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Development of a Simulation Model for an 80 kW-class Electric
All-Wheel-Drive (AWD) Tractor using Agricultural Workload
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Abstract: The aim of this study is to design a simulation model for an electric All-Wheel-Drive (AWD) tractor to
evaluate the performance of the selected component and agricultural work ability. The electric AWD tractor consists
of four motors independently for each drive wheel, and each motor is combined with an engine generator, a
battery pack, and reducers. The torque data of a 78 kW-class tractor was measured during plow tillage and driving
operation to develop a workload cycle. A simulation model was developed by using commercial software,
Simulation X, and it used the workload as the simulation condition. As a result of simulation analysis, the drive
system, including an electric motor and reducers, was able to cope with high load during plow tillage. The SOC
(State of Charge) level was influenced by the output power of the motor, and it was maintained in the range of
50~80%. The fuel consumed by the engine was about 18.23 L during working on a total of 8 fields. The electric
AWD tractor was able to perform agricultural work for about 7 hours. In the future study, the electric AWD
tractor will be developed reflecting the simulation condition. Research on the comparison between the simulation

model and the electric AWD tractor should be performed.
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Table 1 Specifications of the
electric AWD tractor

components for

Item Specifications
Rated torque (Nm) 96.4
Electric motor | Rated power (kW) 20.4
Max efficiency (%) 92.0
Knuckle arm
gear ratio 12.05
Reducer -
Helical reducer 4301
gear ratio ’
K 13.
Engine- Rated power (kW) 3.5
Continuous
Generator operation time (hour) 4.8
Battery Rated power (kWh) 14.6
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Table 2 Results of workload analysis during plow
tillage and driving operations

) Averaged Torque (Nm)
Operations :
Max. Min. Avg. Std.
Plow tillage 5,167 2,292 3,680 835
Field driving 3,731 376 1,001 487
Asphalt driving | 2,311 994 1,902 149
Avg.
4—— Max
4 ---- Min.
6,000 —
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0 T T T
0 30 €0 90 120
6,000
s Field driving
Z
Y 4,000+ 4— 3731 Nm
g
5 2.000- 1,001 Hm
=
0 i & - 376 Nm : . -
0 10 20 30 40 50 60
6,000
Asphalt driving
4,000~
4— 2,311 Nm 1,802 Mm
2,000
& - 594 Nm
D T T T T T T
0 20 40 60 80 100 120 140
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Fig. 6 Averaged axle torque during plow tillage
and driving operations of conventional
agricultural tractor
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