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Automatic Shift Strategy of Full Power Shift Transmission
for Heavy Duty Tractors

WANG Jian' ZHU Xiaokai' XIE Tailin® GUO Hua’ YIN Bifeng'
(1. School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China
2. Changzhou Changfa Agricultural Equipment Co. , Lid. , Changzhou 213176, China)

Abstract; In response to the current lack of full power shift transmissions for heavy duty tractors and the
issues of complex shifting operations, high fuel consumption, and poor adaptability in traditional tractors
in China, a fully automated shifting transmission was designed for 220 kW tractors. Standard automatic
shifting strategies for road transportation mode and plowing operation mode were developed based on the
control core of economy and power for different working modes of tractors. These strategies enabled fully
automatic shifting on the foundation of a full power shift transmission. To further enhance the adaptability
of automatic shifting strategies under different working conditions, intelligent automatic shifting strategies
were formulated. In the road transportation automatic shifting strategy, the total fuel consumption was
taken as the optimization objective, with shifting point speed and shifting delay time serving as design
variables. A genetic algorithm was employed to optimize the control strategy. In the plowing operation
automatic shifting strategy, two corrective parameters, namely, slip rate variation and vehicle speed
variation, were introduced to dynamically adjust the downshifting point speed by using fuzzy control rules.
A tractor simulation model was built by using AMESim and Matlab/Simulink, and simulations of
automatic shifting strategies under different working conditions were conducted. The simulation results
demonstrated that compared with the standard automatic shifting strategy, the total fuel consumption of the
tractor under the road transportation condition was decreased by 6. 71% , while the number of shifts was
decreased by 36.5% and the total fuel consumption was decreased by 2. 85% under plowing operation
conditions. Finally, the effectiveness of the road transportation mode automatic shifting strategy was
validated through bench tests.

Key words: heavy duty tractor; full power shift transmission; automatic shift strategy optimization
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Structural sketch of full power shift transmission
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Tab.2 Constraints for optimizing variables
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v, 27.31 17.31
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vy 33.27 23.27
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Vg 35.19 25.19
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Tab.4 Optimization results

ZH AL i (=
v,/ (km-h™") 22.31 17.59
v,/ (km-h~") 22.62 17. 62
v,/ (km+h™") 23.93 19. 00
v,/ (km+h™") 25.04 20. 00
vs/(km-h~") 26. 12 21.50
v/ (km+h™") 27.24 22.25
v,/ (km-h~") 28.27 23. 80
v/ (km-h~") 29.38 24. 46
vy/(km+h~") 30. 19 25.20
tup/S 3.00 1.54
Laoun”$ 3.00 0. 20
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Simulation and optimization results of road transportation conditions
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