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ABSTRACT

Meeting peak demand is a major challenge faceduoypower sector. Electric vehicle penetration, hgw2G
capability can reduce the impact of this peak deficy and can facilitate DSM. Bidirectional coneegt are the most
important part of this V2G capable vehicles. S thaper contains the design, simulation and cosmarof2 types of
single phase bidirectional converters suitableM26G and G2V applications. Simulations are perforrethg Matlab —

Simulink background.
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INTRODUCTION

Indian peninsula is the world’s third largest eliecpower producer according to 2015 statisticdidrhas a total
of 255 GWas installed capacity for power generaf28]. Studies conducted reveals that Indian Poseetor is facing
ashortage of 2%to 17.4% during peak hours. By2@ii&imeed 135GWmore for its proper operation andugeh
investment is required for this[1-3][23,24].Now 2836 peak demand is met by renewable energy ressj@#leElectric
vehicles,which consists of Battery energy storagtesns, can be used as a distributed energy resdarmany developed
countries there are many charging stations andirmmailots where this concept is implemented. Butcisrging may
sometimes create a peak load in the grid. Butthkgife isa possibility of injecting energy backtie grid by the Vehicle to
Grid technology (V2G).But it requires an Indepertdgaurce Operator, Aggregator and communicatioworto control

EVs as distributed generating sources [1-5].

This paper explains the design and simulation of\ifirectional converter suitable for single phagglication.
Design is based on the EV model, Mahindra Revathadsimulations are done in the Matlab—Simulinkfplan. Two
configurations are simulated and compared for selpdhe better configuration. The second sectigplans the block
diagram and the base model details. Third sectiptaas the design of the converters. Then conkedes comparedon
the basis of THD analysis.

CONFIGURATION

In implementing the concept of V2Gand Grid to v&hi¢G2V) bidirectional converters plays an impottan
role.[1-5][15-20] A electric vehicle (Plug-in eleict vehicle) cancharge its batteries using AC poarddC power from the
charging stations and can give back to grid. Badiomal converters are required for this purposis.Type of EVscan be
used for distributed energy applications like vgétaontrol and regulation, load frequency conitah be used as spinning

reserves, and its co-ordinated use facilitatesDen&ide Management (DSM).[3] It helps to implemédra toncept of
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peak shaving and valley filling.[2]So the most imaot part of a V2G capable vehicle is the bidimwl converter
system. Figurel shows the basic block diagramenféluired system.
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Figure: 1: Block Diagram of the Proposed System

DESIGN

Since most of the people those who owns EV arenigasingle phase charging outlets at their homés piéper
considers the design ofsingle phase convertershvdrie having bidirectional capability.Here we anesidering Mahindra
Reva as our base model or EV for design and simulgturpose. It uses anarrangement of 8 cellsrieseeach cell is
having a rating of 6volts. The capacity ofeach 200 Ampere hours.

Output Power

Since we are using the vehicle for injecting potwegrid,also since we have to use the battery paavdrive the
motor of the vehicle, which isthe primary purposee are limiting the battery power usage by 30% ¢pid
injection.Remaining 70% is for driving purpose. 9 eans that before delivering the power togriddf&M the SOC of
the battery is checked. It should be greater thath Tor gridinjection a we have limited. So the tqiawer that can be
delivered can be calculated asfollows:

Battery Voltage = 6V, Number of cells = 8, Ah cajpae 200Ah ;Total capacity of battery bank = 20886=
9600Wh; Power that can be delivered to grid = (100)% of SOC= 30% of 9600 = 2880Wh

DC — DC Converter

Battery bank voltage Vin = 48V, DC link voltage ¥80V; we know thaty V;, =1/ (1 - D), D = 0.4, Where D
is the duty cycle. Maximum curreng £ (Wxh) / V; = 36A, Take 5 % ripple current = 1.8A; Switchingduency Fs =

10kHz, Load resistance can be calculated as:#W = 2.2220hms.
DC - AC Converter

It includes an inverter, control and a filter citcUlGBT based H-bridge configuration is used.Designations are
given in the reference. [25]. To eliminate harmetfilter circuit is included at the output side bétconverter. Srated is
the kVA rating ofthe converter. T is the time péricorresponding to the grid frequenay.is the powervariation in watts.
Ax is the allowable dc bus voltge change.Mathe iterenodulationindex and RAF the Ripple Attenuatiactor.

