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Abstract—    In electric vehicle the regenerative break used to 

charge the battery and increase the charging range of the 

vehicle. Quantity of energy is depends upon the vehicle. 

Heavy and large vehicle can save large amount of energy. 

And getting a best saving of energy. Ultracapacapacitor is 

used to stored energy and having large capability than that of 

the normal capacitor.Now the latest technology used in 

industry with the regenerative braking is increased. The 

output of regenerative braking is used to improve by 

connecting the battery and ultracapacitor with dc-dc 

converter.  And the controller is used to divide the amount of 

current and improve the efficiency of the system.Here work 

is done for the parallel combination of the battery and 

Ultracapacitor focusing on the Regenerative braking using dc 

motor. This recombination is used to store the energy using 

MATLAB simulation. During braking energy is stored into 

the battery and Ultracapacitor 
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I. INTRODUCTION 

Vehicle technology such as control technology and 

integrative technology has been developing rapidly. 

Somehow, the limitation of driving mileage still becomes a 

problem for the development of electric vehicles. This 

problem has been overcome by using regenerative braking. 

This technology had replaced the traditional braking systems. 

In this thesis, regenerative braking of Electric vehicles by 

using Ultracapacitor (UC) has been discussed. In regenerative 

braking mode, the drive-motor acts as a generator. It 

transforms the kinetic-energy to electrical energy for storing 

that into the batteries or capacitors. At the same time, the 

brake controller monitors the speed of the wheels & 

calculates the required torque plus the too much energy by the 

rotational force that can be converted into electricity and fed 

back into the batteries during regenerative mode. The 

application of Ultracapacitor has been increased from last 

decade and it’s increasing every day. The advancement in 

Ultracapacitor technology gives more and more importance 

to application of Ultracapacitor. Application of UC with 

battery combination for electric vehicle is one of the 

applications. The new invention in UC technology further 

reduces the cost and size of it, which increase demand of UC 

for this particular application where cost, size and weight of 

machine are the important factor. Furthermore, some more 

technique are also used to manage ultracapacitor energy 

management to increase the efficiency. 

Electric vehicle have a higher efficiency and lower 

emission compared with the engine vehicles. So the external 

power source such as battery, ultracapacitor is used to power 

the vehicle. Mostly the braking system of vehicle is based on 

hydraulic braking system. This braking technology causes a 

lot of energy wastage. Thus to compensate this disadvantages 

the regenerative braking system are used. We can save energy 

by regenerative action. When you drive an electric vehicle 

then energy flow from battery to the wheel via the electric 

motor and after applying break energy flow from wheel to the 

battery via the motor which works as generator. There is 

certain consumption of energy. As in case of electric braking 

generated energy is converted into the electrical energy and 

then it will be goes return to the source and further it is used 

to power on the vehicle.    

II. ULTRA CAPACITOR SYSTEM 

Here we discussed the regenerative braking of Electric 

vehicles by using ultracapacitor. In this case we applying the 

break then motor will behave as a generator. In this condition 

the back e.m.f. is greater than that of supply voltage and it 

return to the source.  It transforms the kinetic-energy to 

electrical energy for storing that into the battery or 

ultracapacitors. At that time the brake controller monitors the 

speed of the wheels & calculates the torque and the extra 

energy from the rotational force which is converted into 

electricity and fed back into the battery during regenerative 

mode.The advancement in ultracapacitor technology gives 

more importance to use of ultracapacitor. The use of UC with 

battery for electric vehicle is one of the most useful 

combinations.  Thus cost, weight and size are important factor 

to increase the demand of UC for this particular application. 

And the dc motor is connected in the system for better 

performance which has following advantages – 

 It require less space as compared to other form of drive. 

 It is more economical. 

 It is free from pollution. 

 Its operating characteristics can be easily modified. 

 It can be controlled easily. 

 Less maintenance. 

 Easy starting. 

Here only the required energy is going to the battery 

and remaining will be stored in to the Ultracapacitor. 

Ultracapacitor deliver energy during overload. The 

Ultracapacitor (also known as the super capacitor or electrical 

double layer capacitor) is a different from the normal 

capacitor. It has very high capacitance and high energy 

density. The capacitor stored energy by means of static 

charge. Applying the voltage with proper polarity, on the 

positive and negative plates charges the capacitor. Compared 

with a conventional capacitor, so called super capacitors offer 

much more charge to be stored per unit volume. This is 

achieved through increased effective electrode surface and 

the additional electrolyte. Most super capacitors on the 

market today use activated carbon as the electrode material. 

The charge is stored via charge separation and alignment of 

the dipoles in the electrical double layer.  The thinness of this 

layer along with its large electrode surface area allows the 
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supersized capacity of super capacitors compared to 

conventional capacitors.  

III. REGENERATIVE BRAKING CONCEPT 

In Regenerative braking generated energy is supplied to 

the source, for this condition should satisfy that V < Ea & 

Ia should be negative.  Ea is decided mainly by the speed 

if it is a Plane DC motor. Ea can also be controlled by field 

current. 
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Fig. 1: Circuit diagram using Regenerative Braking 

IV. SYSTEM ANALYSIS 

 
Fig. 2: Regenerative Braking Model 

 
Fig. 3: Battery Current at starting 

 
Fig. 4: Battery Voltage at starting 

 
Fig. 5: Ultra capacitor Current 

 
Fig. 6: Ultra capacitor voltage 

 
Fig. 7: Motor Input Voltage 

 
Fig. 8: Motor Speed 

 
Fig. 9: Motor Armature Current 
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Fig. 10: Motor Speed   

V. CONCLUSION 

Ultracapacitor connected in parallel with the battery reduces 

burden on battery during starting of motor and again parallel 

combination of Ultracapacitor provides maximum utilization 

and faster exchange of energy. Here Ultracapacitor is conned 

in Parallel with battery to store the excessive energy during 

braking which is used to power on the vehicle again. 

Comparison of various system schemes is based on time for 

which Ultracapacitor is connected in the system.  

In first simulation battery is connected to the motor 

and the current in the battery is negative which is depending 

on the direction of switches. During braking Energy is 

calculated by the method of area under the graph which is 

found to be 195.12 J. In second simulation the battery voltage 

is positive and it is increased after 2.5 sec during starting. In 

third & fourth simulation ultracapacitor current & voltage is 

given with respect to time. Again current is negative & 

voltage is positive. In next simulation input voltage given to 

the motor is positive and brake applying the supply of the 

motor is disconnected and it work like generator and rotate in 

reverse direction. So the torque is negative and also the 

armature current is negative. Thus kinetic energy is return to 

the supply. 

Hence maximum utilization of Ultracapacitor to 

stored the excessive energy during   regenerative braking is 

possible. 
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