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ABSTRACT

This research presents an attenuation of the conducted emission (CE) generated by a grid-
connected inverter. A PV simulator is used to replace a photovoltaic module as a direct current
power supply. This research investigates the characteristics of the conducted eiectromagnetic
interferences (EMI): conducted emission (CE), common mode (CM), and differential mode (DM),
the possibility of electromagnetic interference attenuation using 3 approaches (grounding, ferrite
bead, and EMI filter), the comparative study of the attenuation of the EMI filter, insertion losses,
and economic values. The results show that EMI mitigation should be used with more than one
method because each attenuation technique is effective in different frequency ranges. The
grounding method resulted in the EMI characteristics shifted and the noise was slightly reduced in
the last frequency range. The use of ferrite bead resulted in a noticeable decrease in the range of
1.5 - 10 MHz. The use of passive EMI filters has resulted in a reduction in electromagnetic
interference in the 0.15 - 15 MHz range. In addition, when analyzing the EMI attenuation, if the
EMI reduction in the‘ CM and the DM are similar, it will make overall noise reduction more

effective.

Keywords: Grid-connected inverter, Electromagnetic interference (EMI), Common mode (CM),

Differentail mode (DM), Passive EMI filter-.
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a J 4 { g v ¥ -]
sssuaauazgUnsed Iddungaadievu dutuginsal TihSenasiimsaiugunadiu
a y [ 1 o ] [~} . 1 o
plisutuaedygiusuniuuiman IWd1 (Immunity) naznisdassdygiusuniu
Llll'mgﬂ"M‘ﬂ’l (Emission)
a ' < P oA [} o b 4 1o A
nsifanssununautiivan dniulidau 3 daundn q Useneudis unasdudia
ﬁtyqnmmmu (EMI source) A30@19 (coupling path) HAZAITUNANTENY (receptor) Tay
l ¥
yonusumuuiman ldihinaiunnundsduliadyarusuniussurnszioiudina1e
v @ W o 4 % 4 ) o ¥ 1 o =a o
lgsdrsunanseny vellgdnsal lddmilunSensiummsadiuldvuunassuiadygiw

v W ' <] gz
FUNIU (EMI source) UAEAITUHANTENY (receptor) Tasn1ssundrumianuiman I iy

mnsoutia ] s guuuy dagali 2.4

(24

unasudyaIsUNIY

wiseannlndeysyr1usunau

aelnAn

31U 2.4 gluuumssunaumaimanindh [20]
3UuuuN 1 Radiated Emission : uvadfniladoaiusuniuunnsze1onau
] [~ ' ¥ @ o
wiman i lagriumsemalidsdsunanseny
3UUUUA 2 Indirect-conducted Emission : unasriuiindya s unIuunnszet -
A 1 < ' ) @ o A A Vv o W Y o
atundman i Tagrunisemalddimednifidoudedudifunans eny udani
dyanusuniuiifadu 1S unanseny
3UHULN 3 Indirect-radiated Emission : coanihnasogiunnasiuiadoyg n

sumuitudnrnszawadumiman T 1SS unanseny
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v
o

d’ . . [ ' o
3Uuu YR 4 Conducted Emission : gy 1ai5uniuwsiinan Ii1fiAanan

wrasfutiadyanusuniudananszny lUdsdsumanseny Tasmunsmednifidouss
fatunufsunanseny
3 o ' < { '
3UuyuA 5 Semi-conducted Emission : Fyyrassunauusiiminlliiioglu

o @ @

mgdnhideegiuundsduiadygrasuniumiioni ldimedniidengiudsy
HANIENY
[ ¥ .
wieanngunsal ldimnafiaiuauseadudygausimin i 18 e l¥ida
Y o v ' <3 o _ I Y 1 <
anu A Idnaiman ez oy sufludesaanisudnsznsvesdygrasuniy
¥
wiman Tengunsel T saudanisiridgdnsel Wi nfunudenissuniunia

wiman Tihfinngunseidudae [20-26]

23.1 dyanasumumimaniviimesedni

o a P=y

o ' < { a o
yanesuniman b idanngdaseduduiiasasamnsomumaludiginsel

]
&

ou TngododnirIviiisensodedy erfisu modeds moduananivay viomoau i
- 1 T - = =y & 2 a o ] Y o o
anudegludiuanud 150 Alaidsad as 30 wnnzdsad awnsouda 18y 2 Tnuandn
Y 1w 1 o v s . o
Idun dyanesuniuuivnin I Inuanas (Differential Mode Interference) Ay fayaa

] =3 ’ -
TunIuiman I Ivuanns 1 (Common Mode Interference) Azl 2.5

r [’
# i
e e e e o e e e e e e ]
N N’ N — = N’
M e e e e o ,! ...}
G G’ G G’
Ty usunIu Inuanang T I UNIU INUANRS I

o idunlnavesdygrasuniuTnuanaduasdygrasuniuy Inuanasiy
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low Butinauduas .
>
w2,
. v
usdau - .
) BuRumuduoy
Tnuanasng
nsswdli 2,0
v,
oM
Snfiunudos . . v

awloundy : Z,, -

T I

081984 (Ground)

¥, an¥aems IavesdyissunIu InuaNas1

~ Bufiunuduos

'y L vz, 1

Aufunudves
iz,

lcmz o Buiiusudvas »
Ll - Ll
sulioundy ; Zon

usIfu
Twuanadan

VCM

\ 4
Butiunudues
anfudsequel X,

":j_:' e8¢ (Ground) : =

A, anyozms inavesdyausuniuTvuanasoy
4: v a ar
3UN 2.5 dumauvesdaanus AU

TYANUTUNIUIANANDSIY (Common Mode Interference)

@ ' [~ v o o 3 J Y a a
dygrasunuuiman llimemodnhiilsingiuszninegadieds (modu)

b4
U s o o .

o () 4 ° ' v o w = o o L4
fumeani It Fehldanudedadisguaoun]amdousuuas i naduiusium

y a o o 1

01994 [27] Tasdyanudsnarufaainmanududseaudsluaees i Senwsssuana

[

14

annuivlssyilzlinfevauieldygannuigenani HunmeanuNdyq o
a d' v o Y & =1 8/ &2 =]
sumuiinudge 9 mwmnsa tvannmednindunils lodndunilaimdaufuysequraly
Y P (Y [} = ¥
01melAngIN 2.5 TaousaduTnuanasay (Vo) Maninnssud Tnuanasan (I,,) o2 'lva
iuBuinaudvosao Il (Zg,) uazasznia i (z,,) udr Inanseeiuswiunszua

Inuanas g (Iy,,) M lnoshuduiinaudvesmotloundy (Z,,) Fasduna'laiusaiuves
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daygrasunuiiae il (v, ¢ liimduus sduvesdyarasuniuiias Tuia

noiseC

(Vo) MNANNITA 2.1 uBZAUNTA 2.2
Vaoisectr = IemiX(Zeir + Zpoap + Xcp) 2.1
Viwoisertn = IcmaX(Zpry + Xcp) (2.2)

“fyty]mi‘umuiwmwmhd (Differential Mode Interference)

=

Tyausumunumedniluluuenasiuianindyaiunnua1edndsering

A @ o o 3 o

avemwai Ao Aahdayeyia i (Signal Line) nagd1dyn1aindy (Return Line) T31uny

L)

HIBVHIARANA1NAY [27) MuAuvesdyyrasuniuluiseseylnadagdd 2.5 aszuaTvue

] ] o et 4 @ Aa A o [y
HaA e Inarudufinauduesa el (2., uas nanduinisuiuaudueemetfoundu

(ZRTN)

¥ o

v
lumsiadausuniuTRUaKan1s (V,,,) Lag Inuanasan (V) Huawise

]
L =

(Y ¥ @ a J 5 o £Y P
aﬂ"lﬂmﬂaw"lau UINTOU UAZNIT1IA AI3UN 2.6 2INUUAMUIUNT Vem llﬂ‘ﬂ']ﬂﬁﬂﬂ’li'l’l 2.3

G

HAZAIUIUNT V,, 1R910TUNIST 2.4

Vig+Vne)

Vig—V
Viba o= ( LGZ NG) (2.4)
T Ve o ussan i Inuanasa Imisediu Tad (v)
Ve Ao usean Ihsznineaoladlfunseg iindedu Tiad (v)
% Ao uswu i luTnuanans Inisediu Taad (v)

DM

Vyoho useau Iilsgvnemediandaduns g Imiaudly Thad (v)

L
VLN ' VLG
G [~ EUT
- Vie
N

51# 2.6 msdamidyanaisunau [20]
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232 nasgrunnudniulamanivdn i

¥
gunsel IWhee o gmiwnldse Teniluwats 4 du uazgdnsel Iduvarliaunse

L4 1 4 |é -] X L}
afudyanasunauwiman i luiedszasd 18 vildgunsal Trdhdu 9 ereldmaunsa

13 Y a o ¥ [} ] =3 Yo .3 A YR g Y a
Wauldeddnd dniuniasauai q 3dlddmuamasguau edsdu luldinailym
Y ¥ o PN Y o Y oo ¥ a
arunslFnunazanulasads masgruisimuaanud1iuldnrautdman Il niud

[

X "o ¢ dq ¥ [ o ' !
vInwIIuegAuanyuzueglnsel aaun lsaw uazgiuuunsldau sndreirusu
VINTFIUAINA A1UUA Tay Comité International Spécial des Perturbations Radioélectriques
(CISPR) ¥501un1u194n 13p2] (58071 International Special Committee on Radio Interference
¥19591ug 151 A1vualay European Committee for Standardization (CEN) N1A3§ 11
ANTTOILTN Myua 1Ay Federal Communications Commission (FCC) MAZHIATFIURNIEN
: & \ A a o ¢ P

WU esgunenms dudu ludaves Insiudunasgiundadusigaannssy uen.) &9
fnualasdninnuasguniasaaigamvns sy (auo.)

F

@ LY ] [~ U ) a

Tutlszmalnodumasgiuanudiduldntsudmanfdmingezdredaen

1133 1UUe Y 151 H9819389191NNATTINEIND AIWAITT 2.1 HAAIANUFURUTIZNIN

IRsgIURARSasigATIMNg Y WIAsg g lsl uazaiasgudIng

a P v 1 =3
M5197 2.1 asgrunetudyanasunaduiman T

International | European uon. W¥e/518013

AMUGATINNTTY ﬂ"lﬁ'ﬂﬂﬁf]\?a‘ﬂUWﬁ"lﬁﬂ{Llﬁz
CISPR 11 ENSS5011 - ﬂﬁLLWV]ET(Industrial, scientific and medical equipment

- Radio-frequency disturbance characteristics)

muauéf (Vehicles, boats and internal combustion
CISPR 12 ENS55012 -
engines)

nsessumInsznndoalasdayau Insvimiuay

yon. L AIGRRE LR (Sound and television broadcast

CISPR 13 ENS55013
2185 receivers and associated

equipment)
wseeld e Tuiiogerde wsesde i uay
won. . .
CISPR 14 | EN 55014 ngeeduSeiindruiu (Household Appliances,
2238

Electric tools and Similar Apparatus) [28]
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won. | uSdusidesarinuazys susifindiusy
CISPR 15 ENS5S5015
1955 | (Lighting and Similar Equipment)

CISPR 16 ENS55016 - Qﬂﬂi ﬂf n11599 (Measurement apparatus/methods)

won. | usAmaina Tuladosawume (Information
CISPR 22 | EN55022
1956 | technology equipment)

uon. gIUBUA (Vehicles, boats and internal combustion
CISPR 25 ENS55025

2326 engines)

2.3.3 msnameunnmnMldmanivdn v (4]

MINARBUMILANs$R VeI Ty auman I inedninedomaroulutod

Vo o 2 = o 7 v 1y '
1d5unssusesnasgiu Swanavaglnssiiganacouldassauunasgiudie o

a v [ @ o ] - & X Ve a
vosrasuAiman I mumednhgau sudoudimasyu FYUDYAUFTIAVDS
H 1 ¥

qUnsaifaznaaey uazdszmefivshduds 13 anngdudeeiimsasuiiousy
wasgulunaredseima i wmsguming masgiuglsy MI0WIATFIUGAAINATIY

(won.) vosInu vzondled19nIsnaTeUB Ul InDS Taslduinsgiumsnanou

=t b4

m‘%"m”l%’"lﬂﬁmw"luﬁagimﬁﬂ insoeiio Tl unzimieadutafindromu (Houschold
Appliances, Electric Tools and Similar Apparatus) G?;G’d‘u.l'ﬁﬂﬂﬂﬁﬂuiﬂﬂ‘lﬂ’f'uiﬂijj‘lu UDn.2238
[39] M350 EN55014 %30 CISPR14 [40] &a¥14 3 wasgudisnlunisnaaeumiiousuiionin
V931U 1012238 U89 NS 19890191n CISPR14 Laguns§1u ENS5014 voagy I51Ag198

