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ABSTRACT 

 

This study presents design, analysis and application details of electrical vehicle battery charge device 

based on half bridge DC-DC converter. Half bridge DC-DC converter in the paper has 620 W power, 

25 kHz switching frequency and input DC voltage is obtained by uncontrolled bridge rectifier. In 

addition, information about the battery that is charged, and battery pack are given. Besides, a 

protection structure of battery is added by measuring both current and voltage of battery.  Firstly, 

equations required for half bridge DC-DC converter is derived and simulation of battery charge 

circuit is realized by using PSIM and MATLAB/Simulink. Then, the results of the experimental study 

and the simulation results are given comparatively. The experimental results prove the accuracy of 

the simulation studies. 

 

Keywords: Half Bridge DC-DC Converter, Electrical Vehicle, Battery, MATLAB/Simulink, 

Application. 

 

1. INTRODUCTION 

 

Nowadays, interest to the alternative and renewable energy sources has been increasing much because 

of decreasing fossil sources and fossil sources has negative factors such as climate change, increasing 

of carbon dioxide rate, decrease of oxygen, air pollution, global warming, negative effect to human 

health. Recently, the use and the tendency of using of renewable energy sources has increased much. 

Besides, due to the negative effect of the fossil sources, electrical vehicle has becoming more popular 

and in future it is assumed that the electrical vehicle will take place of fossil fuel-based vehicles. In 

addition, electrical vehicle consists of some key components including battery, battery charger, 

electrical motor, and motor driver. However, the most important part is battery and battery charger of 
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the electrical vehicle. To charge battery of electrical vehicle, DC power source is required. This DC 

source is provided by switching power supply [1, 2, 3].   

As a battery type for electrical vehicle the best option for today is lead-acid, nickel-cadmium, nickel-

metal, lithium-ion, and zinc-air [4, 5, 6]. Especially, lithium-ion batteries because of having higher 

power density are the most preferable battery type [7, 8, 9]. Operation and operation safety of 

lithium-ion batteries are so important for the use in electrical vehicle [10]. Also, lithium-ion batteries 

have higher reliability, higher power density, long lasting, lower discharge rate, and higher efficiency 

features [11]. To obtain higher power value with desired voltage levels, each battery cells are 

connected series and parallel [12]. On the other hand, the most important problem in electrical vehicle 

is the limitation of the battery such as weight, cost, limited charge capacity, short driving distance, 

long charge duration [13]. So, fast charging specification having different kind of DC-DC converter 

topology ensure the use of electrical vehicle for continuous driving [14].  

 

Efficiency is so important topic for switching power supply. Higher efficiency can be obtained by 

optimum design of magnetic materials, lower switching losses at the switch on and off conditions. In 

addition, switching power supply can operate with higher switching frequency rate from kHz to MHz, 

higher switching frequency provides reducing the size of equipment used in the converter [15]. Also, 

switching power supply ensures wide input voltage range, lower loss, higher efficiency, weight, and 

size comparing to linear power supplies.   

 

It is hard to choose switching power supply topologies for low or medium power level. For lower and 

medium power levels, push-pull and half bridge converter are more popular than full bridge converter 

[16]. For 200 W – 1000 W power level, generally half bridge topology is preferred, also in half bridge 

topology, a capacitor is added to primary winding [17]. The biggest disadvantage of push-pull 

converter is voltage stress which is twice of input voltage [17,18]. However, the main advantage of 

the half bridge converter regarding to push-pull converter is the construction of primary windings. In 

push pull converter, the primary should be wounded by two equally windings that causes design 

difficulty. In addition, half of dc source voltage is applied to the primary windings of half bridge 

converter but in push pull converter total dc source voltage is applied to half of primary windings. It 

is also mentioned in literature that the push-pull converter is more suitable for low voltage 

applications, and it has higher voltage stress on power switches. Nevertheless, push-pull converter 

has an easiness of driving power switches because it has two low side power switches which can be 

driving without the need of isolation or bootstrap driving principle. Advantage of half bridge 

converter comparing to push-pull converter is not having middle point of primary winding that 

provides easiness for applications [16]. In addition, comparing of full bridge converter, voltage stress 

of the half bridge converter is nearly half due to the splitted capacitor connection to the primary of 

transformer. Therefore, half bridge converter is preferable than push-pull and full bridge converters.   

