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Thus, manufacturersare approaching a subsequent 
phase in their development efforts that entails build-
ingpowerful, long-range, fast-charging, more efficient 
and cheaper electric vehicles This makes it a good time 
to think beyond proof-of-concept solutions, and to 
makeintelligent choices for the next-generation elec-
tric drive technologies that once anfor all give electric 
vehicles its rightful place in thetransportation market.
The concern with all-electric vehicles (EV) is their limit-
eddriving range on a fullycharged battery. This is usu-
ally between 100km and 500km for a modern EV.

At the same time, the refueling time for an electric 
vehicle is long, ranging from30 minutes to 10 hours or 
more. Therefore, consumers feel this is too restrainin-
gand stick with their conventional gasoline vehicle (GV) 
that can be refueled almostanywhere in 5-10 minutes 
or less.There are many ways to mitigate the problem 
of range anxietyfor EVs, one ofwhich is the focus of 
this report, namely fast-charging. The basic idea is that 
if thecharging power of the vehicle can be increased, 
then the time to charge the vehicleis lowered corre-
spondingly. If the charging time is less than around 
30-60 minutesthen en-route charging is possible, given 
that charging stations have been installedat appropri-
ate locations. Charging times of around 2-4 hours are 
also useful, sincethat enables charging at e.g. a work 
place or other sites where the vehicle is parkeddur-
ing the day. This effectively doubles the driving range, 
because the vehicle canbe fully recharged before it re-
turns to its over-night charging spot. For instance, if a 
vehicle with a driving range of 200km is charged at its 
destinationthen its effective range is 400km. A study 
on US consumers’ driving range gives a conservative 
estimate of possible

Abstract:

A novel integrated power electronics interface (IPEI) 
for battery electric vehicles (BEVs) in order to optimize 
the performance of the power train is proposed in this 
paper. As Power electronics interfaces plays important 
role in the automotive vehicle technologies the pro-
posed IPEI is responsible for the power-flow manage-
ment for each operating mode. The operating modes 
will explain how IPEI works during different modes like 
charging/discharging and traction/breaking modes. In 
this concept, an IPEI is proposed and designed to re-
alize the integration of the dc/dc converter, on-board 
battery charger, and dc/ac inverter together in the BEV 
power train with high performance. The proposed con-
cept improves the system efficiency and reliability, and 
reduces the current, voltage ripples, and also reduces 
the size of the passive and active components in the 
BEV drive trains compared to other topologies. And 
control strategy for IPEI is designed and analyzed by 
using MATLAB/Simulink. The simulation results related 
to the output waveforms are obtained and validated.

I. INTRODUCTION:

The interest in electric vehicles has increased rapidly 
over the past few years. Animportant milestone was 
reached in 2012 with more than 100.000 hybrid and al-
lelectricvehicles sold globally, and sales figures are ap-
proximately doubling eachear. Many automobile man-
ufacturers have at this point already developedand 
commercialized their first electric models, proving that 
the electric drive istechnically viable, environmentally 
friendly and affordable. .
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On the infrastructure side, an AC charging stationis re-
quired, which runs the power wires directly from the 
grid to the car and cantherefore be constructed as sim-
ple, small and inexpensive units.This project encom-
passes many topics ranging from high power electron-
ics onboardthe vehicle to load management algorithms 
in the charging station. This holisticapproach is neces-
sary to efficiently select the charging solution that low-
ers overallsystem cost and provides the most benefits 
for the stakeholders of the EV industry,including the EV 
users. Therefore, it is essential to investigate and dis-
cuss a widerange of technologies from the perspective 
of both the EV and the charging station.

In this project, an integrated motor converter is pro-
posed that can be used as the traction motor drive, 
a battery charger, and a power converter to transfer 
energy from vehicle-to-grid (V2G)through reconfigura-
tion of the inverter topology using relays or contactors. 
The traction inverter with the proposed reconfigura-
tion method can also transfer power from the vehicle 
to a dc grid and from a dc grid to the vehicle using the 
traction motor windings with the appropriate relay set-
tings.  The threephase machine windings and the three 
inverter phase legs can be utilized with an interleaved 
configuration to distribute the current and reduce the 
converter switching stresses. 

