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Abstract. The Electric Car Era is coming. According to the battery charge of car, the optimized control 
Strategy applied to DC-DC converters of electric vehicles, it is to gain further loss reduction and improve the 
life of an electric car battery. The hybrid energy storage system adopts the combination of current controller 
and peak current controller, which improve filter performance and optimize the power quality of the hybrid 
energy storage system. The hybrid energy storage systems consist of battery and ultracapacitor, Finally, the 
simulation and experimental results verifies that the control Strategy has the ability of good performances. 

Introduction 

In order to make electric vehicles the same as fuel vehicles, they need have a fast transient 

acceleration energy, long-distance endurance and light-weight multiple storage devices. The 

introduction of power prediction feedback link in a control system can speed up the combination 

process between the energy storage system and the wind power system [1]. A hybrid energy storage 

system uses fuzzy power control theory to distribute power, with the output power of renewable 

energy fluctuated. When the super capacitor is fully charged, the power is provided by the storage 

system independently, which will  reduce  charge and discharge times of the battery [2]. As an 

optimal control method based on smoothing time and limited power, the  battery maximum power 

and the climbing maximum power will be take into consideration In the energy storage system [3]. 

The integrated magnetic structure of DC-DC converter, as the connection of energy storage 

system and the grid and the essential part of the DC motor, which is more simpler and efficient, can 

significantly reduce the volume and weight of the converter [4-10]. In this paper, the proposed DC-

DC converter gives the specific topology and specific operating modes, as well as the battery and 

the super capacitor. Finally, simulation and experimental analysis shows that the performance of the 

hybrid energy storage system is in line with the theoretical analysis. 

Hybrid energy storage system 

Fig. 1. is a proposed hybrid energy storage system composed of DC/DC converters, super 

capacitors and a battery pack. DC/DC converters consist of four IGBT switches T1-T4 and their 

corresponding diodes (added battery) tube D1-D4, an integrated magnetic structure—self-

inductance L1,L2 and mutual-inductance M, which share a core inductor. The battery pack provides 

power for the smooth DC motor, which is a major energy electric vehicle. The super capacitor is 

used to deal with the instantaneous state of peak power supply. The power management system 

according to the load demand determines the electrical energy flow.  
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Fig.1 Topology of the hybrid energy storage system 

Control Strategy 

super capacitor controller. Selection cascade voltage and current controller as a super capacitor 

controller because when the battery provide a stable load voltage, super capacitor can maintain 

voltage of the DC side. This ensures that during braking, due to a significant increase in the DC side 

voltage, super capacitor can respond more rapidly , recovery of braking energy. Figure 2 is a control 

block diagram of the super cascade voltage capacitor and current controller. 


2

D P is K sK K

s

 

PID controller

S

R

Q

S-R latch
Comparators

+
-

- +

1.2G
sf

UC seni 

*

UCi
dcV

dc senV 

Nominal current of the 
super capacitance 

Peak current controller

 

Fig.2 Block diagram of the Ultra-capacitor voltage and current controller 

In boost mode the duty cycle of the inductor current’s transfer function can be expressed as: 
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2( )L sI is the reference current
2L ,

dcV is a DC motor voltage,
dcC is a DC motor side capacitor, D is the duty 

cycle. In the frequency range , the relationship between the inductor current and the DC -side voltage represented 

by the following formula ;  
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battery controller. Current control of the battery pack aims to ensure smooth supply of the DC 

motor current, therefore, the output current (corresponding to the battery control )of the battery pack 

through a second-order cut-off frequency of 50Hz Bessel low-pass filter. This ensures that there is 

no high output current ripple or transient big change. And because the output current of the buck 

converter generally contains higher output current ripple, therefore, the battery pack during normal 

operation through the transmission of electrical energy boost converter. Only in the battery charging, 

through the buck converter power transmission. Therefore, the output current battery containing 

ripple ratio can be greatly reduced. 