 

For power converter, to conduct their simulations there are a few software such as PSIM and 

MATLAB providing simulation capability of the converters with higher accuracy [19,20,21,22].      

 

In this paper, by using half bridge DC-DC converter, for electrical vehicle design, simulation and 

application of batter charge device is realized. Modeling, control design and evaluation of the 

performance of charger device is conducted by PSIM and MATLAB/Simulink software. Half bridge 
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DC-DC converter-based battery charger is designed for 620 W power with 112 V output voltage. 

Design details are also given in this paper and measurements are conducted to validate the 

applications. In addition, battery back construction is included in the paper. Besides, a protection 

structure of battery is added by measuring both current and voltage of battery. 

    
2. HALF BRIDGE DC-DC CONVERTER 

 

Single phase AC is converter to DC by diode bridge circuit. Resulting DC is applied to the half bridge 

DC-DC converter. Half bridge DC-DC converter consists of two power switches, capacitors at input 

and output, high frequency transformer, high frequency rectifier circuit, and an inductor. After, 

applying DC, to the power switches, because the power switches are switched on one by one, a high 

frequency AC on the transformer is obtained. Resulting high frequency AC, is converter to DC by 

using high frequency diode rectifier.  To avoid short circuits because of switch on and off condition 

of Q1 and Q2, dead time is adjusted. During the dead time, energy for load is supplied by inductor L. 

 

As shown in Fig. 1, there are four operation mode of the half bridge DC-DC converter. 

1. Operation mode 1, Q1 is switched on, Q2 is switched off. 

2. Operation mode 2, Q1 and Q2 are switched off. 

3. Operation more 3, Q1 is switched off, Q2 is switched on. 

4. Operation mode 2, Q1 and Q2 are switched off. 

 

Square wave AC voltage is occurred at primary windings after the operation of the Q1 and Q2 of half 

bridge DC-DC converter. The square waveform voltage at secondary of the transformer can be 

obtained lower or higher than primary winding voltage.  AC square wave voltage at secondary 

winding is rectified by D1 and D2 diodes. After filtering of the secondary voltage, output voltage Vo is 

obtained.  At Fig. 2., steady state wave forms of half bridge DC-DC converter are shown.  

   

At mode 1, Q1 is switched on, Q2 is switched off, D1 is switched on, D2 is switched off. Primary 

winding of the high frequency transformer is connected to mid-point of the series connected 

capacitors. So, primary winding voltage is equal to Vdc/2. 

 

When the Q1 switch is on, there is a voltage drop on the primary winding resulting induced voltage on 

secondary winding. The induced secondary voltage is rectified by diode and after LC filtering 

transferred to R load. Secondary voltage can be calculated by (1).   

 

𝑉𝑠𝑒 =
𝑁𝑠

𝑁𝑝

(
𝑉𝑑𝑐

2
)                                                                                                                                                       #(1) 

 

Voltage at output inductor is calculated by (2).  

 

𝑉𝐿1 =
𝑁𝑠

𝑁𝑝

(
𝑉𝑑𝑐

2
) − 𝑉𝑂                                                                                                                                              #(2) 
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Current change of the inductor iL1 is equal to (3). 

 

𝑑𝑖𝐿1

𝑑𝑡
=

𝑣𝐿1

𝐿1
=

1

𝐿1
[
𝑁𝑠

𝑁𝑝

(
𝑉𝑑𝑐

2
) − 𝑉𝑂]                                                                                                                     #(3) 

 

Peak inductor current iL1 (pk) can be found at t=kT  by (4) [24]. 

 

𝐼𝐿1(𝑝𝑘) =  𝐼𝐿1(0) +
1

𝐿1
[
𝑁𝑠1

𝑁𝑝

(
𝑉𝑑𝑐

2
) − 𝑉𝑂] 𝑘𝑇                                                                                                     #(4) 

 

At mode 2, Q1 and Q2 switches are off.  So, kT< t <= T/2 is valid. Diodes at secondary side are forced 

for conduction by magnetizing current. Decreasing rate of İL1 can be found by (5) [24]. 

 
𝑑𝑖𝐿1

𝑑𝑡
= −

𝑉𝑜

𝐿1

     0 < 𝑡 ≤ (0.5 − 𝑘)𝑇                                                                                                                    #(5) 

 

Initial value of iL1 can be calculated by (6).  

