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Abstract— The hybrid energy source support for electric vehicle, which combines the functionalities of super capacitors and batteries, 

has been widely extending the batteries' lifespan. The source of vehicle supply is fully during all successive operations. During sudden 

acceleration /deceleration and braking conditions the motor draws high current. If the SOC of the battery is low, it will lead to 

thermal stresses and heat thereby battery life will reduce. Therefore, to extend the life of the battery, super capacitor is proposed in 

this work to drive the vehicle. The battery supports the vehicle with high energy and high power is supplied by immediate operation 

of super capacitor during the motor impulsive acceleration/deceleration and braking periods. It’s reduced the trouble on one source 

and as such this hybrid source increase the life of the sources to extend in a long run. A Lithium-ion (Li)battery and super capacitor 

as hybrid sources are connected to DC-DC boost converter for balancing power among the sources and on requirement, sources could 

be connected to the Brushless DC motor used in electric vehicle.  

Index Terms—Super capacitor, Li-ion battery, DC-DC Converter, Brushless DC motor (BLDC), Electric Vehicle. 

I. INTRODUCTION 

In the era of fast growing automobile sector and considering climate change issues, hybrid electric 

vehicles plays an important role. Batteries take full control on the vehicle under any conditions. And, in 

long run the battery life is expected to deteriorate on continuous operation of the electric vehicle. 

Currently, batteries and Ultra-Capacitor are utilized as energy storage and powering the systems on 

demand. Batteries all well known for storing majority of energy due to high energy densities property. 

On the other hand, UC’s are to possess high power densities and long life cycle having a property of fast 

response for charging/discharging during high load conditions and starting condition of the vehicle. 

Therefore, these two sources as hybrid complement the energy density and power density requirement of 

electric vehicle on subjection to sudden acceleration/deceleration and regenerative braking. Presently, 

single energy-storage device like batteries may not help to meet the required works of Electric Vehicles 

(EV’s) and even in Hybrid Electric Vehicles (HEV’s). Hybrid energy sources complement drawbacks of 

each single device. Batteries have high energy density, has good high temperature performance, whereas; 

UC have high power density and a very high life cycle but low energy density so it can be used during 

transient conditions of the motor used in the electric vehicle Therefore, a hybrid energy storage system is 

proposed which uses batteries and UCs. Such systems can be used in Electric vehicles that run in subzero 

operations of Electric Vehicles (EVs), high load conditions, high acceleration conditions. 

 
II. OPTIMIZATION OF HYBRID SOURCES  FOR ELECTRIC VEHICLE 

Low temperature, low life cycle and specific power of the battery deteriorates its usage in long run. In ultra-

capacitors they are the electrodes presented as series R-L circuit and leakage current as large shunt resistance. 

The effect of less value of series resistance and high value of shunt resistance makes the efficient property of 

using ultra-capacitors. When compared to conventional capacitors, the self-discharge time constant of ultra-

capacitors is of several orders of magnitude larger. So it can handle currents of much higher amplitudes, and also 

the power which is more than the power provided by batteries. Also the characteristics is insensitive to 

temperature variations. When HEV’s are subjected to acceleration, deceleration and sudden braking conditions, 
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the ESS’s should be of high rate with efficient charge and discharge capability. Battery bank rating increases with 

the power requirement of the vehicle and physically the cost and the weight also increases. Therefore, instead of 

relying on single source like battery, it’s better to support with high power density UC’s which as hybrid energy 

sources utilization in electric vehicle would help to complement among each other operation for efficient vehicle 

operation. 

There exist two vehicle operation modes, 

1) Constant Acceleration: When the motor runs at constant speed, the voltage flows from the Battery as 

shown in figure 1. 

2) Sudden Acceleration/ High load: During the time of peak demand, the Battery and Ultra-capacitor aid the 

motor as shown in figure 2. 

 

 

Fig. 1. Battery supplying power to UC via DC-DC converter and electric vehicle during constant acceleration 

 

The battery is the sole supplier of the energy in this state. During this state the UC is also recharged 

from zero to hundred percent. 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Charged UC supplying power to electric vehicle during sudden acceleration 

 

The Energy stored in an Ultra-capacitor is given (1); 

E= 1∕2 * CV2 (1) 

Ultra-capacitor voltage is taken as; Vh= 50V, Vhmin= 30V, Vhmax=70V and battery voltage is taken to 

be; Vl=48V, Vlmax=55V, Vlmin =45V feeding to a BLDC motor of 48V, 1000 rpm which is preferably 

used in electric vehicle operation. Inductor value for DC-DC converter depends on Ultra- capacitor (UC) 

and battery voltage variations which is; Vh=70 V; Vl = 30 V. Therefore; for boost mode of the converter, 

the inductor value is given by (2); 

Vh =Vl/(1-D) (2) 

Where; D= Duty ratio, for the above Vh and Vl values the D is obtained as 0.5714. Therefore, the 

inductor design of DC-DC converter is given by (3); 

L=(Vl*D)/( Il  *Sf) (3) Where; IL = Inductor ripple current in percentage; 

SF = Switching frequency. The rated current of the battery is 13A.  Il = 10% of 13 A, Sf = 20 KHz for 

which L = 0.507mH is designed and used for operation. The flowchart represents the algorithm for the 

switching process which switches between battery and UC supply when the load increases beyond 10Nm 

(high load). 
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Fig. 3. Flowchart of the HESS selection based on electric vehicle operation. 

