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1. INTRODUCTION 

Fuel cell technologies are expected to become an 
applicable solution for vehicular applications since they 
use renewable fuel, offer higher power density and they 
do not generate any harmful pollution. Among the 
various fuel cell technologies available for use in 
vehicular systems, the Proton Exchange Membrane 
Fuel Cell (PEMFC) has drawn the most attention due to 
its simplicity, viability, higher power density and 
operation at lower temperatures. Due to this features, 
PEMFC is considered to be the most suitable 
technology for vehicular systems, industry and other 
applications. The power demand of a vehicular system 
includes many sharp and instantaneous changes.  If the 
fuel cell supplies all power demand, it would increase 
the size and cost of the FC system as well as hydrogen 
consumption. Also, commercially available fuel cells 

are not reversible and they do not have capability to 
recycle the braking energy. Therefore is recommended 
hybridizing FC with an energy storage system, in this 
paper with a battery. The hybrid system has many 
advantages. The battery can be used to meet the peak 
power demand; hence, the size of the fuel cell stack can 
be minim. Fuel cell/battery hybrid systems can combine 
the high energy density of fuel cells and the high power 
density of batteries. 

The objective of this work is to develop an efficient 
hybrid operating system. It should be able to deliver the 
power requirement, maintain the battery SOC and also 
ensure the safe and durable operation. 
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2. STRUCTURE OF THE FUEL                   
CELL/BATTERY HYBRID POWER 
SYSTEM 

Figure 1 shows the configuration of the fuel 
cell/battery hybrid system. It consists of a fuel cell, a 
battery pack, a DC/DC converter, electric drive and 
vehicle dynamics. The DC/DC converter (buck type) is 
current-regulated [1]. 

The fuel cell is connected to a DC link via a DC/DC 
converter. Directly connected to the DC link is a battery 
to supply the transient energy demand and peak loads 
required during acceleration and deceleration. 

 

 
 

Figure 1 Configuration of fuel cell/battery hybrid 
system 

 
DC/DC converter was modeled in SimPowerSystem 

as shown in Figure 2. 
 

 
 

Figure 2 Topology of DC/DC converter 
 

The Vehicle Dynamics subsystem models all the 
mechanical parts of the vehicle. The model was created 
in Simulink extended tool called SimDriveline that 
models the rotating dynamics of a drivetrain. The 
SimDriveline library contains different types of 
powertrain components such as transmission, clutch, 
engine, tire and vehicle models. 

The configuration of the Vehicle Dynamics 
subsystem is shown in Figure 3. 

The model includes: a simple gear; two differentials 
for splitting the input torque; tires dynamics which 
represents the force applied to the ground; the vehicle 
dynamics represent the motion influence on the overall 
system [2]. 

 
 

 

 

 

Figure 3  Configuration of vehicle dynamics 
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3. MODELING OF A PEMFC SYSTEM 

PEMFC in a hybrid vehicular system is the primary 
power source and should be operated for supplying the 
steady state load demand. The PEMFC model is 
realized in Matlab&Simulink and it has been build 
using the relationship between output voltage and 
partial pressures of hydrogen, oxygen and water. 

The FC system model parameters and their values 
are: F – Faraday’s constant (96484600[C/kmol]), rH_O 
– hydrogen-oxygen flow ratio (1.168), T_O2 – oxygen 
time constant (6.74[s]), K_O2 – oxygen valve constant 
(2.1x10

-5
[kmol/(s atm)]), T – fuel cell absolute 

temperature (343[K]), R – universal gas constant 
(8314.47[J/(kmol K)]), U – utilization factor (0.8). 

The expression for the hydrogen partial pressure is 
described as in equations (1) and (2) [3]: 
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Similar, the expression for the oxygen partial 
pressure is obtained as in equation (3): 
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The fuel cell system consumes hydrogen according 
to the power demand. The hydrogen is obtained from a 
high pressure hydrogen tank for the stack operation. 
During operational conditions, to control the hydrogen 
flow rate according to the FC power output, a feedback 
control strategy is utilized. To achieve this feed back 
control, the fuel cell current from the output is taken 
back to the input while converting the hydrogen into 
molar form. 

The hydrogen and oxygen flow rates according to 
the power demand are expressed in equations (4) and 
(5): 
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Depending on the fuel cell system configuration and 
the flow of hydrogen and oxygen, the FC system 
produces the dc output voltage. 

The fuel cell output voltage may be expressed as in 
equation (6): 
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and, 
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The expression of Nernst’s instantaneous voltage is 
equation (9): 
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Figure 4 shows the model of the PEMFC based on 
these equations: 
 

 
 

Figure 4  PEMFC Simulink model 

4. SUPERVISORY CONTROL STRATEGY 

To improve the good quality of controlling the 
hybrid  vehicle we developed a supervisory controller 
with Stateflow toolbox. We used a conceptual 
framework which contains all transitions and possible 
operating modes.  

The default transition is “stop” and it represents the 
steady state of  the chart. If  variable “engine” is “on”  
the state machine passes in the next state called “verif”. 
In this state we  called “ver” function and “err” 
function. This two functions are developed in different 
forms. First one is a graphical function and it represents 
in terms of programming language a simply if-else flow 
controlling syntax. The second function is an embedded 
Matlab function which reset the system  if the error is 
eliminated.  