The battery voltage is increased in the boost mode to 
an output reference voltage level within the limits of 
the machine ratings.A soft starter method using PWM 
control has been used to reduce the starting current 
overshot when connecting to a dc grid. In a dc grid con-
nected mode, the voltage drop across the inductor will 
be the difference between the inverter output voltage 
and the dc grid voltage. The dc grid voltage provides 
more stable voltage to counteract the rate of change 
of inductor current and the current ripple is controlled 
in a better fashion in a dc grid connected mode.

II.  PROPOSED CIRCUIT

Why Electric Vehicles?

Why concern ourselves with EVs when they have lim-
ited range and hence seem inferior to other types of 
vehicles? After all, other types of environment-friendly 
vehicles exist. Most notably, plug-in hybrid electric ve-
hicles (PHEV) are becoming increasingly popular.

EV penetration with a widely deployed fast charging in-
frastructure.. With a vehicle range of 400km, 45% of all 
vehiclescan be replaced with EVs without constraining 
the user’s driving behaviour. Thiscorresponds to a glob-
al market of more than 450 million vehicles that could 
be EVs today.n one approach, the traction motor wind-
ings have been used as the inductors for the converter 
to develop the charging system without any additional 
component The three-phase supply is connected with 
each phase of the machine and the battery is always 
connected to the dc bus.The research showed the use 
of a poly-phase machine for the charger. Other topolo-
gies have been used for battery charging systems with 
traction motor windings used as filter components.
An on-board integrated charger has been proposed 
with reconfiguration of the stator windings of a special 
electric machine in. A battery charger is developed for 
the electric scooter, where interior permanent magnet 
traction motor is used for charging with power factor 
correction . 

The interleaving technique is another interesting ap-
proach used in designing dc–dc converters for re-
ducedswitching stresses and increased efficiency .The 
approach reduces the size and power rating of the con-
verter passive. components. Low EMI and low stress in 
the switches canbe expected from the interleaved con-
verter phase legs However, there is one possible show 
stopper in this equation. If the fast-chargingequipment 
turns out to be expensive or otherwise infeasible then 
it is unlikely tobecome widely adopted, and EV pene-
tration will be considerably lower due to theaforemen-
tioned range anxiety. The cost of the charging equip-
ment is therefore amajor concern, and will become 
even more so when public funding for infrastructurepi-
lot projects declines in the future.This project focuses 
on driving down cost of fast-chargingequipment by 
chargingthe EV with power from an AC charging sta-
tionconnected directly to the electricalgrid. The cur-
rent approach to EV fast-charging uses DC chargers, 
which are bulkyand pricy because they contain ad-
ditional high power circuitry to convert the grid’sAC 
into DC. The approach in this project is to investigate 
a concept known asintegrated motor drive, where the 
existing traction components onboard thevehicle are 
reused for the purpose of charging the battery also. 
This eliminatesredundancy in power electronics hard-
ware and should thus come at little additionalcost to 
the vehicle manufacturer.
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CIRCUIT OPERATION :

The circuit operation has been explained below in a 
tabular form

III.CONTROL STRATEGY:

Pulse-width modulation (PWM), as it applies to mo-
tor control, is a way of delivering energy through a 
succession of pulses rather than a continuously vary-
ing (analogy) signal. By increasing or decreasing pulse 
width, the controller regulates energy flow to the mo-
tor shaft. The motor’s own inductance acts like a filter, 
storing energy during the “on” cycle while releasing it 
at a rate corresponding to the input or reference signal. 
In other words, energy flows into the load not so much 
the switching frequency, but at the reference frequen-
cy.PWM is somewhat like pushing a playground-style 
merry-go-round. 

