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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 

the use of energy in industries. In the 

automotive sector, environmentally friendly 

electric vehicles are being commercialized as 

a solution to alternative energy. In addition, 

equipment using electric motor instead of 

conventional combustion engine is being 

developed in agriculture. Typically, trucks, 

small-sized working machines, carts and the 

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 

design results by suitable 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 sim 

mechanics was conducted. 

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 a schematic diagram of 

three-wheel drive. In tricycle operation, while 
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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 ω about the ICR must 

be the same for both wheels, we can write 

the following equations (1), (2).

       (1)

     (2)

where   is the distance from the center to 

left and right wheels, ,  are the right 

and left wheel linear velocities along the 

ground, and  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   line. The steering angle  can be 

calculated as follows:

  tan


   (3)

    (4)

The rear wheel velocity  then can be 

calculated as:
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Fig. 1 Tricycle schematic

 Steering angle (°)

 Vehicle angular velocity (rad/s)

 Vehicle linear velocity (m/s)

 Back wheel velocity (m/s)

 Left wheel linear velocity (rad/s)

 Right wheel linear velocity (rad/s)

 Left wheel angular velocity(rad/s)

 Right wheel angular velocity (rad/s)

 Wheel radius (m)

 Turning radius (m)

 Vehicle length (m)

 Distance from wheel to center (m)

 Instantaneous center of rotation

 Distance from rear wheel to ICR (m)

Nomenclature:
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     (5)

where  

 cos


  (6)

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. 

They are also very sensitive to small 

variations in the ground plane. At any 

instance in time we can solve for vehicle 

linear velocity , angular velocity  and 

distance to ICR :

 

    (7)

 

    (8)

Combining equation 1 and 8 following 

equation can be obtained:

   

    (9)

Assume the vehicle is at some position (x, 

y), headed in a direction making an angle θ 

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 ,  we can get 

the vehicle to move to different positions and 

orientations. 

Knowing velocities ,  and current 

position of vehicle, using equation 9, we can 

find the ICR location:

        (10)

The following differential equations 

describe the kinematics of the tricycle:









′  
′  
′  

 (11)

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 () and back wheel speed 

(). The output values derived from this are 

the left wheel angular velocity () and the 

right wheel angular velocity (). The 
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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  can be described as follows:

   ,     (12)

Therefore 

     (13)

Determine the vehicle angular velocity () 

based on back wheel velocity (), Using Eq. 

5 and 6 the vehicle angular velocity can be 

calculated as follows:

   ,  cos


 (14)

Therefore 

  
cos

 (15)

Calculate wheel linear velocities. Linear 

velocity in the middle of vehicle   

Linear velocity on the right wheel:

      (16)

Linear velocity on the left wheel:

      (17)

Calculate wheel angular velocity using 

linear velocity based on wheel radius 

 

 ,  

  (18)

Replace  and  in Eq. 16 and 17 using 

Eq. 13 and 15, then include in Eq. 18 

  





cos
 (19)

  





cos
 (20)

The final mathematical model of tricycle is 

simply shown in Fig. 3. Given the input 

Input values steering angle () and back 

wheel speed (), the output position (x, y), 

and direction angle θ can be easily 

determined. 

Fig. 3 Schematic model of tricycle

2.4 Simulation Method

The CAD model was prepares using 

Inventor 2017. Complete CAD assemblies can 

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 used and the 

developed model is shown in Fig. 5. The 

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 

mm, L = 287 mm and r = 300 mm. The 

second simulation was performed by fixing 

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 0 to 5 km / h, 

which is the same as D = 1240 mm, L = 

287 mm and r = 300 mm.

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 

Fig. 6 Steering angle and rear wheel velocity as 

input
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constant at 5 km/h and the steering angle is 

varied from -90° to 90°. The simulation 

time is 9 seconds and the steering angle 

incremental rate is 20°/s. The purpose of 

this example is to clarify the relation 

between steering angle and left and right 

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 

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 

center of rotation R. It shows that the 

turning radius R is varied according to the 

steering angle.

Fig. 7 Wheels angular velocities as output

  

Fig. 8 Vehicle trajectory

Fig. 9 Steering angle and rear wheel velocity as 

input

  
Fig. 10 Wheels angular velocities as output
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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 5km/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 

and back wheel velocity is similar. The 

wheels velocities is increase gradually 

proportional to the input back wheel 

velocity. 

Fig. 11 shows the trajectory obtained from 

simulation. Green line shows the position of 

center of rotation R. It shows that the 

turning radius R is constant since the steering 

angle constant. The back wheel is increase 

since the velocity is increase. 

