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Abstract— In the current research a mathematical model of 

an electric vehicle supplied by fuel cell and supercapacitor is 

proposed. The model takes as input standard electric vehicle 

provided by the manufacturer that is needed for the power 

conversion system. The main purposes of this model is to be used 

in order the designed to be able to define the optimal energy 

flows between two different supplying elements in electric 

vehicles. 
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I. INTRODUCTION  

Recently, there has been an increasing interest in the use 
of electric vehicles, electric buses and electric trucks. The 
main factors of these funds link it to environmental causes in 
cities and financial interests. 

Statistics show that the market share of these vehicles is 
increasing as well as well as the tendency for a faster increase 
in the number of vehicles. 

Stimulating the purchase of an electric vehicle is a priority 
of various municipalities in major cities, and in some countries 
is a government priority. Smaller electric vehicles are 
available for urban use capacity of installed batteries. On the 
other hand, options are being sought providing fast charging 
of these batteries. To increase the mileage of vehicles means 
also increases the capacity of the batteries to obtain small 
times of charging, this requires higher power charging 
stations. 

The practice of receiving more power from charging 
stations is used they should be constructed on a modular basis 
and by connecting the modules in parallel increases the output 
current. Galvanic separation is used to ensure safety between 
the inlet and outlet of the charging station. This is achieved by 
using high frequency transformers in DC/DC converters made 
using resonance inverters. In the charging process, the battery 
voltage are changing and this makes it possible to adjust the 
current and the voltage at the output of the charging stations. 

II. MATHEMATICAL MODELLING 

The proposed model of electric vehicles (EVs) with fuel 
cell (FC) is realized in virtual environment 
MATLAB/Simulink. The mathematical model is based on 
architecture which is provided by Honda FCX. It consist of 
three subsystem: control system (figure 1), electric subsystem, 
inverter and electric motor (figure 2), subsystem which 

describing the dynamic of the electric vehicle (figure 3) and 
simplified model of FC (figure 3). 

A. Electric subsystem 

The electric subsystem consist of the following 
components: 

• Synchronous machine with permanent magnets with 
voltage 288 Vdc and power 100 kW and controller. 
This type of motor has 8 poles and salient rotors.  

For control of magnet flow is used field oriented control 
for reaching maximum speed of the motor 12 500 rpm. The 
current is controlled by the reference of the torque by the 
controller.  

• FC stack consist of 400 cells with voltage equal to 
288 Vdc and power 100 kW Proton Exchange 
Membrane (PEM). 

• Supercapacitor with capacitance equal to 35.25 F.  

• DC/DC converter: buck converter with current 
control. 

For verification of the operation modes of the complete 
model is used the data presented in the Table 1. 

TABLE I.  PARAMETERS OF THE MODEL 

Parameters of the FC 
Voltage Eoc 400 [V] 

Initial voltage V1 380 [V] 

Nominal current Inom 285 [A] 

Nominal voltage Vnom 300 [V] 

Maximal current Imax 347.3 [A] 

Minimal voltage Vmin 288 [V] 

Parameters of the EVs 

Air density rho 1.3 

Aerodynamic coeficient Ka 0.26 

Rolling resistance Kf 0.02 

Frontal area of the EVs S 2.711 [m2] 

Mass m 1625 [kg] 

Radius of the wheel R 0.25 [m] 

Gear ratio n 7.2 

 

B. Control system 

Control system  (Figure 1) define the torque of the motor 
and create reference for the current of the FC which depends 
of the position of the brake system, speed of the EVs, voltage 
of the FC and the power of the supercapacitor. The power is 
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divided by the electric source depending by the position of the 
gas pedal (Accelerator), which varying between -100 % and 
100 %. The negative value describe the process of braking of 
EVs. When the value is under 50% the EVs is supplied only 
by FC. When the value is over 50% the supercapacitor support 
the principal source of energy. The regenerative braking is 
simulated when the motor operates in generator mode.  

C. Model of DC/DC converter, inverter and electric motor 

In Fig.2 the model of the DC/DC converter, inverter and 
the electric motor are proposed. The converter is bidirectional 
buck-boost and allows the realization of the acceleration and 
energy storage in the supercapacitor during braking modes. 
The synchronous machine with permanent magnet and its 
control is used for simulation of the EVs. 

D. Model of the FC 

The model of the FC realized in MATLAB/Simulink is 
presented in Figure 3. The principle of the operation of the FC 
are described with the following equations (1)-(3). 