 

𝐼𝐿1(0) =  𝑖𝐿1 [ 𝑡 =  (0.5 − 𝑘)𝑇 ] = 𝐼𝐿1(𝑝𝑘) −
𝑉𝑂(0.5 − 𝑘)𝑇

𝐿1

                                                                       #(6) 

  
 

At mode 3, Q1 is switched off, Q2 is switched on, D2 is switched on, D1 is switched on. The voltage 

on primary winding is equal to -Vdc/2. Reverse operation of mode 1 is realized. Vo output voltage can 

be found by the integral in (7) [24]. 

 

𝑉𝑂 = 2 ∗ [∫ (
𝑁𝑠1

𝑁𝑝

(
𝑉𝑑𝑐

2
) − 𝑉𝑂) 𝑑𝑡 + ∫ −𝑉𝑂𝑑𝑡

𝑇
2⁄

𝑘

𝑘𝑇

0

]                                                                                     #(7) 

 

Output voltage can be calculated by (8).  

 

𝑉𝑂 =
𝑁𝑠1

𝑁𝑝

𝑉𝑑𝑐𝑘                                                                                                                                                         #(8) 

 

Output power is calculated by (9).  

 

𝑃𝑂 = 𝑉𝑂𝐼𝐿 = 𝜂𝑃𝑖 = 𝜂
𝑉𝑑𝑐𝐼𝑝(𝑎𝑣𝑔)𝑘

2
                                                                                                                      #(9) 

 

Ip(avg) average primary current can be calculated by (10).   
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𝐼𝑝(𝑎𝑣𝑔) =
2𝑃𝑜

𝜂𝑉𝑑𝑐𝑘𝑚𝑎𝑥

                                                                                                                                            #(10) 

 

Drain current of Q1 and Q2 is found by (11). 

 

𝐼𝑑(𝑚𝑎𝑥) = 𝐼𝑝(𝑎𝑣𝑔) =
2𝑃𝑂

𝜂𝑉𝑑𝑐𝑘𝑚𝑎𝑥

                                                                                                                         #(11) 

 

Maximum voltage on switch is equals to (12).  

 
𝑉𝑐(𝑚𝑎𝑥) = 𝑉𝑑𝑐(𝑚𝑎𝑥)                                                                                                                                              #(12) 

 

Maximum duty cycle k cannot be more than 50%. Half bridge DC-DC converter is generally used for 

medium power applications with the 350 W- 800 W power range [24].   

 

   
a)                                                                                  b) 

  
c)                                                                                   d) 

Figure 1.  Operation modes of half bridge DC-DC converter, Mode 1, Q1 is on Q2 is off (a), Mode 2 

(b), Q1 and Q2 is off, Mode 3 (c), Q1 is off Q2 is on, Mode 4, Q1 and Q2 is off (d). 

 

In every operation mode, the VQ1 + VQ2= Vdc equation which is derived by Kirchoff voltage Law 

of closed loop regarding Vdc and both Q1 and Q2 switches voltages, should be verified. So, by 

neglecting the switch on state voltage drops, at Mode 1 0 + VQ2= Vdc, at Mode 2 VQ1 + VQ2= Vdc, 

at Mode 3 VQ1 + 0 = Vdc, at Mode 4 VQ1 + VQ2= Vdc. 
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Figure 2. Steady-state wave form of half bridge converter at continuous conduction mode. Primary 

voltage (a), Q2 voltage (b), Q1 voltage (c), primary current (d), L1 current (e), rectifier output voltage 

(f). 

 

3. DESING OF HALF BRIDGE DC-DC CONVERTER 

 

 

Figure 3. Half bridge DC-DC converter application circuit. 

 

Application circuit of half bridge DC-DC converter is shown in Fig.3. In this circuit, IR2153 

MOSFET driver integrated circuit is used. AC grid voltage is converter to DC voltage by diode 

bridge. Capacitors parallels to each other is charged by half of DC voltage. High frequency 

transformer is connected between the midpoint of capacitors and power switches. To reduce the high 

frequency noise due to the power switches, filter is added between AC grid and diode bridge. In 

addition, for protection of power switches, parallel RC snubber circuit and diodes are used. For 
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powering of IR2153 IC with 15 V, second transformer and diode bridge are used. Applied converter 

parameters are defined as 25 kHz switching frequency, 750 W output power and 0.8 efficiency. In 

addition, for transformer, ETD 54 core with N87 material of EPCOS company is chosen.  Besides, 

for output inductor, ETD39 core with N87 material of EPCOS company is used. Also, litz wire is 

employed both transformer and inductor.  

