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CONVERTERS AND EV CHARGERS
CO Coverage: - Apply the concept of converters and charging system in EV.

Content (Syllabus) :

4.1. Introduction to power electronics used in EV, Block diagram of typical EV: Description
and Functions of DC-to-DC Converter, DC to AC Converter, AC to DC Converter
(Rectifier) and filters.

4.2. Charging methods: Home charging, Trickle charging, Household AC charging, Public
charging (DC Fast charging).

4.3. Charging System: Classification- Wireless, On board and Off board charging, V1G
(Uni-directional smart charging), V2B/V2H (Vehicle-to-Building/ Vehicle-to-Home), V2X
(Vehicle-to-Everything), V2G (Vehicle-to-Grid, Bi-directional smart charging).

4.4, Charging Stations: Types of charging station, Public charging station: Selection and
sizing, components and, single line diagram. Calculation of charging time and concept of

battery swapping. Precautions observed while charging.
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> Eleckic Vehicles ave coucial fonr sustainable honapo'rh}ion,w@fn@ 0N

Power” electronics Forr eFficienty and aeliabiliky . |
pe bathor] is cenbral to Ew, wikh powes electronics

—> A hjsh Vobu'(‘ﬂf
Con 5, mqﬁqa{'r@ electricad powes %'rougjrhoa} Fhe vehicle.

—3 I'nve/ﬁ@‘ﬂj Convernt Dc ba,b"’(’/rj pow&y Uo AC fory Jhe eleckylc
motos and oevext pe pack to pDe dufn'rd fre@eme/mh've bwkr‘rU to
yecha uhe hatresy.

B . eiech'om'c;/zfve Inkegial) to dhe BmS, ensu*n'rq cafe baJU'Wn(
operkion, eoﬁ%@ndfﬂd ife , ‘and aph'm:'zf’d enexyy use.

—> A pc-Dc Converter neduces bakler Vokage Fon auxifiaoy

systems like HvAc and bﬁ-'@ifw .

— Advancements n Silicon Cavbide (Sic) and Galivm Nitorde (Gan)

kishes eFF;‘o'enc\f,

semjconductors enhance power eledvonics , of Feri

faghers Bwf':‘chir%j,and betterr  Hhermald monagerme Jhan  silicon

devices . | |
— Thece jnnpyakiorys Jead cho improved EV efficienty , Fastes Chomging,
exfended dmf'w'ma range, and advancement in clean frans potation -
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Fig- 41 Block Aiaﬂ%qm of Ev .

> & maln Components ip E\) blocle diaﬂ%am include dhe Chwﬂ""ﬁ
D CanVWf‘w:

Porrt , on boand Changrer, pallewy pacy, BMS, nel
Tanf“?A’, Elechric Motor gnd Dyive wheelg,

Funchion of above Components e as Shown helowo

D Cf)??’jﬁlj PL - TE ie Hhe extemal inferface Jh“mud’h ht'ch

eleckrical eneryy 16 Supplied o e vehicle- Tt can actept

Rc from Standand ChQ'raf‘n(T Stabion 0¥ DC from fact chw@%_-

» 0n - Board C;@l’@ff_—}fl’ when Vehjele (S Chavyed Using Ac
Convests JFhak Ac power info DC pows,

the on boavd ciyﬁa—ex
which is guitable [y hf&h voutage b .




VL wlaf-es Voukage and Current 'cfu'n‘a Chaﬁ"@f"’a fo ensue. Safe
and effretent qu«yﬂ-q'rd ;

3) Bakle lg - .
;E_‘—qg?j —&'L.Er ’.75‘9 6@&4"’%\-{ PQCL( (4] bH‘rQ P’fl'm(!n«’ Pow%— 51"O'I‘C'fa€ unj{.
elo P: EVy bypically made ap of Sdithium ~ivn celle. 1 Slowes Hhe
“trrical enevyy aquived to drive the vehicde o d '
Mih- vodtoge b oubput o e P
iy & OUIPUE vorkkage used to powen efechyic

4 Bakbery Managemeph System '~ The Bmg monitors and Oontwols Hhe
eFﬁ;'c.rencT and  health of baI}Eﬂ, bmu@qﬂ U fracles voMqae,CuWe”} ,
dempezabure and state of chawge ¢soc) to ensywe Sabe operakion,
paotecting the b&U%'f Pack (rom ovwcharafr‘ﬂd , deep d:‘c;cha'r&r‘)@ €

overhealing |

5) b/ pe Convertes '+ This Gemponent” conveste, ln)ﬁh Vod}qae pe from
the maln baltt pacle into a ower };mﬁ}q&e (ie.12v) o Powey
vehiele accessonies Jike Jightifg, inkotalMment ;and elechrons ¢
Cordmro| units -

& Inverter Gniplley unt - The invertes Fansboomb Do electsicity from
e baju-{’mi into Ac fox Ac motore o7 adjusts it fov DC Motors,
"eﬂwf&”’ﬁ gpeed % forque GCCOTC[!'@ Lo Hhe accelevator pedaf
inpul.

) Elechyic motos & The elechnic motos Gnverks dhe eleckrica] energy
veceived from the inve ey inko mechanice) powes. Tt acts as the
Primav{  poropulgion dew'ce,Coan'f‘ﬁ"a eleckrica) energy inko
rotekional moton.

D Daive Whetls - The mechanical power @tne'm}ed by e electric
motos is foansmited to e daive wheer,mauind the wvehicle [orwond
and  bacleoosd -

- Depend:‘q‘oﬂ uhe cfeé'@h some EVE use q 3ingle motov 4o duive e
wheels ; while others use dual o mulhiple  motows. (o ephanced
efficiency and Cordos| -

X Qi[s Q-0 — D(-(ﬂ-_-,.l'l*)}‘fof“) GHA G;)(‘]!j'on‘g OF DC Lo DC Convis ',H'fl)

™ A DC-DC Convestex isan eledaicel o eledtvonic Circutt  thak
onverts @ e Voukeqe from one Votage Uevel to aneHhexr Accor-

ding to wthe arequinements of e ciradh-
= IQ is used in ubwd vodtage applications (suchab baﬂwj powtred

devices) o8 @ell as jn h@h'Um«U‘qqﬂ CHY) powes  fvarsmicsion Syshoms
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Buck-Boost Converter

E‘qm Types of DC-DC Convertes.