MIINNIATFIUAING CISPRI4 (510U Tnonsnaaounisurinszandyassuniums

]
@ A o

@ o a o P ) & Y] oo oo d Y a
mamuwmaumimaii]:mﬂﬁa‘uiu14wemsmlmmxmnmmma’lumgmﬂﬂwﬂmnﬂ
o d' 9 ar Y 9 a o o d' d' :; =Y =N o
ayyIsUNILNANIeAY AiAuveenyedunesines fam1s19h 2.2 inud 150 AlaEsad
< = o Qs [} o o J T
09 30 WwnzFsaey "lumi‘wﬂfr'emfrmqumsummmman"lﬂﬁmmﬂmqaqw (Peak) A80A

v Vv
1riiou (Quasi-Peak: QP) LaZAURAY (Average: AV) Taosirgeqarives 19 lumasgiumianms
Y ]

’ 3/ ]
usluinas gruna lu 118 ide snuadimsusag AdumNuIasgIun1enIsaIngliley

H ¥
ﬁmuﬂmﬁUmﬂmaamﬁﬁauuazmmaﬂmmu
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M3 2.2 Aunasinasgrudyrasunauusiman T (CISPR 14-1)

e 3 SIS Y . 2 =
AaeAND nvnelvaauaztanet Ay
(MHz) MeoaaiioUdB(uy) ANRdedB(RV)
a g g 2 =2 o
. AnaUFUTUAWADAIT NUVDIANDTIN
0.15 D4 0.50
80 70
0.50 09 5 74 ' 64
59430 74 64

2.4 293nIReFenasUn MmN Ilihimemedihyiiamadn

o ' =3 . Voa o wa A

2993 nseeFRuTUnUUman Iidh (EMI Filter) viufisnunizuazqamni@milon

2993n50eFyanunuadHu Taanlunsesludunnud 150 Aladsad 89 30 wnziFsad
& o 1 - o o ] [ [

odugrehinnsgruinue wesnsesdygusuniuutiman ldifeunsansesdyaia

sunumitnan Tl 1849 2 Tnua 18un Fyanasuniuulimanidd Invanadw uas

o ' o 1 & o ::’l‘d Y

dyanasunauuiman Il Tnuanads Fnwsnresdyanasuniuiivaesznn 1qus

o v <] o =4 . .
299350ty I sunIRuman Idhstianiadyl (Passive EMI Filter) [20,22,24-26] 2995
nsoadyaimsundundman T wiiaueanw (Active EMI Filter) [29-30] 112229951504
¥
ﬁtytymi‘umuuumﬁﬂ"lwﬂwuﬂ'lamﬂ (Hybrid EMI Filter) [31] uaﬂmﬂﬁ’msmmﬁtytym
¥

navianouiza e imihedanasdiuezdes 1dsunsnanouamuIAsgIU IEC 60939 [32]
¥ ]

TuanAteadvitouleluns 19 nsesduanasunuutmin I asdawiad iosen

THmd10 eevaussmsnresdaaasuniulda uaziisin liuws

2.4.1 alszneuveaisesnsesiyansuniuutman iy fiawad

v =]

o a : @ i o w g
29050 T s uNutman IWiatiawadd Usenoudie duniivni dufy

¥
o Y v A @

Uszq uagdadumiu idnneaailaagali 2.7
o ﬁ?tﬁﬂﬂi:iﬂﬂuﬂwaﬁhd (Differential Mode Capacitor: Cy)

L] ﬁaxﬁuﬂizﬂﬁmwaém (Common Mode Capacitor: C,)

'
L =)

® Auniei1 InuANAA1N (Differential Mode Choke: DM Choke: Lpw)

o gaunileni Inuanasiy {(Common Mode Choke: CM Choke: Lo

o 9

® ¢A1UNTU (Resistor: R)
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Lem Lom
R o m oR
| LT
c s Ca G’
G°:,E,_ xz—,— SR ~" {_,jl:——“
(8
N 7 W T —N

Ui 2.7 2esnsesdygnasumuimdn it uunwagsi 1y

ﬁanﬁuﬂﬁzqiﬁuﬂwadw (Differential mode capacitor: C,)

@ o - | Y o [ 1 ' Yo o
Aunuszq Inuanadelindhiaanoudyanasunau Tnuanasie awdngldduiy

ﬂi&:i}‘vﬁﬂﬂf{h (Metallized Polypropylene Film Capacitor) Tﬂﬂﬁuﬁuﬂszqiwuﬂwaﬁhaﬁ%z

3

ﬁw1“16155%zﬁ'mmumswﬂﬁaumuumsgm IEC 60384-14 (Fixed capacitors for use in
electronic equipment — Part 14: Sectional specification — Fixed capacitors for electromagnetic
interference suppression and connection to the supply mains) mmig1uﬁ"lﬁ’uﬁaisz¢i'nmaﬁ'uﬁu
Uszq Inuanane (Capacitor of Class X) ifluseudey (Sublass) 1HA X1 1@ X2 n1ua131a

2.3 32]

317t 2.3 seAvvesdafiuilazg Tnuamasa (Capacitor of Class X)

Subclass Peak impulse voltage Application Peak impulse voltage Up applied before

in service endurance test
X1 2.5kv High pulse When C, < 1.0 uF
4.0kV application U, =4kV

When Cy, > 1.0 uF

U= inkV
SN
108F
X2 2.5kV General When Cy < 1.0 uF
purpose U,=25kV
When C > 1.0 uF
2.5
Up= in kV
N
106 F

Fufiulszg X1 ongnunuiildlag dufuvszy Y2 vie vi#ifi U, whiiunsogenda
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Fafudsyy X2 orgunui1dTag dufulszy X1 w3e v2vse Y1 @i U, mifuneganis

.
WINYING | The factor used for the reduction of U, for capacitance values above 1,0 |LF maintains 0,5 x CNUP2

constant for these capacitance values; CyisinF.

NN 2 Overvoltage categories in association with rated impulse voltage and rated mains voltage are found

in [EC 60664-1,

é’fmﬁuﬂﬁzﬂﬂmwaéw (Common mode capacitor: C,)

o o ' ~ ¥ A s [ [~ 1
Aunlszq Tnuamas wilmhfaavoudyanusunuimin i Inyanaiay

Unlddunivdszqaiiamsifin (Ceramic Capacitor) FeeunsorinnIda ludmanuigs Tne

'
P °

¥
m;ﬁuﬂszgTwmwasanmzumﬂ%’mzﬁbamums‘nﬂﬁﬂumummgm IEC 60384-14 Ay

mmgmﬁ"lﬁ'uiiqszﬁmmﬁuﬁuﬂszgTwuﬂwai':m (Capacitor of Class Y) 1fluszdudos

(Subclass) TAUA Y1, Y2 tiag Y4 aas 195 2.4 [33]

M3190 2.4 szAvveITUALYsEY Tnuamad (Capacitor of Class Y)

Subclass | Type of insulation bridged Range of rated Peak impulse voltage
voltages UP applied before

endurance test

Y1 Double insulation or <500V U,=8,0kV’

reinforced insulation

Y2 Basic insulation or 2150 vV When Cy < 1,0 UF
supplementary insulation <500 V U,=5kV
When Cy > 1,0 UF
U,= —SC;— in kV
1w0eF
Y4 Basic insulation or <150V Up=2,5kV

supplementary insulation

Aufudszy Y2 orwgrunidt1dTag Fuflsey vi i U, whiiuvSegent

HWWNA | For definitions of basic. supplementary. double and reinforced insulation. see I EC 61140.

HUUING 2 The factor used for the reduction of U, for capacitance values above 1.0 HF maintains 0.5 x CNUP2 constant
for these capacitance values: CyisinF.

MUUING 3 Overvoltage categories in association with rated impulse voltage and rated mains voltage are found in 1EC 60664-
1.
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Tumsaisesnsesdygrusuauuimdn Ttsdawiadn sufludosda

¥ 1
I

e o Y o A LY~ =t Y 3 o P °
vosnunulsgyldaunga iiosnnvivesdududseyeeiiguanpausfuduniioni (Lead
Inductance) Fearanaldnmnudulsyyde T Iudmnudgald

& A ' v o ' & ' I o by
usnvInlininiaenmIvesdunulszy Inuanaswaedeasasfuiuizdos
rileadanszuad Tnariuasmeduite lildiiaduasodao muinasgiu IEC 380 nszuadea

v v
doondmseniidy 3.5 mA A3 Ssgsofiuaunia C, gaga ldmuaunsh (2.5-2.7)

[45]
— Ig 6
Cy = j—az= X 10 2.5)
o 3.5 6
COS 22073 x 2w 50 < 10 2.6)
Cy = 35.81nF @.7)
Tagn C, Ao Avosduuszy Inuanasiu
I fn nyzud Wi Inaasenedu

g

A v [ sq g
U, o MUssauapeseuun ¢

A Ao Manudvesszuun 19au

A (Inductor)

auntlenintugunsailursnsesdaanasuniuutmsn s ianas

L] g0

FrwaaneuvuIavesdyyInTunIu Usznoudie duniioaih Inuana1a (Differential
Mode Choke: DM Choke) #2005 8edya s IMuanaals uasauniioniInuanasy
(Common Mode Choke: CM Choke) ¥30n399Fyay 1ot ITnuanas 1 F98umio211 Inua
warsziumouduniioninialy uadamiloni Inuanasmezdnsuensiuvaaln

uaneeonly dsgii 2.8
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1. Aunteni lMuanas 1y (Common Mode Choke: CM Choke)

d' Qo d' [ ! 1
317 2.8 Auntioni Tnvanasiaa: Inuanasy

Y = o A ¥ o S oA =2 v g
u.ﬂ‘u"ummmummuvﬂmﬂmmmﬂmll‘m mmmammummmmanqa

(High Magnetic Permeability) 93111 1491147150 UUeIaIAND WA BEAIN WA UYTIA

* v
L) =

3 v
ou mmzdimiumsldauduanuige veniniisniisuaalauaazuaiuvziiaimn

[~ a ‘g ! o 3 ~ °
(U5 PRAYU (Stray Capacitance) M5ifionlFunumes lsdveri Idannumiioni

' = o 4!’ 1w o A a 4%‘
Tugmanuagalisgarunazsasmdunulssgifadiu [20,22)

2.4.2 MapnMIMNUVLINLINIIFYaNUsUMUBHAamadw [34-39)

Lem Lom
Re [ L I o R’
o -|. _L
CY

- Ca G
G‘:EL X1 SR ‘I— ;{——"
N © hd ch ‘N’

Llud Wl

Low Lom

3UR 2.9 29esnseedmnasunuuiman I wuumad [4,6-8,15,40]
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A o Y 8

~ o v < =4 !
13U 2.9 wesnsesdygusuniuuiman iduuuwadd Tresiimiiinges
Fyrusunauuimdn Td 1dvs Inuanadrauaz Inuanasou gUassifiviimidifinses
Tayasunudman Tid Tnuanasu 18un Saniionih Inuanasay (Ly,) tazanfiy

Usey Tnuanasy (C,) A1sauyavenvsnseadyas Tnuanas wlugdi 2.10

L
nm

3N 2.10 2es 0y aveIsnsoIdaa Tnuanas

{ o Y A

gunsaiimidfinsesdyga Tnuanadie Tdun damiioni lnuanas (L) A2

= 9 = a < @ P ° ] o o v
milgnhinannms s Tnavesdunilenir Tnuanas (L) AU IuANRI Y

(Cy) uazauivilszy Inuanan1s (C,) AINVTAUYDUDIININIBI Ty oM Tvnanaaa lugUn

2.11

DM
‘Noise

L

N | o=

4
|

31N 2.1 2995 a0yavesII NI TR I TnuANan1

MsepALDDLazfILIANIEnea1 9 avluaeesnses Suninmaihidyyin

i =4 Ao 9 t4 ' N @
sunauuman ihinda 1dengnseivmimgegauasanummnzanlumsaanou WY

= oA

suniuveusas Ivua Tasmsldidunnudunsaaneudyanavesgiiuuissasesiiiden
A ' o P ¥ o o 3
mamﬂﬁsmmmﬁ@qpmmmmsaﬂ‘wau UATAINDAA (Cut-off frequency) VoIUARE Inun

t*?m%’umiﬁm'smmi1ﬁma§mmawsmm

° 5] ° @ [} o ' 1
ﬂ']iﬂ'lu’JﬂlW'l‘i1N1ﬁ0§%3ﬂ1u’3mﬂ"Iﬂﬁmiy?miﬂﬂ?ullﬂlﬁﬁﬂleﬁWIﬁllﬂNaﬁ'lllﬂ'E]u

divsnnmidauniivni Inuanasm (L) ednalagassdomnnumilsnihfiifasnas

¥
=]

S lnavesduniienhInuanadan (L, Fmanumiioniialvaiignldlums
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3
o °o_ o o

famsmiduniienihInuanania (Ly,) 490 saiuddunssenuuvusslinnudisa e

o

v l 14 H
Tildrmmsiimesidnan dtidguiuluviennuiisaiadowoniisimua'ls

nssnnudyyiusunuutiman i Tnuanasin Susnnmisfnuasianuise
' o v q- g o g
Tnuanasazdonduiulszy Inuanasau () Tnsdunvdszynldmstludafuilsey
¥ '
YUALFI N (Ceramic Capacitor) a1 1Y 3.3 wr Tuvhsa vnuusIuIBMmIaIFAIn o