 

3.1. Design of High Frequency Transformer 

Require calculations for transformer is achieved by using (13-18). 

  

𝑉𝑖𝑛𝑚𝑎𝑥 = 𝑉𝑟𝑚𝑠 ∗ √2                                                                                                                                             #(13) 

   
𝑃 = 𝑉 ∗ 𝐼, 𝑃𝑜𝑢𝑡 = 700𝑊,      𝑉𝑜𝑢𝑡 = 110𝑉 ⟹  𝐼𝑜𝑢𝑡 = 6,36𝐴                                                           #(14) 

 

𝑃𝑖𝑛 =
𝑃𝑜𝑢𝑡

𝜂⁄  , 𝐼𝑖𝑛 =
𝑃𝑜𝑢𝑡

311⁄ = 2,81𝐴                                                                                                 #(15) 

 

Dead time is set as 1 µs. Total period is 40 µs because the switching frequency is 25 kHz. Voltage is 

occurred in primary 49% of total period, when it is thought that 2 µs dead time each two-half period. 

Duty cycle and conduction time is as in (16). 

    

𝐷 =
(100 −  2)

2⁄ = %49 , 𝑡𝑜𝑛 = %49 ∗ 40µ𝑠 = 19.6µ𝑠                                                                        #(16) 

 

Primary turn number Np can be calculated in (17) when magnetic flux density (B) is taken as 100 mT. 

Ae is cross sectional area of the core.  

 

 

𝑁𝑝 =
𝑉𝑖𝑛 ∗ 𝑡𝑜𝑛

2 ∗ ∆𝐵 ∗ 𝐴𝑒
⁄                                                                                                                                #(17) 

 

 

Secondary turn number can be calculated by (18). 

 

  

𝑁𝑠 =
𝑁𝑝 ∗ 𝑉𝑜𝑢𝑡

2 ∗ 𝐷 ∗ 𝑉𝑖𝑛
⁄                                                                                                                                 #(18)

 

 

Required conductor number of litz wire and cross-sectional area of the conductor can be calculated by 

(19-23). Ip primary current, S cross sectional area, J current density. 

 

𝑆 =
𝐼𝑝

𝐽⁄                                                                                                                                                                  #(19)
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When the frequency of the current passing through the conductor is increased, current passes surface 

of h conductor. It is called as skin effect. In (20), skin depth that is the depth of the current passing 

from conductor while frequency change is given.  In the application, operating frequency is 35 kHz, 

so skin depth is calculated as 0.45 mm.  

 

𝛿 = 72
√𝑓⁄                                                                                                                                                            #(20)

 

 

Transformer and inductor are wound by conductor having 0.3 mm diameter. For primary and 

secondary windings, parallel conductor number is calculated by using (19), (21), (22).   

 

𝑆 = 𝜋𝑟2                                                                                                                                                                  #(21) 

 

𝑆 =
𝐼𝑠

𝐽⁄                                                                                                                                                                  #(22) 

 

For output side inductor, required calculations are done by using (24). ∆I inductor ripple current, is 

taken as 20% of output current.  

 

𝐿𝑜𝑢𝑡 =
(𝑉𝑖𝑛 − 𝑉𝑜𝑢𝑡) ∗ 𝐷 ∗ 𝑇

2 ∗ ∆𝐼
⁄                                                                                                                  #(24) 

 

In application, as a power switch IXTQ460P2 power MOSFET, as a parallel diode of MOSFET, 

MUR460, as rectifier diodes DSEP15-06A are used.  

 
3.2. Battery Pack 

Battery pack is obtained series and parallel combination of li-ion battery cell having 3,6 V value. 

Total parallel battery cell number is 10 and total series connected battery cell number is 26.  

Parameter of battery pack is given in Table 1.  

 

Table 1. Battery pack parameters. 

