NSAFIEINTTUAERSHAzUIRNTSH TN 18 atuN 1 Usednieu unsiaw — duiAy 2568 1

MIFIAINIINANFAS LA IANITN

Journal of Engineering and Innovation

UNANINY
o @ 6 a 6 ' o @ =
msn'mmmummma%nsl%izuumsam%a%@ﬂﬂﬁﬂmmaa‘m‘saamaau,afmﬂ
¥ o ~
wuuzwnlaglgainivaniile
Harmonic currents elimination in electric vehicle charging systems with shunt active

power filters using PI controller
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Abstract

This article presents the harmonic elimination in an electric vehicle charging system using a shunt active power filter
(SAPF). The PI controller is applied for the compensating current injection and the DC bus voltage controls of SAPF.
The design of four significant parts for effective harmonic elimination performance is discussed. The first part is
the design of the structure and parameters of SAPF suitable for the electric vehicle charging system. The harmonic

detection using instantaneous power theory combined with sliding window Fourier analysis (PQF) is the second part. The
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third part isthe Pl controller design of the compensating current control, and the DC bus voltage control
is the final part. The performance of harmonic elimination is tested using the MATLAB/ Simulink program. The total
harmonic distortion ( %THD,) and the power factor ( pf') after the compensating current injection are used for
the evaluation criteria of the harmonic elimination performance. These performance indexes refer to the IEEE Standard
519-2022 standard. The simulation results confirm that the proposed SAPF performs well in eliminating harmonics in

the electric vehicle charging system. After compensation, the %THD, is found to be 4.03%, and the pf is 1. These

performance indexes are within the specified limits of IEEE Standard 519-2022.
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electric vehicle charging system; shunt active power filter; harmonic; Pl controller.
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Harmonic Magnitude i Angle
order (%) ) (degree)
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7 14.00 6.584 -73
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lngd1 M Ao Awegady adluaunisd (8) aglans

aun1sy (21) Wewnuaunisasnariasbuaunis (18)
Plrlganudusiusyaansenansaunisn (22)

d, v 3 1

a :_f 0 (20)
2 \2

d, 0
dav. . M |3

CDCT?C:’WT\g =

M |3
Ipc =lcq 7\/; (22)

Minswdasarvansluaunisi (22) iednguilendu

dreloulaaunisi (23)

]ﬂ=£\ﬁ (23)
I, 2\2

wmuauitlegnldvimiindiauey 7, ilasivind
usssudalnasednads (7)) Ssnanuduiusueinseua
WU i, vvdieduay v, feu n1seenuuung
AIUANLIIAUAIEAIAIUANTLETIAINNT R TN AN
aun1s (20) laefl e, Ao narnagewing Vo fu v,

Weldnisuvasartarsiiiedagumileidudielouasle

SeEunnsh (25)

iy =Kppe, +K1V_[eydt (24)
Iey _ Kpys + Ky (25)
e, s
V[;(' + eV ( K, s+K ) ch M \/; I, DpC 1 VDL‘
— Py w > —.|= > >
- s 2\2 Cpes
T PI controller Plant
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NNTRATUIANNTH (19), (23) wag (25) @11790
wansszuuauANwsiulEliasaduununinlaezunsy
Ladaguit 6 Bsanansamilsidunisarelonslinvesssuy

muAuussuTElnslaRsaun1si (26)

VDC 3 M KPVS+K1V (26)

A Yo
pe pe S2+[(]:M\/§KPVJS+M\/§KPV
pc V8 Cpe V8

s
<

WalSeusuduuseandsenineailandunisanelousla

Yo95vuuAIvANLIIaudalinssluaunisi (26)
AunIUnuINdnvuzlanIgeIduRuiaeunsguly
aun1si (15) azlanalnasdmiusenuuuddinuauiile

Seaunsa (27)

Ky, =2, Cj;jc %
(27)
Cy |8
K :wz DC | =
1w nv M 3

N1508NKUUAINITTLABSVRIAIAIUANLTIRUTA LIRSS
w,, A3HUA1UBENTY 10 LVNUD9A o, J9danlYan
WiNAU 1070 LA UABTUIN WagdnsIdiuni1Iniag

° va Y 2 4 ' a s
ﬂ’]ﬁu@lﬂllﬂqLVl']ﬂU g LHBATUIUATNITNULE B IV

AamIuAuilbed1munIsmIANLIIAuTElNnse aglidn
K,, %az K, Jani1iu 21.766 wag 483.51 A1ua16U

Tnen1sAuIMLandlassaunish (28)

~ 2x42x10mx300x10° x+/8

K, = =21.766
v 2)(1)(\/3 (28)
107)° x300x107° x~/8
K,V:( ) 300107V _ s o)
B

5. MMsINaesdaUNIsaluazaius1ena

5.1  n1s31aesdanunsel
n1sdtaesanruniIsalaiunisineleldsunsy

MATLAB/Simulink s¥uun1sdtassanIun1sainanale

fasUN 1 F9Usznaulumie seuvdsanewssnu b

Y

anuwadany (vg ., ) fina 220 1iad 50 L1850d Lyeusie
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(Fast chargen) iffar&sludin 100 Ala¥nd Janszua
vaslyanfenaliteyanszuasiuoiinainaisied 1
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{iign PCC TaoflssuuniuaunsannssuaralvouLas
usssuTalinsedaofaivauitlenuiildinauely
2mvsnsestidaeniniidunounshaulnenimsaty
nszuasnsuoiniiistuluss v ueudlnihieis
)

