
Proceedings of Malaysian Technical Universities Conference on Engineering and Technology (MUCET) 2021

120

Proceedings of Malaysian Technical Universities Conference on Engineering and Technology (MUCET) 2021, 
Melaka, Malaysia, pp. XXX-XXX,  

 
 

 
© Center for Research Innovation Management, UTeM 

1 

Modelling and verification of two-axle tractor ride model 
 

M. Hafizharun1,*, F. Ahmad2, M.Z.A. Manaf1, N.R.M. Nuri1, A.Z.H.C. Mamat1 

 
1Faculty of Mechanical and Manufacturing Engineering Technology, Universiti Teknikal Malaysia Melaka,  

Hang Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia 
  2Faculty of Mechanical Engineering, Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya,  

76100 Durian Tunggal, Melaka, Malaysia  
 

*Corresponding author’s email: mohamadhafiz@utem.edu.my 
 
 
 

ABSTRACT: This study focuses on the modelling and 
verification of a two-axle tractor ride model as part of the 
development of a tractor-semitrailer ride model. The two-
axle tractor is utilized to develop the tractor ride model. 
The tractor ride model equations of motion are derived, 
which include 3 degree-of-freedom (DOF) for body 
motions and 4-DOF for unsprung mass motions. The 
MATLAB/Simulink software is used to simulate the 
developed tractor ride model while TruckSim software is 
used to verify the developed ride model by simulating it 
on a flat road. For all investigated parameters, the 
percentage differences in RMS values between the 
developed and TruckSim model are less than 5%. It 
grants the assurance that the developed model established 
in this study can be used to develop the tractor-semitrailer 
model. 
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1. INTRODUCTION 

Tractor-semitrailers have already established 
themselves as an essential mode of transporting goods, 
particularly in the logistics and transportation industries. 
This is due to the tractor-semitrailers capability to 
transport a large amount of goods and access a wider 
range of transportation areas. Tractor-semitrailers, on the 
other hand, have low maneuverability and dynamic 
stability due to the vehicle's high center of gravity [1]. 
This characteristic causes the tractor-semitrailer to 
rollover, especially during rapid lane changes and 
excessive cornering at highway exit ramps. As a result, a 
dynamic study of the tractor-semitrailer is required in 
order to determine the cause of the rollover. 
  
2. METHODOLOGY 

This study begins with the following modelling 
assumptions: The two-axle tractor is modelled with 3-
DOF body motion, which includes vertical, roll, and 
pitch motions, and 4-DOF represents each tire's vertical 
motion. The tractor model's sprung and unsprung masses 
are connected to a suspension system model, which is 
represented by spring elements and viscous dampers. 
Besides that, the aerodynamic effect of the tractor is 
ignored, and the road is assumed to be flat except for road 
bumps. It's also considered that the tractor remains 
grounded at all times during moving and that all four tires 

keep contact with the ground.  
Then, as shown in Figure 1, the derivation of 

equations of motion for a tractor ride model is based on a 
schematic diagram of a two-axle tractor model equipped 
with a suspension system [2]. 

 

 
Figure 1 Schematic diagram of a two-axle tractor model 

equipped with suspension system 
 

As a result, the equations of motion are derived from the 
equations listed below: 
                                    

∑𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠 = 𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑍̈𝑍𝑍𝑍𝑠𝑠𝑠𝑠   (1) 
                                  

∑𝑀𝑀𝑀𝑀𝑃𝑃𝑃𝑃 = 𝐼𝐼𝐼𝐼𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑃̈𝑃𝑃𝑃𝑠𝑠𝑠𝑠   (2) 
     
∑𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅 = 𝐼𝐼𝐼𝐼𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑅̈𝑅𝑅𝑅𝑠𝑠𝑠𝑠   (3) 
 

Where, 𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠 is the sprung mass force; 𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠 is the sprung 
mass; 𝑍̈𝑍𝑍𝑍𝑠𝑠𝑠𝑠 is the body vertical acceleration; 𝑀𝑀𝑀𝑀𝑃𝑃𝑃𝑃 is the 
body pitch moment; 𝐼𝐼𝐼𝐼𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 is the pitch mass moment of 
inertia; 𝑃̈𝑃𝑃𝑃𝑠𝑠𝑠𝑠 is the body pitch acceleration; 𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅 is the 
body roll moment; 𝐼𝐼𝐼𝐼𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 is the roll mass moment of 
inertia; 𝑅̈𝑅𝑅𝑅𝑠𝑠𝑠𝑠 is the body roll acceleration. 

The derived tractor model equations are modelled 
in MATLAB/Simulink software. The sprung mass, 
unsprung mass, tires, springs, and dampers are all 
included in the derived equations. The input data for the 
tractor ride test is established when the right side tires hit 
the 10 cm height bump at the speed of 90 km/h. This 
process begins with the identification of parameters, and 
the parameters are established based on Liu [3]. The 
simulation produces the tractor body roll angle, body 
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pitch angle and body vertical acceleration. 
After modelling process, the tractor ride model is 

verified by using the TruckSim software. The two-axle 
cab over tractor is used for the tractor simulation ride test. 
The truck travels at a constant speed of 90 km/h on a flat 
road, and the tractor's right side tires strike the 10 cm 
height bump at 1.6 seconds to generate tractor motion 
responses. 
 
3. RESULTS AND DISCUSSION 

This section compares the simulation results of the 
proposed tractor ride model to the verification results 
obtained using TruckSim software. The tractor body roll 
angle responses during the ride simulation test at a speed 
of 90 km/h are shown in Figure 2. In order to evaluate the 
performance of the tractor ride model, the root mean 
square (RMS) values for proposed and TruckSim models 
are established [4]. The proposed tractor model's roll 
angle response is found to be 3.95 % error from the 
Trucksim response. As a result, it is clear that the 
maximum error range is less than 5% [4].  

 

 
Figure 2 Tractor body roll angle 

 
Figure 3 depicts the tractor body pitch angle 

response during the ride simulation test at a speed of 90 
km/h. As shown in Figure 3, the tractor body pitch angle 
response is initially generated at 1.6 seconds when the 
tractor front tire begins to hit the bumps. In terms of 
tractor model verification, the proposed tractor model 
response closely follows the TruckSim model response 
with a 3.25% error. Figure 4 depicts the tractor vertical 
acceleration during the simulation ride test at 90 km/h. 
Figure 4 shows that the proposed tractor model response 
is significantly in close agreement with the TruckSim 
model, with a 4.16% error. Table 1 shows the percentage 
of RMS value differences for all investigated parameters 
between the proposed model and the TruckSim model. 

 

 
Figure 3 Tractor body pitch angle 

 
Figure 4 Tractor body vertical acceleration 

 
Table 1 Percentage values of RMS differences 

Tractor 
Responses 

RMS Percentage 
Difference 

(%) 
Proposed 

Model 
TruckSim 

Model 
Roll Angle 0.0228 0.0237 3.95 
Pitch Angle 0.1139 0.1176 3.25 
Vertical Acc. 0.1179 0.1228 4.16 

 
4. CONCLUSION 

 The modelling of two-axle tractor ride model 
equations of motion was established successfully. In 
MATLAB/Simulink software, the proposed tractor ride 
model equations of motion were effectively modelled and 
simulated. TruckSim software was used to successfully 
validate the dynamic responses of the developed model. 
The results showed a significant similarity between the 
proposed and TruckSim model responses. For all 
investigated parameters, the percentage differences in 
RMS values between the proposed and TruckSim models 
were less than 5%. It gives the confidence to use the 
proposed model established in this study to develop the 
tractor-semitrailer model. 
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