—> .
Dc- De Gonverter use switching fechniques to Change DC Voo
devels | ¥ i i

= The oubpuk voutage Can be adjusted Jo be eithex M(Th% oy
dowtss han e input -
— Enenyy o bemporaaily stoned duming Gnvesgion 10 F

D) Inducfo’m 5 émra&@o*meffg (moqnejrr'c (eld )
) Capaciton s( electric [feld )

> This Sfoned enengy is escenbice) By ;j«eneea}:‘gj dhe desired oubpat

, VaLU“er-e
— Swikchi _Ea!:@cl Gnversion ie more efficient dhan Jinea
method e mmf'mf‘z;@ envvyy Jdscg as heak-

— These  Gnvesters qae CompacCt and enenyy g__ﬁ(f,‘c;'e(d*, Ub’{,‘gfa L}dp\ .
apeed semiconducked  devices [on vaprd  Coifchifg .

— R cavefu) Cineust d%ouﬁ' 1o imPO’B’/UfU&’ Fo oeduce S{nJ'L}cl«ﬁ’rq
nolee 4% dooges .

—> feld effect dransistor s ( FETS) ave PW&TNA o o) Fchd
due do vthely dow ON Reyiotance & gquicle Su:)f‘a’-c.hfez,}mpq’au '
eFFrcf@nﬁ and eoe{'ends'a batbory dife in portabl® &
eleckyre Systermt, .

?) DC to Ac Convester -

— —— - == —

2 DC to pAc Convershen o necessqay in electvic vehicles (EVs) Lo
tyansfomm Jhe dineck Cuvrent (DC) Brorn Jhe baﬂ”@h’ 'nko
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R#@ma,p-t‘ﬁ Cuwen} ChAc) {f’w Jhe twackion roton.

— Most 61/: 1ekion  motonse, g—ﬂquj"fﬁg R PMoskeey powen mqur'f@ Fhe

- Gnvereion vkl Ly velle pPropulsion . ,

™ The. powex pubpul of Fhe pe to A C Conventen 1% d@”ed wlth

- Jdhe motore powey f'n'o}:‘ ) prccﬂf‘f be}ween A0U q;qd 4yoo kw,
based on he vehicles Gize and pentoymance needs .

= Moo} [Evb uk'lrze. one oo fwo DC to AcC Comfm’%ﬁ:b“* advanctd

de@an/b wil) jn whee) mMoton systemq . necessital € a Geperate
Onverten {on each motonr.

T s sehup allows for independent wheel Conbrol enhqncff@
Mch‘on,fvanc{&ﬂ‘@ & ovevall velyele 5%06:’(:’}7.

® Ac to DC Gnverfey and fllers

I elechic Vehicles , the Ac to pe Converhkes 16 an  essgenkic]
past of Hhe On Bawvd Charpey (oBC) Syshem . 3
— Lts Primaonry punch‘on i to convent the alderpaki Cmrfrf' (hO)
recerved from an etternal power gouace (home powes putlel) indo

Dineck turrent (ped , which fo Hen wed fo th'fae Hhe vehfeles k’a‘h
Vod}u(?ﬁ bﬁ«l}%‘f

=t Ac-pe converter o (ollowipg Components -

D Redifres - Onvexts Ae -De '

) filters —Smoth the aeckified pe outpel by veducv@ the vodlege
aTpple . | |

D DC-DC Conyestes - Re@quP'% ond Conkwols JHhe Wﬁaﬂuﬂéwquf

pc vod}qae_ level .
M Conlvol Cimeatony '~ gpgvey cafre % efficient bathor Chayy by
mom}m-f"a and Cpn!-ronf@ vthe chwaw'@ PYD L5 |

% Matln finckiops oF Ac ¢o pe onverter in TR

9 Re-DC onverter ' Gpyert, nc powers o requived DC lov thgin

2D Vodbage and curyent gonbrol -
Re@uJ&PLEB o«,t,l-pu,!- DC uod)uae and  Cuvrent -based on dhe baJ:H/wl
management  aystem (pmsy e quivements .
>) Powes [ackory Coyrechions ' d minimi |
Enhances power quality ,reduces Uosses and minimizes  haymonic

distortions fonr effiefenk powes drw Prom e efechriccel &n’d#
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—3) Charrgeng sabety and emmunicakion '~ Collg hoyabes wikh Vehicle tonro]
8qstery to monikoB  hathery eondition, temperahae , and chq"r@fﬁ
Stabuy forr Safe & reliable Cha"rafrtj : |

X 4.2 ( f)o ]Jgj M e} fji {-[_f_;_: 34

> Eleckric Velicles, can pe cho*raeaf um'@ vorious metheds  based on
powes ) 6peed and Uocation .

D Tareile Choxging ~ Ukiliz e q 120 v household outlel, L}‘qbq'@ o v 20k
Corra Lol Chorge

2" Hof_m_ﬂ__,chagqg'nﬁ ' often Combines Taick(e Cha'rﬂ#'ra ond fﬁfﬁfwhovi%'cl
Ac Chmai?j using 9 ouov, level 2 clna'f@@fﬁ fmb”?j awmﬁ! Ful
c.hwafva '

%) Pubdic Cbma{' atakions ~ Paovide pe [osf chcvrﬁl'va ,dedjuﬁ@'?j F@h
powty DC dineckly to Uhe fﬂueffj; %ducira chmaa’r@ ime 4o
undex one hour, &epend:'nd on uhe vehicle and Clnmaw quaci(\j,

) Each method balances convenience , Cosk ﬁchu'rai»&]\ Gpeed based
61N Ley peeds.