The energy of each push is stored in the inertia of the 
heavy platform, which accelerates gradually with hard-
er, more frequent, or longer-lasting pushes. The riders 
receive the kinetic energy in a very different manner 
than how it’s applied. The main advantage of pwm is   
Efficiency. PWM amplifiers run cooler than standard lin-
ear power amps ,requiring substantially less heat sink 
mass. At about 90% efficiency, PWM makes electromag-
netic motion feasible at power levels where hydraulics 
used to be the only option.

Fig.2. PWM Strategy

This type of vehicle carries both a conventional gaso-
lineengine along with a battery and an electric motor, 
and the battery can be chargedby plugging into an out-
let or a charging station. As such, the PHEV attempts 
touse the best of two worlds: The long driving range 
is provided by the conventionalgasoline engine, while 
the electric powertrain makes the vehicle efficient and 
clean.By using technologies such as regenerative brak-
ing andrunning the engine only at rpms where it has 
maximum efficiency give the PHEV a high mileage and 
lowemissions. However, there are two major down-
sides to the PHEV concept:
1. A hybrid vehicle is still highly dependent on gas.
2. A hybrid vehicle is much more complex since it has 
two powertrains. Thismakes the vehicle more expen-
sive in upfront cost and in maintenance comparedto 
both gasoline vehicles and electric vehicles that rely on 
a singlepowertrain.
In combination with these reasons, some countries, 
such as Denmark, are currentlynot offering tax deduc-
tions on hybrid vehicles, while EVs are often fiscally 
incentivized.For example, EVs are in Denmark exempt 
from the 180% registration taxthat is put on both hy-
brid and gasoline personal vehicles 1. In the US, a tax 
creditworth $7.500 is offered on both EVs and hybrids 
.Whereas the hybrid and thegasoline vehicle relies 
on a rather complex powertrain,an electric vehicle is 
on the other hand quite simple. It consists of mainly 
three1There is still 25% VAT on EVs. The exactregistra-
tion tax for a vehicle is a somewhatcomplicated cal-
culation, but it is approximately 105% up to a car value 
of79.000DKK and 180% above, see.

Fig. 1. Converter with switches capable of interfacing 
with both ac and dcgrid (a) combined and (b) details
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Fig.7. Load Voltage (V0)

 
Fig.8. Batter current, phase winding currents of a,b,c

 
Fig.9. Power flow from battery to ac grid Circuit

Fig.10. Grid Voltage & Grid Current

 
Fig.11. Power flow from ac grid to battery circuit

IV. SIMULATION RESULTS:
Simulation Circuit:

 
Fig.3.  Boost Mode Circuit

 
Fig .4. Load Voltage (V0)

 
Fig.5. Batter current, phase winding currents of a,b,c

Fig.6. Buck Mode Circuit



                                                                                                                         ISSN No: 2348-4845                                                                                                                         ISSN No: 2348-4845

                   Volume No: 2 (2015), Issue No: 7 (July)                                                                                                                           July 2015
                                                                                   www.ijmetmr.com                                                                                                                                                        Page 667

International Journal & Magazine of Engineering, 
Technology, Management and Research

A Peer Reviewed Open Access International Journal   

CIRCUIT OPERATION :

The circuit operation has been explained below in a 
tabular form

III.CONTROL STRATEGY:

Pulse-width modulation (PWM), as it applies to mo-
tor control, is a way of delivering energy through a 
succession of pulses rather than a continuously vary-
ing (analogy) signal. By increasing or decreasing pulse 
width, the controller regulates energy flow to the mo-
tor shaft. The motor’s own inductance acts like a filter, 
storing energy during the “on” cycle while releasing it 
at a rate corresponding to the input or reference signal. 
In other words, energy flows into the load not so much 
the switching frequency, but at the reference frequen-
cy.PWM is somewhat like pushing a playground-style 
merry-go-round. 

The energy of each push is stored in the inertia of the 
heavy platform, which accelerates gradually with hard-
er, more frequent, or longer-lasting pushes. The riders 
receive the kinetic energy in a very different manner 
than how it’s applied. The main advantage of pwm is   
Efficiency. PWM amplifiers run cooler than standard lin-
ear power amps ,requiring substantially less heat sink 
mass. At about 90% efficiency, PWM makes electromag-
netic motion feasible at power levels where hydraulics 
used to be the only option.

