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Summary

A 10-degree of freedom mathematical model of motion for power tiller-trailer system was

developed. This model can predict motion characteristics of power tiller trailer system while

travelling over smooth and irregular ground surfaces under various operating conditions. The

model provide,the fundamental data needed to improve the stability of power tiller-trailer systems.
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Table 1. Degree of freedom of power tiller-trailer

system,
Coniisonent Translational Rotational
P motion motion

Main body 3 3
Left wheel 0 1
Right wheel 0 1
Trailer 0 2
Total 3 7
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Schematic diagram of power tiller-trailer sys-
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Table 2, Variable notation

Item Symbol Notation
Mass mp mass of body
my, mass of wheel
mp mass of trailer
Force FLA Force on left wheel at axle
FRA Force on right wheel at axle
FTH Force on trailer at hitch point
FLH Force on left handle
FRH Force on right handle
FLG Force on left wheel at ground
FRG Force on right wheel at ground
FTLG Force on left trailer wheel at
ground
FTRG Force on right trailer wheel at
ground
Velocity VB Velocity of main body mass
center
VT Velocity of trailer mass center
WB Angular velocity of main body
wr Angular velocity of trailer
Moment IBB Mass moment of inertia of main
of body
inertia ILB Mass moment of inertia of left
wheel
IRB Mass moment of inertia of right
wheel
LI‘T Mass moment of inertia of
trailer
Moment MLA Moment on left wheel at axle
MR A Moment on right wheel at axle
MTH Moment on trailer at hitch point
Position RLA Position from body center to
left wheel center
Rpa Position from body center to
right wheel center
RH.B Position from body center to
hitch point
RTH Position from hitch point to
trailer mass center
LT Position from trailer mass center
to left trailer wheel
RR‘I‘ Position from trailer mass center
to right trailer wheel
RLH Position from body center to
left handle
RRH Position from body center to
right handle
Coordinate B Main body fixed axis
T Trailer body fixed axis
I Space fixed axis
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Fig. 2. Determination of ground surface condition

below the tire.

Table 3. Definition of variables used in differential equation of motion,

Component Variable Translational Rotational Equations Coordinates
—P-

Main body VBI 3 0 (2) 1
Ggp 0 3 (4),(5),(6) B
j 28 3 0 (3) I
¢ 0 1 (7) 1
7} 0 1 (8) I
v 0 1 (9) I
' 0 1 13 B

Left wheel (':JLBz (13)
81.3; 0 1 (186) B

Right wheel chBz 0 1 (14) B
8RB, 0 1 (17) B

Trailer @TT, 0 1 (26) T
("?TTE, 0 1 (27) T
3'TT| 0 1 (28) T
01T, 0 1 (29) T

Total 6 14
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Fig. 8. Flowchart of simulation program.
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