X Home Chavging Stetion '

= Honrt Clwmcg 5 mosk ommon and onvenient mekhod of d’”@"‘"{f
an electric hicle Cev) . Allbwy Ev owneye t o vecha cHheiy
vehicles, at home LL%F’Z-T the aresidential electaice) SYPPH -

—7 Home cha'raa'r@t ®n ke cavied  ouk 61 Leveld-1 chqw‘@ o Llevel 2
Chowﬁ'?j '
—K  Leve)~91 Home chgz&‘@ (3hw Charging)
7USS q shandaed 120V Ac household  oublel ( North Amendca’) o equivalent
domesfic Suppy
— Requinrey no gpeciot] cbarrgy‘n@ equi'pment .

—> ful chafxae toces 20-45 howh |, depen({ir@ on the bcdc}trr\f CGPOCJH'.

> Swiable [iy -
D short frqued drstance |
L) PHE VL
3) Emmengency 07 occadional Chu—zr@f'nd ,

X L_ff.vd*oo.- Home Cha'rm'r%j ( [osk Chqf,—a,,‘yn)

> Uses q dedrceled 24py  AcC qup}u,,

7 Requiney installabion of g dew) s Ev chﬂ'n]-r‘r&j« shabon .

@




— [ chqa?j< generully  falees 410 hous -
) Uses househodd 200 v plug- - additione) installabion jo not equived
?) fovlable € cwotable Loy emengency o oCcasional cha'ra%'f@ '

D Chargin C-::f_?f’{c( /% Slow -
2) Not Suitable (o datly use .

O Trickle Char Jf'.’.;’j

T In elechric Vehicles (€VS), friclle changing gpecific vefers to level-
d"a"r@f"ﬁ“ f)’”ﬁd“' vhhe wvehicle ch'frch\f inko q ateandayd 120V household
wall oulet Cov 230V SP—undm’d ouwtle} JQPQV)JFYG on doq:{ q—e(j.ion)

—> Very glow cha»raa'r@ and po specied] equipment on gy chwqw i
requlned.

2 Typic used in emerrdanc:'eg o when ho othen oplions ane

avatlahle

> Dogs npt reqve 2 Cuwenf‘, hence Saley & Mmowe accessible

— Not Switable ﬁ)"ﬁ’ A recharsl o
!)aﬂm-f paclee, .
T p"”“’(@ed Lse qu nﬁl be f'c/em;a(' o jzae ferm  bakbery healkh due fo
in efcient Chufraq le . Y@ :

™ Time aequived forr Cull Chﬂwa{'y@ 20" hoyns.

) Househodd Ac ,w, e . .

= Foxr hougelold .Cbo":ra‘t'?j,&he Ac wall po® 15 tHhe WCDMWGHC]‘EJ option,
Cphnech‘r@ te a dedicated 230v outlet and CﬁO'Taff%]\ 3 to Yy Fimeh

Fosten than uhrfclde Chq'*a*'f@r Aepend,-,a on uhe evg qcceptance

@ yate & Chavger specificabion .

—> switable (o owmahf Chafraiigj} a 40 kwh boﬂf/q ev takey about
¢ houns for a ful Charsge -

= Inshallabion aequives o G ehasge profescional elechicion Lo
Set up a dedicated circart < chasgess tnt £ - -

—> Tdeal forr homes with §arages o dﬂv@wqwﬁ for Gabe wallbos
mounkty .
= ri‘nanc'f;? inceptive o Subtidies may be avedfable in many el
to Jower @ LYy Q:rr Puq’chw},i@ qnd fnglﬂﬂifd Q wall 130"6'

@



* Advankgges - -
1) ChargeS % 4o 4 times lastey than tickle Chﬂfrdfﬁ-

2) Hig Convenient v datly wse qpd ovemi@hf dlcrrar'nﬁ-

% p”“ud Cho"’{j% a 4L4olwh bCLU‘Or-} in abodk 6 howt
4) Subsidies o incentives may be auewhble (o installebion costs.

** Disadvankgges ;-
B Requives P’mfe%foncd ingtallabion .
2 Requivey dedicaked sperce Jife a@qw@e or Jw‘vemw fore Hhe

wall booe ,

x 4) Pubdic Chaving - pe fast chaging method '
+—= = — J = 1 . = . A

= Growth of estlensive Chovging nekwonles in cities, dehhances hhe Copvenitnee
- of pﬁbdic chawgtrg elabions on- ev soner .
-::i:l: C Chwfﬁej Albws (5o easies dong - distance trayel.
ch Wthd optiond include pe cba.va{' via wall o€t ond DC fack
navyngs both of which awe faghey dhan  atondasd  howsehold

Chq'ra{n
—> AC pubdic Ghu"r‘a{' can be 3toopimes fastes than household AC

Cha'r?]'fﬂ(j, cIE‘.pE'r}clfr@ on Uthe clakiond powex oukpul and he EVs
Ac Chq'ra*'r@ quacs'l»\f.
~* De Fask choggers . -
— pc fask chavging fo dthe fastest method [ cho»f}ﬁ‘v@ Ev{:,,prmufdf@

over 8ol of potoex
—> Slalyony DpefrcLJ‘e ok Lfodj“c.'q-eb eae-Ceec{;@ Lsov and Currenfe upto

192G p.
- cham@f‘r@ an Ev ba&em( Fom 201 fo 80 9. fals gbout 40 minutes

Which jo efficient for dor& tvipPs -
—2 most pe Fask Chagyess uge the Combine Chq*@*‘"&] S{shem (cus) oF
ombo pe standavd Ly Compahbih'!-j ikh Vqﬁoufs Ev models .
— High speed chawgepy may aceelerabe babhery d«ea&qda}fOﬂ end shorle
the difespan op th Vodtage . batheres. '
7 For dally e, glower po cbqw@‘ra s Hpicatly paefered .
* &d_@%% ~
) E’g(h—em&)\{ fast ChC!'T“a\'ﬂ@ i
2) ..”Edea,P Corr JOY@ C[fQ:}qn.CE Frauel