Parameter Value 

Battery Cell Capacity 3450 mAh 

Battery Nominal Voltage 3,6 V 

Parallel connection number 10 

Battery capacity 34,5 Ah 

Series connection number 26 

Maximum Voltage 109,2 V 
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Each battery cell capacity is 3450 mAh and nominal voltage is 3.6 V. Battery pack structure and 

battery pack is shown in Fig. 4. As it is seen, there are 10 parallel connection and 26 series 

connection of each battery cell.  

 
a) 

 

 
b) 

Figure 4. Battery pack connection circuit (a), battery pack (b). 

 

3.3. Simulation Results 

Before the applications of half bridge DC-DC converter-based battery charger, at first, simulation 

studies are conducted. To conduct simulations, Matlab/Simulink and PSIM software are used. Firstly, 

simulation study is realized by resistor as a load then battery in Matlab/Simulink. After that, for 

validation of the Matlab/Simulink, PSIM simulation is made via resistor as a load.   

 

Firstly, simulation is conducted by using resistors as a load and its Matlab/Simulink circuit is given in 

Fig. 5. Protection circuit by measuring current and voltage of the battery is seen by the figure. Via 

protection logic, at the condition of higher current and voltage more than defined limit the converter 

stops its operation. Besides, required dead time between the operation of the switch is added in the 

simulations as it is seen by the figure.   
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Figure 5. Matlab/Simulink simulation circuit resistor as a load. 

 

In Fig. 6 switching signals of the switches are seen. Dead time between each switch can be observed 

easily by the figure and it is set as 1 μs. After applying the signal in Fig. 6 to the switches, operation 

of the converter is realized.  

 

 

 
Figure 6. Switching signals of power switches. 

 

After applying the signals in Fig. 6 to the power switches, high frequency AC voltage is induced at 

the secondary windings of the transformer as given in Fig. 7. Zero voltage values in the figure are 

because of the dead time between each switch.  
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Figure 7. Voltage waveform of transformer secondary winding. 

 

Switching signals in Fig. 6 results in drain-source voltages of power switches given in Fig. 8, after 

applying the power to the converter. It is seen that the drain-source voltage does not include peak 

values which is an advantage of the topology.  

 

 
Figure 8. Drain source voltage of MOSFET 1 and MOSFET2. 

 

After operation of each power switches, primary winding of the transformer has a voltage drop as 

given in Fig. 9. Also transferring energy to the secondary windings causes current drawn by primary 

winding that is given in Fig. 9.  Because of the dead time between switches, both current and voltage 

has zero values.  
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Figure 9. Transformer primary winding voltage and current. 

 

After inducing voltage at secondary, high frequency AC voltage is rectified by the high frequency 

diode bridge and applied to the load via inductor. Therefore, resulting load voltage and current are 

given in Fig. 10. The load voltage is obtained as 113.6 V and load current is obtained as 5.6 A.    

 

 
Figure 10. Load voltage and current. 

 

Fig. 11. A graph of the V and I power waveforms of the MOSFET is shown. 
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(a)                                                                             (b) 

Figure 11. V and I waveforms of the MOSFET. (a) Q1 V and I waveforms, (b) Q2 V and I 

waveforms. 

 

Simulation study in Matlab/Simulink is also carried out by using Li/Ion battery as a load and the 

simulation circuit is given in Fig. 12.   

 

 
Figure 12. Matlab/Simulink simulation circuit Li/Ion battery as a load. 

 

After the operation of the converter, the battery is charged. To observe the charging situation of the 

battery, SOC value is observed as given in Fig. 13. It is depicted that the SOC is increasing meaning 

that the batter is charging. 
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Figure 13. Li/Ion battery state of charge (SOC). 

 

In order to provide charging of Li/Ion battery, there should be enough output voltage as given in Fig 

14. In addition, while the charging process with the SOC in Fig 13., the battery draws current from 

the converter as shown in Fig. 14.   

 

 
Figure 14. Li/Ion battery voltage and current. 

 

To validate the results conducted with Matlab/Simulink, simulation study is conducted with PSIM 

software. The simulation circuit of PSIM is given in Fig. 15.   
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Figure 15. PSIM simulation circuit. 

 

After operation of the converter with a resistor as load in PSIM, the output voltage and current are 

obtained as given in Fig. 16. It is observed by the simulation the output voltage is 110 V and output 

current is 6.2 A.   

 

 
Figure 16. Output voltage and current of the PSIM simulation. 

