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ABSTRACT - In this paper, a model of a parallel hybrid 

vehicle is presented. A hybrid vehicle is built by assembling an 

auxiliary electrical machine and battery group. Some 

preliminary instrumentation such as torque of brake, clutch, 

transmission, and gearbox estimation is realized to split torque 

demand into the two power sources. The first power source is the 

torque of the engine and the second one is the torque of the 

electric motor. A Energy Management strategy is developed by 

setting transition rules between the two power sources. 

Keywords — Dynamic Model , electric motor , engine , hybrid 

vehicle , management strategy 

NOMENCLATURE 

Acronyms: 

VH Vehicle Hybrid 

eI  Rotational inertia 

cT  Torque of the clutch 

dT  Torque of the transmission 

bT  Braking Torque 

wI  Rotational inertia of the wheels 

  Yield 

Symbols: 

  Slope of the road 

eT  Electromagnetic torque 

xT  Tractive force 

eI  Rotational inertia 

cT  Torque of the clutch 

dT  Torque of the transmission 

bT  Braking Torque 

wI  Rotational inertia of the wheels 

m  Mass of vehicle 

  Yield 

r  Tire radius 

 

1. INTRODUCTION  

New vehicles have to be developed to get up the challenge 
of the decrease of air pollution, the future oil deficiency and the 
solution [1].The hybrid vehicle behaves as today is an easily 
usable vehicle to reduce energy consumption and reduce CO2 
emissions into the atmosphere, it allows making energy savings 
and CO2 in the atmosphere. 

 
 The first studies to reduce fuel consumption in transport 

use were published consecutively in 1976 in the first oil shock 
[2], [3]. The motivation then was purely economic. [4] Today 
environmental restrictions force countries and car 
manufacturers to invest in efficient transport and "green". In 
this context, some countries propose the use and manufacture 
of economical vehicles [5], as part of obtaining the vehicle 
economic, efficient and green. Over the past decade, several 
studies on the interest of the institution of the hybrid were 
performed, revealing the effectiveness of this approach [6],[7].  

A hybrid vehicle uses two power sources to ensure its 
propulsion [11], [12], generally, one or more electric motors 
are associated with a heat engine. The goal is to reduce fuel 
consumption and pollutant emissions, improved ride comfort, 
without any constraint of autonomy. In particular the three 
main operating modes. the thermal mode corresponds to a fully 
provided by the heat engine propulsion, gain performance of 
consumption and pollution are then similar to those of a 
conventional vehicle. The pure electric mode is a fully insured 
by the electric motor propulsion. The vehicle is then ZEV 
(Zero Emission Vehicle) and the benefits in terms of dynamics 
and driving pleasure are similar to those of an electric vehicle. 

 Hybrid mode is a powered by both electric and thermal 
motors simultaneously. These new model architectures present 
a challenge in the last years for the development of the hybrid 
vehicle, see in [18,17,19], the authors propose a structure of 
new Model and Control of Hybrid Electric Vehicle. 



 

 So, a dynamic model of this type of hybrid vehicle is 
established in this paper thanks to the Lagrange formalism. All 
thrust and aerodynamic forces and moments, drag vehicle are 
described , based on the nonlinear model of this studied system 
got around a subsystem to make the system easy to control . 

 
 The remainder of this article is organized as follows. Section 

2 presents the nonlinear mathematical model of the hybrid 

vehicle based on the Lagrange formalism. In section 3, we 

present and describe the demonstrative simulations carried out 

to validate the model and for the right choice of the ideal 

management of the energy between the different phases of 

driving in a vehicle. Finally, the conclusions are drawn from 

section 4. 
. 

2. Vehicle Hybrid Modelling 
 

The study of hybrid vehicles uses the dynamic models of 
these vehicles. All modeling can be summarized then follows. 
The equation of the longitudinal movement is obtained from 
external forces applied to the vehicle and of the transmission 
system by applying the basic principles of the mechanical 
details of which are presented in [8], [9]. 

 
(1) System Model 

The model of the thermal phase of the hybrid vehicle is a 
rigid body, in this model Let us consider an Internal 
Combustion Engine powered Vehicle (ICEV) and let us make 
the hypothesis is that it is possible to measure the speed v(t). 
Using the fundamental principle of dynamics that is written : 

M a F
 

  (1) 

 

where a


 is the vehicle acceleration , F


  the sum of streaks 

forces on the vehicle. we notice xF


 the tractive force 

abandoned the wheels supplied by the motor and  
extF


all 

external forces.  

