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A Kinematic Model Based on the Rear Speed and
Steering Angle of Three-Wheeled Agriculture Electric Vehicle
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{Abstract)

In this research, tricycle vehicle simulation based on multi-body environment has
been introduced. Mathematical model of tricycle vehicle was developed. In this
research the left and right wheel speed are calculated based on the rear steering
angle and velocity. The kinematic model for the three - wheel drive system was
completed and the results were analyzed using the actual vehicle drawings. Through
simulink vehicle performance on linear and rotation movement were simulated. Using
the mathematical model the control system can be applied directly to the tricycle
vehicle. The simulation result shows that the proposed vehicle model is successfully
represent the movement characteristics of the real vehicle. This model assists the
vehicle developer to create the controller and understand the vehicle during the
development process.
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1. Introduction

Nowadays, research is being conducted on
the development of alternative energy and
In the
environmentally friendly

the use of energy in industries.
automotive  sector,
electric vehicles are being commercialized as
a solution to alternative energy. In addition,
equipment using electric motor instead of
conventional combustion engine is being
trucks,

small-sized working machines, carts and the

developed in agriculture. Typically,
like are used electric motors. In many other
fields, small forklifts used in large marts and
factories, electric wagons used in traditional
markets, and golf carts for leisure are used
similar principles.

The three-wheel drive system is used in
agricultural or industrial fields. In this study,
a mathematical model based on a kinematical
model to simulate a three - wheel drive

vehicle = were  proposed. In  vehicle
development, it is standard to validate the
results by suitable

design experiments

involving real vehicle. Nevertheless, since
experimental setups are usually costly and
time demanding, simulation tests are often
performed before the real verification [1-6].
This research present the simulation behavior
of tricycle vehicle based on MATLAB
Simulink.

In this research the tricycle configuration
using tadpole configuration that consist of
two motorized drive wheel on the front side

and one steering wheel on the rear side. The

two front drive wheels are mounted on a

common axis, and each wheel can
independently being driven either forward or
backward.

The aim of our work is to predict the
vehicle characteristics and to calculate
appropriate velocity of each wheel during
normal operation. To do this mathematical
model of tricycle was derived and the
kinematic model of vehicle is calculated. The
vehicle CAD model was developed. Simulation
based on MATLAB Simulink using

mechanics was conducted.

sim

2. Material and Method

Some preparations were needed to make
kinematic modeling of the three-wheel-drive
train. First, a schematic diagram of the
steering angle and specification of the tricycle
was obtained. Secondly, mathematical models
were obtained according to the boundary
condition and kinematic model in driving the
tricycle. Finally, we developed a three-wheel
drive  model of an electric vehicle by
referring to the actual specifications used to

drive the MATLAB simulation

2.1 Boundary condition of three-~wheel
drive

Fig. 1 shows

three-wheel drive. In tricycle operation, while

a schematic diagram of
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Fig. 1 Tricycle schematic

Nomendature:

o Steering angle (° )

w | Vehicle angular velocity (rad/s)

vV | Vehicle linear velocity (m/s)

V, | Back wheel velocity (m/s)

V, | Left wheel linear velocity (rad/s)

V. | Right wheel linear velocity (rad/s)
wy, Left wheel angular velocity(rad/s)

S

= | Right wheel angular velocity (rad/s)
r Wheel radius (m)

Turning radius (m)

Vehicle length (m)

Distance from wheel to center (m)

ISR

ICR | Instantaneous center of rotation
T Distance from rear wheel to ICR (m)

the velocity of each wheel varied for the
vehicle to perform rolling motion, the vehicle
must rotate about a point that lies along
their common left and right wheel axis [7-9].
The point that the vehicle rotates about is
known as the Instantaneous Center of
Rotation (ICR). Furthermore, the rear wheel
also has to be perpendicular to the ICR to
avoid skidding condition. Since the motor use
two driving wheels on the front side of
vehicle, the velocity of each wheel should be

calculated precisely to make the vehicle

working properly [10-11].

2.2 Mathematical model

The purpose of forward kinematics in
tricycle modeling is to determine vehicle
position and orientation based on wheel
rotation measurement. By  varying the
velocities of the two wheels, the trajectories
that the vehicle takes can be varied. Since
the rate of rotation w about the ICR must
be the same for both wheels, we can write

the following equations (1), (2).