Tnuanasau (Lo ANaunsi 2.8

2
1 1
= X — 2.
Lem (ZﬂfR,CM) 2Cy 28

Taoh fio, Al A2WlARYOININTRIT OB LN IMER W Tnuana sy

]
! 4 ~

Ly A0 A0 aniloniwedesnsesdyaasuauuiman i Ivuanasu

3

=) ! @ o @ [ o '
Cy A MAANUsEYveNInTeedy I unuiman Wi Tnuanas

aounhmdantionih nuanasou (L) lumannumiienihiideninnis s lvaves
' ¥
Aunilenin Inuanns (Ligggage) MIDINATIANAEATIIATUINE E1HTUNITAIUIVNAINITD
tsznurld Taosdamiisnhiifnninnisilnae (L., Tnlszina 1 - 2 wefiSudvea

Ao nh Tnuanasan (L) Gaem TU1ssana 1.5 nlesidus) [36-37]

Ao IMIAMNIines voeIIesnTd i Ius unIu Tnuakame Taofnuasinge
#a Tvuanaduazifionamaufuiszy Inuanadis (C) tdrdunammanumiioni

TMuaRAAIS (L) MUANNITH 2.9

2
. 1 1
& = (Zﬂ'fR,DM) 2 E; 29)

@

Taoh f,,, fo anwdidavenisesnsosdyausunumimdn Wi Inuanass
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4 W AIUAINATGIU
AN
QP AV NAIFIU
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
hifileslsdtlaunzinses

341346 106.9718 26.9718 36.9718 CISPR 14-1
484855 103.3466 23.3466 33.3466 CISPR 14-1
915384 88.2457 14.2457 24.2457 CISPR 14-1
1680769 90.5216 16.5216 26.5216 CISPR 14-1
2111298 87.1270 13.1270 23.1270 CISPR 14-1
2828846 100.3475 26.3475 36.3475 CISPR 14-1
3976923 79.7840 5.7840 15.7840 CISPR 14-1
5507692 69.4655 -4.5345 5.4655 CISPR 14-1
7325480 65.4939 -8.5061 1.4939 CISPR 14-1
8808413 63.4663 -10.5337 -0.5337 CISPR 14-1
10865384 59.5478 -14.4522 -4.4522 CISPR 14-1
12922355 62.5315 -11.4685 -1.4685 CISPR 14-1
14309615 50.8440 -23.1560 -13.1560 CISPR 14-1
16462259 57.0795 -16.9205 -6.9205 CISPR 14-1
17658173 57.9186 -16.0814 -6.0814 CISPR 14-1
19045432 51.8890 -22.1110 -12.1110: CISPR 14-1
23685576 60.1401 -13.8599 -3.8599 CISPR 14-1
29043269 46.7596 -27.2404 -17.2404 CISPR 14-1
30000000 54.5739 -19.4261 -9.4261 _ CISPR 14-]
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fileSlsadia Taifidanses

341346 107.4015 27.4015 37.4015 CISPR 14-1
484855 103.5182 23.5182 33.5182 CISPR 14-1
915384 89.2216 15.2216 25.2216 CISPR 14-1
1680769 80.9775 6.9775 16.9775 CISPR 14-1
2111298 74.1861 0.1861 10.1861 CISPR 14-]
2828846 69.3793 -4.6207 5.3793 CISPR 14-1
3976923 64.4436 -9.5564 0.4436 CISPR 14-1
5507692 59.0563 -14.9437 -4.9437 CISPR 14-1
7325480 56.1905 -17.8095 -7.8095 CISPR 14-1
8808413 55.3899 -18.6101 -8.6101 CISPR 14-1
10865384 58.1099 -15.8901 -5.8901 CISPR 14-1
12922355 55.8955 -18.1045 -8.1045 CISPR 14-1
14309615 48.3043 -25.6957 -15.6957 CISPR 14-1
16462259 54.6597 -19.3403 -9.3403 CISPR 14-1
17658173 52.8316 -21.1684 -11.1684 CISPR 14-1
19045432 47.5630 -26.4370 -16.4370 CISPR 14-1
23685576 58.4980 -15.5020 ©-5.5020 CISPR 14-1
29043269 43.8068 -30.1932 -20.1932 CISPR 14-1
30000000 51.5948 -22.4052 ~12.4052 CISPR 14-1
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Conducted emission of system with filter No. 1

110 .
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Conducted emission of system with filter No. 3
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Conducted emission of system with filter No. 5
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With grounding, Without ferrite baad & filter

With grounding & ferrite bead & fiter No5.
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Conducted emission of system with filter No. 6
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Conducted emission of system with filter No. 7
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2 wa TIUMBNATFIU
ANND
QP AV NN
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
finde$lsAdiauazinsesminaiay 1

341346 - 60.4189 -19.5811 -9.5811 CISPR 14-]
484855 61.2623 -18.7377 -8.7377 CISPR 14-1
915384 51.5164 -22.4836 -12.4836 CISPR 14-1
1680769 59.9328 -14.0672 -4.0672 CISPR 14-1
2111298 51.2343 -22.7657 -12.7657 CISPR 14-1
2828846 46.7867 27.2133 -17.2133 CISPR 14-1
3976923 47.9263 -26.0737 -16.0737 CISPR 14-1
5507692 50.4842 -23.5158 -]3.5158. CISPR 14-1
7325480 47.6185 -26.3815 -16.3815 CISPR 14-1
8808413 48.6056 -25.3944 -15.3944 CISPR 14-1
10865384 43.4882 -30.5118 -20.5118 CISPR 14-1
12922355 53.1367 -20.8633 -10.8633 CISPR 14-1
14309615 43.9808 -30.0192 -20.0192 CISPR 14-1
16462259 55.6710 -18.3290 -8.3290 CISPR 14-1
17658173 54.2348 -19.7652 -9.7652 CISPR 14-1
19045432 47.4909 -26.5091 -16.5091 CISPR 14-1
23685576 58.7327 -15.2673 -5.2673 CISPR 14-1
29043269 43.9388 -30.0612 -20.0612 CISPR 14-1
30000000 52,1983 -21.8017 -11.8017 CISPR 14-1
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. e FIUANIATGIH
AR
QP AV NAIGIU
(Hz) [dB(nV)]
[dB(uV)] [dBuV)]
fivlo1sdTauasiinsesnneray 2

341346 58.0264 -21.9736 -11.9736 CISPR 14-1

484855 57.9532 -22.0468 ~12.0468 CISPR 14-1

915384 51.0847 -22.9153 <12.9153 CISPR 14-1
1680769 56.5147 -17.4853 -7.4853 CISPR 14-1
"2111298 479191 -26.0809 -16.0809 CISPR 14-1
2828846 45.9085 -28.0915 -18.0915 CISPR 14-1
3976923 45.9351 -28.0649 -18.0649 CISPR 14-1
5507692 442310 -29.7690 -19.7690 CISPR 14-1
7325480 47.1035 -26.8965 -16.8965 CISPR 14-1
8808413 46.0808 -27.9192 -17.9192 CISPR 14-1
10865384 43.4759 -30.5241 -20.5241 CISPR 14-1
12922355 54.0084 -19.9916 -9.9916 CISPR 14-1
14309615 43.0545 -30.9455 -20.9455 CISPR 14-1
16462259 55.2179 -18.7821 -8.7821 CISPR 14-1
17658173 54.8955 -19.1045 -9.1045 CISPR 14-1
19045432 47.6299 -26.3701 -16.3701 CISPR 14-1
23685576 57.9131 -16.0869 -6.0869 CISPR 14-1
29043269 45.5877 -28.4123 -18.4123 CISPR 14-1
30000000 52.3185 -21.6815 -11.6815 CISPR 14-1
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3 wa TIUANMATFIU
AN
QP AV WINIFIU
(Hz) [dB(nV)]
[dB(uV)] [dB(nV)]
fileslsadiauazinsosnmnanay 3

341346 61.3695 -18.6305 -8.6305 CISPR 14-1
484855 61.9637 -18.0363 -8.0363 CISPR 14-1
915384 51.9692 -22.0308 -12.0308 CISPR 14-1
1680769 59.7824 -14.2176 -4.2176 CISPR 14-1
2111298 51.2198 -22.7802 -12.7802 CISPR 14-1
2828846 49.8488 -24.1512 -14.1512 CISPR 14-1
3976923 49.1547 -24.8453 -14.8453 CISPR 14-1
5507692 46.6800 -27.3200 -17.3200 CISPR 14-1
7325480 46.9203 -27.0797 -17.0797 CISPR 14-1
8808413 45.8318 -28.1682 -18.1682 CISPR 14-1
10865384 437143 | -302857 -20.2857 CISPR 14-1
12922355 51.2274 -22.7726 -12.7726 CISPR 14-1
14309615 43.8399 -30.1601 -20.1601 CISPR 14-1
16462259 54.3696 -19.6304 -9.6304 CISPR 14-1
17658173 53.0014 -20.9986 -10.9986 CISPR 14-1
19045432 46.9420 -27.0580 -17.0580 CISPR 14-1
23685576 58.4632 -15.5368 -5.5368 CISPR 14-1
29043269 44.3053 -29.6947 -19.6947 CISPR 14-1
30000000 52.9422 -21.0578 -11.0578 CISPR 14-1
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4 W TIUANMIASFIY
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QP AV WAIFIU
(Hz) [dB(uV)]
[dB@V)] | 1dB(V)]
firlessAlauasinseanmnainy 4 |

341346 62.9779 -17.0221 -7.0221 CISPR 14-1
484855 60.2413 -19.7587 -9.7587 CISPR 14-1
915384 51.7992 -22.2008 -12.2008 CISPR 14-1
1680769 59.9344 -14.0656 -4.0656 CISPR 14-]
2111298 50.7693 -23.2307 -13.2307 CISPR 14-1
2828846 47.3699 -26.6301 -16.6301 CISPR 14-1
3976923 48.7232 -25.2768 -15.2768 CISPR 14-1
5507692 44.8012 -29.1988 -19.1988 CISPR 14-1
7325480 45.9758 -28.0242 -18.0242 CISPR 14-1
8808413 45.2683 2287317 -18.7317 CISPR 14-1
10865384 43.9003 -30.0997 -20.0997 CISPR 14-1
12922355 51.6130 -22.3870 -12.3870 CISPR 14-1
14309615 43.1105 -30.8895 -20.8895 CISPR 14-1
16462259 53.2257 -20.7743 -10.7743 CISPR 14-1
17658173 53.1896 -20.8104 -10.8104 CISPR 14-1
19045432 46.9758 -27.0242 -17.0242 CISPR 14-1
23685576 58.1143 -15.8857 -5.8857 CISPR 14-1
20043269 44.9548 -29.0452 -19.0452 CISPR 14-1
30000000 52.7782 -21.2218 -11.2218 CISPR 14-1
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ANUD

QP AV NIAIGIU
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
fiveslsadauazinseaminatay s

341346 59.0941 20,9059 -10.9059 CISPR 14-1
484855 59.1423 -20.8577 -10.8577 CISPR 14-1
915384 51.6508 -22.3492 -12.3492 CISPR 14-1
1680769 58.4054 -15.5946 -5.5946 CISPR 14-1
2111298 49.2032 -24.7968 -14.7968 CISPR 14-1
2828846 45.9882 -28.0118 -18.0118 CISPR lfi-l
3976923 46.7137 -27.2863 -17.2863 CISPR 14-1
5507692 50.9240 -23.0760 -13.0760 CISPR 14-1
. 7325480 46.1486 -27.8514 -17.8514 CISPR 14-1
8808413 46.1467 -27.8533 -17.8533 CISPR 14-]
10865384 43.2185 =-30.7815 -20.7815 CISPR 14-1
12922355 55.8401 -18.1599 -8.1599 CISPR 14-1
14309615 54.9742 -19.0258 -9.0258 CISPR 14-1
16462259 53.7512 -20.2488 -10.2488 CISPR 14-1
17658173 54.0698 -19.9302 -9.9302 CISPR 14-1
19045432 57.9415 -16.0585 -6.0585 CISPR 14-1
23685576 57.4751 -16.5249 -6.5249 CISPR 14-1
29043269 49.3915 -24.6085 -14.6085 CISPR 14-1
30000000 53.5546 -20.4454 -10.4454 CISPR 14-1
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(Hz) [dBV)]
[dB(uV)] [dB(uV)]
fireslsAdauaziinseananeny 6