Wetlurinszuadnddiiussuuaiuaunisdanszua
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YaemeinIuaNiile lnele K,.wi1iu 44.429 uag
A K, 111U 493.48x10° AIATUANFINA1IVITNTNT
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*

91989 if. o WwetednAdldandAIuauiTlotdud

ussfulvlihenadsununy dqo (v, ) Beazgnudasen

Teguuunu 3 wia (v, , ) dieasednygunsaingls

[ YY)

2995N509A189BNNNA83T Pulse Width Modulation
VI v, ., NUANLU

(PWM) sranslseuiieudaiey

o

wingUantuindguvuiaueunigaiiadu 119ad

AMUDLYINAU 2500 LF509
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W1593 A0S
usadulihiuvdedng (vy,, ) 220 v
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dnsveeUIiusvenszua (K ,.) 493.48x10°
NIV FRNAIUVRIITNY (K, ) 21.776
NIV UTHUSURILTIAU (K, ) 48351
weundyavasdya vy 1v
e
AuRvesdnyANsigUALIAD 2500 Hz
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dlonsasnsassdaendinldSudygiunisaingis gnsuednuuseaniudesdis Ao Yrsneaunisdnnseua
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Compensation —_— . P Compensation R —
vSa va vsc ld ld
: T 10 T
200 - 1 IR
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™) 200 (A) j
-10 '

501

Uia,b, 0 0

_____ I ____time(s), ;
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V) 200 | {200 | :
: I 50 ) ' |
Ua, b, o) Ly ! |
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A by [ |
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|

1

0 0.005 0.01 0.015 0.02J

—_—— e e e e =
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52 afusienanIsINapIaaIunIsal n133aLYe) dygruuseiuladiiundedng (vg,, )
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wuuldidudadu Sedenaldnszualwiiiunasdnein
g1sueiin laeldnwaziAgidunszLasisavedinan
yavrseerugualiin (i, ) uenaNisruudain
nszuasnsuediniidanda (i,) lnodidnszuagegn
Winiu 48.87 weuuwld Fudunauiainesduszneu
g15uefinfianumsassi (Triplen Harmonic) Tngainmsy
nszuagsuedn wia a d9lfanniadesile Fast Fourier
Transform Analysis (FFT) uulUsinsy Matlab uanslesa
sUM 8 ludiuiWadu 9 atUnniunszua
grfuednilanviidu lesarnilussuvaumaauna
WUl iansruasnsuedndusud 3, 5,7, 9, 13 way 15
Puluszuu Tneflen %THD, Wity 35.09% Fsfienganin
TOA1MUATOININTFIU IEEE std.519-2022 Tudruveg
ARIUTENBUANAITNDUNITRATALIIAILYINAU 0.883
AMENdIN1sEnnsRarAETivanIan 0.02 53 0.13 Jund
Nﬁ]iﬂsmﬁwé’qLLaﬂﬂWﬁﬁmiﬁmﬂizLLa%mmaLsﬂ’wﬁﬁ;m PCC
wanaleidaguil 7 Ganuirfmuguitleanunsaaiugy
NITUATALRBUULAUY dg0 Tl lnaAsaduAInszua
gduefindr9defildannisnsiaduanduedngle3s PQF
warmuauusssudalinseliiarnsiiiady 700 Taad
Wunaldnszuagrsuedinfiunassneluszuuensa

=

grugudbninfiaranas Inodunalaannyrandinisan

Y a

YUY i, , ., Honwuglndifsadyqrugdled uay 4,
fdanadlndifssgud vonaniiileofinnsananny
nszuasIiNeinngull 8 Trmdanisvalye nudnseus
g1sualindunusig q dananas Inea1 %THD, Wiy
4.03% Fs0gn8ldu1nsg1u IEEE std.519-2022 Tudu
Y93A1AUTENBUMFTInden1sUTuUTalianvndY 1
Tngransiaosaguldfansed 4

50 T T T
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M After Compensation

40

Mag

0 5 10 - 15 20 25 30 35 40 45 50
Harmonic order

JUN 8 anasunssuagn e iny1nouwaENAINSYALY
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wia  %THD, pf %THD, pf
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6. &3l
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Jalunse81989 yonaniléyiiaueanisoonuuy
Arn1sfitnesvesdinluauiilelussuualIugy
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1995n3098 g wandinsenanflanssousfinlunisiida
nsruagnsueiinlussuuansaeusun il Inefiansun

laanaendenisdanseuavaivey i,  Janvug
Indifesdyaraugdlon wasnszua i, anadlnglAgamud

1999171933509 deuenNANAINITAAIVANNITAN
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