 

3.4. Material Selection 

On the base of simulation studies, application of half bridge DC-DC converter is realized. For the 

converter, materials used in the application is selected as given in Table .2.  

 

Table 2. Half bridge dc-dc converter material list. 

Material Part Number Material Values Size(mm) 

C1 and C2 KENDEIL 

K054006810PM0E050 

400V and 680µF 

-40°C-+105°C 

(D x L) 

35.00 x 50.00 
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CB FARATRONİC 

C42P2105KBSC400 

275VAC and 1µF 

-40°C-+125°C 

(W x H x T) 

32.0 x 18.00 x 9.00 

D1 and D2 IXYS 

DSEP15-06A 

600V and 15A 

-55°C-+150°C 

TO220AC 

PACKAGE 

Q1 and Q2 IXYS 

IXTQ460P2 

500V and 24A 

-55°C-+150°C 

TO3P 

PACKAGE 

 
4. EXPERIMENT 

 

Circuit parameters of half bridge DC-DC converter for application are defined as follows. 

Vin = 311V 

Vout = 112V 

Io = 5.5A  

fs = 25 kHz  

η = (Pout / Pin) * 100 = (620.48/697.5) * 100 = % 88.9 

In addition, material values for half bridge DC-DC converter are given below.  

Magnetic core= ETD54/28/19 

Material = N87 EPCOS  

Q1 – Q2: IXTQ460P2 - MOSFET DIS.24A 500V, R DS (on) ≤ 270mΩ, 

Diode: DSEP15-06A (15A 600V) -TO-220AC  

 

Circuit connection diagram of the half bridge DC-DC converter-based battery charger is given in Fig. 

17. Charging of the battery takes much time, therefore experiments are conducted by using resistive 

load and measurements are taken by using resistive load. However, the converter is tested with 

battery as well. The converter control is realized with open loop structure through IR2153 IC. 

Furthermore, the IC has dead time generator internally and dead time is set as 1 μs Besides, 

protection circuit is added with Arduino microcontroller by measuring current and voltage. As a 

current sensor ACS712 type sensor is used. Voltage is measured with voltage divider. 

 

 

Figure 17. Half bridge DC-DC converter-based charger connections. 
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The battery charger is installed in the electrical vehicle as shown in Fig. 18, also protection circuit is 

given in the same figure. The battery pack is connected to the electrical motor of the vehicle in the 

figure.  

 

 

Figure 18. Installation of the battery charger to the electrical vehicle. 

 

Fig. 19 shows the half bridge DC-DC converter-based battery charger circuit feeding resistive load 

and measurement units. Also, for protection of the battery and the charger, a protection circuit 

measuring battery current and voltage using Arduino Nano micro controller is done.  In addition, an 

LCD screen is used to visualize battery voltage and current.  Fig 19 also shows the measurement 

results that output voltage and current values of the load with multimeters as 5.54 A output current 

and 112 V output voltage.  

 

 

Figure 19. Application setup and measurements. 

 
Fig. 20 shows the output current of the load by oscilloscope. Output current is measured by ACS 712 

current sensor and oscilloscope probe is connected to ACS 712 output to measure the output current 
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waveform. When it is calculated by the oscilloscope measurement results regarding to ACS712 

output voltage, output current is approximately obtained as 5.54 A. Instead of using current probe, 

which is expensive, such way of current measurements is more practical and cheaper. However, in 

Fig. 20, ACS712 provides analog output as a voltage, this seems confusing. But after calculations 

regarding to ACS 712 output voltage, output current is found as approximately 5.54 A. 
 

 

Figure 20. Load current as an output voltage of the ACS 712 current sensor. 

 

The waveform of the input, output and rectified input voltage of the converter is given in Figure 21. 

The input voltage is 146 V, the output voltage is 110V and the rectified input voltage is measured as 

296 V. 

 

   
(a)                                                                (b) 
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(c) 

Figure 21. Voltage results of half bridge dc to dc converter. (a) Input voltage, (b) Output voltage, (c) 

Rectified input voltage. 

 
Gate-source PWM signals of Q1-Q2 power switches having 1 μs dead time is given in Fig. 22. Similar 

to the simulation results in Fig. 7, application has also the same waveform.  
 

    
(a)                                                          (b) 

Figure 22. Switching signals of power switches, a) 5 μs time scale, b) 100 μs time scale. 

