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Abstract—Vehicles using grid power to charge the battery 

are parked during the charge operation. So, there is a 

possibility to use the traction components in the charger 

circuit to reduce the size, weight, and cost of charger. 

Charging power level directly is related to the charging time 

that is a crucial limiting factor in enhancement of plug-in 

vehicles. An integrated fast charger station is described that 

vehicle traction components are used in the charger system 

to provide a cheap charge solution. An isolated stationary 

transformer provides electric power or the vehicle inverter 

to constitute a boost rectifier serves as the battery charger. 

The system structure, components and operation is 

described in this paper. Moreover, a small scale laboratory 

setup is developed to practically verify the idea. The 

practical system is based on NI CompactRIO platform. 

 

1. Introduction 

 

Battery and battery chargers have a vital role on the 

concept of more electric vehicles. The quality, price and 

charging time of batteries still are not mature enough to 

compete with other solutions like an internal combustion 

engine. However, a CO2 free environment requirement 

convinced governments to provide many incentives to 

auto makers to boost the technology in this area. 

 

There are different types of classifications for the battery 

chargers which power level classification is one of the 

most accepted ones [1], [2]. For slow charging, that can 

be overnight at home, the power level is less than 3.5 kW 
that is charger level 1. Level 2 chargers have higher 

power level that can be up to 20 kW. It is possible to 

have a 230 V outlet or a three phase 400 V source for a 

level 2 charger. The charging time is something between 

1-6 hours for this class of chargers. Level 3 or fast 

chargers can provide a power range of 50-100 kW 

enabling a charging time of 0.2-1 hour. Table I [3] 

presents a short summary of this classification. Fast 

chargers are very interesting options that can be installed 

beside the highways or refueling stations. However, the 

main limitation is the high price as is shown in Table I. 

 

For plug-in hybrid electric vehicles (PHEVs) and electric 

vehicles (EVs), normally the traction circuit components 

are not engaged during the battery charging. So there is a 

 
Fig. 1: A typical traction circuit in a vehicle based on a 

three-phase motor and an inverter 

 
TABLE I: Charger power levels. 

 Type Source 

interface 

Power 

Level 

Approximate 

Cost 

Level 1 

120V/230V 

On-

board 

1-phase 

Normal 

plug 

Up to 

3.5 

kW 

500-800 

USD 

Level 2 

230V/400V 

On-

board 

1 or 3 

phase 

Dedicated 

outlet 

40-20 

kW 

1000-3000 

USD 

Level 3 

480V/600V 

Off-

board 

3-phase 

Dedicated 

charger 

station 

50-

100 

kW 

30000-

160000 USD 

 

possibility to use them in the charger circuit to reduce the 

system volume, weight, and cost [2]. The battery charger 

can be galvanically isolated or non-isolated from the 

utility grid. Although isolation is a very favorable option 

in the charger circuits for safety reasons [1], it is usually 

avoided due to its cost impact on the system. Different 

types of integrated chargers are reported by academia or 

industry [2], [4]–[16] that are reviewed and compared in 

[2]. 

 

Recalling the related standards [17], [18], galvanic 

isolation is not a mandatory requirement, but it can 

greatly ease the safety requirements. One of the proposed 

schemes is an isolated high-power integrated motor drive 

and battery charger based on a split-phase permanent 

magnet (PM) motor, explained in [2], [5]–[7]. 

 



A traction system based on an ac motor and a three-phase 

inverter is shown in Fig. 1. In several schemes, a DC/DC 

converter is used in the system also. The main available 

components that can be used in the charger circuits are 

the inverter (switches and diodes), the dc bus capacitor, 

machine (as inductors or transformer), measurement 

sensors (usually phase currents and dc bus voltage) and 

the controller. Using the motor in charger circuit imposes 

some limitations in the charger circuit like adding extra 

clutch or using some relays and so on [1]. Normally 

power electronics in an EV or a PHEV are rated more 

than 20 kW enabling them to be utilized in a high power 

charger. 

 
If the vehicle inverter is used in battery charger circuit, it 

will be a considerable amount of cost for charger at the 

power level of 2 or 3 (Table I). The idea is to use an 

isolation transformer in a charging station and utilize the 

vehicle inverter to charge the battery. The system 

configuration, detail circuit design and a laboratory 

implementation for a small scale system is explained in 

this paper. 

