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The purpose of this paper was to develop a simulation model for a 40 kW electric tractor using a powertrain based on dual
motors and a planetary gear. To select motor capacity and reduction gear ratio based on the power flow for agricultural
work, load data for various gear conditions were acquired and analyzed using a 42 kW engine tractor of similar capacity.
Modeling was conducted using MATLAB/Simulink/Simscape. Load data acquired through actual field tests were applied as
load conditions for the simulation. Simulation results confirmed that the power was transmitted through the planetary gear
as the clutch and brake operated according to the work mode. The developed simulation model is expected to be used for
electric tractor development.
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Fig. 1 Photograph of 42 kW tractor for a field test

Table 1 Specification of the 42 kW tractor

Item Specification
Model TX-58
Company TYM, Co., Ltd, Korea

Length x Width x Height [mm] 3,695 x 1,840 x 2,560

Wheelbase [m] 2,155
Empty weight [kg] 2,615
Total weight [kg] 3,305
Rater power [kW] 42
Engine
Rated speed [rpm] 2,200

PTO speed [rpm] 540/750/1,000

11.2-20/ 14.9-30

Size (front/rear)

Tire
Type Bias
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" bya Proximity sensor

PTO torque meter

Wheel torque meter

Fig. 2 Configuration of the tractor measurement system

Table 2 Specification of the sensors

Item Specification
Model / Company RF-15000-275 / MANNER
Wheel Nominal load 25 kNm
torque
Measuring range -25 ~25 kNm
meter
Accuracy 0.1 %
Model / Company CYGTS211B / ChenYang
Proximity
Response frequency 1 Hz - 20 kHz
sensor
Sensing distance 3 mm
Model / Company PCM16 / MANNER
PTO Nominal load 5 kNm
torque Measuring range -5~5kNm
meter Maximum speed 2,000 rpm
Accuracy 0.1%
Duro Inertial / Swift
Model / Company ure ne. 1a. b
navigation
RTK accuracy
. 10 mm + 1 ppm
(Horizontal)
RTK-GPS
RTK accuracy
. 15 mm + 1 ppm
(Vertical)

Sampling rate

10 /25-200
(GPS / IMU)
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(a) Moldboard plow (b) Rotavator
Fig. 4 Tractor implements for a field test
Table 3 Soil characteristics in this study
Cone index [kPa]
Depth [cm] 0-5 5-10 10-15 15-20
Cone index [kPa] 1,122.4 1,271.1 1,950.9 23843
Soil texture
Components (%) Sand 51.48 Silt 26.44 Clay 22.08
Soil texture Sandy clay loam
Soil water content
Water content (%) 41.74

(b) Rotary working

(d sphalt driving

(c) Field driving

Fig. 5 Filed tests for an agricultural tractor
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Fig. 6 Schematic diagram of a planetary gear

]E‘_Z ,{’2' PTO
Working 777
motor e

I e

Fig. 7 Schematic diagram of electric tractor powertrain based on
planetary gear system: a. Clutch, b. Brake, c. Ring gear, d.
Sun gear, e. Carrier, f. Main reduction gear, and g. Final
reduction gear
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Driving
motor

(b) PTO mode

Fig. 8 Power flow via a planetary gear system

Table 4 Specification of the implements

Specification

Item

Plow Rotavator

Model WISP-4 WI185A

Company Woongjin Woongjin

Length > Width x Height | o1 500 x 1235 810 2,020 % 1,130
[mm]
Weight [kg] 290 405
Nominal tilling width 1,500 1,820

[mm]
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Table 5 Specifications of motors

Item Specification
Torque [Nm] 24 /72
Max speed [rpm] 6,000
Rated 10/ 30
Power [kW] @4,000 rpm
10 /30 kW Continuous operation time (min) 120
motor Torque [Nm] 44.64 /92.39
Max speed [rpm] 6,000
Max 18/39
Power [kW] @4,000-6,000 rpm
Continuous operation time (min) 15
Wy
Speed:' "\“\._\ De
rpm) | TRl
~~~~~~~~~~~~ Ws
T k ‘JD
Ring Carrier Sun
(a) Speed relation
T,
Torque
(Nm) Ts
Carrier J)
O)
Ring L k Sun
TC

(b) Torque relation

Fig. 9 Lever analogy of planetary gear
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Fig. 10 Simulation model of electric tractor
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(b) T-N curve of 30 kW working motor

Fig. 11 T-N curve of motors
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Fig. 13 Results of plow tillage simulation
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