341346 59.8811 -20.1189 -10.1189 CISPR 14-1
484855 61.7371 -18.2629 -8.2629 CISPR 14-1
915384 52.4268 -21.5732 -11.5732 CISPR 14-1
1680769 60.6496 -13.3504 -3.3504 CISPR 14-1
2111298 51 .488:7 -22.5113 -12.5113 CISPR 14-1
2828846 47.9230 -26.0770 -16.0770 CISPR 14-1
3976923 48.2608 ' -25.7392 -15.7392 CISPR 14-1
5507692 45,0336 -28.9664 -18.9664 CISPR 14-1
7325480 47.1705 -26.8295 -16.8295 CISPR 14-1
8808413 | 47.0328 -26.9672 -16.9672 CISPR 14-1
10865384 43.6116 . -30.3884 -20.3884 CISPR 14-1
12922355 523515 | 216485 -11.6485 CISPR 14-1
l43096i5 43.2857 -30.7143 -20.7143 CISPR 14-1
16462259 53.7421 -20.2579 -10.2579 CISPR 14-1
17658173 52.3684 -21.6316 -11.6316 CISPR 14-1
19045432 47.0978 -26.9022 -16.9022 CISPR 14-1
23685576 59.1281 -14.8719 -4.8719 CISPR 14-1
29043269 45.1675 -28.8325 -18.8325 CISPR.14-1
30000000 50.7208 | -23.2792 -13.2792 CISPR 14-1
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4 MO TIUANNIATGIU
CPRtT .
QP AV AT
(Hz) [dB(nV)]
[dB(pV)] [dB(uV)]
fivles1sadiauazinseerneay 7

341346 78.1487 -1.8513 8.1487 CISPR 14-1
484855 69.3237 -10.6763 -0.6763 CISPR 14-1

915384 54.8347 -19.1653 -9.1653 CISPR 14-1
1680769 60.6852 -13.3148 -3.3148 CISPR 14-1
2111298 51.0431 -22.9569 “12.9569 CISPR 14-1
2828846 483052 -25.6948 -15.6948 CISPR 14-1
3976923 48.2000 -25.8000 . ~15.8000 CISPR 14-1
5507692 45.7392 -28.2608 -18.2608 CISPR 14-1
7325480 46.6163 -27.3837 -17.3837 CISPR 14-1
8808413 46.1539 -27.8461 -17.8461 CISPR 14-1
10865384 43.7265 -30.2735 20,2735 CISPR 14-1
12922355 51.6425 -22.3575 -12.3575 CISPR 14-1
14309615 439133 -30.0867 -20.0867 CISPR 14-1
16462259 543513 -19.6487 -0.6487 CISPR 14-1
17658173 53.5108 -20.4892 -10.4892 CISPR 14-1
19045432 47.4473 -26.5527 -16.5527 CISPR 14-1
23685576 58.2468 -15.7532 -5.7532 CISPR 14-1
29043269 44.6193 -29.3807 -19.3807 CISPR 14-1
30000000 52.3229 -21.6771 -11.6771 CISPR 14-1
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CM and DM of inverter with ferrite bead and filter No.2
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CM and DM of inverter with ferrite bead and filter No.4
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CM and DM of inverter with ferrite bead and filter No.5
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ferrite bead and filter No.6
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ferrite bead and filter No.7
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Common Mode of inverter with and without filter
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Differential Mode of inverter with and without filter
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4.3 ANNFY@NHBIAMS1TUNIN (Insertion loss)
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Performance and Electromagnetic Compatibility of a Photovoltaic
Power Converter

C. Jettanasen, and C. Pothisarn

Abstract— This study aims to evaluate the performance of
DC~DC converter in photovoltaic system. Electromagnetic
compatibility (EMC) characteristics, issues and its effect on
photovoltaic power converter are performed and taken into
consideration, Cul converter has been built in this research. The
proposed filter circuit is also created and integrated in Cuk
converter in photovoltaic system, and tested in ficld testing. The
EN 55011 standard has been applied as a veference in order to
verify the performance of the proposed filter circuit in terms of
Electromagnetic  Interference (EMI)  reduction in  actual
application.

. INTRODUCTION

Electrical energy has become a challenge issuc in many
parts of the globe due to rapid increase in population and
economic growth throughout the developed and developing
country. This results in rising of energy demand and
decreasing of energy resource, especially fossil [uel.
Renewable energy has become the most preferable alternative
energy source, which has less environment impact. in

particular, solar power. However, solar power equipment and

devices consist of power electronic devices that can generate
electromagnetic lhterference (EMI) while it operates. This
can cause physical damage and hindering system operation,
thus electromagnetic compatibility (EMC) must be analyzed
in order 10 smoothly operate different equipment in common
clectromagnetic environment.

Literature review in EMC field and its effcct on
photovoltaic performance has been reviewed. In photovoltaic
system, the power quality is the main concerning because
system mainly consists of power electronic devices. While the
system operates, power quality issue such as harmonics, EMI,
noise, and etc. should not exceed the standard value in order to
eftectively operate the system [1]. The recent research and
developing ol power converter technologies in photovoltaic
application have been reviewed in Kouro and et al. research
[2] The EMC issue and its ettect to system and optimization in
power converter have been discussed in Tonkal and

Novoseltsev research {3]. In [4], it presented modelling of

EMC behavior in converter. The high frequency EMI filter in

switch mode power supply has been discussed in terms of

eleclromagnetic characteristics in order to optimize filter
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circuit [5]. EMI filter design using modelling of coaxial
inductance or S-parameter has been discussed [6]-[7]. For the
noise filter circuit currently used mainly consists of two types:
active and passive filter, which are capable of reducing noise
in the system. These circuits are commonly used to improve
power quality and enable compatibility in the system {8]-[9].
From the researches and studies discussed above, it can be
seen that the power electronic part inside the power converter
raises concern over power quality and its compatibility with
other device in the system. hence, the study and analysis on
EMC must be done in order to ensure smooth operation of the
photovoltaic system.

This study presents EMC performance of DC-DC Cuk
converter in the photovoltaic system. The electromagnetic
characteristics of electromagnetic noise generated in a Cuk
converter are focused. The noise level must be conformed to
ENS55011 standard, which shows EMC of DC-DC converter
system.

II. SIMULATION

The designed Cuk converter has fixed frequency at 50 Hz
level and adjusted duty cycle at 0.3582 in order to calculate
the suitable composition of a circuit for user application. The
designed circuit is illustrated in Fig.l. Components of the
circuit consist of inductors (L1 and’L2) that depend on ripple
current, capacitors (Cl and C2) that depend on ripple voltage.
The Cuk converter performs properly at the ripple current and
voltage at 1% or 0.01. Inductors size in the circuit is 15.5 mH
each. The designed capacitors size used in this study are 10
mF and 3.3 uF for CI and C2, respectively. MOSFETSs have
been used as switching devices due to high frequency
operation. Input signal of the MOSFETs is generated from
output signal of'a saw-tooth circuit as shown in Fig. 2.

Electromagnetic interference measurement requires Line
Impedance Stabilization Network or LISN. [t connects to the
front of a boost converter. The stray capacitance per drain leg
of the MOSFET to the ground is supposed to be 400 pF.
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I, RESULT

The prototype of the proposed Cuk converter circuit has
been built and tested in EMC testing facility. The EN53501] 1
standard has been used as reference for testing process. The
frequency range has been varied from 150 kHz to 30 MHz and
data are obtained from both line and neutral.

The result frém spectrum analyzer in case of Cuk
converter without filter circuit in both line and neutral is

Saw tooth Circuit

shown in Fig. 3 (a) and (b) respectively. From the result, it can
be seen that EMI value is within standard value. The red line
in figure represents quasi peak (QP) and the pink line
represents average value (AV). Afier connected to
photovoltaic system, the new testing result from spectrum
analyzer in both line and neutral is obtained and illustrated. in
Fig. 4 (a) and (b) respectively. It can be seen that EMI level
also stays within standard value in both line and neutral. Thus,
the proposed Cuk converter circuit generates noise within
standard and is compatible with other devices.
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Figure 4.  Obtained spectra from spectrum analyzer compared with standard EN55011 in case connected to photovoltaic system

1V. CONCLUSION

This research studied the performance and characteristics
of EMI in Cuk converter connected to photovoliaic system.
The noise and EMI signal generated [rom the proposed Cuk
converter circuit were measured in EMI/EMC testing facility.
The obtained data were then compared with EN55011
standard in both normal operation and in case connected with
photovoltaic system. The result showed that the proposed Cuk
converter circuit generated noise and EMI within EN5011
standard. Thus, it can be concluded that this proposed Cuk
converter can be applied on photovoltaic system and
compatible with other devices or equipment in terms ot good
functioning and electromagnetic compatibility.
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Abstract

Rencewable energy has been rapidly increased in terms of installed capacity. However, the electronic components
inside such a system can cause a serious threat such as Electromagnetic Interference (EMI) to nearby sensitive
devices/equipment. This paper aims to study on performance of DC-DC boost converter connected to photovoltaic
panel and how to reduce EMI emissions issued in the system. A passive EMI low-pass filtering is one of various
mitigation techniques. The designed converter connected to photovoltaic panel and EMI filter are tested in both
simulation software and field testing by using ENS55022 standard as a reference.

Kevwords: Converter, Electromagnelic interference. Renewable ellergy, Performance analysis

[. Introduction

In recent decade, renewable energy has gained significant role in energy and environment issue,
especially the solar power. The reason is a support from government with incentive policy, reduction in
instatlation cost and rapid increase in private sector investment. Data from International Energy Agency
(IEA) indicated the rapid increase in solar power penetration level [1]. Photovoltaic (PV) electricity
generation is 37 TWh or 0.2% share of global electricity generation in 2010 and its target will be 4,572
TWh or 10.8%, share of global electricity generation in 2050. This results in massive PV installation, thus
increasing the various technical issues, such as power quality, electromagnetic interference (EMT). The
pliotovoltaic system requires integrated operation between electronic devices and controlling technique in
order 1o achieve maximum power transfer in energy conversion process with high efficient output [2]-[3].

One of the components in photovoltaic .system is a converter used to convert or adjust the voltage
and/or current level to load or end user. It increascs and regulates voltage on the required level in order to
operate equipment or device. However, the operation of DC-DC boost converter can generate
electromagnetic interference (EMI) from the switching devices inside electronic components. This noise
signals may interrupt other sensitive electronic devices or communication in the system [4]. High speed
switching power converters are significant for the more electric aircraft, the work [5] proposed the high
frequency EMI attenuation technique for designing ACPI converter, it was shown that reducing the main
gate resistor value is an effectively way to reduce EMI causing lower power losses.

The EMI mitigation methodology must be implemented in order to limit this value within standard.
Many researches and studied regarding the novel EMI mitigation have been reviewed [6]-[9]. The
common mode noise reduction in boost converter has been proposed using current cancellation circuit [7].
The switching frequency modulation circuit to limit EMI generated from PWM frequency modulation-
based switching power supply has been discussed [8]. The PFM and PSM hybrid modulation control
method implemented with spread spectrum technique has been introduced in {9] to mitigate EMT in LLC
resonance power converter. The LED driver is no longer working on a fixed frequency, a spread spectrum
method in [10] is also one of various ways are used to overcome the EMI in LED system. EMI filter for

* Manuscript received July 14, 2018: revised July 29, 2019,
Corresponding author. E~-mail address: chaiyan.je@kmitl.ac.th
doi: 10.12720/sg,cc.8.6.806-812
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electronic device design has been described in Caponet and et al. research [11]. The Line Impedance
Stabilization Network (LISN) is a main part to determine EMI in any electrical/electronic system, such as
in power converter [12]-[13]. The Ferrite chokes are normally applied in the system as a filter to suppress
EMI, the improved RLC model of the chokes has been studied in [14] by parameter determination
technique. From the researches and studies mentioned above, it can be seen that EMI is the main issue in
converter including the one that is part of photovoltaic system. The mitigation methodology must be
taken into account to meet the Electromagnetic Compatibility (EMC) of the whole system.

This paper proposes a design of DC-DC boost converter in photovoltaic system. The performance and
its cffect in terms of EMI are addressed using ENS55022 standard as a reference. The EMI mitigation
methodology using low-pass EMI filter is also presented. The proposed methodology has been testing in
field test with photovoltaic panel. The designed circuit and EMI mitigation method can be applied to
various electrical/electronic devices that cause EMI issue.

2. Conducted EMT in PV System

The solar power gencration system consists of a photo voltaic panel as the DC power source, sensors,
controllers and DC-DC converter to matching and maintaining the voltage level to the load. In the DC
conversion can easily introduce or form to high-frequency noise, also called Electromagnetic interference
(EMI). The disturbance caused by EMI may degrade the overall performance of the circuit in term of the
data interruption and losses of data. The problem of EMI also related to system efficiency by generated
the high order power losses in the form of heat, sensitive electronics devices might be damaged. The
electromagnetic interferences are composed of conducted electromaguetic interference (150 kHz - 30
MHz) and radiated electromagnetic interference (30 MHz - 1000 MHz). In PV system operation is
focused on the conducted emission, which is divided into two components; common mode (CM) and
differential mode (DM) interference depends on the path of noise delivered in the system. The CM mode
the noise conducted on line and neutral in the same direction to the load and flow to reference ground thru
the generated parasitic capacitor. The DM mode, noise is conducted on the signal line and ground in
opposite direction to each other.

