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Numerical Analysis of Steering Instability of 55kW Eletric Tractor by
Bouncing and Sliding
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Abstract: Tractors are used for farming in harsh terrain such as slopes with slippery fields and steep passages. In
these potentially dangerous terrain, steering instability caused by bouncing and sliding can lead to tractor rollover
accidents. The center of gravity changes as parts such as engines and transmissions used in existing internal
combustion engine tractors are replaced by motors and batteries, and the risk of conduction must be newly
considered accordingly. The purpose of this study was to derive the center of gravity of a 55 kW class electric
tractor using an electric platform from an existing internal combustion engine tractor, and to numerically investigate
the tractor steering instability due to bouncing and sliding. The analysis provides a strong analysis by integrating
an elaborate combination of a bouncing model and a sliding model based on Coulomb's theory of friction. Various
parameters such as tractor speed, static coefficient of friction, bump length and radius of rotation are carefully
analyzed through a series of detailed designs. In particular, the simulation results show that the cornering force is
significantly reduced, resulting in unintended trajectory deviations. By considering such complexity, this study aims
to secure optimal performance and safety in the challenging terrain within the agricultural landscape by providing

valuable insights to improve tractor safety measures.
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Table 1 Specifications of main parts

Part L x W x H [mm] Weight [kg]

LIB 1426 x 600 x 786 600

DM 400 x 400 x 400 70

PM 400 x 400 x 400 65

HM 300 x 300 x 400 40

HS 400 x 700 x 400 30
Inverter 400 x 700 x 400 30
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b) Side view

Fig. 1 Electric tractor main parts layout diagram
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frTE 2EE wiA st EE
e f\l H3 JAWEE AZAsH A, )
02 Aol YIAAHT viE Y A, 75 =H,
PTO EH, F47T5EH, TUAI2E, AMEHS 742t
240 2 HE 700 mm, 1,200 mm, 1,200 mm, 1,200
mm, 1,000 mm, 1,000 mmE #)x|3}ck. vix] &, 55
kWg 7] EZES FA F4 ol 1,520 mm,
Az Sukel FA| B H]E-2 48.0:52.00]th

2.2 X|sHA 0l M
o| mtz}o|E
M= 55 kW AZ|EFEC 3D RdS Ed
CoG(center of gravity)S =745} 1%, EE“EiA =
£ 3,800(L)x 2,700(W)x 2,800(H) mmo]™ =A|E A
Y2 Table 29} 2} v 9] FA= tha3 o] A
AATh A E 11.2-24 729 Elo]olE ALE3}

THE 55 kwag T7| EEfiH

Table 2 Parameters Specifications of 55 kW
Electric Tractor Considered in Numerical
Experiments

A7) EUHO 2 ¢

Parameters Symbol Values Unit
Stiffness of front wheel ky 200 kN m™
Stiffness of rear wheel ky 260 kN m™
Damping coefficient of o 5500 Ns m?

front wheel

Damping coefficient of rear G 6690 Ns m?
wheel

Cornering power of front Co 218.54 N deg™
wheel

Cornering power of rear Coo 435.12 N deg
wheel

Mass of tractor body [\ 3065 kg
Pitch moment of inertia lyy 700 kg m’
Yaw moment of inertia I, 700 kg m?

Distance between centre of
gravity of the tractor body Iy 1.1 m
and front wheel

Distance between centre of

gravity of the tractor body I, 1.2 m
and rear wheel
Wheelbase of the tractor WB 2.2 m

Distance between centre of
gravity of the tractor body

. | 2.24 m
and the centre of gravity of] :
implement
Motion resistance
. 0.12 -
coefficient of front wheel Kot
Moti istan
otion resistance o 0.12 _

coefficient of rear wheel
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Fig. 3 Combined Bouncing and Cycling Model (@
bouncing tractor model with two degrees of
freedom, namely the vertical motion z and
pitch motion y; (b) bicycle model with two
degrees of freedom, namely the yaw rate r
and slip angle B
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A% - A5 - R - PN
Field driving
90~150cm
A
20~25cm
h 4
Road driving

Standard for the installation of speed bumps

P Road width: 6m < 10cm

7.7cm

7.5cm 6.8cm

P Road width: 6m >

Source: Ministry of Land, Infrastructure and Transport

Fig. 5 Obstacle environment according to
the driving route of tractor

@

(b)

Fig. 6 Type of 3—point hitch work machine
used for 55 kW tractors: (a)
Rotavator; (b) Disk rotary flow

Table 3 Specifications of 3—point hitch

attachment for 55 kW tractors

Model Rotavator Disk rotary flow
Recommended
Teactor (cW) 45 ~ 55 35 ~ 75
900 x 2470 x 1745 x 2625 x
LW H [mm] 1000 1070
Weight [kg] 439 537

D R K R LI )

Table 4 Specification of Obstacles and Driving

Parameters along Tractor Path

Considered in Numerical Experiments

Parameters Symbol Values Unit
Travel velocity of 1
the tractor v 1.5~ 40 ms

Static friction
2~ 1. -
coefficient s 0 0
M. f
Yass o M, 439, 537 kg
implement
Bump height d, 0~ 025 m
Bump length I 0~ 3.6 m

a3t
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o7 apt WA= A3, =& Bt r AET)
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A3 9HEL 35 m A97] FAE 439 kgo 2
A

V=25ms", py =06 M =439 kg

N
Twisted trajectory \

\

Nomal trajectory

y-axis direction (m)

— Nomal trajectory: dy = 0.00 m
w1 Twisted trajectory: d; =025 m

R Turning point

4 5 6 7 8 9 10 1 12 13 14
x-axis direction (m)

Fig. 7 Tractor's trajectory during
the turning test past the bump point

turning
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