Fig. 11 Vehicle trajectory

4. Conclusion

MATLAB based simulator for tricycle 

vehicle has been 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 simulate vehicle 

performing linear and rotation movement. At 

constant wheel velocity 5 km/h and the 

steering angle is varied from -90° to 90° 

simulation, the simulation time is 9 seconds 

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.

Acknowledgements

This work was supported by Korea 

Institute of Planning and Evaluation for 

Technology in Food, Agriculture, Forestry 

(IPET) through Agriculture, Food and Rural 

Affairs Research Center Support Program, 

funded by Ministry of Agriculture, Food and 

Rural Affairs(MAFRA) (716001-7)



농업용 삼륜구동 전기자동차의 후방 속도 및 조향각에 기반한 운동학적 모델 205

References

[1] D. Sperling and D. Gordon, “Two billion cars: 
driving toward sustainability”. Oxford University 
Press, (2009).

[2] P. S. Pratama, A. V. Gulakari, Y. D. Setiawan, 
D. H. Kim, H. K. Kim, and S. B. Kim, 
“Trajectory tracking and fault detection 
algorithm for automatic guided vehicle based on 
multiple positioning modules,” Int. J. Control. 
Autom. Syst., vol. 14, no. 2, pp. 400–410, 
(2016).

[3] P. S. Pratama, B. T. Luan, T. P. Tran, H. K. 
Kim, and S. B. Kim, “Trajectory Tracking 
Algorithm for Automatic Guided Vehicle Based 
on Adaptive Backstepping Control Method,” in 
Lecture Notes in Electrical Engineering, pp. 353
–544, (2013).

[4] P. S. Pratama, S. K. Jeong, S. S. Park, and S. 
B. Kim, “Moving Object Tracking and 
Avoidance Algorithm for Differential Driving 
AGV Based on Laser Measurement 
Technology,” Int. J. Sci. Eng., vol. 4, pp. 78–
83, (2013).

[5] W. Choi, P. S. Pratama, D. Supeno, J. Woo, E. 
Lee, and C. Park, “Dynamic vibration 
characteristics of electric agricultural vehicle 
based on finite element method,” Glob. J. Eng. 
Sci. Res., vol. 4, pp. 27–31, (2017).

[6] V. Mandić, and P. Ćosić, “Integrated product 
and process development in collaborative virtual 
engineering environment,” Tech. Gaz., vol. 18, 
no. 3, pp. 369–378, (2011).

[7] S. H. Park, D. V. Dang, and T. T. Nguyen, 
“Development of a Servo-Based Broaching 
Machine Using Virtual Prototyping Technology,” 
Strojniški Vestn. - J. Mech. Eng., vol. 63, no. 
7–8, pp. 466, (2017).

[8] S. Weerasooriya, and M. a. El-Sharkawi, 
“Identification and control of a DC motor using 
back-propagation neural networks,” IEEE Trans. 
Energy Convers., vol. 6, no. 4, pp. 663–669, 

(1991).
[9] L. Liu, J. Hu, Y. Wang, and Z. Xie, “Neural 

Network-Based High-Accuracy Motion Control 
of a Class of Torque-Controlled Motor Servo 
Systems with Input Saturation,” Strojniški Vestn. - 
J. Mech. Eng., vol. 63, no. 9, pp. 519–528, 
(2017).

[10] C. M. Liaw, “A Fuzzy Controller Improving a 
Linear Model Following Controller for Motor 
Drives,” IEEE Trans. Fuzzy Syst., vol. 2, no. 
3, pp. 194–202, (1994).

[11] T. Floquet, C. Edwards, and S. Spurgeon, “On 
sliding mode observers for systems with 
unknown inputs” Int. J. Adapt. Control Signal 
Process., vol. 21, no. 8–9, pp. 638–656, (2007).

[12] G. S. Buja, R. Menis, and M. I. Valla, 
“Disturbance torque estimation in a sensorless 
DC drive,” IEEE Trans. Ind. Electron., vol. 
42, no. 4, pp. 351–357, (1995).

[13] B. D. O. Anderson and J. B. Moore, “Optimal 
control: Linear quadratic methods,” Electron. 
Power, vol. 28, no. 6, pp. 464, (1982).

[14] J. S. Hu, D. Yin, and F. R. Hu, “A Robust 
Traction Control for Electric Vehicles Without 
Chassis Velocity,” in Electric Vehicles - 
Modelling and Simulations, S. Soylu, Ed. 
InTech,, pp. 107–126, (2011).

(접수: 2018.08.29. 수정: 2018.09.07. 게재확정: 2018.09.12.)