3. Simulation

3.1. Modelling
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Fig. 1. DC-DC boost converter circuit with load variation

In this study, a boost converter for the photovoltaic system has been designed and investigated in terms
of power quality and EMT issues. The designed DC-DC boost converter using PROTEUS software is
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shown in Fig. 1. The circuit operation can bc described as follows: MOSFET usually functions as
switching device in boost converter, controlled by voltage difference between gate and source terminal.
The voltage regulation with negative feedback requires a duty cycle of PWM as input data to adjust the
output voltage of boost converter, starting from voltage divider to separate the voltage level determining
the reference voltage to microcontroller 16F877. If the input voltage is excessive, microcontroller will
command the MOSFET to switch lower PWM duty cycle. In the other hand, below expected voltage level,
MOSFET will switch higher PWM duty cycle; this aims to remain the output voltage of boost converter
to 24 V.

The Line Impedance Stabilization Network (LISN) as illustrated in Fig. 2 was implemented to system.
Its role is to stabilize the impedance between source and ground, split noise emitted from the device under
test passing to analyzer, and attenuatc noise coming from the main power supply passing through the
focused system in order to measure or determine the noises and also reach the safety condition.
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Fig. 2. Boost converter with line impedance stabilization network

3.2. Simulation result

The conducted EMI simulation has been divided into two modes; 1) differential mode (DM) emission:
the emission caused by current flowing in line and ground that can be calculated the differential mode
voltage by measuring neutral to ground voltage subtracted by line to ground voltage, and the obtained
term is divided by 2, and 2) common mode (CM) emission: the emission caused by the current flowing in
line through ground bypassing with parasitic conductor generated by ground to circuit, represented by
adding line to ground voltage with neutral to ground voltage, and then divided by 2. This calculation is
done¢ by mathematical equation written in MATLAB. The EMI is next plotted in frequency domain using
Fast Fourier Transform (FFT) and compared with the EN55022 standard. The DM and CM simulation
results are depicted, respectively, in Fig. 3.
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Fig. 3. Spectrum of simulated DM emission
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The simulation results in DM and CM noises showed the exceeded amount of EMI emissions compared
with the international EMC standard. EMI filter, which is one reduction technique, is taken into account
to eliminate excessive unwanted noise out of the system. The function of EMI filter is similar to a low-
pass filter. However, it works in high frequency region, containing of appropriated inductor and capacitor.
After adding the designed EMI filter, the simulated results are illustrated in Fig. 4, respectively.
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Fig. 4. Spectrum of simulated CM emission

4. Experiment

4.1. EMI examination

The experiment of a proposed boost converter with voltage control connected to PV panel works
properly and confirms the simulation results. The electromagnetic interference test results are based on
the assumptions and simulation results described above, and the actual values of the tests are divided into
two parts, which arc noises conducted in linc and neutral cable, the test conditions are 220 Volt 50 Hz
within room temperature (25 Celsius) and 60% humidity with EN55022 Class B standard are shown in
Fig. 5 and Fig. 6.

{d2(pv),
12¢

<TI5 1955>

10

L2

FTTTTIITTIINYY

¥

Lo
3
T

CGRALIRRALE SR ERSSERES

o S i ity Wi agt SR SPY I

LARRARENASSERENRARSE R i

o
]
P
)
o
~
<
Yoo
[~
<
L4
(2
=
<
<

Fig. 5. Noise distribution in line cable
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Fig. 6. Noise distribution in neutral cable

The tests result in form of a graph show data about clectromagnetic interference level at various
frequencies in the conducted noise emission range with laboratory level tools. It is obvious that
magnitude of conducted EMI is excceded the standard. These points cause electrical power losses in the
circuit and may cause the system not to function properly. The results of the points which are exceeded
the EN55022 Class B standard and high peak that should be lowered points are shown in the Table 1 and
Table 2. The high peak point affects the durability of the sensitive electronics devices.

Table 1. Information on the measurement of noise distribution in line cable

Frequency Reading Reading c.f Result Result Limit Limit Margin Margin
No. Qp CAV QP CAV QP AV QP CAV
MHz dB(uV) dB(uV) dB dBuV) dBuV) dB(uV) dB(uV) dB dB
I 0.02713 518 10.3 62.1 110.0 0.0 479
2 0.05419 64.7 10.2 74.9 89.3 0.0 14.4
3 0.08004 45.7 10.2 559 85.7 0.0 29.8
4 0.09999 47.0 10.1 57.1 83.7 0.0 26.6
5 0.10853 387 10.1 48.8 82.9' 0.0 34.1
6. 0.12003 46.4 10.2 56.6 82.0 0.0 25.4
7 0.13998 47.6 10.2 57.8 80.6 0.0 22.8
8 0.23987 52.9 49.9 10.2 63.1 60.1 62.1 52.1 -1.0 -8.0
9 0.25961 53.0 50.0 10.2 63.2 60.2 61.4 51.4 -1.8 -8.8
10 0.27939 52.8 49.9 10.2 63.0 60.1 60.8 50.8 -2.2 93
I 15.001 38.2 36.9 10.8 49.0 41.7 60.0 50.0 1.0 23
12 26.6196 40.1 38.0 1 51.2 49.1 60.0 50.0 8.8 0.9
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Table 2. Information on the measurement of noise distribution in neutral cable

Frequency Reading Reading c.f Result Result Limit Limit Margin Margin
No. Qr CAV Qp . CAV QP AV QP CAV
MHz dB@uV) dB(uV) dB ' dB@V) dB(uV) dBuV) dB(uV) dB dB
1 0.02713 51.9 10.3 62.2 110.0 0.0 47.8
2 0.05449 61.4 10.2 71.6 89.3 0.0 17.6
3 0.07998 46.4 10.2 56.6 85.7 0.0 29.1
4 0.100 46.3 10.1 56.4 83.7 0.0 273
5 0.1085 36.1 10.1 49.2 829 0.0 337
6 0.12002 46.7 10.2 56.9 82.0 0.0 25.1
7 0.140 47.6 10.2 57.8 80.6 0.0 22.8
8 0.23931 529 49.8 10.2 63.1 60.0 62.1 52.1 -1.0 -7.9
9 0.26005 53.2 50.2 10.2 63.4 60.1- 61.4 51.4 -2.0 -9.0
10 0.2803 52.7 49.7 10.2 62.9 59.9 60.8 50.8 -2.1 -9.1
] 14.9596 38.1 36.7 10.7 48.8 474 60.0 50.0 112 26
12 26.9408 39.2 37.2 10.6 49.8 478 60.0 50.0 10.2 22

4.2. EMI filter

According to the EMI examination results the EMI filter has been taken into order to mitigate the
conducted emission in the points which the EMI values exceeded the standard. When the low pass EMI
filter connected to the system, the EM] effect is significantly reduced. As shown in Fig.7, most of the
high peak value are satisfactory diminished.
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5. Conclusion

This paper proposed the design of DC-DC boost converter in photovoltaic system and EMI mitigation
using passive low-pass EMI filter. The result has revealed that conventional boost converter generated
EMI which is needed to be reduced. After inserting the proposed low-pass EMT filter, the conducted EMI
in both line and neutral has been reduced significantly. By comparing with EN55022 Class B standard, it
has shown that low-pass EMI filter mitigates EMI within standard value. Thus, it showed the
effectiveness of the EMI mitigation method in such a system. This can also be extended to be used for
various electrical/electronic devices/equipment that contain electronic components with high EMI
generation.

Although the EMI mitigation improved the performance and reliability of the system, lower overall
efliciency must be compromised. The balancing of efficiency and EMI is a necessary key, the highest
system efficiency within excepted EMT fevel is the desire of every circuit creator.
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Abstract: A road lighting system is important for drivers and uses a lot of energy. The road lighting
system must be installed throughout roads which have a long distance and a large volume, which
causes power loss in the power transmission line. The concept of combining a power generation
system by using a solar power system and a road lighting system is presented to solve this problem;
it is called “a nano-grid road lighting system”. The nano-grid system consists of a grid-connected
system and a stand-alone system and both systems use micro-inverters to convert the electric power
for LED luminaire loads. Both micro-inverters are comprised of switching devices that cause the
conducted emission (CE) in the electrical system. The LED luminaire is a very sensitive load because
it is less resistant to the CE. Therefore, this research studies the CE in the nano-grid system in each
period according to the working pattern of the device to study the CE characteristics for use in the
design of CE attenuation methods in the future. The CE of the stand-alone system which is used at
nighttime gives a higher level than the grid-connected system and exceeds the Comité International
Spécial des Perturbations Radioélectriques (CISPR) 14-1 standard. The CE of the grid-connected
system has a high level in the early frequency ranges, whereas the CE of the stand-alone system has a
high level throughout the test frequency range.

Keywords: electromagnetic interference (EMI); conducted emission (CE); common mode (CM);
differential mode (DM); grid-connected micro-inverter; stand-alone micro-inverter; photovoltaic;
renewable energy; nano-grid

1. Introduction

The road lighting system is very important for road travel. It uses a large amount of electricity
and has a long-distance that causes power loss in the electrical transmission line. To solve this problem,
the idea of combining the power generation system and the road lighting system is presented to reduce
power loss in the transmission line. In the same way, if too much electricity is produced for the use of
the road lighting system, it may be sent back to.the grid for sale. This concept is called “A nano-grid
system”. The concept of creating a nano-grid road lighting system has been presented in several
research works [1-13]. The combination of power-generation and electrical-load systems results in a
concept referred to as nano-grid system. Each country has different power sources that are suitable for
use in ecach nano-grid system.

In addition, the road lighting system is developed in the lighting and communication control
between each pole in many researches. For the lighting control, the CEN/TR 13201 standard is the
heart of the street lighting system. In the research of C.B. Soh et al. [14,15], the intelligent street
lighting is designed by using the Arduino Mega Board with ATmega1280 chip to communicate with
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sensors and control the lighting dimmer. The Xbee module is used to be the wireless communication
board between street lighting models. Four different lighting dimming schedules are presented in this
research including: economic, intense, balance, and no dimming. The economic schedule can reduce
126 kWh/year/lamp of the street lighting energy consumption. L.T. Doulos et al. [16] presented that
LEDs should be used in the street lighting system due to its low power requirements and low CO,
emission. The methodology for evaluating a lighting tender is presented to select the most energy
efficient equipment and replace the existing luminaires with new LED luminaires. The fluctuation of
the indicators depends on the geometric characteristics of each grid. The Installation Lighting Factor
(ILF) should be between 0.8 and 1.3 for M classes (National roadways) and The Utilance (U) factor
should be more than 50%. L.T. Doulos et al. [17] present the control system of tunnel lighting systems.
The control systems are classified into four scenarios: existing control switching (Scenario A), proposed
control switching (Scenario B), LED retrofit 10% step control dimming (Scenario C), and LED retrofit
continuous control dimming (Scenario D). The scenario B can save energy 35%. The replacing of existing
luminaires with LEDs (Scenario D) energy savings can reach 54%. In Pasolini et al.’s research [18], the
infrastructure architecture and main task are designed for the smart street lighting system. the street
lighting system consists of the LEDs lamp control system, communication system, and data center. The
light controtler (LC) is used to turn on/off and dim the LED lamp. The internct of thing (I0T) is a main
part of this research. The power line communication (PLC), narrowband-loT (NB-loT), the long-term
evolution (LTE), the low-power wide-area network (LPWANS), the long-range (LoRa), and sigfox
are discussed about the advantages/disadvantages of each method to find the most suitable method.
The overall saving of 80% energy and operations costs. In the research of Wojnicki Igor et al. [19],
Applying dynamic control results in energy savings, which have been verified for both 2004 and 2014
standards. It is far greater for the 2014 one and reaches 40.82%. They can significantly increase energy
consumption due to additional lighting requirements for such areas. Thus, decreasing the consumption
by the dynamic control becomes more and more important. The research of Wojnicki Igor and Kotulski
Leszck [20] presented the suitability of traffic density and energy detection parameters used in street
lighting systems to reduce the cost of installing control systems, data collection, and electricity system.
The data collection cost consists of the devices, data transmission, communication hardware, storage
and software licensing. Therefore, properly designed working frequency of the traffic density detection
system can help to reduce the ejectricity cost of streetlights and data collection costs. From the above
research, all of the street lighting system researches focus on developing the technology, but the power
quality and the electrical interference are also the main topic for the efficient street lighting system.

