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Abstract

The rural labor force has gradually been decreasing due to the decrement of the farm
population and the increment of the aging population. To solve these problems, it is
necessary to develop and study autonomous agricultural machinery. Therefore, analyzing
the dynamic behavior of vehicles in an autonomous agricultural environment is important.
Until now, most studies on agricultural machinery, especially on ground vehicle dynamics,
have been done by field tests. However, these field test methods are time consuming and
costly with seasonal restrictions. A research method that can replace existing field test
methods by using simulations is needed. In this study, we did basic research analyzing the
effect of the travelling speed of a tractor on tire slip using simulation software. A tractor
simulation model was developed based on field conditions following a straight path. The
simulation was done for three ranges of speed: 20 - 30 km/h (considered the normal
travelling speed range), 6 - 8 km/h (considered the plow tillage speed range) and 2 - 4 km/h
(considered the rotary tillage speed range). The results of the simulation show that the slip
ratio and slip angle values tended to increase as the traveling speed range of the tractor
decreased. From the simulation results, it can be concluded that at low tractor speeds, it
becomes more difficult to control the vehicle path. In future research, simulations will be
done with various work environments such as a curved path as well as with various friction
coefficient conditions, and the simulation results will be experimentally verified by
applying them to an agricultural tractor.
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Materials and Methods
AT EQ0]

A& o) A2 21FFe] Fosh Al E|o]Adof Wo] AFEEl= T2 73091 Carsim (ver9.01, Mechanical Simulation
Corporation, USA)Z 0]-8-5}51t}. 2 Aol A AL Carsim AT E o] ek, 2 242 2d So] theksh
S 4D 5 ol om, FAAQI e Ho] A= Fig. 13 Zth Algg o] Ao A8 H EZE A Y2 71kW 3 &2
(L7040, LS Mtron, Korea)©|™, 7] the] A o], X}E, =0]+= 4,000 x 2,677 x 2,640 mm, F7+= 3,260 kg= A5}
Aot e T-55 (effective radius)= 545 mm, & Efo|o] o] G- TLERHE -2 745 mmE A ATt

=~
Vahicle Body g
Sprung mass - "
Trackar: Sprung Mass £ LS Mion L7040 =

¥o
fa
=

Aerodynamcs
o Aerodynamics
Animator Data
Vehicle animaior data: Vehicle Shape

This vehicie uses the Minimum Powerrain option.
Mote that this opiion wil anly work with the Closed

CarSim Run Conrot. Tractor wf Caner Pol Front A

 Setup: 35 dag, Azimuh, 42 deg
ssembly: Tracter 1 LS Mion L7040
scedures: Olt Road Dining ¢ LS Mron ¥ Curved
Plat: Setsp: ¥ vs. X — Trajectory

Tractor £ LS Mion L7040

Systems

Powervain: Speed conkol (min. powerirain) =]

Front Suspension
Solid wde

Tractor - Froni Soid Axle

.| Springs, Dampers. and Complance

Tractor - Front Sobd Ads Comp

Taws. Speciy each bee separsiesy

Rear Suspension
Sokd wde.
Tractor - Rleas Sobd Ande
Springs. Dampars. and Compsance

Tractor - Rear Solid Asde Comp.

Raghtiront ire. - Reghbrear e
Custom saftings Tractor: Front Tirs (Right) B Tractor: Rear Tire (Right)

Lebtronstre - Letroar ire
Tractor: Fron Tre (Lek) Tracr: Rear T (Lef)

Fig. 1. Carsim software used for the simulation.
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Fig. 2. Two degree of freedom linear kinematic vehicle model for agricultural tractor.
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X, = Veos (o+p)

Y, = Vsin(o+B)

: Ve
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Where, X, ¥ : Global axis coordinate

X., Y, : Vehicle target position

7 : Yaw angle of vehicle in global axes (rad)

© : Yaw rate of vehicle (rad/sec)

l : Longitudinal distance from center of gravity to tires (front, rear) (m)

Ié; : Side-slip angle of vehicle (°)

5 : Wheel steering angle (front, rear) (°)
0, : Velocity angle of tires (front, rear) (rad/sec)
f : Label of front wheel
r : Label of rear wheel
suEd
2}eFo] S (slip ratio) ¥ &1 Z¥(slip angle) 2. 2 UERA 4= QJth(Kondo et al., 2011). X H327
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Where, r,;; : Effective radius (rolling radius) of rotating tire (m)
w, :Angular velocity of wheel (rad/sec)

V. : Longitudinal vehicle velocity (m/s)
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Where, § : Front wheel steering angle (°)