The following limitations are allowed to simplify the 
proposed model: 

1. Model assumptions: 

• The gas used is ideal; 

• The stack is supplied with hydrogen and air; 

• The stack is equipped with a cooling system that 
maintains a stable cathode and anode 
temperature equal to the stack temperature; 

• The stack is equipped with a humidification 
system for managing and maintaining the 
humidity in the cell at the appropriate level 
when the load is changed; 

• Pressure changes are insignificant; 

• The change in cell voltage is caused by the 
kinetic response of the charge, since most FC 
are not used in mass transit; 

• The internal resistance of the cell is constant 
under all operating conditions. 

2. Model constraints: 

 

Fig. 1. Control system in MATLAB/Simulink 

 

 

Fig. 2. Model of the DC/DC converter, inverter and electric motor 
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• The flow of gases or water passing through the 
membrane is not recorded; 

• The effect of membrane temperature and humidity 
on the variation of stack resistance is not taken into 
account. 
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• Nominal current and nominal voltage (Inom, Vnom); 

• Maximum current and minimum voltage (Imax, Vmin); 

• Voltage at 0 and 1 A (Eoc, V1); 

• Number of cells connected in series (N); 

• A - slope of Tafel; 

• i0 - current; 

• Rohm - internal resistance. 

E. Dynamic of the EVs 

 
The following equations (4)-(6) described the dynamic of 

EVs: 

m T a

dV
m F F F

dt
= − −

   () 

T tF k m g=  
   () 

( ) 20.5a aF S K V=    
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where V - velocity of the EVs, Fm - the motor force, FT –
the friction force, Fa - aerodynamic force, ρ – density of the 
air, S – frontal area, Ka – aerodynamic coefficient.  

 

In Fig.5. the measurements of the studied parameters in the 
system are presented.  

III. SIMULATION RESULTS 

The simulation of the EVs supplied by fuel cell is realized 
for 16s. Multiple operation modes are presented: fast 
acceleration, slow acceleration and braking.  In Fig.6 to 8 the 
curve from simulation are presented. 

• at t = 0 s, EVs is at rest and the braking mechanism 
is in position up to 70%. The supercapacitor provide 
the supplying until the moment that FC start to 
operate; 

• at  t = 0.6 s,  the FC assure the power when the 
position of the braking mechanism is up to 50%, the 
supercapacitor continues to assure electric power to 
motor; 

• at t = 4 s, the braking mechanism is in position equal 
to 25%, the power of supercapacitor is equal to 0, the 
fuel cell assure total power; 

• at t = 8 s, the braking mechanism is in position 85% 
and the supercapacitor start to operate for support of 
FC; 

• at t = 12 s, is simulated the regenerative braking. The 
motor operates in generator mode supplied by the 
wheels of the EVs. The stored kinetic energy is 
converted to electrical energy. The power of FC 
decrease to 2 kW, which is the minimal power in this 
conditions. 

It is observed that the supercapacitor operates to support 
the FC. The power between the supplying sources is managed 
by the control system. The current of the FC execute the 
reference value. 

IV. CONCLUSION 

The realized mathematical model of the power structure of 
EVs allows the evaluation of the operating modes: 
acceleration, constant speed and regenerative braking. By 
adding vehicle dynamics, mass, aerodynamic performance 
and coefficients, maximum speed is achieved by further 
investigating the performance of the vehicle. Consideration of 
each subsystem constituting the structure of the EVs helps to 
create a more detailed model of the system. 

FC are becoming increasingly used in EVs, portable and 
fixed systems. The modelling and simulations of these 
subsystems demands a mathematical model of a FC for 
measuring the power and the control systems. In the current 
research a FC model that represents the behavior of most used 
hydrogen and air-fueled FC. The model requires several 
variables provided by the manufacturer and the simulations 
could be executed without a real FC. The realized model is 
verified with typical curves provided by the technical 

 
 

Fig. 3. FC model 

 

 
 

Fig. 4. Dynamic of the EVs 

 

 
Fig. 5. Measurement of the parameters in the system  
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documentation of the manufacturer. The complete model of 
EVs model indicate that the model of the FC is appropriate for 
different conditions and applications. 
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Fig.6. Accelerator, vehicle speed and drive torque ( reference, measured) 

 
 

Fig.7. Drive power, FC power and reference of the power of the supercapacitor 
 

 
 

 

Fig. 8. Electromagnetic torque, rotor speed, mechanical power, current and voltage 
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