       So the main resistance forces are the aerodynamic force 

AF


, rolling resistance  
RF



and  the force of gravity 
GF


. In 

Figure 1, they are shown by their standards denoted 

respectively ,A RF F  et GF  and their directions shown by the 

arrows. In the case of a rise with an angle   , all those forces 

opposed to the direction of movement of the vehicle. The 

tractive force xF


is itself in the direction of path.  

H y b r i d V e h i c l e

z

X

AF

RF



GF

XF

.m g

 

Figure 1:Vehicle  Mechanical Structure Configuration. 

and each can be expressed as the follows ,  

Aerodynamic Force is calculated as  
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2
A x rF SC v  (2) 

 

Rolling Resistance force is formulates using  

R g RF M C  (3) 

 

The gravity force using  

sin( )GF Mg   (4) 

 

with S, the frontal surface of the vehicle, xC , the aerodynamic 

drag coefficient , RC  , the rolling resistance coefficient , g , 

the gravity acceleration and  , the road slope angle.  

 

(2) Force of the tires provided by the engine 

 The hybrid vehicle is a vehicle in which are incorporated 
two different energy sources, typically a conventional motor 
(thermal) and an electric motor. 

Depending on the chosen architecture, "parallel hybrid", the 
hybrid vehicle can hold several features that can be associated 
with the decrease of fuel consumption. 

The two motors are directly connected to the transmission 
and  the wheels. they can participate in a parallel fashion to the 
movement of the vehicle, each transmitting mechanical power 
to the wheels. 

       With this configuration, the position of the electric 
motor allows it to be independent of the engine, which 
therefore allows the use of only one electric motor as a power 
source, the heat engine is then stopped. while keeping only one 
clutch like conventional vehicles. 

 

i. Thermal model  "  Conventional vehicle      
 

The Conventional vehicle is only equipped with a 
conventional combustion engine running on gasoline. The 
mechanical braking device is loading slow the vehicle during 
braking. 
The engine is directly connected to the transmission and to the 

wheels. It participates parallel to the movement of the vehicle, 

and transmits a mechanical power to the wheels 

The engine torque eT  at the output of the motor shaft is 

delivered to the input of the gearbox via the clutch. 

Considering eI the engine rotational inertia, ew  the acceleration 

angular of engine, 
so,  the torque to the output of the clutch is: 

 
g

ec e eT T I w  (5) 

 

At the output of the gearbox, the torque engine at the input 
is amplified by the gear ratio , then we noted       



 

ed c t tT  = (T - )N
g

I  (6) 

  where tN  the value of the transmission ratio of the box 

and tI  the rotational inertia of the transmission. 

at the same principle ,the torque aT  is needed to turn the 

wheels and providing the transmission of force: 

da d dT  = (T - )
g

fI N  (7) 

  where dI is the rotational inertia of the drive shaft,
g

dW  the 

angular acceleration and  
fN  the differential gear ratio. 

Finally combining all the above equations, the torque 
supplied by the engine through the transmission and given by: 

ea e e t = ((T  - (  + ) ) )  
g

t d d fI I N I N  (8) 

in the existence of the braking torque, the actual torque 

created by this equation   : 

    
g

x a brF I w T T  (9) 

We conclude, the tractive force to the wheels delivered by 
the combustion engine can be written as: 
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g

x e et d f bF T N I N I N w T
r

 (10) 

               where :      

                     2 2 2

et e t

t f

t f
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 Equation of  movement 

The tractive force is knowing xF provided by the engine 

and the different forces opposing the motion of the vehicle, 
using the fundamental principle of dynamics, so, we get the 
equation of motion of the vehicle  approximated by the 
equation:   

.

x R A GM F F F F      (11) 

 
with the absence of longitudinal sliding, the angular 

velocity of the wheel, is given by the equation  following 

 
g g

r w  (12) 

where r  is the wheel radius, and w   is the angular 

velocity of the wheel . 

  In conclude therefore the final equation of motion of the 
vehicle: 

 2 2
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g
g

e

et d f

T N
M I N I N I H

r r
 (13) 

 
So we note : 

2 2

2

    
   

 
 

g
et d f e b

I N I N I T N T
M V H

rr
 (14) 

 
Finally we find : 

 
2 2

*


   
 

g

e b

et d

r
T N T rH

Mr I N I
 (15) 

 

where   2

d d fI I N I    

The longitudinal modelling of the vehicle and therefore 
described by the following system of equations: 

 
2 2

*
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x

x e b

et d

x
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T N T rH

Mr I N I

 (16) 

where:  

 20.5 sing R X gH M C SC M      

ii. Electric model " Electric phase" 

In this study, we observe that an electric motor is arranged 
downstream of the transmission in a direct chain with the 
wheels. The architecture considered here corresponds to a 
parallel hybrid. 