 

2. Battery charger topology: Three-phase 

boost converter 
 

Fig. 2 shows a basic diagram of a three-phase boost 

converter. This scheme is very similar to the proposed 

integrated charger system. The voltage equations 

describing the converter in the dq reference frame are as 

follows [19]: 
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where    ,    ,    , and     are the line and inverter dq 

voltage components, respectively, while R, L, and   are 

the resistance, inductance, and source frequency, 

respectively, and     and     are the d and q components 

of the line currents, respectively. The active and reactive 

power going to the converter from the grid can be written 

as [19]: 
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(4) 

 

Different control strategies have been proposed for this 

three phase boost converter operation [19], [20]. If 

      and       in the above-mentioned equations, 

then the active and reactive power will be simplified to  

  
 

 
       and    . Based on these equations, the 

feedforward current control method is one of the widely 

used schemes for power control. Fig. 3 shows the basic 

diagram of the controller. The dq current control and 

feedforward compensation are the main parts of this 

decoupled control scheme. The controller has an outer 
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Fig. 2: The power stage of the three-phase boost 

converter. 

 

Fig. 3: Decoupled current control of the three-phase 

boost converter. 
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Fig. 4: Isolated three-phase Boost battery charger. 

loop for the dc bus voltage regulation. This controller 

output sets the reference value for the d component of the 

current that controls the power. Two independent PI 

controllers have been used to generate the reference 

values for the inverter,   
  and   

 . The feedforward terms 

are added to the reference values, to the decoupled 

system in d and q axes, to improve the system 

performance. 

 

At grid synchronization, the contactor is closed and the 

grid voltages are applied to the grid-side motor/generator 

windings. Thus, it is a constant voltage source over the 

windings. The motor/generator voltage equations can be 

written as follows, after some mathematical 

manipulations: 
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Fig. 5: Proposed integrated motor drive and fast charger station.

Galvanic isolation is very interesting feature in the 

battery charger because of safety and more reliable 

operation during charging time. If the charger is not 

isolated, especially in high power level of charging, the 

power electronics components pollutes the earth current 

make the earth fault protection circuit to trip the charging 

operation. So, it is very advantages to have galvanic 

isolation in the charger circuit. In Fig. 4, the three phase 

voltage source should be isolated from the utility grid. By 

the use of a three-phase transformer it is possible to have 

in an isolated three-phase Boost battery charger. Figure 3 

shows this scheme. 

 

The main limitation of the Boost rectifier is that the 

battery voltage should be more than ac peak value of the 

ac input voltage of the inverter. So the transformer turns 

ration is designed to maintain suitable voltage level for 

proper operation of the battery charger. 

 

3. An integrated motor drive and battery fast 

charger station 
 

By using and isolated transformer, it is possible to use the 

vehicle inverter, sensors and controllers to constitute a 

fast battery charger. So this battery charger is not on-

board or off-board, but it is a mixture that is called 

compact motor drive and fast charger station. The 

transformer turns ratio can be adjusted to fix the battery 

voltage level limitation explained before. However, slight 

modifications in the vehicle traction system are 

mandatory that are explained at the following. 

 

Fig. 5 shows the proposed integrated battery charger. An 

extra isolated transformer is added to the system that is 

placed in the charger station. Then the motor is 

disconnected from the inverter by the use a relay. Three-

phase voltages and currents are measured in the grid side. 

The battery voltage and currents are also measured. The 

system is a three-phase isolated boost rectifier (battery 

charger). Since the inverter is high-power in the vehicle 

application, the charger is isolated high-power. Unit 

power factor operation is feasible in this scheme. 

Moreover, single-phase operation is possible also. 

 

The vehicle traction part should be modified by adding a 

relay, and some currents and voltage sensors. Since, the 

charger is galvanic isolated from the utility grid, the 

safety of the system is increased. However, the earth 

current is monitored in the system by measuring the 

three-phase line current in the grid side. 

 

The transformer turn ration can be adopted for a specific 

battery voltage. The battery voltage should be greater 

than the peak line voltage in the transformer output to 

have proper charge operation. The transformer leakage 

inductances can be used as the energy storage component 

of the rectifier system, so there is no need to add extra 

inductors in the system. 

 

This charger is a bidirectional device means it is possible 

to send/receive both active and reactive power 

toward/from the grid. So it is possible the system in the 

vehicle to the grid application as well. As an example it is 

possible to correct the grid power facto partially during 

the charge operation. The charging profile can be adopted 



according to the user request or automatic in this 

application. 