Vy,=w(R—1L) ¢))
V, =w(R+1L) 2

where L is the distance from the center to
left and right wheels, V,, V, are the right
and left wheel linear velocities along the
ground, and R is the signed distance from
the ICR to the midpoint between the wheels.

To avoid skidding of the rear wheel during
operation, the moving direction of the rear
wheel should be perpendicular to the ICR
along s line. The steering angle « can be
calculated as follows:

o=tan (2) 3)
a=90"—¢ 4

The rear wheel velocity V, then can be
calculated as:
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Vy=ws (5)
where
D
5= oS¢ ©

Note that a tricycle cannot move in the
direction along the axis - this is called
constrain. Similar to differential drive vehicles,
tricycle are very sensitive to slight changes in
velocity in each of left and right wheels.
Small errors in the relative velocities between
the wheels can affect the vehicle trajectory.
sensitive  to  small

They are also very

variations in the ground plane. At any
instance in time we can solve for vehicle
linear velocity V, angular velocity « and

distance to ICR R:

po Vit Va -
2
_ Vi Va
w=—"07 @®

Combining equation 1 and 8 following
equation can be obtained:

Vi+ Vg

R=Ly— ©

Assume the vehicle is at some position (X,
y), headed in a direction making an angle 0
with the X axis as shown in Fig. 2. We
assume the robot is centered at a point
midway along the wheel axle. By manipulating

the control parameters V, V, we can get
the vehicle to move to different positions and
orientations.

Knowing velocities V,, V, and current
position of vehicle, using equation 9, we can

find the ICR location:

ICR= [z = Rsin(0),y+ Rcos (0)] (10)
The  following  differential  equations
describe the kinematics of the tricycle:
z' = Veosf
{y’ = Vsinf an
0 =w

<Y
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|
|
|
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|
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|
1
X

Fig. 2 tricycle position

2.3 Kinematic model based on back
wheel velocity and steering angle

The input and output were determined to
obtain the kinematic model. Input values are
steering angle (a) and back wheel speed
(V). The output values derived from this are
the left wheel angular velocity (w,) and the
right  wheel The

angular  velocity (wp).
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mathematical value of the three-wheel drive
electric train was obtained from the following
equations.

Determine the turning radius () based on
steering angle («), Using Eq. 3, the turning
radius R can be described as follows:

R=Dtanf, $=90" —a 12)

Therefore

R=Dtan(90° —«) (13)

Determine the vehicle angular velocity (w)
based on back wheel velocity (V5), Using Eq.
5 and 6 the vehicle angular velocity can be
calculated as follows:

D
cos¢

(14)

Vp=ws, s=

Therefore

W=7, cos¢ (15)

Calculate wheel linear velocities. Linear
velocity in the middle of vehicle V=w,

Linear velocity on the right wheel:
Vy=w(R—L) (16)
Linear velocity on the left wheel:

V, =w(R+1L) 17

Calculate wheel angular velocity —using

linear velocity based on wheel radius r

V, Vv
wR:—H, wL:—L (18)

T T

Replace # and w in Eq. 16 and 17 using
Eq. 13 and 15, then include in Eq. 18

_ Vi c0s(90° —a) .
wp = (Dhan(90” ~a) 1) (19)
EM(

. 5 Dtan(90° — )+ L) (20)

Wy =

The final mathematical model of tricycle is
simply shown in Fig. 3. Given the input
Input values steering angle () and back
wheel speed (V}), the output position (X, V),
and direction angle 6 can be easily

determined.

cos(90° - ) - .
v = (Drani90° -er}-£)| V, . I - X
B ol r D Lo p Bty | o [i=Foosd L
¥, €0s(90° - &) 2 y
(D90 -a)+ L) v - ¥=Vsind Fiz
=il | @ §
f - e
a - Vozar V= * iE "L i
Eq TAEq 8 ga 11
Eq. 18,Eq 198 Eq 20

Fig. 3 Schematic model of tricycle

2.4 Simulation Method

The CAD model was
Inventor 2017. Complete CAD assemblies can

prepares  using

be imported, including all masses, inertias,
joints, constraints, and 3D geometry, into
MATLAB model. Simscape Multi-body provides
a multi-body simulation environment for 3D
mechanical systems, such as robots, vehicle
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suspensions, — construction equipment, and
aircraft landing gear. You can model

multi-body systems using blocks representing
bodies, joints, constraints, force elements, and
sensors. Simscape Multi-body formulates and
solves the equations of motion for the
complete mechanical system. The shape of
the frame of the used three-wheel drive
model is shown in the Fig. 4. The standard
size of the wheel is 1240 mm, the width is
574 mm, the diameter of the wheel is 300
mm and the width of the wheel is 95.25

mm.

