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Abstract: This study aimed to evaluate the performance of an electric tractor equipped with an E-axle system
through simulations in a MATLAB/Simulink environment. Travel speed conditions were set at 5 km/h and 7 km/h,
which reflected typical speeds for plow tillage. The analysis focused on comparing performances of key
components and the overall vehicle under these conditions. Results showed that reducing the travel speed decreased
slip and improved tractive efficiency. At a travel speed of 5 km/h, the maximum slip of the front E-axle was
reduced by 35% with average slip reduced by 45%. For the rear E-axle, the maximum and average slips were
reduced by 85% and 78%, respectively. In addition, the average tractive efficiency increased to 85.1% at 5 km/h,
which was approximately 14% higher than that at 7 km/h. The reduction in initial slip also improved energy
efficiency. The average traction force was consistent over 26.6 kN for both speed conditions, demonstrating that
similar traction could be maintained even at a reduced travel speed. These findings suggest that optimizing the
travel speed of E-axle based electric tractors can significantly enhance operational efficiency and energy
management. This study provides essential data for developing slip control algorithms for E-axle systems and
electric tractors. Future studies need to be conducted for experimental validation and further analysis to support

these findings.
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K, : Integral gains of the flux controller
Lm
L,, L, : rotator, and stator inductances (H)

P, : traction power (kW)

: magnetizing inductances (H)

: wheel driving power (kW)

w
R : winding resistance ({2)
R, : rotor resistance ({2)

roo.

R

s 1 slip (%)
TFE : tractive efficiency (%)

: stator resistance ({2)

Vi, : d-axis stator voltage (V)

Vs © g-axis stator voltage (V)

V., : theoretical travel speed (km/h)
V, : actual travel speed (km/h)

Ay, o d-axis rotor flux (Wb)
e, o graxis rotor flux (Wb)

o : leakage factor

: stator angular velocity (rad/s)

w, : rotor angular velocity (rad/s)
wy,; : slip angular velocity (rad/s)
w,. - cut-off frequency (rad/s)
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Fig. 1 Schematic of the power transmission
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Fig. 2 Schematic of electrical systems of the
E—axle tractor

Table 1 Specifications of the electrical systems
of the E—axle

Item Specifications
Type AC induction
. Max. torque 119.7 Nm (@550 A)
Electric
motor (Nm) 143.9 Nm (@650 A)
Rated power
25
(kW)
Capacity
(KWh) 14.6
Battery Type LiFePO,4
Voltage (V)/
C-Rate (C) 70.4/2
Rated power
Generator 13.5
(kW)
Max. output
50
current (A)
Charger VoIt
oltage
220
)
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Fig. 3 Induction motor model in the MATLAB/
Simulink environment

Table 2 Parameters of the induction motor

model

Item Value

Number of poles 4
Stator resistance (m(2) 11.24
Rotor resistance (m(2) 4.86
Mutual inductance (mH) 1.2
Stator leakage inductance (m H) 0.009
Rotor leakage inductance (mH) 0.009
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Table 3 Simulation results for the front and
rear E—axle motor torque according
to travel speed

Ttem Travel speed | Max. torque | Avg. torque
condition (Nm) (Nm)
Front 5 kmv/h 108.9 86.5
E-axle 7 km/h 92.9 85.6
Rear 5 km/h 116.4 91.1
E-axle 7 km/h 116.4 90.0
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Table 4 Simulation results for slip of the
front and rear E—axle according to

travel speed

EYTE) E-axle 7|4k A7) EHEY A
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&

ofr
S

Table 5 Simulation results for traction force
of the
according to travel speed

front and rear E-—axle

Item Travel speed | Max. slip Avg. slip
condition (%) (%)
Front 5 km/h 36.0 18.9
E-axle 7 kmh 55.8 34.5
Decrease rate (%) 35 45
Rear 5 km/h 9.3 8.9
E-axle 7 km/h 60.8 39.9
Decrease rate (%) 85 78
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Fig. 10 Comparison of simulation results for

traction force of front and rear

E—axle according to travel speed
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Max. Avg.
Travel speed . .
Item condition traction force | traction force
(kN) (kN)
Front 5 kmh 8.5 6.5
E-axle 7 km/h 72 6.4
Rear 5 km/h 9.1 6.8
E-axle 7 km/h 9.1 6.8
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Fig. 11 Comparison of simulation results for
tractive efficiency of E—axle tractor
according to travel speed
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Fig. 12 Comparison of simulation results for
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displacement of E-—axle

according to travel speed

Table 6 Simulation results for tractive efficiency
and slip duration of the E-—axle

tractor according to travel speed

Avg. i
Travel speed vE t.mctlve Slip duration
condition efficiency ()
(o)
5 km/h 85.1 3.5
7 km/h 72.9 4.5
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