(®)




— Bas/y quailabkle /n cikies and a”m@ Mdhwq -
* Disadvantgges '

N frequenk use acceleyalk bk b de&%an}FOﬂ ond aeduces baﬂﬂ"‘j
L“&Sﬂaﬂ- '

) More expensive Hhan household chovaf'r@-

%) Lon(j ques for Chm"af'?j Au'ﬁva pectlc  how -

43 Changiny Gystem; Classificakion

D Niveless (Mgzj 2

~> Nireless Chaoy (Trouchive Chaginy) | allows eleckric Vehicles (ev's) €0
~ Chamgt wl}ho?q P@SffaJ Ccnbie,ﬁ

T2 This Systen framsmits elechicsl eneryy Ma e/echvomQTnEHC Felds
~ bom a g9ound

- installed q chqvﬁf'fesj pad {5 q oeceivey Cof undee
thhe wehicle.

T Twg system operales on the paincple of elecky
qnd CD‘H.&IS""CJ Op f‘{_&'o maﬂn CD”’)POIJE’MS )
—® ) Goourd ~ Based Chavging pad .

) Connecked to elechiec” power syppl

o) Cenenrales an aJl}Efr‘na}f@ e,[ec%'romrtjneh'c (reld -

| %) Fransfess enerrjj w:"rﬁlesgl\j to tHhe ehicle .
b)Y Veldcle Receives Coil

D Inskalled on dhe Undevede of EV.

2) Receives, he e.fed—mmodnﬂfic enenyy foom ihhe Chavgtn pad .

D onvrks the aeceived entryy  back inko elechricel] qnrent

to chagge q bq#«i@q .
% Advantages

"I@hf’}ic: induckon

1) Gnventenc@ - No peed to PN@ in q Chm@'ﬁ Cablt ; SimpN - pavl the

vehicle over Fhe Chaqﬂ(jﬁn Pad o Short automalic Cbaﬂr@fnd.
o) Sﬁﬁﬁ}‘, L, Efl'ml'n(l}% L"he NG I bf e}ed-;-ric 5})0& qnd aCCI.df‘nfS o
C.hcu'a;j«"@ Cables .

3) Du'mbr‘/:'#T .+ Reduces, wear & tean Loy frequent P’”ﬂj"'&j & cmpqujf@
of C.hqrra&"»%] (onpectons -

4) Weather Resistance — The absence of exposed Gnnectoss mini mize

®



| the llmpqcl" of W'ﬂ,dufgf' and (')oigfwre '

X DIFSOd:L*CtrL/h”' €\’

 UiSagvaniy | ' o " v
e e,ﬂf,'ca'ent7 . Wiveless Chm@{?j has /zudhe/z powey Usases om

ko wived mebhods and kypicatly ~equives moad time to Ch‘?'f@q e'ru‘
) Hr(sllwa ook - The osks Gasociabed with inshallabion and equipme
Cos Colnelecs chwaf@ ave aelabively elevabed .
2 N;@nmenk aen.q,;-,tiufh( ' o eFfeckive  powen {-q‘q:‘q,_l)('e]z’%e velicle
musk be  precisely  positioned above the chaviiy pad.l
W) Limyted Avadlabi If’f"j  The infvabivuckunt (o toiveless C_hqrs‘a—ua s
sk deve)op"@ & jo pot yel wiclel accessible

Charging &
. Control System
Wireless Charging System (Charging and
(Receiving Coil) Control System)

ST ey
Transmitting Coils

Power
Source

(Power Source)

Fig No 4.6 Wirel_ess Charging System

—L0 Charging - On bogsd Chq'rafn o q charraf‘?j whepe pc

to DC Conventes jo [iHred Inside (Hhe vehicle . This sebup albows

an EV to he chanyed -dfmchy from an Ac power toynce , Such as
a household Pl or q public Ac Chaory

D The Evis Gnnected o an eseferna) Ac powen Supply-

'2) The on-hoard ChO'rqﬁ‘r Converts AcC E,If’tll'rf('!'f\’ intp D¢ pown,
which is cuitable 7 tthe  vehicles polter

5 The chw@f'pj speed depends on drhe capacityy of the on boawd Charres
A f__ldrycm}_c_}gi&',

)) Cﬁo"?]*r(‘] Can oClur from novmal pe oublets oy Ac public chcn@%))

) Simplified infractruchie due fo Ac-pe Convession  wibhin. Hhe
Velyele -

EY) Eagy chqvﬁeﬁ avat Iabi/fkr eohege vty AC poyen €x(ofs -



* _Disadvantgses -
D 00 bourd  chogyer Hypicall dimrfed {0 3:3kw to 22 ko« veshich
Past Chqrrd{'zj o \1 ’@

) Tncreased weah} and @st due #o he installabion of dhe Chﬂﬂ?]@{
indide the ehitle. _

. B i f | i '
35 ,'i ‘_ D047 1 C J\.”J .’;‘lti”f.'.:

—off board chm’a{né i5 Q &ystem there Ac-Dc Conveysjon oCcUTs

oulside Jhe vehic? , mainly in chavsing elabions, beufably oo
pe Rk charging . : g SR RS

—> Paocess |-
D The EY Onnected to a DC Cbaﬂ’a%'ftj Stalion .
2) The Sf'CIJ'fOﬂ Cavefre, AC-DcC POMW;GL‘PP“{"'Z’} U— dm“fCH‘J to Ho€
Y baU‘ﬁ’ﬁ\f ; ! ‘ '
8) Enabley Lﬁh powex ({Ejﬁuﬁ«ﬂ " ghrdﬁcavd-lu; ﬁrcclucna:] Chaw@ time .

* Rdvankgges -

1) Vtilizes high Capaciky pe fash c},o.,»a; ,

2) Reduces l;gﬁ EV wﬂﬁhl' & Cpot bT f..}fm!'na}f'& the on boavd f)ﬁ"aﬂﬁ
3) Suthable Pory public [as Cha'rarfr}j needs .