This nano-grid system supplies the electric power to an LED luminaire directly, so there may
be some electromagnetic noises caused by the nano-grid system being sent to the LED luminaire.
Electromagnetic noises are divided into 3 main frequencies: harmonics (0-2,100 Hz), conducted emission
electromagnetic interferences (CE EMI: 150 kHz-30 MHz), and radiated emission electromagnetic
interferences (RE EMI: 30 MHz-1 GHz). In general, the harmonics are reduced from the low pass filter
circuit within the inverter because it affects the output waveform of the alternating current and it is
easy to observe and measure. On the other hand, the electromagnetfc interference (EMI) has a high
frequency, so it is difficult to measure and needs specific tool to measure the EMI. In the nano-grid road
lighting system, the conducted emission (CE) is a great importance interference because the nano-grid
system is connected to the LED luminaire and the grid system directly. The CE from the nano grid
can result in LED luminaire control system malfunction, shorten LED luminaire life, and grid relay
malfunction. To prevent this problem, CE characteristics must be studied and analyzed in form and
cause of the signal to design and apply appropriate CE attenuation methods. The CE is divided into
two modes according to the current flow of signals; a common mode (CM) and a differential mode
(DM) [21].

The use of the nano-grid system as an electricity generation system requires to consider the CE
caused by the nano-grid system. the CE will affect various electrical devices connected to the nano-grid
system. The study of CE characteristics is very important. It can be used to consider appropriate CE
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attenuation methods. The research of Hirofumi Akagi et al. [22] explains that EMI is divided into two
forms according to the frequency range: conducted range and radiated range. Regarding the electrical
system, the CE from a device, which is connected to the system through the conductor, is a major
disturbance to the system. Hirofumi Akagi et al. investigated the CE of an inverter-driven motor, rated
at 400 V and 15 kW, theoretically and experimentally. The CE could interfere with other electronic
equipment through power lines, while the radiated emission could cause malfunctions, particularly
to radio-controlled devices in the vicinity of the noise source. In the research of Di Han et al. [23,24],
the comparison between output CM chokes for SiC drive operating at 20 kHz-200 kHz switching
frequencies is present. Both 20 kHz and 200 kHz CM chokes are used to reduce the CE in variable
speed drives (VSDs) and each frequency CM choke is varying a CM inductance (Leym) included 2 mH,
10 mH, and 50 mH. Higher impedance CM inductor is needed to attenuate the noise at an increased
switching (requency. The present research focuses on the CE characteristics from the nano-grid system
in each duration. In the literature, several concepts have been studied the CE characteristics in the
other systems and there is no analysis in each working period. Therefore, it is not conclusive for
the CE characteristics from the nano-grid system which is difficult to design and implement the CE
attenuation technique. In the present work, a grid-connected system and a stand-alone system of the
nano-grid system were studied in terms of CE including CM and DM characteristics in order to design
and apply the appropriate CE attenuation methods in the future.
In this research, the CE characteristics of the nano-grid system will be presented. This
rescarch focuses on the CE comparison from the grid-connected micro-inverter and the stand-alone
-micro-inverter in the nano-grid system of the road lighting system. The measurement results were
collected in 3 forms: total CE, CM, and DM. The total CE is compared with the CISPR 14-1 standard [14]
and compared between the grid-connected system and the stand-alone system. The resultis found that
the tota)] CE in the stand-alone system is higher than the grid-connected system in the high-frequency
range that may result in more radiated interference. In the CM and DM measurement, the CM and DM
affect the CE dircctly, but in the stand-alone system the CM is higher than the DM considerably. In the
road lighting system, LED Juminaire is used to be a load of the system. The CE from the nano-grid
system wil} affect the LED luminaire directly. In the result, the CE of the nano-grid system exceeds
the CISPR 14-1 standard [21]. In the daytime, the CE of the grid-connected system will affect the
LED luminaire and the CE of the stand-alone system will affect the LED luminaire in the nighttime.
Therefore, in future the CE attenuation should be applied to this system along the day, especially
during the nighttime which has the highest Ck level.
This paper is organized into five sections as follows. The nano-grid system is simulated into
the laboratory experimental setup and the CE measurement method will be explained in Section 2.
In Section 3, results of CE from the grid-connected micro-inverter and the stand-alone micro-inverter
will be presented and separated into CM and DM. Finally, the conclusion will be présented in Section 4.

2. Experimental Setup and Testing Methods

2.1. The Road Lighting System

Mainstreaming Energy Efficiency in Thai Municipalities presents the pilot project to improve
energy consumption and lighting quality of roadway lighting in Thailand [25]. In this plan, the
conventional réad lighting systems are carried out to replace 250-watt HPS luminaires with 120-watt
LED luminaires due to HPS luminaires providing poor average illuminance and uniformity values,
and they being lower than the standard, as the conventional lighting systems were installed and used
for a long time, leading to deterioration of the luminaire and lamp efficiency, hence decreased lighting
quality. Papers [26] present a positive effect on LED luminaire installation, which can improve lighting
quality and energy efficiency of road lighting in Thailand.

Thailand is located near the equator which has high sunlight irradiance and the sunlight throughout
the year, so the solar power generation is the most suitable. It is found that solar power potential
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in Thailand is 17-20 MJ/m? per day or with an average of 1000 W/m? for roughly 5 h per day [27].
For this reason, the integration of solar systems into road lighting systems is presented in terms of
overall performance, charge controller, life cycle assessment, environmental impact, and economic
feasibility [27-29]. However, paper [29] showed that using stand-alone solar road lighting systems
causes high initial installation costs from energy storage system. As a result, a nano-grid road
lighting system which is a road lighting system that uses a solar system to generate electrical energy,
enabling operation in a stand-alone mode and a grid connection mode is presented in order to provide
oufstanding of using solar energy for road lighting systems as shown in Figure 1.

Solar panel

LED lumiraire

Manogrid system
> Solsr charger
»Ond-conmcted mic o-rverter
> Stand-alone moicoo.uive rer
> Battery

(a) (b)
Figure 1. The road lighting system: (a) Element of the road lighting pole; (b) The road lighting system.

2.2. The Nano-Grid System of the Road Lighting System

The concept of a nano-grid road lighting system is a road lighting system that uses solar energy
to produce electrical power, enabling operation in a stand-alone mode and a grid connection mode.
During the day, the system generates electricity {rom the solar energy installed on the top of light poles
and then stores it in batteries. If the energy produced from solar energy exceeds consumption or the
batteries are full, the surplus energy is sent to the electrical grid. During the night, the system draws
the electricity from the batteries to supply the road lighting systems. However, when the solar power
is low due to rainy or cloudy days, there is not enough electricity to supply the road lighting systems.
Thus, the electricity from the electrical grid is used to supply the road lighting system. It is found that
the nano-grid road lighting system does not need to install a number of batteries and solar panels,
resulting in high flexibility and low cost of installation.

The main road lighting system in Thailand that has a moderate traffic volume (M2) is utilized in
the study case. In this category, 120-watt LED luminaires are used, which are installed by staggered
arrangements. The mounting height, overhang, and spacing between luminaires are determined to be
9,1, and 36 m, respectively. In addition, the boom angle is 15°. Due to Thailand being located near the
equator, this location receives high solar irradiance owing to high solar generation performance with
an average of 1000 W/m? for roughly 5 h per day. The road lighting systerns nced to cover lighting for
12 hours per day, leading to a load lighting system consuming energy of 1400 Wh for using a 120-watt
LED luminaire. For this reason, a solar power of 300 W is enough for a road lighting system.

This nano-grid system of the road lighting system in the study case is divided into two sub-systems;
a grid-connected system and a stand-alone system. Considering the Figure 2, a 300 W solar panel
generates the direct current power from sunshine and send it to the grid-connected system and the
stand-alone system. In the grid-connected system, a grid-connected micro-inverter is employed to
convert the direct current into an alternating current power and sends the power to a grid system or a
road lighting system. On the other hand, the stand-alone system uses a stand-alone micro-inverter to
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convert the power, and then sends it to the road lighting system only. Both the grid-connected system
and the stand-alone system are intended to supply power to the road lighting system.

This nano-grid system in Figure 2a is modelled by using an experimental setup, but the test is
operated in the shielded room and takes long time, so it is difficult to use the solar panel. A Photovoltaic
(PV) simulator is used instead of the solar panel because it can supply the electric power as a solar
panel and control voltage, current, irradiance, and temperature of the solar panel all day as shown is
Figure 2b. In this research, the PV simulator is used to supply the 28.8 V 300 W direct current power
and makes irradiance and temperature of the solar panel constant during the test.

AC 35

o, PV simulator
Solar Light o S @ —_— T Light
panel control — e control
N LED LED luminaire

luminaire
ﬁ, / hy

Stand-alone
Micro-inverter
Stand-alone
Micro-inverter

=Y T
Tk Ti
¥ ke o n
¥ 2 25
£z
g .5 =
- Solar Solar S & Solar
] charger battery .E 2 charger battery
G = ) G =
L RSN SN —~
—~ o~ Toa R
ACpn ACpn
Grid system Grid system

(a) (b)

Figure 2. Component of the nano-grid road lighting system: (a) Proposed nano-grid system; (b) The
PV simulator used instead of the solar panel.

2.3. The CE Measuring Method and the CISPR 14-1 Standard

Generally, when the electric power is suppled to a load, noises from the power source would also
be sent to the load. This nano-grid system is a solar power generation system, so it must use an inverter,
which is a switching device, to convert the electric power and cause of electromagnetic interference
(EMI). The EMI is a harmful noise in sensitive electrical/electronic systems. The EMI can be divided
into two types according to the frequency range; a conducted EMI (0.15 MHz~-30 MHz) and a radiated
EMI (30 MHz- 1000 MHz). For the conducted EMI, conducted emission (CE) is popularly considered
in several research [21-24]. The CE is a spreading out noise signal from the interested device which
may affect to the other equipment. Impacts of CE are LED luminaire interference, electrical protection
system interference, and nano-grid system interference. Therefore, the study of the CE characteristics
is very important.

This research focuses on the CE characteristics of the grid-connected micro-inverter and the
stand-alone micro-inverter because both micro-inverters have switching device components which are
the cause of the CE. The study of the characteristics and origin of CE will make CE attenuation easier
and more efficient in future. This CE test is compared with the CISPR 14-1 standard [21] as shown
in Table 1, which is the requirement for household appliances, electric tools and similar apparatus
(Part 1: Emission). The CISPR 14-1 consists of a quasi-peak limit and an average limit. The CE must be
lower than the quasi-peak limit, it will be considered to pass the CISPR 14-1 standard [21]. To make the
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test results mect the standards, the electrical systems of the shielded-room and other devices are tested
PV simulator

on the effects that will have on the nano-grid system. Figure 3 shows that the CE of the PV simulator

and the shielded-room electrical grids have a low level and do not affect the nano-grid system.,
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Figure 3. Conducted emission (CE) of the PV simulator and shielded room: (a) CE of the PV simulator;

(b) CE of the shielded room.
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Table 1. The Comité International Spécial des Perturbations Radioélectriques (CISPR) 14-1 standard [21].

Quasi-peak Level (dB-(uV)) Average Level (dB-(nV))
Frequency Range (MHz) ———
Linear Level Scale with Decade Frequency Scale

0.15-0.50 80-74 7064
0.50-5.00 74 64
5.00-30.0 74 64

The CE can be separated into two modes: a common mode (CM) and a differential mode (DM).
The CM is an interference signal which appears on the two signal lines simultaneously in the same
direction and phase. The signal on each line returns through a common ground. On the other hand,
the DM is a signal that appears on two lines of a closed loop, but current flow is in opposite directions.
CM and DM may have different characteristics, but both directly affect the CE. Therefore, the CE
attenuation requires consideration of CM and DM signal characteristics.

This research is operated in a shielded room. A passive probe in Figure 4a is used to measure
the CE and a RF current probe in Figure 4b is used to measure the CM and the DM separately.
The RF current probe is probe of the Fischer Custom Communications, Inc. (FCC) with bandwidth
10 kHz~1 GHz (P/N: F-65 and S/N: 161362). The signals from both probes are sent to the EMI receiver
and shown on an EMI monitor as depicted in number 2 and 3 of Figure 5. In number 8 of Figure 5,
the LISN is a low-pass filter placed between a grid system and the equipment under test (EUT) to create
a known impedance and to provide a radio frequency (RF) noise measurement port. It also isolates the
unwanted RF signals from the shielded-room single-phase grid system. In addition, the LISN can be
used to predict conducted emission for diagnostic and pre-compliance testing.

(a) (b}

Figure 4. Probes for CE, common mode (CM), and differential mode (DM) measurements: (a) a passive

probe; (b) a radio frequency (RF) current probe.
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. CCTV Display

. EMI Display

. EMI Receiver

. Computer case

. Laptop computer
. PV simulator

. Micro-inverter

8. LISN

Figure 5. Elements in the shicided room.

3. Results

3.1. CE of the Grid-Connected Micro-Inverter

In a grid-connected system part, a 300w solar panel is installed at a road lighting pole to generate
an clectrical energy in form of a direct current. A grid-connected micro-inverter is employed to convert
the direct current inlo an alternative current and send it to the grid system via the connected point
(combination among a solar power system, a grid system, and a road lighting system). Then, a road
lighting system requests the electric energy from the connected point via a light control to an LED
luminaire as illustrated in Figure 6a. Normally, in the daytime, the energy from the solar power system
is sent to the grid system for sale. In the nighttime without sunshine, the energy from the grid system
is supplied to the LED luminaire.

