and the power performance of ZL50 loader in four different traction stages including

starting, lifting, digging, and uniform speed is compared, and the influence of the hydraulic torque con-
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verter’s lock-up point on the loader’s power, smoothness and fuel efficiency is also studied. Finally, a

collaborative control strategy for optimizing the efficiency of the hydraulic torque converter and gearbox

under complex working conditions is proposed. A comparative analysis of the loader”’ s performance

before and after optimization is conducted. The results show that under the same V-cycle working condi-

tions, the fuel consumption output energy of the loader increased from 372. 69 kW « h « mLL™" to 420. 51

kW « h» mL™', and the overall efficiency of the entire loader increased by approximately 12. 8%. The

collaborative control strategy provides a solution to the problems of low transmission efficiency, high fuel

consumption, and severe polluting emissions of large construction machinery.

Keywords: loader; drive system; torque converter; gearboxes; collaborative control
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Fig. 1 Power and mechanical balance architecture of loaders
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Fig. 2 Electromechanical hydraulic joint simulation model

for loaders
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Fig. 8 Model validation of loader transmission system
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Fig. 9 Bench test of loader power transmission system
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Fig. 10 Power transmission system bench test performance data
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Fig. 13 The propulsion characteristic of loaders during the

empty load start stage
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Fig. 16 Vehicle status during the excavation phase
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Fig. 17 Comparison of propulsion characteristic during full

load uniform speed stage
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Fig. 19 The impact of different locking points on the

engine during the starting stage
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