Boost converter inductanceyd= (RD (1 — DY) / (2Fs)

Take Sieq= 2.880kVA, T = 20msAr = 2880W, Power factor = 0.95,
Vg4 = 80V,Ax =8, M= 0.9,

DC link capacitor G =(Srated x 2n xr x pf)/( Vdc2 xAx ) = 2137uF
Inverter side inductor dgyrce

= (Vgrid2 / (THD x Srated x| x Fs )V((T]2 /18)(1.5 — (43 / 11)Ma +(9 Ma 2/8)))

Impact Factor(JCC): 2.7964 NAAS Rating.23
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=0.7073mH
Filter capacitor G,= 71uF, Filter inductor { & 0.13449mH, Re= 0.425270hms

SIMULATION

Boost Converter

Figure2: Boost converter

Figure3: Output Voltage of Boost Converter

Figure2 and Figure3 shows the MATLAB model for dcabnverter andits output waveform respectivelye Th

DC link voltage become steady after 1.8 seconds
4DC - AC Converter

Table 1: Circuit Parameters

Parameters| Values Parameters Values

Vin 48V Linv 0.7073mH
Lgc 46uH Lsourc: 0.1344mH
Cuc 2137.5UF| Gier 71uF

Vo 80V Ritter 0.425270hms
Kp 0.01 AC source voltage(through transformer) 75V
Ki 1 Load 5kw,80V,50HZ

Two types of converters are compared in this pages;1 which is based on the zero crossings amaffarontrol
and the type-2 is based on the Pulse Width Modila{PWM). Table 1 summarizes all the design andukition
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parameters.
Type-1 Configuration

In the type-1 converter, the grid voltage is fedkbto the switching sub system. Zero Crossing DetsZCD)

decides whether to turn on or turn off the IGBTtstves by generating pulses.
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Figure4: Type-1 Configuration— Switchingsubsystemdr Inverter

The output of ZCDs are again compared with campigses generated by the pulse generators and adetos
trigger the IGBT gates.. H — bridge inverter coofation with 4 IGBTs are used. The main advantageie converter
scheme is that, as the pulses from the ZCDs aik tlse converter can easily follow up the frequediegnges in the grid
in a co-ordinated manner without any controller. &@jure 4 shows the Subsystem for Inverter switghising type-1
configuration.

Type-2 Configuration

In order to reduce the THD further and to make wla&eform shapes moresinusoidal we can make useeof t

Pulse Width Modulation in the type-2 configuration.
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Figure 5: Type-2 SwitchingsubsystemFigure 6: Chargig Discharging Control Block

The sinusoidal voltage wave form from the sourchictvis taken through a voltage feedback loop pimpared

with a carrier waveform of triangular shape havirggher carrier frequency and the resultant pulses used for

Impact Factor(JCC): 2.7964 NAAS Rating.23
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triggering the converterswitches. Here the cafreguency is again 10kHz.
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Figure7: Type 1 Converter — Matlab-Simulink Model

When the amplitude of the voltage feedback becoraater than the triangular carrier, correspond®BT pair
in the H-bridge inverter is triggered ON. Otherrpiai turned ON after a delay of 10mS which corresjsoto the time
delay of 1 half cycle.Figure 5 shows the Subsysf@minverter switching using type-2 configuratidlain drawback is

that, delay must be adjusted according to the ahéngrid frequency dynamically. Otherwise synclisanwill be lost.

Figure 6show the arrangement to control the chgrgimd discharging selection. It monitors frequeittly SOC

(State Of Charge) of the EV battery and the twd-patallel thyristors are turned on accordinglypas the requirement.
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Figure8: Type 2 Converter Matlab-Simulink Model

COMPARISON

Figure7 and 8 shows the Matlab—simulink modelsype 1 and 2 converters respectively. Comparisomsreade
on the basis of current THD analysis, ease of symihation and charging discharging control. Figbedow shows the
current waveforms of both type of converters. Typeconfiguration has more distorted current wavefrand greater
THD than Type -2 configuration. Table 2 shows th¢Dranalysis results and also compares the bothstgpeonverters.
In type -1, since the pulses generated by pulsergtosr and ZCD outputare the only factors that gowehe switching
mechanism, it is not possible to control the chaligeharge rate directly. But in case of PWM, cotreontrol schemes
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can be easily done.It must be noted that in boglety mode selection (ie: charging/discharging) lsareasily inco-
orporated. Also as power injected increases, THalse found to be increasing in the case of Typeiiverter to drastic
level, which cannot be allowed as per standardso Al Type -2, as feedback is taken from the goithige, distortions in
grid voltages can lead to higher THD which is nivable. In case of Type- 1, grid voltage distont$, noises and spikes
can lead to false triggering of ZCDs which furtirereases the THD.
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Figure 9: Current Waveforms for Load,Source and Inwerter in Type 1 & Type 2 Converter

Table 2:Comparison at Aglance

Criterion Type-1 Type2
THD (source current) 0.99% 0.33%
THD (load current) 3.33% 0.22%
THD (inverter current) 44.33% 0.34%
Synchronization Automatic Delay adjustment
Charge/discharge rate control Not possible Possible
Charge/discharge mode selection Possible Possible
Effect of distortions in grid voltagé  False trigimey | THD increases

CONCLUSIONS

Two types of single phase bidirectional conversriable for V2G and G2V applications were desigaed
simulated using Matlab — Simulink platform. It wiagind that type-2 PWM converter currentis havingsl&HD, better
wave form andsmoother controls than type-1 convédsed on ZCD and pulses. But synchronizatiorasiee in case of

type-1 converter.
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