This nano-grid system is modelled using an experimental setup in a laboratory. Considering
Figure 6b, the PV simulator is used instead of the solar panel in the nano-grid system. A conducted
emission (CE) is determined at the measuring point by a passive probe and a RF current probe.
The signals from both probes are sent to the EMI receiver and shown on EMI display in front of the
shielded room as shown in Figure 3. The passive probe is used to measure the CE from the output of
the grid-connected micro-inverter in the nano-grid system. The passive probe’s result is presented in
Figure 7a. In addition, CM and DM from the output of the grid-connected micro-inverter are measured
by the RF current probe and shown in Figure 7b.
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Figure 6. The grid-connected solar power system connected to the road lighting system: (a) Operation
of the grid-connected solar power system; (b) The experimental setup of the grid-connected solar
power system.

When considering Figures 7a and 3, it makes sure that the CE in Figure 7a is the result of the
gird-connected micro-inverter only. This CE exceeds the quasi peak limit of the CISPR 14-1 standard [21]
in the range of 0.15 MHz-5 MHz and the maximum level is 115.58 decibel micro-voltage (dB(uV))
at 0.15 MHz. The CE is high in the early frequency range and then gradually decreases when the
frequency increascs. It can be considered that this grid-connected micro-inverter mainly generates the
CE more than the RE which has a higher frequency. This CE should be attenuated by an EMI filter for
making the low CE in the nano-grid system.

In Figure 7b CM and DM are shown and give the same effect as the CE. CM and DM have a highest
level in the early frequency and steadily decrease as the frequency increases. The DM is slightly greater
than the CM. CM and DM should be reduced in the near level to improve the CE attenuation efficiency.
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Figure 7. CE of the grid-connected micro inverter: (a) CE of the grid-connected micro inverter compared
with the CISPR 14 standard; (b) CM and DM of the grid-connected micro inverter.

3.2. CE of the Stand-Alone Micro-Inverter

The nano-grid stand-alone solar power system is simulated in a laboratory as shown in Figure 8.
The PV simulator, which is used instead of the 300 W solar panel, generates the direct current power
and sends it to a solar charger. The solar charger is used to control a current flow to charge batteries or
supply a load. During daytime, the solar charger sends the direct current power to charge batteries,
On the other hand, at nighttime, this power is supplied to a stand-alone micro-inverter, which is used
to convert the direct current into the alternating current and then sends to the LED luminaire via the
lighting control. The stand-alone system is different from the gird-connected system because it does
not have a grid connection calibration system. The stand-alone system uses the charger control to
manage the power flow that may be another reason for CE in the stand-alone system. For the CE
measurement in Figure 8b, CE, CM, and DM are measured at the measuring point. The CE is measured
by the passive probe and the CM and DM arc measured by the RF current probe.
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Figure 8. The stand-alone solar power system connected to the road lighting system: (a) Operation of
the stand-alone solar power system; (b) The experimental setup of the stand-alone solar power system.

The CE result in Figure %a exceeds the CISPR 14-1 standard [21] in the range of 0.15 MHz-25 MHz
and the maximum level is 106.76 decibel micro-voltage (dB(nV)). The CE has a high level throughout
the frequency range of the measurement, so it may have a negative effect in terms of a radiated emission
(RE). The EMI attenuation should use an EMI filter for the low frequency and a shielding cover for the
high frequency.

In Figure 9b, CM and DM of the stand-alone micro-inverter are measured at the measuring point
by the RF current probe. CM and DM have the same level in early frequency and then the CM is
significantly higher than the DM. The CM noise appears on the two signal lines simultaneously in the
same direction and phase. The signal on each line returns through a common ground. In the range
of 10 MHz~30 MHz, characteristics of CE and CM are similar, so it is necessary to ensure that in this
frequency range, the CM is dominant over the CE. For this system, a CM choke and a ferrite bead may
be required to mitigate the CM.
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Figure 9. CE of the stand-alone micro inverter: (a) CE of the stand-alone micro inverter compared with
the CISPR 14-1 standard; (b) CM and DM of the stand-alone micro inverter.

4, Discussion

In this rescarch, both the grid-connected system and the stand-alone system work together.
Normally, in the daytime, the electrical energy from the solar panel is sent to the solar charger controller
to be stored in batteries, but, when the energy storage is full, the electric power will be sent to
the grid-connected system. Then, it is converted into the alternating current by the grid-connected
micro-inverter and supplied to the grid system or the road lighting system. At nighttime, the electrical
energy from the energy storage is disbursed via the solar charger controller to the stand-alone
micro-inverter. The alternating current from the stand-alone micro-inverter is supplied to turn on the
LED luminaire.

The CE of both the grid-connected system and the stand-alone system exceed the CISPR 14-1
standard [21]. The grid-connected system has a high CE level in the low frequency range and the
stand-alone system has a high CE level throughout the measurement frequency range. Therefore, the
road lighting system will get the CE signal throughout the day and the heaviest during the night.
This issue is very important because the LED luminaire of the streetlight is sensitive to noise and
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over-voltage, so this issue may cause the LED luminaire to deteriorate or damage. In the future, this
problem may be solved by applying a grounding, an EMI filter, a ferrite bead, and a shielding cover
with inverters, the LED luminaire, or electrical devices which are connected to this nano-grid system
by an electric wire. Each method is suitable for each frequency range.

5. Conclusions

The CE characteristics from grid-connected and stand-alone micro-inverters in the nano-grid
system of the road lighting system were studied and compared in each period. Throughout the day,
the CE from the nano-grid system exceeds the CISPR 14-1 standard [21], especially during the night.
In daytime, the CE is generated by the grid-connected micro-inverter and sent to the grid system or the
road lighting system. CE, CM, and DM of the grid-connected system have a high level in the early
frequency and then gradually decrease when the CE frequency increases. At nighttime, the CE is
generated by the solar charger controller and the stand-alone micro-inverter; this electrical power is
only supplied to the LED luminaire. The CE of the stand-alone system has high level throughout the
measurement frequency range. The DM gradually decreases when the frequency increases. The CM
increased steadily and has the highest value at the end of the measurement range. the CM of the
stand-alone system affects the CE directly. This CE may deteriorate or damage the LED luminaire or
the wire-connected electrical devices. Therefore, in future research, the CE attenuation method should
be used to reduce this CE and protect this road lighting system.
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® EMI/EMC in power electronic systems
ESD in electrical/electronic system and application

°
® Conversion of electrical energy
® Piezoelectricity

°

Power electronics
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May — September 2019; Acting Dean, International College, King Mongkut’s Institute of
Technology Ladkrabang (KMITL)

October 2018; Acting Dean, Faculty of Liberal Arts, King Mongkut’s Institute of
Technology Ladkrabang (KMITL)

2015 — present; Vice President for International Affairs, King Mongkut’s Institute of
Technology Ladkrabang (KMITL)

2012 — 2015; Associate Dean of College of Data Storage Innovation (currently College of
Advanced Manufacturing Innovation), King Mongkut’s Institute of Technology Ladkrabang

(KMITL)
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Industry, College of Data Storage Innovation (currently College of Advanced Manufacturing
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2009 — present; lecturer at Department of Electrical Engineering, Faculty of Engineering,

King Mongkut’s Institute of Technology Ladkrabang (KMITL)

ANOIUH

(a) International Journal Papers

1.

Chaichan Pothisarn and Chaiyan Jettanasen, “The study on wavelet coefficient behavior of
simultaneous fault on the hybrid between overhead and underground distribution system”,
International Journal of Smart Grid and Clean Energy, vol. 8, no. 3, pp. 367 — 371, May 2019.
S. Yoomak, C. Jettanasen, and A. Ngaopitakkul, “Design of solar charger challenging
various solar irradiance and temperature levels for energy storage”, International Journal of
Innovative Computing, Information and Control, Volume 14, Issue 6, Pages 2071-2090;
December 2018.

N. Phannil, C. Jettanasen, and A. Ngaopitakkul, “Harmonics and reduction of energy
consumption in lighting systems by using led lamps”, Energies, Volume 11, Issue 11, Article
number 3169; November 2018.

S. Yoomak, C. Jeftanasen, A. Ngaopitakkul, S. Bunjongjit, and M. Leelajindakrairerk,
“Comparative study of lighting quality and power quality for LED and HPS luminaires in a
roadway lighting system”, Energy and Building, Volume 159, 15 January 2018, Pages 542-
557.

P. Chiradeja, A. Ngaopitakkul, and C. Jettanasen, "Energy Savings Analysis and Harmonics
Reduction for the Electronic Ballast of TS Fluorescent Lamp in a Building s Lighting System",
Elsevier Energy and Buildings, ISSN 0378-7788, Vol. 97, June 2015, pp. 107 - 117.

J. Jiraprasertwong, and C. Jettanasen, “Practical design of a passive EMI filter for reduction
of EMI generation”, Lecture Notes in Engineering and Computer Science, Volume 2, 2015,
Pages 639-642, International MultiConference of Engineers and Computer Scientists 2015,

IMECS 2015; Kowloon; Hong Kong; 18-20 March 2015.



7.

10.

119

P. Sripodok, and C. Jettanasen, “Mitigation of conducted and radiated EMI generation in
high-frequency switching devices”, Lecture Notes in Engineering and Computer Science,
Volume 2, 2015, Pages 630-633, International MultiConference of Engineers and Co;nputer
Scientists 2015, IMECS 2015; Kowloon; Hong Kong; 18-20 March 2015.

P. Songsukthawan, and C. Jettanasen, “Performance analysis of maximum power transfer in
piezoelectric energy harvesting”, Lecture Notes in Engineering and Computer Science,
Volume 2, 2015, Pages 670-673, International MultiConference of Engineers and Computer
Scientists 2015, IMECS 2015; Kowloon; Hong Kong; 18-20 March 2015.

C. Jettanasen, "Analysis of PWM Strategy for Reduction of Conducted Electromagnetic
Interference in an Adjustable-Speed AC Motor Drive", International Review on Modelling and
Simulations (LRE.MO.S.), ISSN 1974-9821, Vol. 6, No. 3, June 2013.

Chaiyan Jettanasen, "Modeling and Optimizing a Passive EMI Filter to Attenuate Common-
Mode Currents at High Frequency in a Three-Phase Adjustable-Speed AC Motor Drive",
Internatipnal Journal of Innovative Computing, Information and Control (IJICIC), ISSN 1349-

4198, Vol. 8, No. 10 (A), October 2012, pp. 6629 — 6642 (ISI Impact Factor 2010: 1.664).

. C. Jettanasen, F. Costa, C. Vollaire, "Common mode emissions measurements and simulation

in variable-speed drive systems", IEEE Transactions on Power Electronics, Vol. 24, No. 11,

November 2009, pp. 2456 — 2464.

(b) International/National Conference Papers

1.

A. Ngaopitakkul, and C. Jettanasen, “The effects of multi-distributed generator on distribution
system reliability”, 2017 IEEE Innovative Smart Grid Technologies, ISGT-Asia 2017, Pages
1-6, Auckland; New Zealand; 8 June 2018.

C. Jettanasen, and C. Pothisarn, “Performance and electromagnetic compatibility of a
photovoltaic power converter”, 2017 International Automatic Control Conference, CACS
2017, Volume 2017-November, Pages 1-4, Pingtung; Taiwan; 7 February 2018.

P. Songsukthawan, and C. Jettanasen, “Generation and storage of electrical energy from
piezoelectric materials”, 2017 IEEE 3rd International Future Energy Electronics Conference
and ECCE Asia, IFEEC - ECCE Asia 2017, Pages 2256-2259, Kaohsiung; Taiwan; 3-7 June
2017.



4.

13.

120

N. Phannil, C. Jettanasen, and A. Ngaopitakkul, “Power quality analysis of grid connected
solar power inverter” 2017 IEEE 3rd International Future Energy Electronics Conference and
ECCE Asia, IFEEC - ECCE Asia 2017, Pages 1508-1513, Kaohsiung; Taiwan; 3-7 June 2017.
C. Jettanasen, and C. Pothisarn, "Performance and electromagnetic compatibility of a
Pphotovoltaic power converter," 2017 International Automatic Control Conference (CACS),
Pingtung, 2017, pp. 1-4.

J. Jiraprasertwong, and C. Jettanasen, “Electromagnetic interference in photovoltaic system
and mitigation of conducted noise at DC side” IEEE Region 10 Annual International
Conference, Proceedings/TENCON, Pages 915-920, Singapore; 22-25 November 2016.

D.N. Pombejara, C. Jettanasen, and K. Rittipad, “Wireless communication and its effect to
tunneling giant magneto- resistive (TGMR) reader in head gimbal assembly process” MATEC
Web of Conferences, Volume 54, Cape Town; South Africa; 1-3 February 2016.

Piyawit Sripodok, and Chaiyan Jettanasen, "4 Study of Attenuation of Conducted EMI
Generation in Switching Power Supply using Filter Techniques", The 3" IIAE International
Conference on Intelligent Systems and Image Processing 2015 (ICISIP2015), Fukuoka, Japan,
September 2-5, 2015, pp. 356-360.

