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Abstract

With the increase in global infrastructure, electric vehicles (EVs) are the replacement for many conventional
transportation. In recent years, there has been significant development in EV technology to increase efficiency
and reduce the THD of the machine. This paper proposes a new converter topology ZVS interleaved booster
converter, for traction purposes when connected to the smart grid. The analysis and performance with complete
modes of operation is been discussed with a graphical representation of outputs of the DC machine. The modeling
and analysis are done using MATLAB Simulink.
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Introduction

A general hybrid electrical vehicle utilizes huge battery banks with large capacities. The discharging
characteristics of the battery are also very much higher efficient that the conventional technologies. The
application of such traction drives in an electrical bus system is a challenge where the power quality of the grid
system has to be maintained. We consider a smart grid where EV is used as a traction element or for transportation.
Application of smart grids ensures the reliability of power and maintains the affordability of the devices for the
operation. A simple smart grid with EV application is shown in Figure 1.

Figure 1 defines the utilization of power electronics in an EV with boost capabilities with a ZVS interleaved
booster converter with reduced THD (Total Harmonic Distortion). The machine used to drive the load is a three-
phase induction machine. This plug-in electric vehicle uses a high-voltage battery to charge it through an external
supply from the smart grid. There are two stages in this converting operation: the rectifier stage, where the battery
gets charged up, and an inversion stage, where the load, ie. An induction motor is operated from the battery supply
of power. A complete conversion block diagram is given in Figure 2.
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Figure 1: Electric vehicle in Smart grid application.
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Figure 2: Block diagram of the converter.

In the interleaved booster converter, there is a continuous current conduction mode (CCM) basically used to
realize Power factor correction (PFC). The rectifier stage includes a Diode Bridge Rectifier (DBR) to converter
AC into rippled DC fed to a double booster converter with two boosting inductors. For the boosting operation
MOSFETs are used due to high switching frequency operation. The output of the converter has a very high gain
around 4 times of the input DC voltage from the DBR. The schematic of the interleaved PFC booster converter is
shown in Figure3 below.
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Figure 3: Interleaved PFC booster converter.

With the switching of the power electronic switches MOSFETs with a controlled duty ratio the output boost
voltage is controlled. Zero voltage switching (ZVS) is the secondary circuit that has to be implemented which
further includes in the interleaved booster converter. An auxiliary circuit with PWM (Pulse width Modulation)
ZV'S operation is basically of two types, one of them is resonant and the other is non-resonant. The ZVS with
auxiliary circuit with interleaved PFC converter is shown in Figure 4.
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Figure 4: Auxiliary ZVS circuit with interleaved booster converter.

The auxiliary circuit is a combination of two MOSFET switches and a series auxiliary passive element
combination with an inductor and a capacitor.

Analysis of ZVS Interleaved Booster Converter

The ZVS operation is done with change in the switching states for every 180° phase shift to reduce the ripple in
the current of the converter. The auxiliary circuit will be in resonance as there is a high frequency inductor with a
blocking capacitor in order to eliminate DC currents increment in the main switches of the converter. The
switching states of the all the four MOSFETS is as below in Figure 5.
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Figure 5: Switching states of MOSFETS.

The operating modes are explained below at different instants of time.

Mode I:

This is mode is between the time instants as t0 < t < t1 where the switches SA1 and SB1 will be in ON state. The
current through the switch is given as

1541 Iﬂ =1Iv - I.-\nx.p -7

Mode II:
This mode is between the tine intervals t1 <t < t2 where the auxiliary circuit is in operation and the current
through the aux circuit is given as

L’U

2
S N—
2(tz —t1) Lavx ( 2

iaux (t) = Tauxp —

Mode I1I:
This mode is between t2 < t < t3 the switch SB2 is turned ON under ZVS when both the capacitors of SB1 and
SB2 are fully charged. The current through the auxiliary circuit at this mode is given as

I’":J I’T)

d —
2L aux Lavux

iaux = Tauxyp —
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Mode IV:
During this time state (t3 < t < t4) the output capacitor SB2 is discharging and the output capacitor SB1 is charging
to a value of VVo. The auxiliary current is
3Vo
t

iaux (£) = Taux,p + 2L Aux !

Mode V:
The switches SAl and SB1 are in ON state during this mode t4 < t < t5 where the voltage across the aux inductor

is zero and the current remains constant.
Uin

I (t —to)

LA (t) =1y +

Mode VI:
The output capacitor of SA2 is discharging from Vo and output capacitor of SA1 is charging to Vo during t5 <t
<t6.

IY_o

(T —t5)°
2tgLavux

iaUx (:t) = 71’.-’\11.&.;) +
Mode VII:
During this time interval t6 <t <t7 the voltage across the aux inductor is Vo so the current through the aux circuit
is given as
Vo Vo

iAux (t) = —Tauxp + —t, t—tg)
avx (t) swxp ot L.;u'x( 6)

Mode VIII:
In this operating mode ie., between t7 <t<t8 the output capacitor of SA2 is charging to Vo and the output capacitor
of SAL is discharging from Vo. The aux current at this instant of time is given as

. ¢ _ ‘o
tAUX [\t) - I.—'\ux.p + QL,-’\[_TX ta
Simulink Design and Outputs
The complete analysis is carried out in MATLAB Simulink. The design of the smart grid and ZVS interleaved

booster converter is shown below in Figures 5 and 6.

Figure 6: Smart grid Simulink design.
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Figure 7: ZVS interleaved booster converter with EV application.

The smart grid is a combination of three different renewable sources, which include PVA, a Fuel cell and a battery.
All three sources are connected through DC-DC converters to a DC bus. The voltage of the DC bus is shown in
Figure 8, defining the voltage at approximately 400V. The DC bus. After the DC bus an inverter is utilized to
convert DC to AC voltage. The AC voltage is now fed to the ZVS interleaved booster converter.

1000

Figure 8: Voltage of DC bus.

Power outputs of each source are shown in Figure 9 where the Ppv is blue, Pfc is green and the red is the battery
power Pbat in charging state. The power of the battery is in negative as the state of charge if the battery is 40%

tending to charge from the renewable sources available.
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Figure 9: Output power of sources.

With further connections to the system, a full bridge IGBT inverter is attached to the DC bus employing PWM
technique to convert DC to AC voltage. The ZVS interleaved booster converter with DC machine is attached to
the inverter for a boosted DC voltage fed to the DC motor. The voltage output of the interleaved booster converter
can be seen in Figure 10 with less ripple during load conditions.

Figure 10: DC output voltage of ZVS interleaved booster converter.

The output boosted voltage of 1100V from the output of the converter is now is fed to the DC motor and the
operating characteristics are displayed with respect to time in Figure 11. The graph shows the speed (w rad/sec)
of the DC machine compared to the electromagnetic torque (Te Nm) where the torque is very much high during
the start to overcome the inertia. The speed initializes from 0 rad/sec and gradually settles at 650 rad/sec.
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Figure 11: Characteristics of a DC motor.

Conclusion

In the above design and analysis of the ZVS interleaved booster converter is studied with complete graphs of the
outputs of each source and load characteristic are explained in the paper. The output DC voltage of the ZVS
converter has a gain of about 2.75 times the input voltage. Application of the EV in the smart grid with different
renewable energy resources has been successfully implemented with lesser harmonics and ripples.
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