X Dr'GqJqu_ @kﬁ_ €
N Requines CoSI-H £ Complex f'”G'GSMCf‘HTQ Fon Cha'ra#@ afetions -
2 EV mwsl be Compmele o ne (ast Chwa-;‘ra S}'qndqqrc!_c),

J-_"\I NG [ : '_. o "
e ) L, 117X na/ " “NaYTHDs

= VIG or Upidinectioned §mant Chdvaia, allows, eleckricily to  [lpw goIeH
Fom the 3%id to Hhe eleckric vehicle ¢ vy du'zn'?s] Chawging process
= It diffees from bidinectronl SY5teMe in that ik does Nt peorn

vefurn Qow of elechfcfH From the Ev 4o the gud o other [mds.

—7 Smo ¥t Chcrr_;j»frzj fechno/o(ﬁ n ViGg mqncﬁfb e h’m:’rd g oale of

Chﬂﬂa{"fa inflyenced bT 3
P (md demond end elechicily  prices .
*) hvailability of aenewable enexyy Gources
® USer  paefepences < babtery  afatub -

= Gmmunicakion Lelwetn Jhe Ev Chavmer and Jhe 9%id enables VIG
Syetems to adjust c.ha'raf‘r@ aabes , opwhny down j’%

| | Uving hgh  99d
demand and rnw’c’d%?f@ cfuw’r@ ptaods of aqbundqnk nignewgblca?w
@n



ofF « peate houng.

* Advanteges
B Gord G’“fﬁ’n(ﬁ“ur clno':af = Cordanls gy chwa—r‘?j to aeduce ﬁ‘iid
doad and prevent” peawc demand spikes .
2) Coot Qquirgj > Enabley usext, {5 benelit Prom dowes electsicrty
vakes dqﬂ'rngFF peale times o high arenewable  e1erdf generakon
%) Simplex infrastoucture - Lowey  implRmenketion Coste due to ynidiveckona
electneity flow -

%) Suppovte Renewabl¢ enevyy geneeakion to Inoyease gseen eneryy
Ls €.,

* Disadvantgges -

D No Eneryy Export - lacles Fleatibility a5 eléckaicitby ean not be
sent haclt to Hhe a%!ed o othes Uoad

o) Uimjted q%n'd Sewvices - Can only manage doad Ainmi ,eaeclqd;‘@
participakion in Sepjces qeqm’rri@ powes expoyt Jilke
energy stovoge on demand aesponse .

. 4 ] = s lherle L
X VaBR[VaH —velacle o busl [ing | \Jehe Co

Hnrry

- How V2H bidirectional charging works (+ Backup power)
Backup box

Loads {Grid Isolation)
= <O
Q
NN

The CT moter measures
the energy flow to and
fram the electricity grid *

(Inverter)

| MI
EV with V2H Bidirectional
EV Charger
pDc

= T (Current Transformer) meter measures the energy low to and from the electriclty grd,

Fig No 4.8 V2H-Vehicle-to-Home

— Vehic/e 0 Hom € (V2H) allows electy ¢ wehicles( Evs) to semve 0% Q
mopile bchw\T fors household Consumption , in onlrck to vehiele
to gad Cvae ) which gendc eleckicin o Hpe 2%id .

—? VoH enhances enexyy seJf-SuFricienty s especially Ohen patwed

Wt coilbh yooftop Golgy SqsFeMS .

key benehts inciude providing backup power duw'nd blacle ouks,
e_nSLm'riu} essential  household néeds gue mek.



X Requirements [ yaH -

1 Bidivectional chq'r(jw-- Enables electricity Flow to and from the
fwoma-
2 Cyvvent frausformer (cr) mefers - monitors electnicity flow, auomafra
dhe syetem to manage dischorge Brom Hhe ev bakkery when the
home  drqws Rrom  Hhe @ﬁ‘d and chu'r@e the  pattery wara«] e3¢ CE55
Solar eneryy.
¥ Pacrgp power and islandi o
D Forr baclwp powey, Var ?zecessftn}eb isfqnc{f@ , 150 laking Hhe home
Prom dhe maln a"ii'd +o ensyre %G-pi’f"{ and prevent hacle- Qed:‘rﬁ-.
») A bidixeckional jnvexter incions as an of f gesd powers Gource
once jslanding i ackivated .

2 Automabic Transfey Gwikch (Are) o Conkackor is needed for

dhe automabic foqusition to the hacl ap Powes cystem, Ths
selup 15 Similay o

% ﬁdE’S_“,}_-O@féﬁ

D Provides electierfy citm'ﬁ Jerd oulvd—%1 Enhqncf@ secuviH % wﬁobilf'fxr,

D Minimizes gid aeliance and capy decyease elechicity bylle by
Utilizipy enenyy Stoved 10 gu baklepres | '

2 Enabl sboraige of exccess, elechriciy From  sofor s n Ev
hakbesies .

4) Ulgq{ow peale  demand & veduces oveyal) cpsts é»; c{.em@a&"@ @‘ﬂH '

5) [055 C(I'QIC[’TQ'T&‘F’H of eleckyiein Brom EVe alleviakes siress on -
the electrica)  gad. - '

X Disadvantya - |

) Hm'@h Initief selup st

) Limited Gompekbilify

%) Baklery dedl—%.ada}r’or),

h) System io Complese .

N TN T ! — [1 ,
1/ i I 5 =~ } f . s — [ o/ 1 -
E~ /E N \ = VLT J ’ -J/:-f

= Vehicle o everything cusx) aefers fo e ability of elecfric Vehicley
CEVe) to exchange energy and informalion with exiymal 8stend .