 

The extra components that are needed in the vehicles are: 

a current sensor for the battery, three-voltage sensors for 

the three-phase voltage measurement, current sensors to 

measure the phase currents and earth current for the 

monitoring and control. Moreover, a relay is utilized to 

disconnect motor during the charge operation. For the 

earth current monitoring, it is possible to directly 

measure earth current as well. Other sensors that are 

shown in figure 1 and 4 usually are part of the drive 

system; however, those components should be considered 

during system design stage. The control algorithm for the 

drive and charging are different, so the algorithm should 

be modified to fulfill the requirements. Moreover, the 

communication facilities between the vehicle and charger 

shall be considered for proper system operation. 
 

4. Small scale practical setup using 

CompactRio platform 
 

In order to verify the proposed integrated motor drive and 

battery charger station, a small scale experimental system 

is developed where is explained here. This setup 

includes: an inverter, three inductors, isolated current 

measurement modules, isolated voltage transducers, a 

load, the compactRIO control system and an isolated 

transformer. Those elements are shown in Fig. 6. 

 

The control of the system is carried out by the 

compactRIO platform, which monitor currents and 

voltages. For monitoring and control of the system, all 

the measured electrical quantities have to be adapted to a 

±10 V range to fit the analog requirements of the 

compactRIO modules. 

 

CompactRIO is a reconfigurable control and acquisition 

system, which includes I/O modules, a reconfigurable 

FPGA chassis and an embedded controller. The 

compactRIO programming is performed through 

Labview graphical programming tool. The elements used 

for the practical setup are: 

 

• A real-time controller NI cRIO 9022 

• 2 analog input modules NI 9215 with BNC connectors 

• An analog output modules 9263 (not used) 

• 2 digital input/output modules NI 9401 (only one in 

use) 

 

The programming of the control was split between the 

FPGA board and the embedded processor due to FPGA 

cannot handle the total control of the system. FPGA is 

responsible for the data acquisition through the NI 9215 

analog input modules, the PLL to calculate the electric 

angle for dq transformations, and the PWM pulses 

generation. 

 

The data is acquired, sent to a FIFO block inside the 

microprocessor and stored as local variables inside the 

FPGA. These data are taken from FPGA to obtain every 

singular variable and the microprocessor makes the dq 

transformation for both voltages and currents, which is 

carried out using the angle obtained from the output of 

the PLL block. Once the transformation is performed, the 

program doing a comparison between the reference 

voltage divided by half the DC voltage and a triangular 

generate a PWM signal, which is sent to the inverter. The 

output of this control, which is the reference voltage in 

dq axis, is sent to the FPGA where is transformed into 

abc domain for three phase voltages. Fig. 7 shows this 

control. 

 

The inverter used in the setup is SEMISTACK-IGBT, a 

SEMISTACK family product, provided by Semikron 

Company. The inverter rated values are 400 Vac/600 Vdc 

and 30 A. The gate signals are isolated from the main 

power circuit and are triggered by the CMOS level 

voltages, so a level shifter is used to boost the controller 

TTL signal to the CMOS level. 

 

The isolated transformer type used is a 220/127 V step 

down transformer, which has a leakage inductance of 

1.96 mH per phase. The inductors used for modeling an 

inductive supply line are three coils of 40 mH per phase. 

As the battery a potentiometer fixed on 50 Ohm is used. 

 

Fig. 8: Results from the practical setup 
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Fig. 6: The practical setup developed for the proposed 

integrated motor drive and battery charger station. 



 
Fig. 7: Software interface developed for the CompactRio system.

 
The system is able to manage a dc voltage in the output 

voltage of 100 V with a voltage in the input of 67 V. The 

speed of the system is 10 kHz. The current through the 

inductances and the voltage in the transformer are shown 

in Fig. 8. The power factor is one and the currents are 

controlled with a corrected sinusoidal waveform. 

 

5. Conclusion 

 

An integrated motor drive and battery charger station for 

plug-in vehicles is described in this paper. The main idea 

of the work is to utilize the vehicle traction components 

to have an integrated fast charger station. An isolating 

transformer is used in the station to constitute a three-

boost battery charger with vehicle inverter. A small-scale 

experimental system is built to provide a research 

framework for further investigations and more realistic 

implementation.   
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