 

After applying signals given in Fig 22, the voltage on primary winding is obtained as high frequency 

square wave and given in Fig. 23. IT is seen that there is no peak value on primary voltage, it is the 

same waveform as by the simulation results in Fig. 10. So, simulation results prove the application.   
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Figure 23. Primary voltage waveform of the converter. 

 

Half bridge DC/DC converter is connected to the sinusoidal grid by diode bridge. The grid voltage 

and current is shown in Fig 24. It is seen that sinusoidal voltage is obtained, as 220 V. But the grid 

current is not sinusoidal because of the higher valued capacitor at the DC side. 

 

 

Figure 24. AC voltage and current of the converter under load. 

 

5. DISCUSSION 

 

Design, simulation, and application of battery charge device for electrical vehicle by using half bridge 

DC-DC converter topology for up to 620 W and its protection system including current and voltage 

protection is presented in the study. The half bridge DC-DC topology is one of the power converter 

topologies providing moderate or higher power conversion. By changing turns ratio of high frequency 

transformer, it ensures lower or higher output DC voltage. In addition, as an advantage of the 

topology, the converter has two power switches and lower voltage stress on the switches. So, the 

converter is very convenient as a battery charging device. Therefore, both application and simulations 

prove assumed results successfully that is charging the Li/Ion battery while ensuring protection. For 

the simulation, MATLAB/Simulink and PSIM software are used. Simulation results including 

protection structure approve the applications. [25] presents half bridge DC-DC converter focusing on 
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power factor correction for battery charging of the electrical vehicle but the protection of the battery 

is not covered as it presented in the paper. Although, full-bridge and DAB based electrical vehicle 

battery charger are presented in [26], [27] for higher power, number of switch and voltage stress on 

the power switches are higher than presented study. [28] presents electrical vehicle charger based on 

LLC converter, but it does not present battery package structure as it is given presented study and 

have higher number of power switches increasing cost. However, presented study includes just DC-

DC conversion, power factor correction is not a scope of the study. To have higher power factor, 

another front-end converter is good to be added to have higher power factor as future work. 

   

6. CONCLUSION 

 

In this study, design, simulation, and application of battery charge device for electrical vehicle by 

using half bridge DC-DC converter topology is presented. Modeling of charge device its control 

scheme design and evaluation of its performance is conducted by MATLAB/Simulink and PSIM 

environment. Besides, battery pack consisting of 260 single battery cells used for charging is 

presented. In experimental study, current and voltage graphs of half bridge DC-DC converter at 620 

W full load with 25 kHz switching frequency are obtained and it is observed that the charge device 

presents desired performance. Besides, protection of the battery pack is provided by using both 

current and voltage measurements. If the battery draws more than allowable current limit and battery 

voltage drop is more than maximum voltage, the battery charger stops its operation as a protection 

which is so important for increasing battery lifetime. Application results of charging and protection 

are also validated by simulation studies.      

   

Closed loop application by using microcontroller and linear control techniques after modeling the 

converter is aimed to be conducted as a future study. In order to realize closed loop application, an 

isolated voltage measurement circuit will also be designed.   
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NOMENCLATURE 

fs Switching frequency 

Pout Output power 

Vout Output voltage 

Iout Output current 

Pin Input power 

Iin Input Current 

ton Conduction Time 

Ae Magnetic core window field 

B Magnetic flux density 

S Cross sectional area 

J Current density 

ẟ Skin depth 

Lout Output coil inductance 

Vdc Input voltage 

Vo Output voltage 

Vc(max) Maximum voltage on switch 

Vin(max) Maximum input voltage 

Vrms Stands for root-mean-square voltage 

VL1 Inductor output voltage. 

Ip Primary current 

IL Inductor current 

IL1(pk) Peak Inductor current 

Ip(avg) Average primary current 

Id(max) Maximum drain current 

t Operating mode time 

k Duty cycle 

kmax Maximum duty cycle 

Ns Secondary turn number 

Np Primary turn number 

Vse Secondary voltage 

T Period 

ΔI Output current swing difference. 

D Duty rate. 

Po Output power 
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Pi Input power 

η Efficiency 

L Inductor 

C Capacitor 

R Resistance 

SOC State of Charge 

PWM Pulse-Width Modulation 

LCD Liquid-Crystal Display 

 