6, : Tire velocity angle (°)

B3 : Slip-side angle of vehicle (°)

¢ : Yaw rate (deg/s)

v :vehicle speed (km/h)

l; : Longitudinal distance from center of gravity to tires (front) (m)
SELE

EdH L7t SRR v = G- A5 flote] EFE g P77
o} 38 172 71 KWE HE 9] 28 &2 7185} 20 - 30 km/h Y] 2 AAstg.o0, 2
2 2H) £ 2 185to] 212t 6 - 8 km/h) 2 - 4 knvh B 9] 2 A ASFATHNIAE, 2004). Al E80]4
of thote] 1 km/h XA 02 Al B o] st o, olnf o] £9H-&, &7 Wit o] ZH &
o2 ehfiict =5k 2 8 SH 2T yaw rate ghofl it A1E 55to] £ 7o Bisls B
and Noguchi, 2016).

AlEeo)dE e AA 232 5498 whget 244 Bedlo] Wasi, 2 Aol M= w2 Al A4t
7} full throttleol| A 540 2 2ot= AL Hejote] A FRLE R FE5TFS
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Mok S, 3o ofARE Lt 2 0608 45t

EdY &5 mtet £33 AEH 0] 5190 A= Table 13 2t} £3-8-2 20 - 30 kmvh 7ol A]
0.131%, 6 - 8 km/h -7t 4] 0.201%, 2 - 4 km/h 7|4 0.230% 2 YEFGTH ETY &SV 48rE &9

3
2 Z7He A2 ¢ 4 qlom, ol EdH 74 3 FAS I HE4E EAH SEotuh| o] S5 ALo] 9]

Table 1. Longitudinal force and slip ratio data at straight path.

Path Straight path
Speed range (km/h) 20-30 6-8 2-4
Slip ratio (o, %) 0.131 0.201 0.230
A
-kl

EdY Sof mpet &322 waQlzte] oish A& o] d A= Table 291 At EE] ko ohE Hot &
HZF2 20 - 30 km/h Fl[ 41 0.172°, 6 - 8 km/h H7Fol| 4] 0.219°, 2 - 4 kivh FE7FOl| 4] 0.309°2] gh= LEFATE. ©]
o yaw rate 2+ 20 - 30 knvh -7+l 4 0.678 deg/s, 6 - 8 km/h 7ol A 0.436 degss, 2 - 4 kmv/h -7+l 4 0.442 deg/s 2]
S reboh T3 24F 8 £97F 452 20 - 30 km/h 7EOfl 4] 0.1322, 6 - 8 kvh 7FOllA] 0.170°, 2 - 4 km/h -
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¥l A 0.261°2 LreERETE
Algdold 27HE Tl EFE St gadaes 942 St A2 € 4 eH, ol= &3z 9F
2 0|2 = R 8420 2FF 8 92T yaw rate 2] Fho] L7t AT gho] SVt A S Hol= Aol 4
FE 2 Ao R IHE Tk
Table 2. Lateral force and slip angle data at straight path.
Path Straight path
Speed range (km/h) 20-30 6-8 2-4
Slip angle (a, ©) 0.172 0.219 0.309
Slip-side angle of vehicle (3, ©) 0.132 0.170 0.261
Yaw rate (¢, deg/s) 0.678 0.436 0.442
EE 33 271 20| Dj3E B
EAE FYELIL HASSE SHEN SHA2 Sk 239E Uil o, FEEE 0 ST
7ol At A Q1 Agt 2polE vl wotr| Qote] Fapto| A o] EH-& EHZT AIE Vo= 2y e 7t
S t}& Fig. 33} o] Bl w5ttt
EHH ZAFAEETF 6 - 8 km/h Q1 H-F-ol= F31t] vlste] & %ﬂw%@é%ﬂﬂlﬂ%%ﬂﬂﬁg
™, 2 - 4 km/h}l 7 -9-olli= 22 176%, 180% S7Fotitt. 12| B= ESE FPEL 171 Bihs 2 g &1t

)
A e 2 &Yo] BB U 5 900, FE2- 4kmhe] HY SETANA L F) 180% 74 £Hzto] WSt
ofelg 7o weE|gl

200 — - 200
7/} Relative slip ratio
180 4 |l Relative slip angle 176 180 1 180

160

153 160
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120 120

100 100

80 80

60 4 60

Relative slip ratio (%)
Relative slip angle (%)

40 40

20 4 20

0 % 0

6-8 2-4

Speed range (km/h)

Fig. 3. Relative slip element value according to tractor speed range.
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