Assuming lossless converter , the DC motor current is equal to the battery current and the battery 

current and the DC current ratio may be expressed as: 
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The reference current of the battery pack is expressed as: 
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( )LPG s  as transfer function for Bessel low-pass filter can be expressed as: 
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θn(s) is the inverse Bessel polynomials, ω0 is a desired cutoff frequency obtained, a(n)and b(n) 

are coefficients of the polynomial Bezier, for the second-order Bessel filter , the transfer function of 

the filter can be expressed as: 
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                                                                                                                             (6) 

Bessel filter is a linear filter , which has the largest flat group delay or linear phase response , so 

after a Bessel filter can fully retain filtered the waveform after filtering, and maintain the basic 

stability group delay in the whole process of filter. Once the battery output reference current , the 

converter is controlled by the peak current controller , figure 3 is a specific control block diag. 
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Fig.3 The block diagram of battery control 

Control strategy in an mode.  
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Fig.4 Block diagram of the control system while operating in Mode  

Working mode  includes a battery pack providing power for the DC motor and super capacitors 

to obtain power from the DC side. Under normal operating conditions , provide stable power by the 
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battery. when the super capacitor is lower than the limit value by controlling the converter switches, 

super capacitor charging obtained power from the DC side . Figure 4 is a control block diagram 

working in the operation mode 5, _uc nomV  is the rated voltage UC , _senucV is the actual voltage UC ,
1G

and
4G  as switch off signal. 

Simulation and Experimental Analysis 

Built a small-scale experiment with analog circuits, adopt bootstrap PC2500 super capacitor, 

TMS320F2812 DSP as feedback and control systems, inductors L1, L2,the respective value of M is 

2mH, 50mH, 50μH,and the actual value is shown in Table 1. 

Tab.4 Experimental equipment and circuit parameters 
Experimental data 

DC side voltage 20dcV V  

 

Battery 
he initial charge state 80% 

ead - ac

1

i

2

d batter

t

y

battV V

l

 

Super Capacitor 
6 Maxwell Boostcap 2500 Series connection

he initial state of cha450 12 , t rgeF

PC

V
 

Switching frequency 20sf kHz  

Sampling time sc 20T s  

DSP model 320 2812TI TMS F  

1 2, ,L L M  1.938m , 54.5687 , 52.7866H H H   

Switch model 30 60 4  HGTG N A D IGBT  

Voltage sensor  20LV P  

Current sensor  100LA P  
 

 

Fig.5 Experimental results under a load step change: load, battery pack, and ultracapacitor 

currents 

  

Fig.6 Load, battery pack, and ultracapacitor currents under a load step change only with the 

battery 

Figure 5 shows the excellent handling capacity of hybrid energy storage system in response to 

the acceleration and braking condition. As we can see from the figure , when 3t  ,the load steps up, 

battery current do not respond immediately. However, by controlling the slow climb, the super 

capacitor soon discharges with high-current , supplemental power required on the load side .At the 

same time, DC voltage stabilized at 20V, the overall volatility is less than 5%. When t=7,the load 

steps down, ultracapacitor recovers by using energy of the brake. As we can see from the figure , 

the value of the super capacitor current is negative . Only when the battery pack is a single storage 

device can current fluctuates and higher ripple occurs(Figure 6).If current battery pack surges and 
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sags ,it is not conducive to a long-term use of the battery pack. Compared with Figure 5 and Figure 

6 , the use of the battery pack and the ultracapacitor hybrid energy storage system can cope with 

vehicle acceleration and the braking better. It is also quite a good idea to use the  magnetic 

integrated structure to filter the ripple effect. 

Conclusions  

Compared to traditional hybrid energy storage system, this system has significantly reduced its 

volume ,weight and the influence caused by the ripples of the DC motor. Super capacitor controller 

combination cascade voltage with current control strategy, battery combination peak current 

controller with reference current controller, constitute the simple and reliable control system,  which 

can maintain the DC motor side voltage stability and improve the control stability. 
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