The other states are “Brake” state , “fail” state and  
“on” state. The “on” state represents an sub charted 
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state which is similar with subsystems from Simulink. 
“Fail” state represents the moment when an error 
occures. If the error oscillate between “on” and “fail” 
states more than two times the “err” function from 
“verif” state is called. 

“Run” state is a sub state of the “on” state. In this 
sub state we developed three operation modes of 
vehicle: start mode, normal mode and cruise mode. The 
“acceleration” and “cruise” states  have been grouped to 
form the “normal” super state. The “start” and “normal” 
states have been grouped together to form the “run” 
super state. This grouping helps organize the mode 
logic into a hierarchical structure that is simpler to 
visualize and debug [4].  

The “start” mode is the default transition and it is 
represented by an entry state. In entry state are called 
two functions: “mot” and “shut_down”. If the “mot” 
function is called the electric machine works as a motor. 
If  the power demand is greater than the reference  
power for battery then the vehicle works in “normal” 
mode. “Normal” state is divided in two states 
“accelerate” state which is the steady state and “cruise” 
state. The transition between “accelerate” mode and 
“cruise” mode is validated by the state of charge of 
battery and by the power demand of vehicle. 

The “cruise” mode has two states: “charge” state and 
“noncharge” state. If the vehicle has to slow down the 
state machine passes in “brake” state. 

If variable “brake” is greater then 0.05, the vehicle 
passes in “brake” mode. This mode is very useful to 
recover some energy since the mechanical power is 
converted in electrical power by the electric machine.  

If one of the power sources is broken, the state 
machine passes from “on” to “fail” and variable “i” is 
incremented. If error persists the vehicle passes in 
“verif” mode for cover the fail.    

Figure 5 shows the supervisory control strategy in 
Stateflow toolbox. 

 

 
 

Figure 5 Mode logic modeled with Stateflow 

5. SIMULATION AND RESULTS 

Simulation results for the proposed hybrid vehicular 
system are obtained using Matlab, Simulink and 
SimPowerSystems based software packages by 
implementing the detailed mathematical and electrical 
models of the system. 

The PEMFC system, Ni-MH battery and vehicle 
parameters used in this study are shown in tables 1, 2 
and 3. 
 

Table 1.  PEMFC Parameters 
 

 
Table 2.  Ni-MH battery Parameters 

 

 
Table 3.  Vehicle Parameters 

 

Parameters Value 

mass [Kg] 1500 

horizontal distance from CG to front 

axle [m] 

1.4 

horizontal distance from CG to rear 

axle [m] 

1.6 

CG height from ground [m] 0.5 

frontal area [m
2
] 3 

drag coefficient 0.4 

initial longitudinal velocity[m/s] 0 

 

Figure 6 shows the fuel cell/battery topology used in 
this study. The model was realized in 
Matlab/Simulink/SimPowerSystem/SimDriveline 
software packages. 
 

Parameters Value 

voltage at 0A and 1A [V_0(V) 

V_1(V)] 

[400 380] 

nominal operating point[Inom(A) 

Vnom(A)] 

[285 300] 

maximum operating point [Iend(A) 

Vend(V)] 

[347.3 288] 

fuel cell response time (sec) 2 

Parameters Value 

nominal voltage [V] 288 

initial state of charge (%) 40.32 

internal resistance [Ohm] 0.207 

capacity [Ah] 13.37 

battery response time [s] 30 
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Figure 6 Hybrid system configuration 

 

During a ramp drive cycle the vehicle speed starts 
from 0 Km/h to about 155 (kph) at t=16s. The vehicle 
speed is shown in figure 7. 
 

 
 

Figure 7 Vehicle speed 

 

Figures 8 and 9 show the simulation results for the 
fuel cell current, fuel cell voltage and battery voltage, 
state of charge of the battery and battery current, 
respectively. 

 

 
 

Figure 8 Fuel cell current and voltage 

 

 
 

Figure 9 Battery voltage, state of charge and current 

 

From figure 8 it can be seen that the voltage of the 
fuel cell was varied between 370 V and 420 V which 
was the operating range of the system. 

From figure 9 it can be found out that the battery 
state of charge was kept higher than 40% by the 
strategy control. The initial state of charge was 40,32% 
and it was varied between 40,32%-40,7%. 

In figure 10 is shown the „start” mode of the hybrid 
vehicle when all the transition conditions are 
accomplished. 

 

 
 

Figure 10 „Start” mode of the vehicle 
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When Pdem>Pbr the vehicle leave the „start” mode 
and passes in „normal” state as we can see in figure 11. 
 

 
 

Figure 11 „Normal” mode of the vehicle 

 

In figure 12 is shown the „normal” state, 
„accelerate” mode of the vehicle and as we can see 
from simulation the vehicle passes through all possible 
operating modes and states, so the model is valid. 

 

 
 

Figure 12 „Accelerate” mode of the vehicle 

 
 
 

6. CONCLUSIONS 

This paper presents a control algorithm for a hybrid 

fuel cell/battery power source to improve the 

system efficiency. Using this method was realized 

the control of the total amount of power that is 

generated by the vehicle and how should be split 

between the two power sources. Also, in this way 

can be maintained an adequate battery charge 

which complies with the power demand of the 

driving situation while maintaining a good battery 

health.  

Using this model, the comprehensive evaluation of 

hybrid electric vehicle power train system can be 

conducted, which would assist the prediction of the 

system power distribution. 
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