With this configuration, the position of the electric motor 
allows it to be free of the engine, which therefore allows the 
use of an insulated electric motor as the only source of power. 

The electric vehicle is only equipped with an electric motor. 
This is used to track the cycle acceleration and constant speed, 
the mechanical braking device is loading slow the vehicle 
during braking. 

The engine efficiency is expressed as a function of the 

engine angular acceleration regime 
g

m  and the rotating inertia 

mI . The torque of the electric motor is then: 

mI  
g

mC mT T  (17) 

In the model of an electric vehicle, the electric motor and 
directly connected to the wheels via the transmission, thus 
adding a reduction ratio between the wheels and the axis of the 
electric motor : 

( ) 
g

dc d hT T I R  (18) 

where dI , is the rotational inertia of the drive shaft, 
.

d  the 

angular acceleration and hR  the reduction ratio of between the 

wheels and the motor shaft. 
By combining the above equations, the torque supplied by 

the engine through the transmission is given by:  
 

1 m(( I ) )   
g g

m dm d hT T I R  (19) 

 
The overall efficiency of the transmission is proportional to 

the product of the performance of the various components of 
the transmission. It depends on the value of the engine torque, 
It is sufficient to multiply the torque performance. 



 

2 m( ( I ) )    
g g

m dm d hT T I R  (20) 

 
In the existence of the braking torque, the actual torque 

created by this equation  : 

3 2   
g

x bT rF I w T T  (21) 

where xF  the tractive force , r  the radius of the wheels 

and  I the  Rotational inertia. 

to obtained a final equation, the angular acceleration of the 
engine, transmission and wheels are linked by the following 
relationships:  

 
g g

d hR  

2  
g g g

m d dh hR w R  
(22) 

 

the final expression is  

 2

m   
 

      

g g

x m h h d h brF I T R I R I R T  (23) 

 

Finally , the tractive force is created by  

   2

m

1
 

 
      

g

x m h h d h bF T R I R I R I T
r

 (24) 

 

This force depends on  , , ,m b hT T r R et Ii . 

 

 Equation of  movement  

We know the tractive force xF  provided by the Electric 

motor and also knowing all the forces opposing the movement 
of the vehicle, applying the fundamental principle of dynamics 
than the Lagrange's principle, we obtain the equation of motion 
of the electric vehicle by the equation (11). 

With the absence of longitudinal sliding, the following 
hypothesis is noted : 

 
g g

r w  (25) 

 
where  v   is the angular velocity of the wheel,   

The final equation becomes: 

 2 2
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0.5 sin 
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(26) 

 

So we notice : 
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2
0.5 sin
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(27) 

 

The Finally  equation is found  

  2

2 2
* 0.5 sin



       
 

g

m h b g R X g

m h d

r
T R T r M C SC M

Mr I R I

 
(28) 

where  d d hI I R   

The longitudinal model of the vehicle Hybrid, phase 
electric and therefore described by the following system of 
equations : 

  2

2 2
* 0.5 sin
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g

x

x m h b g R X g

m h d

x

r
T R T r M C SC M

Mr I R I

 

(29) 

 

3. Simulation 
 

a. Implementation on Simulink 

The simulations of our dynamic model of the hybrid vehicle 

thermal and electric phase, are first carried out by a system 

involved in Simulink/Matlab. Our model of the hybrid vehicle 

is detailed by the following block diagram :  

 

Hybrid Vehicle

Dynamic model

Set-Point

Braking 

Torque

Torque 

Engine

Gearbox
acceleration

Velocity

Position

absorbed 

power

Torque Motor

Block of 

Control
 

Figure 2:Vehicle Hybrid , Thermal and electrical  Phase block. 

    In our simulation The adapted scenario  as shown in Fig. 3,  

 

Figure 3:Driving Cycle NDEC 

The used physical parameters of the Hybrid vehicle, Thermal 

and electric Phase Model  are summarized in Table 1. 

 
TABLE 1. MODEL PARAMETERS OF THE HYBRID VEHICLE. 