Fig.2. PWM Strategy

This type of vehicle carries both a conventional gaso-
lineengine along with a battery and an electric motor, 
and the battery can be chargedby plugging into an out-
let or a charging station. As such, the PHEV attempts 
touse the best of two worlds: The long driving range 
is provided by the conventionalgasoline engine, while 
the electric powertrain makes the vehicle efficient and 
clean.By using technologies such as regenerative brak-
ing andrunning the engine only at rpms where it has 
maximum efficiency give the PHEV a high mileage and 
lowemissions. However, there are two major down-
sides to the PHEV concept:
1. A hybrid vehicle is still highly dependent on gas.
2. A hybrid vehicle is much more complex since it has 
two powertrains. Thismakes the vehicle more expen-
sive in upfront cost and in maintenance comparedto 
both gasoline vehicles and electric vehicles that rely on 
a singlepowertrain.
In combination with these reasons, some countries, 
such as Denmark, are currentlynot offering tax deduc-
tions on hybrid vehicles, while EVs are often fiscally 
incentivized.For example, EVs are in Denmark exempt 
from the 180% registration taxthat is put on both hy-
brid and gasoline personal vehicles 1. In the US, a tax 
creditworth $7.500 is offered on both EVs and hybrids 
.Whereas the hybrid and thegasoline vehicle relies 
on a rather complex powertrain,an electric vehicle is 
on the other hand quite simple. It consists of mainly 
three1There is still 25% VAT on EVs. The exactregistra-
tion tax for a vehicle is a somewhatcomplicated cal-
culation, but it is approximately 105% up to a car value 
of79.000DKK and 180% above, see.

Fig. 1. Converter with switches capable of interfacing 
with both ac and dcgrid (a) combined and (b) details

                   Volume No: 2 (2015), Issue No: 7 (July)                                                                                                                           July 2015
                                                                                   www.ijmetmr.com                                                                                                                                                        Page 668

International Journal & Magazine of Engineering, 
Technology, Management and Research

A Peer Reviewed Open Access International Journal   

Fig.7. Load Voltage (V0)

 
Fig.8. Batter current, phase winding currents of a,b,c

 
Fig.9. Power flow from battery to ac grid Circuit

Fig.10. Grid Voltage & Grid Current

 
Fig.11. Power flow from ac grid to battery circuit

IV. SIMULATION RESULTS:
Simulation Circuit:

 
Fig.3.  Boost Mode Circuit

 
Fig .4. Load Voltage (V0)
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Fig.6. Buck Mode Circuit
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Fig.12. . Grid Voltage & Grid Current

V. CONCLUSION:

A novel integrated power electronic interface for  BEV 
(Battery Electric Vehicle) which optimizes the perfor-
mance of the power train is proposed. The proposed 
concept of APEI (Advanced Power Electronics Inter-
face) combines the features of the BMDIC (Bi-direc-
tional Multi Device interleaved DC-DC converter) and 
the ESI (Eight Switch Inverter). The proposed APEI and 
its performance characteristics had been analyzed and 
presented. Different control strategies are designed 
to verify the performance of the proposed APEI dur-
ing different operating modes. t should be pointed out 
that the IFOC based on PWM voltage is more efficient 
which is used to drive the EM (Electric Machine) during 
traction and braking modes. Moreover, the proposed 
APEI can achieve a high power factor correction, and 
can achieve a low THD for the input current during 
charging mode from the ac grid. As is clear from the 
simulation results, the proposed APEI can reduce the 
current and voltage ripples, can improve the efficiency 
and reliability, and can provide a compact size for the 
BEV power train. Furthermore, the battery lifespan can 
be increased due to the ripple reduction. Finally, the 
results of simulation are demonstrated for the pro-
posed APEI has been successfully realized and it prom-
ises significant savings in component count with high 
performance for BEVs compared to other topologies. 
Therefore, it  can be expected that these topologies 
can be utilized for development of high efficiency BEV 
power trains. 
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