—> Ths Jechnology alows (or mpye than Just elechfcf#j Supply,
Facilitabes Smart enersy management by Gnnecting evs -

—> Thvs fechnoloqy allowse fory mome Hhan just eltclricity supply, th
Facilitates wHhe smawt eneryy management by Connecting Eve
Lo the ﬁiﬂ'd ,homes , Loads 1 others vehicley and infraskruckyre

— yax - Compakible vehicles use  hidivectpnal chcn?%ﬁ and advanced

~ mmunicakion Pyotocols o manage the flow of electaiciky 5
data.

EV Profile Software

EV User
Actuation
Signals

Electric Vehicle

AC-DC PFC | [
| Ainput i c:‘:"‘“:" -
e o | (o]

viae i
),

b7 &

17 N

EV Aggregator

#| DSP/Mi

Fig. No. 4.9 V2X Vehicle-to-Everything

X BE'_U“LC:@J Applications of vax ’-

1> Enhances energy eFﬁ’fcr'@n&{ 5 gud vesidence .

2) GHQ,M% namiC  demand aesponge and pealk doad mqnqaemew}.
3) Provides bacleup powoes for homes, o Coitice) 0 frastouc e

during - emexyency  gjtuakions.

W) [acily bakes vav Communtcabion - mqw'@ yoads calley and moye
efCrerent.

Solar Inverter Home { Building

. 4B
; 121d \\ Re _ AC /‘ AC = %
814 - ' " o) H . (AC) | J (et % )
Tel Fonal i - . .
Sa Tt Solar Panels » I -

0 Bidirectional
EV Charger
. (V26 or V2H)

=\\J Electric Vehicle with
VZG or V2H

Fig. No. 4.10 vehicle to grid (V2G)



—> Vehicle Fod‘%id (vace) ,’-echmhﬁ\f allows enenyy fyom an eleckric
vehicles CEv) Baktewy fo be divected o Hhe elechricity @‘Eﬁ'd based
on 5PC.C-f'Q'C sesrvice qdieemenfs- ‘

— Participabion jn vac requires a bidivectional pe Chawgey & Evo
capable of hoth chavy(ny £ d:’%chﬂ?ﬁr’ra s Financial incenkives include
bill discounts and eyedite, -

7 Evowhens can engage in Virlual Power Plant (upp) ProgEams,
wheze a99réjated lectarciby o mulbiple EV Gupport afa‘d
Stabili  duving peale demand - :

— Colleckive cqpacitive of many EVs has dhe poFenkia) to Fransform

the power goid , reduci velfance on coohf peale lank
/ powen~ Plants
£ (o55i) (?u(jf% : 4 ! i

—1 Nidegpread V2. otd-oph'on i hampesred b\i.w@u)qf'o’r‘f 1s5ues , Guch

ab Jhe need [o bidireck'onal Cho 5 to adhere Jo ghﬁfrﬁerbﬂ's#ﬁd)
Sabety standarde and e absence Vp uniform paotocols.

% Advanloges °. |
> Goid Shabiliky.

2y Financied Tncenhives -

3) Clear Energy Gwds -

Wy Efcreient Dtilizalion of gy baklery .
3) Troins Formalion oF the power 6&51’8:’0-

ik Chovsina Glakinns &
' ‘I",-_". ‘_r ’]I;:;“_‘-i d ,t‘ T'

. 1

ypes ok chavatny ghaliont

D é?ﬂ L Cb_"‘iﬁ“l{‘] Ei_r"__affgﬂ Tk {o most basic form of Ey Chq-—xa{r@ :
Tt u3¢5 q gfandasd 230V Ac houlehold Soclkel- |

Q) Powre ot.d—pu}‘ = '34t0 2.4 kw .

b Chqw’r@ tire - € to 95 hvg .

O Applicationg - Suttable (o chavging cb home on of(ce.
d) Advantyges - p, additional ipskallatisn freeded-
&) Limitation - Slow chqvﬂf'nd- ;

F) Surtable [Fons Usess with  Slort ({Qfﬁf Commules
D Level -2 C_bCLIQ;’lj stakion " leve)y Chq.,a{,ej opexates on 208 -240V fc

and  pyovides aignificanh fasters chavrging g peeds than levtl |, 11
wequines  ded f‘ca}g cba'r@frg eqm'PmEVd‘wg P{;DR’,QSJ'ODQQ Instellation.
(9




= Power oubpul = 33 ¢0 192 ki .

— Chavging Lime = 4-& hvs for full chamge - ' |
=7 Applicatiops - Homeg , ofFices, pubdic pmrtu'rﬁ plote and Commexcial
' o pleares . » ; ;

- an)w - Faster han Level 1, suttable 5 both yesidential <

Commerscial use . | | ’ b
5 Limitakions, - Requives o dedicabed Crreat'ts and paofessiona] inshallof

1 ) e.
— Sudkable forr most widey used public chargig atakion HP

D e fask charging shabion - Level 3 chavpir

D fask chovging Gupplies high powey pe elechriciky divecHy to the

vehicles baﬂ*ernf, pragemd the on boavd Ac toDC Conventes.

= Poweroubpul = 50 45 560+KW

—> Chovgtng Time ~ goy. (‘.bmr}jf In 20 to6o times . |
—> Applications - Highways fransit hubs , Qeet depots, (ast Chmﬂ”ﬁ

Stakipng ,
— Advantoges, - Rapid chavgings 1deal for Jong distence fravel -

— Limitakisns - Excpensive in Eraskruchyye *requa‘?mﬁﬂ}%-

- Suttable - pe R chawgess gve essential for mbexcity fravel
and ”lﬁ-h'UHH&aﬁ-f’)ﬂ Commential vk . -

) Ll_—@@@—ﬁ@j E_?_fg;_}f_o_:n - Ulkra faot 0’707\@—"’@ fa Q SLrbecn}eq‘jW‘f
of Dc Fast Cthjf'er .+ This sd%é’m fé des'@ned (s nesek ﬁene)za};'on'
EvVs dhed support ulfqg *"L!'&h Vod»f‘ﬂ(j“eé 6F Co0Velts 0% moe -

—> These chw;jm deliver lq@h powes |n g;@m'ﬁ'cunﬂtf lese lrme.