Param

eters 
Description Values 

m   Mass of vehicle 1269 kg  

r  Tire radius 0.269 m  

etI  Motor inertia 0.2630 m  

dI  Inertia Drive 
30.115 .kg m  

wI  Inertia of wheel 
32.8 .kg m  



 

XSC  Aerodynamic 0.725  

  air density 1.205  

RC  Rolling resistance 0.020  

KR  Reduction ratio 0.8  

mI  Inertia Motor 
30.36 .kg m  

mT  Torque Motor 

 

tN  box report 
 

   g  Acceleration of the 

gravity  
29.81 /m s  

 
The assumptions that are implicitly or explicitly asked are: 

 The vehicle structure is rigid and symmetrical; 

 The existing slip between the wheels and the floor is 

negligible ; 

The inputs of the model are the set-point cycle drive, the  

gearbox, the braking torque, the torque engine, the torque of 

electric motor, also the control unit which allows switching 

from to the selected operating mode  

According to The inputs of the model, we can conclude that 
the strategy of using primarily the energy management system 
its objective is to control the drive train assembly, whose role is 
to choose in every moment the best power distribution between 
the various energy sources in a manner to minimize the fuel 
consumption and pollutant emissions.   

 
b. Energy management strategy  

This control strategy makes it possible to have a power sharing 

thanks to the consumption level of each driving phase,  the 

first phase allows the vehicle to run in electric mode, keeping 

the engine off line. The 2nd phase of driving is the thermal 

phase, the vehicle uses thermal engine as the main source. 

For a better understanding, we have used the subsystem well 

illustrated the different modes of operation and transitions 

from one source of energy to another. Simply change the 

control block command. A simulation is carried out for each 

of these two driving phases 

 
i. Simulation of the model :Thermal Phase 

 The model of the thermal phase in the hybrid vehicle was 
explained, in the model of the vehicle. In Fig.2 implementation 
in a Matlab/Simulink environment can be seen. It includes the 
model of forces acting on the vehicle (wind, gravity, rolling 
resistance, etc.) and the individual components of the power 
train. The input of the simulation model is a driving cycle, the 
gearbox, and the control block (to switch from one phase to 
another) and the output of the model is all positions, speeds, 
acceleration, power absorbed, etc. 

 

Figure 4:Position of the thermal engine 

 

Figure 5:  Velocity of the thermal engine 

 

Figure 6: Acceleration of the  thermal engine 

These simulation results given in Figs. 4,5 and 6 give the 
position , the velocity and the acceleration of the thermal 
engine during the thermal phase. 

 

Figure 7:Power absorbed by the  thermal engine 

This figure shows the power absorbed by the heat engine in 
a well-defined interval. 

ii. Simulation of the model: Electric phase 

The model of the electrical phase in the hybrid vehicle has 
now been explained. When combining all the sub-models, a 
model of the vehicle is obtained. In Fig. 2 implementation in a 
Matlab / Simulink environment can be seen.  

The overall model of the vehicle includes the model of the 
forces acting on the vehicle (wind, gravity, rolling resistance, 
etc.) and the individual components of the power train,. The 
input of the simulation model is a driving cycle, and the control 
block (to switch from one phase to another) and the output of 
the model is all positions, speeds, acceleration, power 
absorbed, etc. 



 

 

Figure 8:Position of the electric engine 

 

Figure 9:Velocity of the electric motor 

 

Figure 10:Acceleration of  the electric motor 

 

Figure 11:Power absorbed by the  electric motor 

These simulation results given in Figure. 9,10,11 and 12 
give the position , the velocity , the acceleration and the power 
absorbed  of the electric motor during the electrical phase. 

iii. Interpretation 

When comparing different phases of hybrid car driving in 
terms of energy consumption, a driving cycle is used as the set 
point of our model. This cycle of driving includes both driving 
in the city and motorways, that is to say a good representation 
of a realistic driving environment. A maximum speed of 100 
km / h, an average speed of 50 km / h. 

It will be noted that the electric phase of a hybrid vehicle 
consumes less energy than in the thermal phase during a speed 
less than or equal to 50 km / h, 

Therefore it can be concluded that, for good energy 
management in the hybrid vehicle, the electric phase will be the 
ideal solution for starting a vehicle, so for a speed less than or 
equal to 50 km / h, the electrical phase is used, A maximum 
speed, a speed for the highway, the thermal phase  is the ideal 
solution 

 

4. Conclusion 

 The objective of this article is to model and simulate a 
hybrid vehicle, the model designed to permit the study of the 
behavior of the vehicle facing the addition of a second power 
source. 

 
The architecture used and the control strategy used to have 

a very favorable power-sharing in fuel consumption level as 
below 50 km/h, the vehicle is largely able to ride in all-electric 
mode keeping the off engine, beyond this speed, used the mode 
hybrid in using the double motorization electric and thermal. 

 
The Simulations in Simulink/Matlab show the importance 

of energy management for availability in the vehicle of two 
types of energy requires efficient sharing it forces us to double 
efforts to design vehicles able to reach the goal ”zero 
emissions”. 
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