 

III. SIMULATION AND RESULTS 

The Simulation for the proposed method was performed using MATLAB Simulink under the modes 

two modes as shown in figure. 1 and figure. 2. 

1) Mode 1: During this state, the motor runs with some initial load, and the battery is the only 

supply, the battery also supplies to the Ultra-capacitor and recharges the Ultra- capacitor to 100V via 

boost DC-DC converter. 

2) Mode 2: This mode is when the load is increased and or the speed is increased and the Ultra-

capacitor aids the Battery. This enables to maintain the voltage at 48V powering from UC via buck 

DC-DC converter to electric vehicle motor. The operation sequence for the HESS is as given in 

table. 1. 

TABLE I 

OPERATION SEQUENCE OF HESS FEEDING THE MOTOR LOAD 

Time(sec) Load(Nm) Source  
0 – 30 5 Battery  

30 - 35 15 Ultra-capacitor  
35 – 60 5 Battery  

The control scheme is simulated for 60s. The rating of the battery is 48V, the rating of the Ultra-

capacitor is 50V. The system is simulated when battery was charging the UC under constant load. 

The battery, UC, motor and power balance characteristics under a constant load is shown in figure. 4, 

figure. 5, figure. 6 and figure. 7. 
 

 
 

 

 

 

 

 

 

 

 

Fig. 4. Battery operating characteristics during constant load operation of the electric vehicle 

 

From the figure. 4, it is observed that the battery discharges and supplies the electric vehicle during 0 to 

30sec and then again operates from 35sec to 60sec to operate the vehicle.During 30 to 35sec ultra-

capacitor (UC) comes to action reliving the battery burden and supplies the electric vehicle as in figure.  
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Fig. 5. UC operating characteristics during constant load operation of the electric vehicle 

 

From the figure. 5, it states that the UC was not connected to the electric vehicle the first 30s and then it 

was used for 5s after which the battery again recharges the UC for the rest of the period from 35sec to 

60sec onwards. 

 
Fig. 6. Electric vehicle motor characteristics when battery and UC supply during constant load 

 

From the figure. 6 the motor exhibits the speed is remained constant even during the constant load 

condition. It states that the Battery and UC were able to supply the required energy even during off peak 

loads.The power balance characteristics between the HESS and motor is shown at figure. 7. 

 
Fig. 7. Output power balance characteristics of the battery, UC and motor 

 

Mode 2 is operated as shown in figure. 2 is carried out when there exists a peak demand from the motor 

during sudden acceleration/deceleration. In such a case, the energy requirement from the motor 

increases. This causes the Ultra- capacitor to aid the battery that is constantly supplying to the 

motor.During this condition the load is 15Nm and the UC immediately discharges and the Battery 

recharges the UC. The duration of this mode is 10s. Figure. 8, figure. 9, figure.10 and figure. 11 shows 

the battery, UC, motor, power characteristics during the speed of the motor constant at 1100rpm, torque 

of 15Nm until 30 sec, after which it switches to sudden high load period between 30-35sec. 
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Fig. 8. Battery operating characteristics during varying load operation of the electric vehicle 

 

Fig. 9. UC operating characteristics during varying load operation of electric vehicle 

 
Fig. 10. Electric vehicle motor characteristics when battery and UC supply during varying load 

 

From the above figures it shows that the electric vehicle using with hybrid energy storage would help 

smooth riding and balance between energy density and power density thus relieving the burden on 

single source. 
 

IV.CONCLUSIONS 

As, electric vehicle are the future vehicles in operation on road. The work proposed the usage of 

hybrid energy storage system comprising of battery and UC in powering an electric vehicle. With two 

source balancing the load relieves the burden on single source which is the battery usage and life of it is 

prolonged. Since battery has high energy density and on sudden requirement by the motor in electric 

vehicle during sudden acceleration and deceleration, the burden on battery is nullified and the power is 

supplied by UC for a short time. This would help high power density to take over on the electric vehicle 

during sudden acceleration or deceleration. When the UC was powering the motor it is seen that the 

motor speed was less due to high load, but it can power the motor for only few seconds. Due to HESS 

the life of the battery could be prolonged and supported with high power density devices like UC being 

proposed in this work for electric vehicle applications. 
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