= Powes OuJ-PwJ' - S0 to BSo+ K
=2 C-ho"fa*’ﬂ@ time - go/. Charge /n |o to 8o minutes

= App licakions - interci't tauel Commidors , EV h;a}omc;dg.
-~ p‘dmn}q&% B Ghﬂﬁ"’ﬁ saves Li'me < qdds Convenience .

- Disaduq -Eoefremely expensive infrastruchyyre requivements.
—2 Suwitable  (p Express ways and Premium  Ev Networke,

2) Wixeless chayginy sfabions ;
e Chﬂ#’ra{'zﬂ i3 a Qef’-”fem in which power 1%

Mnsp@}},Ed H’VZDUG‘h dﬁ't‘f"fbn’)ﬁnd—f{ Q’e]dg,p‘fgm q Coll €m bedé?dm

the ground 4o ‘o aeceiver o the undevside of Hhe vehicle.
—> PowY" 0/P — 8% 45 92 ko

—>(_hmﬂ@+'n time ~ Gimilawto level 2 »
— Applications ~ Taseic, Auwlonomows vehicles , cmaet cities .
-5 Hcfmﬂ*ﬂ@%« Convertenky Aubomalic, Lese wear & Jogry.

de)



—-7 Disadvan s - Infrastructure Cost and Bakterwy ownensihlp 15sues.

- L0 72 - Pul NaT34ng .;_r;”_‘._

—> Pubdic Chu'raivu stabions que Uital for f'nma%f'fﬁ olochvic vehicles

- adophion.
— Effechve Plann:'r@,ge(e_ch'on end decsf@n are requived fo meel user

d emand -
5 key Considenalions for gelecting and sz pubdic EV chaqﬂq‘ Stations

include - » EFﬁrcrenc:[ o) (oot effectivenele, =) Convenient usey esepedonc,

— Ensuing $uid otability % cafeky is also impovtant in the pyocesc.

X éj}% (onsidextikions -

- Usex demand and 1raffic pakborns—undesstand expected gv users,
vehicle NPes (2w, yw, buses) and peal hours .

=7 Choving. fype & power fevels ~ choose fevel 2 Chavaesd.

% 3ite & Gwd infrashruckire = Evaluale @ﬂ‘c{ capacity VOLU‘C!GQ- (¢ vels,,

——_—> Fatyre SC.CLQQbf/f/*f = DRSIgN [or modelay exepansion to accomadate
Aduve €v adoplion.

— Cadewlabe fofa) Jdoad - Combine ruted power of C-hmaﬂm Ceq - leve] 2
Chargers ab #:2k0 plus,2 pe Fast chm’{]ﬂﬂ) ot Sokw equals 288 o)

= APl Diversikq fickor - Use a divensiky fackos (ot to0:3) to avoid
OVY GIZng. . -

— Bacle ap ¢ eneryy Storage - Gnsides infegeating bakbbery Sforage
genesalors (o unintzupted  sevvice.

¥ Components of ¢ “@:‘M gigio;[) -
D Guid ulilily Gnnection - Prima| Souvce for the EV C-[')Cf”’a'f”@ talion .
2 Transformes » 0if coo fed oo dry hype

8) matn Disfxibubion Peonel - E;?e_c}'ﬂ'(‘!'/-? Com!'fq From) the foans formey enfers,
Hus panel.

W Eneryy meter - Accurakely measuves, uhe fotal electrical eneryy
Consymed by Cho”raﬁ'f@ alabion .

9 Paotection pevices -(OCpPPrevents Shovt Circatts and overloads .

6) EV Chaﬂra{n(jt unt'te - T sexves asmatny operalional Systern oF
Chavging stakion. _
—= leve] 2 Ac Chagerss - upto 2ho v £ 22 [kw

—7Llevel 5 pe fost cho-tawg-- Solkw 4o 350+ K .
D hasing Cable and Comnecor - Gonnecks e charger divecly o the

Vehicle. “
(7



| ~ Type o (Uwopian Ac)
-chademo - Japanes€ DC fact chqfrﬁ\"@ Glandand.

9 Communicalion Netorle - Used (or ~remofe mom'hm'?j , 6oFtwgwe ypdates,
and payment prrocessing. .

5 Step-down
B o
MPPT Solar S | g
Power | - Ac/pc
"' Controller " Converter ;
(Solar Charge (Rectifier / DC _
Controller) Converter) (Grid)
Solar Panel .
Fast Charging Station

Electric Electric Electic | | Electrc Electric Electric
Vehicle Vehicle Vehicle Vehicle Vehicle Vehicle

RN RERE

Fﬁ» gz'fn\/ﬂ Line qu{(‘éqm-
— FIEC.HFCJ’H Clow clr"n’.cf'o ] a3 '
aﬁd o vansFormen 0N 15 Shown in e Sq%fem ~6/—a'r}—r12j Cror
) Gord_SuppM (on Site framsformer

kv high volbage electriciby Sypply 1o Converted o a dower

VuMaa.e devel sycly as aF 416 v ,Ldb;'n(jx Sfepc{owﬂ fmﬂé@frmem

2) main dr'eh-v'bu}:'oih pane (mpp)

The MpP Conkainy Ciwrcact baealtere gpd proteckve devices Jhat
keeps he Seﬁ*em Sake and  papys |

—— de fulb jsolabion when
> €V Changes Digfribukion Panel’s
The e«fft"‘rl'cf**j Comn o uhe madn distaibulion pane 15

supplied to Hne EVDP, Prorm where tb io chfgh'f'de‘eC[ Lo mulbiple
Gy Chq_-r@eizg. '

) Aclpc dgcag%g,g, '
Fach choavger 15 Gopnecked to Gtht EVOP . T includes interped

P'mhcf"o”f me}@u‘ng 4 @ a Contyol system, which mangges the
Chmﬁmd Process CCOfT(?!'r{)ﬂ. to JHhe wehieleg chqv@i'qﬁ 'a'eqm’rxf‘mm}g-




* ‘{T '.f'\ll '.l' -

Calcwlation of -"_I."i‘g H13 Trme *
— - - 51 = -

C“m'rﬁf'n@ Fimt is a fundamente] aspect of op C/Ttr,h/ﬁ an Elecksfc Vehicle .
Tt ia important [y ubef Conwvenience a5 wellas” [, - pkmm‘r@ Chﬂr"ﬁf”@
Infrashrucyre .