Panapong Songsukthawan, and Chaiyan Jettanasen, "Simulation and FEM Analysis of
Applied Force Effects for Energy Harvesting in Piezoelectric Bimorph Device", The 3" JIAE
International Conference on Intelligent Systems and Image Processing 2015 (ICISIP2015),

Fukuoka, Japan, September 2-5, 2015, pp. 283-287.

. P. Songsukthawan, and C. Jettanasen, "Performance Analysis of Maximum Power T ransfer

in Piezoelectric Energy Harvesting", The 2015 IAENG International Conference on Electrical

Engineering, Hong Kong, March 16-18, 2015, pp. 665-669.

. J. Jiraprasertwong, and C. Jettanasen, "Practical Design of a Passive EMI Filter - for Reduction

of EMI Generation", The 2015 IAENG International Conference on Electrical Engineering,
Hong Kong, March 16-18, 2015, pp. 639-642.

. P. Sripodok, and C. Jettanasen, "Mitigation of Conducted and Radiated EMI Generation in

High-Frequency Switching Devices", The 2015 IAENG International Conference on Electrical _
Engineering, Hong Kong, March 16-18, 2015, pp. 630-633.

Jukkrit Jiraprasertwong, and Chaiyan Jettanasen, "Analysis and Mitigation of Conducted
Electromagnetic Interference in a Photovoltaic Single-Phase Inverter", IEEE TENCON 2014,
Bangkok, Thailand, October 22-25, 2014.



14.

15.

16.

17.

18.

20.

21.

22.

23.

121

C. Jettanasen and A. Ngaopitakkul, "Study of Harmonics Issued from Electronic Ballast Used
to Reduce Energy Consumption in Thailand’s Building", The 1* International Conference on
Intelligent Green Building and Smart Grid (IGBSG 2014), Taipei, Taiwan, April 23-25, 2014.
C. Jettanasen and C. Pothisarn, "Analytical Study of Harmonics Issued Jrom LED Lamp
Driver", The 2014 IAENG International Conference on Electrical Engineering, Hong Kong,
March 12-14, 2014, pp. 683-686.

Chaiyan Jettanasen and Surakit Thongsuk, "Attenuation of High-Frequency Electromagnetic
Noise in a Single-Phase AC Motor Drive", 2013 International Conference on Electrical
Machines and Systems (ICEMS2013), Busan, Korea, October 26-29, 2013.

Chaiyan Jettanasen and Nuchtita Suttisinthong, "Mitigation of Conducted Electromagnetic
Interference Emissions in DC-DC Converter", The Eighth International Conference on
Innovative Computing, Information and Control (ICICIC2013), Kumamoto, Japan, September
14-17, 2013,

C. Jettanasen, "Analysis of Conducted Electromagnetic Interference Generated by PWM
Inverter Fed-AC Motor Drives", The 15" International Conference on Electrical Machines and

Systems (ICEMS2012), Sapporo, Japan, October 21-24, 2012.

. C. Jettanasen, "Reduction of Common-Mode Voltage Generated by Voltage-Source Inverter

using Proper PWM Strategy", 2012 Asia-Pacific Symposium on Electromagnetic
Compatibility & Technical Exhibition on EMC RF/Microwave Measurement &
Instrumentation, Singapore, May 21-24, 2012.

C. Jettanasen, "Design of Electrostatic Discharge Event Detector", IEEE TENCON 201 1,
Bali, Indonesia, November 21-24, 2011.

C. Jettanasen, "Pulse Width Modulation Technique to Attenuate Common-Mode Voltage
Generated by Voltage Source Inverter-fed AC Motor Drive ", The International Conference on
Electrical Engineering (ICEE2011), Hong Kong, July 10-14, 2011.

C. Jettanasen, "Optimization of EMI filter located at the PWM inverter output to reduce
parasitic high-frequency currents in AC motor windings", The Fifth International Conference
on Innovative Computing, Informatio;l and Control (ICICIC2010), Xi’an, China, December
20-22, 2010, pp. 1327-1332.

C. Jettanasen, "Passive common-mode EMI filter adapted to an adjustable-speed AC ;710t0r
drive", The 9" International Power and Energy Conference IPEC2010, Singapore, October 27-
29, 2010, pp. 1025-1030. |



122

24. C.Jettanasen, "Influence of power shielded cable and ground on distribution of common mode

25.

currents flowing in variable-speed AC motor drive systems", 2010 Asia-Pacific Symposium on
Electromagnetic Compatibility & Technical Exhibition on EMC RF/Microwave Measurement
& Instrumentation, Beijing, China, April 12-16, 2010, pp. 953-956. .

C. Jettanasen, "Minimization of common-mode conducted noise in PWM inverter-fed AC
motor drive systems using optimizgd passive EMI filter", The 2010 IAENG International

Conference on Electrical Engineering, Hong Kong; March 17-19, 2010, pp. 1249-1252.



123

1 o s
WIINIDY
Yo-ana_a3, o3snwasinnyoa. AUMH_509eanI158.
a =Y a o
dafia AN TN W AR AN TSN ARAT

sz iimsfnugega

?}adaﬂ%q‘lq‘n a1 aenthfioy o
B.Eng Jenssuldd | aondumaTuladwsseoundrananszals 2545
M.Eng Fenssulvih | aorfumaTulagwszeenindaansei 2547
D.Eng Jennssulidh | aonfumaTulatwszeeuindrannszala 2550

= ! o
trzaumsaidenIomaniizing

HAU

(a) Journals

1. A. Ngaopitakkul and C. Jettanasen, “Selection of Proper Activation Functions in Back-
Propaggtion Neural Networks Algorithm for Identifying the phase with fault appearance in
Transformer Windings,” International Journal of Innovative Computing, Information and
Control (IJICIC), Vol. 8, No. 6, pp. 4299-4318. (ISI Impact factor 2010 = 1.664)

2. S. Bunjongjit and A. Ngaopitakkul, “Selection of Proper Artificial Neural Networks for Fault
Classification on Single Circuit Transmission Line,” International Journal of Innovative
Computing, Information and Control (IJICIC), Vol. 8, No. 1(A), pp. 361-374. (ISI Impact
factor 2010 = 1.664)

3. A. Ngaopitakkul and C. Jettanasen, “The comparisons technique of coefficient DWT for
identifying Simultaneous Fault Types on Transmission System,” International Journal of
Innovative Computing, Information and Control (IJICIC), Vol. 7, No. 10, pp. 57'8'9—5800. (ISI
Impact factor 2010 = 1.664)



124

(b) International Conference Papers

1.

4.

6.

K. Kunadumrongrath, and A. Ngaopitakkul, “Discrete Wavelet Transform and Support Vector
Machines Algorithm for Classification of Fault Types on Transmission Line” In Proceedings
of 2012 International MultiConference on Engineering and Computer Scientists
2012(IMECS2012), Hong Kong, March 2012.

C. Pothisarn, C. Jettanasen, J. Klomjit, and A. Ngaopitakkul, “Coefficient Comparison
Technique of Discrete Wavelet Transform for Discriminating between External Short Circuit
and Internal Winding Fault in Power Transformer” In Proceedings of 2012 International
MultiConference on Engineering and Computer Scientists 2012(IMECS2012), Hong Kong,
March 2012.

C. Pothisarn, and A. Ngaopitakkul, “The Combination of Discrete Wavelet Transform and Self
Organizing Map for Identification of Fault Location on Transmission Line” In Proceedings of
2012 International MultiConference on  Engineering and Computer Scientists
2012(IMECS2012), Hong Kong, March 2012.

C. Jettanasen, A. Ngaopitakkul, P. Chiradeja and C. Pothisarn, “Internal Fault Classification in
Transformer Windings using Combination of Discrete Wavelet Transforms and Probabilistic
Neural Networks” In Proceedings of International Conference on Applied and Theoretical

Information Systems Research (ATISR2012), Taiwan, February 2012,

. C. Pothisarn, and A. Ngaopitakkul, “Application of DWT and Fuzzy Logic Algorithm for

Classifying Simultaneous Fault Types” In Proceedings of IEEE Region 10 Conference
(TENCON2011), Indonesia, November 2011.

A. Ngaopitakkul, and A. Yodkhuang, “Application of DWT for Identifying Type of Fault
Occurred in Wind Turbine System” In Proceedings of IEEE Region 10 Conference
(TENCON2011), Indonesia, November 2011.

C. Jettanasen, and A. Ngaopitakkul, “The spectrum comparison technique of DWT for
discriminating between external fault and internal fault in power transformer” In Proceedings
of 17" International Conference on Electrical Engineering (ICEE2011), Hong Kong, July
2011.

A. Ngaopitakkul and M. Leelajindakrairerk, “Identification of Fault Location on Single-Circuit
Transmission Lines using Hybrid Neural Networks” In Proceedings of 17" International

Conference on Electrical Engineering (ICEE2011), Hong Kong, July 2011.



9.

125

A. Ngaopitakkul, and C. Jettanasen, “Miscalculations of Fault Location in Underground
Distribution System due to Behavior of Simultaneous Fault” In Proceedings of 17 !

International Conference on Electrical Engineering (ICEE2011), Hong Kong, July 2011.

10. C. Pothisarn, C. Jettanasen, A. Ngaopitakkul, and C. Apisit, “Identification of Fault Location

for Simultaneous Fault in Distribution System using Discrete Wavelet Transform” In
Proceedings of the fifth International Conference on Innovative Computing, Information and

Control (ICICIC2010), China, December 2010.

11. A. Ngaopitakkul, and C. Apisit, “Uncertainty of Fault Location Prediction due to Behavior of

Simultaneous Fault in Electrical Power System using traveling wave theory” In Proceedings
of the fifth International Conference on Innovative Computing, Information and Control

(ICICIC2010), China, December 2010.

12. A. Ngaopitakkul, C. Apisit, C. Jettanasen, and C. Pothisarn, “Identification of Simultaneous

Fault Types in Electrical Power System using the comparisons technique of DWT coefficients”
In Proceedings of the fifth International Conference on Innovative Computing, Information

and Control (ICICIC2010), China, December 2010,

YszIAnshaufd Ny az Professional Activities

Reviewer: The 11" International Workshop on Advanced Motion Control (AMC2010),

Nagaoka, Japan.

Reviewer:  ECTI Transactions on Electrical Engineering, Electronics, Communication.

Reviewer: IEEE International Conference on Robotics and Biomimetics (ROBIO2008),

Bangkok, Thailand, 2008.

Committee: TEEJ-EIT Joint Symposium : Advanced Technology in Power Systems (2008-2009)

Committee: Illuminating Engineering Association of Thailand (TIEA) (Jan 2008 — Present)

Committee: Thai Mechanical and Electrical Design and Consulting Engineer Association

(MECT) (Oct 2008 — Present)



v

Q.

126

o~

d -3 :’.1
ﬂizaﬂﬂ15mﬁ!ﬁﬂ?’Uﬂ\iﬂ‘ﬂﬂ'ﬁ‘lJTl’niQ1“'3‘08]‘"\1ﬂ“ﬂHlmzﬂ]UHﬂﬂﬂﬁm‘ﬂﬂ

Mar 2012 — Sep 2013

Sep 2011 — May 2012

Oct 2010 — Sep 2011

Sep 2010 — May 2011

Dec 2009 — Nov 2011

Oct 2009 — Sep 2010

Oct 2008 — Sep 2009

Head of Research Project “An Application of Discrete Wavelet
Transform and Artificial Intelligent for Fault Diagnosis in Distribution
System” {Supported by the National Research Council of Thailand,

Thailand}

Advisor of Research Project “Study and analysis of harmonics issued
from electronic ballast of T3 fluorescent lamp” {Supported by EPPO

Fund, Thailand}

Researcher of Project “The Classification of fault in power transformer
using Discrete Wavelet Transform” {Supported by the Faculty of
Engineering Fund, King Mongkut’s Institute of Technology

Ladkrabang, Thailand}

Advisor of Research Project “Feasibility and System Impact Study of

Energy Saving using T5 in Building” {Supported by EPPO Fund,

‘Thailand}

Head of Research Project “An Application of Discrete Wavelet
Transform and Artificial Intelligent Algorithm for Simultaneous Fault
Diagnosis in Electrical Power Transmission Systems” {Supported by
the King Mongkut’s Institute of Technology Ladkrabang Fund,

Thailand}

Head of Research Project “Fault Diagnosis in Underground Cable
Systems using Discrete Wavelet Transform” {Supported by the Faculty
of Engineering Fund, King Mongkut’s Institute of Technology

Ladkrabang, Thailand}

Researcher of Project “Fault Analysis on Single Circuit Transmission
Line Using Discrete Wavelet Transform and Fuzzy Logic” {Supported

by the Faculty of Engineering Fund, Srinakarinwirot, Thailand}



127

Oct 2007 — Sep 2008  Researcher of Project “An Application of Discrete Wavelet Transform
and Neural Network for Fault Diagnosis in Transmission Systems”

{Supported by the Faculty of Engineering Fund, Srinakarinwirot,

Thailand}





