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Simulation of Motion and Overturns for Power

Tiller-Trailer System

& &, A

K. J. Park,

X EEr
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Summary

Computer simulation was carried out to predict the motion and overturns of power tiller-trailer sys-
tem this system when traveing over an obstacle on inclined planes.

To estimate the effects of design factors (mass center of main body and wheel base), ground factors

(ground inclination and height of obstacle), and operation factors (traveling velocity) on the sideways

overturn, the motion of power tiller-trailer system was simulated as the factors were varied with five
different levels.
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1) main frame 2) support frame 3) base plate
4) left side plate 5) right side plate 6) font side
plate

7) rear side plate 8) protect plate 9) seat

10) wheel shaft 11) left wheel 12) right wheel

Fig.l1 Schematic diagram of trailer divided into
12 parts to calculate the mass moment of

inertia.
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Table 1. Physical properties of power—tiller and trailer system.

Description Notation (unit) Value
Mass of
main body Ks(kg) 300.5
trailer Mq(kg) 295
power tiller wheel Mw(kg) 15.8
Displacemenst
from main body to left wheel Rias(m) (—0.127, —0.3425, 0.276)
from main body to right Ryap(m) (—0.127, 0.3425, 0.276)
wheel
from main body to hitch point Rues(m) (—0685 00 , 009)
from main body to left handle Rus(m) (=153, —0.3175, —0.28 )
from main body to right han- Ris(m) (=153, 03175 —0.28 )
dle
from hitch point to trailer Rrur(m) (=2094, 00 , —0043)
from trailer to left trailer Rurr(m) (034, —0.58 , 0.164)
wheel
from trailer to right trailer Rerr(m) (—034, 058, 0.164)
wheel
Radius of
power tiller tire Re(m) 0.3
trailer tire Rr(m) 0.365
Mass moment Igsu kg'm? 41.565
of inertia Inze kg m® 66.438
of main body Issss kg m? 46.33
Ibsis kg m’ —85.038
Ien kg m? —85.038
Mass moment I kg'm® 42.5
of inetia Itz kg m? 165.08
of trailer T kg'm?® 186.19
Irris kg'm? 4.62
Irta kg'm® 4.62
Mass moment Iign=Iren kg m? 0.355
of inertia Iigos=Irpee kg-m® 0.711
of wheel Lipss= Igsss kg m® 0.355
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Fig.2 Relation between radial force and deflec-

tion of tire.

Table 2. Values of tire and tire — surface interface parameters.

1. Tire radial force — deflection Radial force (N) Deflection (m)
power tiller tire 0.0 0.0
588.6 0.0104
1177.2 0.0169
1765.8 0.0222
23544 0.0268
trailer tire 0.0 0.0
588.6 0.0093
1177.2 0.0135
1765.8 0.0164
23544 0.019
2. Tire damping coefficient (N * s/m)
power tiller tire 730
trailer tire 730
3. Rolling resistance coefficient
(C.=a+b - slip angle) a b
power tiller tire 0.015 0.0001
trailer tire 0.015 0.0001
4. Traction coefficient of Crnax Cn
power tiller tire
Ci=Cpax (1—g03CnSlp) 0.75 50
5. Slip angle— lateral force Slip angle(deg) Coefficient
coefficient 0.0 0.0
4.0 0.2
8.0 0.34
20 042
16.0 045
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Table 3. Conditions factor for simulation of power tiller —trailer motions

Mass center

Width of wheel Inclination

Height of Travel

in B; direction 65%)(2 of ground obstacle velocity
(m)* (m) (m/s)
0.216 0.665 0.05 14
0.236 0.685** 0.06 1.9
0.256 0.705 0.07 24
0.276** 0.725 0.08** 2.9
0.296 0.745 0.09 3.0

*) Distance from ground surface

**) Constant while other one parameters vary for simulation
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Fig.3 Definition of coordinate system and
ground plane for power tiller motion si-

mulation.
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Fig4 Position of mass center in X, Y, Z direc-

tion and roll angles when mass center
height is 0.276m.
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Fig5 Positions of mass center in X. Y. Z direc-
tion and roll angles when mass center
height is 0.296m.

Table 4. Perdicted Roll angles by changes in ground height of mass center.

Height of Wheel base Ground Height of Traveling  Static Maximum

mass center inclination ~ Obstacle veloicity tipping roll angle
(m) (m) (deg) (m) (m/s) angle(deg) (deg)
0.216 0.685 15 0.08 29 33.57 2747
0.236 0.685 15 0.08 29 32,58 2764
0.256 0.685 15 0.08 29 31.63 279
0.276 0.685 15 0.08 2.9 30.74 28.53
0.296 0.685 15 0.08 29 29.88 over turn
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Table 5. Predicted Roll angles by changes in wheel base of power tiller

Height of Wheel base Ground Height of Traveling Static Maximum

mass center inclination  Obstacle veloicity tipping roll angle
(m) (m) (deg) (m) (m/s) angle(deg) (deg)
0.276 0.665 15 0.08 29 30.0 over turn
0.276 0.685 15 0.08 2.9 30.74 28.53
0.276 0.705 15 0.08 29 3147 26.99
0.276 0.725 15 0.08 29 32.18 26.05
0.276 0.745 15 0.08 29 32.89 25.27
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Fig.6 Position of mass center in X, Y, Z direc-
tion and roll angles when wheel base is 0.
665m.
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Table 6. Roll angle as the inclination of ground plane varies

Height of Wheel base  Ground Height of Traveling Static Maximum

mass center inclination Obstacle veloicity tipping roll angle
(m) (m) (deg) (m) (m/s) angle(deg) (deg)
0276 0.685 0 0.08 2.9 30.74 10.87
0.276 0.685 5 0.08 29 30.74 16.21
0.276 0.685 10 0.08 29 30.74 21.81
0.276 0.685 15 0.08 29 30.74 28.53
0.276 0.685 16 0.08 29 30.74 over turn

Table 7. Roll angle as the height of obstacle varies

Height of Wheel base  Ground Height of Traveling Static Maximum
mass center inclination Obstacle veloicity tipping roll angle
(m) (m) (deg) (m) (m/s) angle(deg) (deg)

0.276 0.685 15 0.05 2.9 30.74 2242
0.276 0.685 15 0.06 29 30.74 236
0.276 0.685 15 0.07 29 30.74 2549
0.276 0.685 15 0.08 29 30.74 28.53
0.276 0.685 15 0.09 29 30.74 over turn
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Fig.7 Trajectories of mass center in X, Y, Z di- Fig.8 Trajectories of mass center X, Y, Z direc-
rection and roll angle in relation to time tion and roll angle in relation to time for
for the 16 deg. of ground inclination. the 0.09m of obstacle height.
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Table 8. Roll angles as the travelling velocity of power tiller varies

Height of Wheel base  Ground Height of Traveling Static Maximum

mass center inclination Obstacle veloicity tipping roll angle
(m) (m) (deg) (m) (m/s) angle(deg) (deg)
0.276 0.685 15 0.08 14 30.74 23.95
0.276 0.685 15 0.08 1.9 30.74 24.08
0.276 0.685 15 0.08 24 30.74 25.04
0.276 0.685 15 0.08 29 30.74 28.53
0.276 0.685 15 0.08 30 30.74 over turn
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Fig9 Trajectories of mass center in X, Y, Z di-
rection and roll angle in relation to time
for the 3.0m/s of traveling velocity.
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