Tkey p qvamelens q-_@ff_[‘!{j d}ﬂ’aﬁ;@ time -
1) Baklery Capa city | “
2) chmaf'n@ Powery _
a9 A lewel - - APP"’U"’C"mW“f -4 bew

leve) -2 -~ Appq‘o'xima}e)'f 33kw to 192 kaw ,

Level-2 = (Dc fast chavgfng) - 5o kw , and i gome CaSes
more than 2soicwo.

D chaviiny eFFrcfenEI

A Foymulg ;{__._:?_Ccmpudcnpf’ CHO“C?{% é:’me.})

hamiking Time (1ours) = Bakbory Capacity (keh) = [ Charging Powex (0) ¥
Chafraﬂ‘n@ e.Fchremd]
X Sample cadelation -
8 (a'ven dakq
D BaH&r-f Ca PQCH‘T - 80 kwh.
Y Chavgng powey ~ 1 kw .
) Chq"’ﬂ*"}j eF(:r'cr'mch = 40Y. ™09 (in frechisn)

Chafra'il_'@— Time. = 6o+ (¥ X03) = 3.62 hou,.

Thepebore , iF wikn Jalke Approeimately 4. hows, to Md chmr'a«c the
BV babbery. | '

% Additioned factoys infuence H\_;g Chayp " bEme -
D Tnitie) gkale of Chu'ﬁac-
D Bakbery chu-ra#ra chovuctesishics .

3) Ambient demperulure £ bazHenr-T heelHn .
4) Vehicle onboovdd C»")Q’r;?e_'r Limits .

>

X Goncept of, pablery Swqping *

Bakbery  Swapping e an innovabive  alternalive to Conventione) Ev
f»hqfrﬂf’@ methods”. Tn thic, eqstem, q dr'@chm’atcl bakbory i removed



From Hhe vehicle and aeplaced with fully Chavged batbery,

—> The bab‘é/ﬁ Can he Ch'Cf'}F(T'QCJ Eepexm}el\.[ ,aﬂoce‘)f?ﬂ quicle vehsele
seyvice with minimaf downtime -

—> Thic, paocess enhances the opernlkional efficienty

— BaH%"f' Soapping. i idead Ly too wheelers (2106) 4 thoee wheeles
(3105) due to smalles , clighter babheries - |

= (our wheelens, and eledmic buses face chqyeya_% In bakteory %touppiﬁ
becawse of Ja , heawuivss  hedbenies .

— modexn Golubiond  emre in cLeuePopmenf to addrese, dhese cha!_ﬁf’r{,j.@.

LA e R T
g o

CHARGING =
{Plug-in Charging)

B8 FAST SWAPPING
(Battery S\m:ppmgl .

WHY
CHARGE
WHEN YOU
CAN

F,(T 42 - Baufﬂ quppm(j.

* Three main adva

ﬂkﬁf’s of Baﬂ'eﬂ beoqpping -

D Fastex than J“J’C!c{.'i‘fbna,! Chqva-f?i mekhode (Ckmﬂﬂ'hg"%cluf-e‘;)

2) Babtery Sw©apping occapies less “space (space yeduced )

») effycient uge of swqpq ble baklesies aap demwge dhe  heed For

exfensive CMT&*‘@ infyastauchyre (coot reduced )
—> ovevall  bakbery gwapps

; N B a promising colubion foy me’”;f’j
Som<e of the Jl'mlf“a.d'lbﬂé ofF Ognvenh'on;q Ev C;'le'ra{I%] '
V1 r}‘ 1 Al

| o ~L .
1 ! 1Y H 1
— = - - w32 C1 +

¥ Impovkant Sefey precaubiony 4o be fol

» I eCawhn

]o-wed dqrﬂ' eV ave ay Q”O"-J g
D Vse Centified < Gropatible Charging  equipment-.

2) Re{,frulct'rf\f ingpect Chq"a’al'!}j 5 Connectore
3) Encyve q dj—jqu}d q;e]p\/@n’-f/&ﬁ*ﬂc{ Envivo nment.

@)



IJ,) Avoid Ovm.hufﬂq' & P«nlonqed C‘-]’“’"fﬁf”@ pedods .

) Refrarn from Dsing esckention Covds o Ac{qp{-e/rg.

¢) Be mindRd of Am\ jent dem peratyye Cond{é}ong ¢

1) Monttor Hhe Chﬂ“ﬂae'rﬁ proeess
) Beprepaved (o emengencies.

[ 7(-—0

% b%.p
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QUESTION BANK/ASSIGNMENT -01

Course & Code: EE-5K° : _ Sém‘ester: Fifth
Name of Subject: Electrical Vehicle Technology Subject Code: 315335
QN‘:)e' Unit 4 Converters and EV Chargers (16 Marks)

1 Define a DC-DC converter and state its function in an electric vehicle.

2 | Describe the role of filters in EV power electronics.

3 Draw and label the block diagram. of a typical electric vehicle.)

4 Calculate the charging time for a 60 kWh battery using a 7.5 kW chalrger.

Compare  trickle charging and DC fast charging in terms of time and energy

3 efficiency.

6 State the difference between on-board and off-board charging systems in EVs.

7 Evaluate the Beneﬁts and challenges of using V2G (Vehicle-to-Grid) technology.

8 List the safety precautions required during the public charging of electric vehicles.

9 Dcsign a basic layout of a public EV charging station.

10 List types of EV charging methods.