Fig. 4 Dimension of total assembly

MATLAB Simulink was the
developed model is shown in Fig. 5. The

used and

simulation was performed in two cases. The
first simulation was performed by fixing the
rear wheel speed and varying the steering
angle. The rear wheel speed was changed to
5 km / h and the steering angle was
changed from -90 to 90 degrees. D = 1240
287 mm and r = 300 mm. The
second simulation was performed by fixing

mm, L =

the steering angle and changing the rear

wheel speed. The angle of the steering was
fixed at 45 degrees and the speed of the
rear wheel was changed from O to 5 km / h,

which is the same as D = 1240 mm, L =
287 mm and r = 300 mm.

e

_.‘ ' £ A ta

Fig. 5 Simulink simulation of tricyle

3. Result and Discussion

Fig. 6 shows the input for the simulation.

In this example the wheel velocity is

Input
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Fig. 6 Steering angle and rear wheel velocity as
input
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Fig. 9 Steering angle and rear wheel velocity as
input

constant at 5 km/h and the steering angle is
to 90° .
time is 9 seconds and the steering angle

varied from -90° The simulation
incremental rate is 20° /s. The purpose of
this to clarify the
between steering angle and left and right

example is relation
wheel velocities.

Fig. 7 shows the left wheel, right wheel
and back wheel angular velocities as the
output. When the steering angle is negative,
the right wheel velocity is move faster than
the left wheel. When the steering angle is

Vehicle position

Y (m)

Fig. 8 Vehicle trajectory

200 i Output
Left
800 - Right
Back
700
T 600
g
B 500
)
aQ
P 400
[
Q
=
= 300
200
100 |
ol "
0 1 2 3 4 5 6 7 8 9
Time (s)

Fig. 10 Wheels angular velocities as output

zero, the left and right wheel is move at the
same speed 872.6 rpm. When the steering
angle is positive, the left wheel velocity is
higher than the right wheel velocity. The
rear wheel is move at constant velocity 872.6
rpm during simulation. The maximum velocity
is 895.7 rpm.

Fig. 8 shows the trajectory obtained from
simulation. Green line shows the position of
It shows that the
turning radius R is varied according to the

center of rotation R.

steering angle.
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Fig. 9 shows the input for the simulation.
In this example the steering angle is constant
at -60° km/h and the velocity is varied
from 0 km/h to Skm/h. The simulation time
is 9 seconds and the speed incremental rate
is 0.555 km/h/s. The purpose of this example
is to clarify the relation between rear wheel
velocity and left and right wheel velocities.

Fig. 10 shows the left wheel, right wheel
and back wheel angular velocities as the
output. Since the steering angle is constant,
the right wheel velocity, left wheel velocity
The
gradually

and back wheel velocity is similar.

velocities 1S increase

the

wheels

proportional  to input back wheel
velocity.

Fig. 11 shows the trajectory obtained from
simulation. Green line shows the position of
It shows that the

turning radius R is constant since the steering

center of rotation R.

angle constant. The back wheel is increase
since the velocity is increase.

Vehicle position

Fig. 11 Vehidle trajectory

4. Conclusion

MATLAB based simulator for

vehicle has been

tricycle
introduced. Mathematical
model of tricycle vehicle was developed. The
kinematic model for the three - wheel drive
system was completed and the results were
analyzed using the actual vehicle drawings.
Through Simulink may
performing linear and rotation movement. At
constant wheel velocity 5 km/h and the
to 90°
simulation, the simulation time is 9 seconds

simulate  vehicle

steering angle is varied from -90°

and the steering angle incremental rate is
20° /s, and The maximum velocity is 895.7
rpm. At constant steering angle -60° and
the velocity is varied from 0 km/h to 5km/h,
the simulation time is 9 seconds and the
speed incremental rate is 0.555 km/h/s.
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