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1 Introduction 

The dynamic behavior of vehicles can be analyzed in several different ways. 
Vehicle models and their mechatronic components are often simulated with advanced 
controller designs provided as software in the loop (SIL) with controller design 
software such as Simulink, or with physical hardware in the loop (HIL). Simulation 
can be done as straightforward as a simple spring mass system or through a three-
degree of freedom (DoF) bicycle model. Multibody system simulation package such as 
MSC ADAMS or Modelica allow larger degree of mechatronic system model 
complexity [1, 2]. 

Simscape Driveline ™ provides component libraries for modeling and simulating 
one-dimensional mechanical systems. It includes models of rotational and translational 
components, such as worm gears, planetary gears, lead screws, and clutches. You can 
use these components to model the transmission of mechanical power in helicopter 
drivetrains, industrial machinery, vehicle powertrains, and other applications [3]. 
Automotive components, such as engines, tires, transmissions, and torque converters, 
are also included [4]. 

2 Vehicle model 

The presented vehicle model is created by Simscape Driveline blocks and 
connections. Each block represents another part of the simulated system (Fig. 1). 

Vehicle motions are largely due to the shear forces generated between the tires 
and road, and therefore the tire model is an essential part of the math model. The tire 
model must produce realistic shear forces during braking, acceleration, cornering, and 
combinations, on a range of surface conditions [5]. Many models are possible to use. 
Most are semi-empirical, such as the Pacejka Magic Formula model. 
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Fig. 1 Vehicle model in Simscape Driveline 

Source: authors 

3 Magic formula tire block 

There are different ways to describe the longitudinal slip behavior using tire 
models. We know two types of models - physical and empirical. A physical model 
describes the tire on the basis of the recognized physical phenomena during braking, 
usually in a simplified way. Such simplified models do not aim to give a quantitative 
description of the tire handling performance, but merely give an explanation of the 
qualitative phenomena (shape of the curve, trends in the sense that the impact of 
changing vehicle speed, road conditions etc. are well covered, etc.) [6]. 

The Tire block models the tire as a rigid wheel-tire combination in contact with 
the road and subject to slip. When torque is applied to the wheel axle, the tire pushes 
on the ground (while subject to contact friction) and transfers the resulting reaction as 
a force back on the wheel. This action pushes the wheel forward or backward. If you 
include the optional tire compliance, the tire also flexibly deforms under load. 

The Pacejka tire models are widely used in professional vehicle dynamics 
simulations, and racing car games, as they are reasonably accurate, easy to program, 
and solve quickly [7]. 

A more general Magic Formula uses dimensionless coefficients that are functions 
of the tire load. A more complex set of parameters pi, entered in the dialog box, 
specifies these functions: 
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Fx = f(κ,Fz) = Fz·D·sin( C·arctan[ { Bκ – E·[ Bκ – arctan(Bκ) ] } ] ) (1) 

where: 

dfz= (Fz-Fz0)/ FZ , 

κx= κ + SHx , 

Cx= pCx1  , 

Dx= μx . Fz , 

μx= pDx1+ pDx2. dfz , 

Ex= (pEx1+ pEx2. dfz + pDx3. dfz2)[1- pEx4 . sgn (κx )], 

Kxκ = Fz .( pKx1+ pKx2. dfz) . exp (pKx3 . dfz) , 

Bx= Kxκ/ (CxDx + εx), 

SHx= pHx1+ pHx2. dfz  , 

SVX= Fz. (pVx1+ pVx2. dfz). 

 

SHx and SVx represent offsets to the slip and longitudinal force in the force-slip 
function, or horizontal and vertical offsets if the function is plotted as a curve. μx is the 
longitudinal load-dependent friction coefficient. εx is a small number inserted to 
prevent division by zero as Fz approaches zero [8, 9]. 

Numerical values are based on empirical tire data. These values are typical sets 
of constant Magic Formula coefficients for common road conditions (Table 1). 

Tab. 1 Magic Formula coefficients 

Surface B C D E 

Dry tarmac 10 1.9 1 0.97 

Wet tarmac 12 2.3 0.82 1 

Snow 5 2 0.3 1 

Ice 4 2 0.1 1 

Source: authors 
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Vehicle model in Simscape Driveline is a simplified 4-wheels car. We can 
measure and explore some dynamic properties of the vehicle, like vehicle velocity, 
normal forces on tire, wheel speed. The input simulation data are presented in Table 2. 

Tab. 2 Simulation input data 

Mass 1500 kg 

Horizontal distance from CG to front axle 1.4 m 

Horizontal distance from CG to rear axle 1.6 m 

CG height above ground 1.2 

Tire radius 0.3 m 

Slide 5 % 

Slope 5 ° 

Tire damping 1000 N/(m/s) 

Tire stiffness 200000 N/m 

Wind 0 

Source: authors 

4 Simulation results 

The next figures show results of executed vehicle simulation. The engine power, 
speed, tire normal forces and slip and the car velocity progress are presented in Fig. 2 
to Fig. 6. 
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Fig. 2 Engine power progress during the simulation 

 

Source: authors 

Fig. 3 Engine speed progress during the simulation 

 

Source: authors 
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Fig. 4 Wheel normal forces progress during the simulation 

 

Source: authors 

Fig. 5 Wheel slip progress during the simulation 

 

Source: authors 
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Fig. 6 Car velocity progress during the simulation 

 

Source: authors 

5 Conclusion 

The vehicle model is applicable to various input simulation data. We can set 
input parameters into the simulation by defining them in Workspace and then the 
simulation can be run. The mechatronic system model control is simple and clearly. 
The model is proposed only for straight direction driving – it does not include the 
steering option. The tire Magic Formula block assumes longitudinal motion only and 
includes no camber, turning, or lateral motion. 
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Resume 

This article describes a vehicle model, which is created by Simscape Driveline 
software. The model is simplified and made by component blocks. The blocks represent 
basic parts of vehicle like engine, gear, differential and tires. The model contains 
elementary information about vehicle geometry- dimensions and center of gravity 
(CG) position. This information about vehicle is sufficient for mathematical 
description of the vehicle. 
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