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Analysis of Rollover Angle According to Arrangement of Main Parts of
Electric Tractor Using Dynamic Simulation

Jin Ho Son * Yeong Su Kim * Yu Shin Ha'

In the agricultural sector, power sources are being developed that use alternative energy sources such as
electric tractors and hydrogen tractors, away from internal combustion engine tractors. As parts such as engines
and transmissions used in conventional internal combustion engine tractors are replaced with motors and batteries,
the center of gravity changes, and thus the risk of rollover should be considered. The purpose of this study is
to analyze the overturn angle of the main parts of the electric tractor through dynamic simulation to minimize
the overturn accident and to derive the optimal arrangement of parts to improve stability. A total of nine
dynamics simulations were conducted by designing three components of the PTO motor, drive motor and the
battery pack, and three factors of the arrangement method. As a result of the experiment, it was confirmed that
Type3 Level3, in which the drive motor and the PTO motor are located at the front and rear of the tractor, and
two battery packs are located in the middle of the tractor, has a high rollover angle. As a result of this study,
the stability increased as the center of gravity was placed backward and located below. Future research needs
to be done to find the optimal location of parts considering their performance and placement efficiency.
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7F &9 wok AL F 7 & Bles AAISHL Q1A
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2 FH(C0G)Y Al AYATE Hste] s
S1EKKim et al, 2016). AgE ol Al Azo] 32
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S AA F A7) Edee] 2 RES hstel A $4
< =&319tFig. 2).

Table 1. Specifications of the tractor

Parameters Values
Width (W) 2,700 mm
Length (L) 3,800 mm
Height (H) 2,800 mm
Mass of front wheel 35 kg
Mass of rear wheel 80 kg

Total mass of the tractor 3,000 kg

a) side view b) front view

Fig. 1. 3D model of the tractor

Fig. 2. 3D model of a tractor for Center of Gravity (CoG)
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Table 2. Simulation variable parameters

Parameters Values
Dynamic friction coefficient (F-1}2H Al4) 12
Stiffness coefficient (744 #|4%) 105
Damping coefficient (714] 74> 10
Simulation time (3]4] A]7}) 30s
Simulation steps (34] ©HA)) 1,000

Awzt Algdlold eAle thaat o] Jog
tiFig. 3).
1. EHEE AHol XA
2. Ground:= 2rad/s =2 WA 3143}
3. AwZbE F uprE AHIRe] & o)
= = Fofgit.

b) Rotate method

a) Critical condition

Fig. 3. Schematic view of the lateral overturning of the tractor
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DMIL EZEE 1EsH= HEE E5% 1853 Nm, ¥}
= 584 kW, DM2= EHEE 153l RER EF:
37.7 Nm, 2}9]%= 11.8 kWoltk. upxato @ PME PTO
o & ISk HEE EdE 1760 Nm, 9=
553 kW= 475t
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S 34FE0R YRStk
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ilo R

4. EHEY FHE 7R WAL R 15°4 Type 12> 53} PTOE d4sk= e 171¢} w2
S ZIHA AEE HHEg) WS AE31A0E Type 1 Level 12 TE|S E#E 2of
Table 3. Specifications of main parts
Battery Half Battery Motor Drive Motor 1 Drive Motor 2 PTO Motor
B) (HB) M) (DM1) (DM2) (PM)
Width (mm) 1,000 1,000 400 400 300 400
Height (mm) 600 300 400 400 400 400
Length (mm) 400 200 400 400 30 400
Weight (kg) 500 250 80 70 40 65
Torque (Nm) - - 200 185.3 377 176
Power (kW) - - 62.8 58.4 11.8 553
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Fig. 4. Electric tractor main parts layout diagram
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