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ABSTRACT

This thesis 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. Then the grid-connected inverter converts the direct
current to an alternating current and sends it to a grid system. This research investigates
the characteristics of the conducted electromagnetic interferences (total mode,
common mode, and differential mode), the possibility of electromagnetic interference
attenuation for 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 common mode and the differentail

mode are similar, It will make overall noise reduction more effective.
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Fyausumuiniiadulididisunansenu



'
o a 1

5UWUUTN 3 Indirect-radiated Emission : @1gfiu1fisieagiuunasniiiile
foyanasuniuduiusinsyaeeauudaniwihludisunanseny

sUuuuf 4 Conducted Emission : dayayrausuniunsiinanladniiiinenn

Y

[ ]

wastdndyaausuniudmansenuludsiisuransenu Tnerknumnsanefiifideuseds
AuAUAITUNANTENY

LUV 5 Semi-conducted Emission : dayayiasuniuusiinanlainiegly
aeftidesgiuunasindadyaiusumumisnilfimednifidesy fudiiu
NANTZNU

desngunsailiihmaeiatuanunsoassdynyiausindnlinld delkiae
Aanudtulanauaiundnliivesszuu suduiesannisuinssanguesdgy I UNIU
wiimnlaflinanguasalladia saadenisinldaunsailnindunudenissuniunis

wiwdnluihfiinaingunsaidusne [20-26)

2.3.1 dyayrasundumsivianinilanisaneiai

s

[ 1 @ A a L% o a a o

anusunIuwiwantlininangUnsalsuiiinuagainnsadunslidigunsal
4‘ U W ) Q{I d‘ 1 =< o a 1 [} o o A a I
au lngordudnin i niousofieiu e a1waenias aredyanuaiuay vseaufy &
avudegluguaud 150 Aladsnd 9 30 wnnzdsed aansouddlaidu 2 uandn Taun
doyarusuninusimdn i Inuananie (Differential Mode Interference) wag &y

sunausdmininiilnuenasan (Common Mode Interference) anuui 2.5

L - g —_— ' L - 7 L

N — N’ N - N’

G G’ G - G’
Foyeyausunuluarasig FoyeyrusunuluarasI

. Eunslnavesdygrusuniulniarasisaz dygiasunulnuana s
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oM BuRlunudusy

awli: Z

us9AU — -

, DUNLLA VYUY
ThuARAA1
mazndlwi . Z o
v,
DM

PR
Buduauduas

swdoundv: z,

I

3nd1484 (Ground) J:—

Y. ANYUENT AT UNIULALAKNARNS

e _ | Bufuauduss R
- >
N aelili ;7 ‘
Sutinauduog
magndlih  z

I AET %
cmz | dufuauduas .
3 >

awloundv : Z,

WIIAU w

a, o «
AUNLAUYYDY

Tvuanasau
V,

o

M Afudsquel X,

A

3n81984 (Ground) =3

A, anvaugmsivavesdayausuniuluianasiy
JUN 2.5 dunmaauvedyiusuniuy

HeyUIMTUNIUINUARATIU (Common Mode Interference)

deyarausunmiungmdninilanisasdiinisnguszninggns1sds (@eiu)

[
v

Auatednilnil evilvaudsdndnidudsuslamiauiunasduTunaduiusiuiu

qae9da [27] Tnedyanadinaainainaminnnunuussuaalunsesinil Gsmusssuwiien

(%
1 L4

I3 = =~ A Ao a | & Y a
AMULNUUTEAUITHANUDEAILUBDI igiy']mﬂ')qlméqul,ﬂamqu UUNUIYAINUINEY YU ITUNIUN

9

AR 9 ansaluaainanesndunisludnidunieihudiiulssgud sluainialdnig

'
a

JUN 2.5 Tneusesdulnunnasin (Vo) inannnseualuuanasiy (o) aglnar1uduiiuaudg

o3a18lNH1N (Zap) wazn15enin (Z ox) e lnaasansfusinAunseLaluuanas I
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() AlraEuBuRLAUGY03a18TUNEY (Zrny) Teazdunnlaanlsfuaesd ey IusunIUN
a8l (Vooeecr) 92 BlvInAULTIRU 0y e sUNIUNEE NN (Vo oeermy) HINELNITA 2.1

LaraunIsi 2.2
Vaoisecir = Iem1X(Zeir + Zioap + Xcp) (2.1)
Vioisertn = IcmzX(Zpry + Xcp) (2.2)

HuaIsuNIULUUARAsIS (Differential Mode Interference)

ey rusuniunangailulunuenas1efnndyg1aaNa AN 51

v o o v o [y

dovanedai Ae fahdyayady (Signal Line) Wagdidyaiaingu (Return Line) 13Unuy
NIDVUIALANGIITY [27] vmLﬁuﬁuaqﬁmmmsumﬂmwm31%93’@31]‘1’7{ 2.5 nszualunun
namsazlnanudufinauduasaslnin Zqq) warlnanduunidufivaugvosasloundu
(Zgmv)

TunsindaasunILINUARNERIS (Vo) wazluuanasay (Vo) Suannsatald

& o

narelad 9Inseu Lagns1a A9sUN 2.6 AINTUATUIUNT Ve BAINNEUNITN 2.3 Lay

Y

AUIUNT Vo ANNEUAST 2.4

WVie+Vne)
Vem = —LGZ e (2.3)
Vig=V
Ve = ( LGZ NG) (2.4)
Taeh Vi 79 wsesulninluuanasiy Tvedu 1ad (v)
Vi A9 wsasulnihsenineanelatdiunsnag Svdiedu Tad (V)
Vo Ao wsesulnilulvuenanig Snthedu Tad (v)

Vie Ao wsesulnisemineanefimsatunsnie dndaedu Tad (V)
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L
VLN VLG
G [ EUT
B VNG
N

UM 2.6 MyinAdyITUNIY [20]

2.3.2 wesgruanatinuldniauwimaniviin

gunsaililising q gnuunldusslevilunaty 9 du uwazaunsallnimaiaiuise
as1edyaasunmundimaniiialifisszasala siligunsallniidu 9 e1aldaiuise
auldedaungd Asurtilsnusg 4 Jalanmuaninsgiudu e dsduldlnan g

nsldaunazauvasade Wnsgruinmuaadrfuliniaudmantviadusivinung

4

v v

wagiudnuazrasaUnIal anunlday wazsUuuunsldanu gndlegiadu 11nsgiuana

2,

muualag Comité International Spécial des Perturbations Radioélectriques (CISPR) %39
Tun1wdangwi3undn International Special Committee on Radio Interference UINIZU
gl fAvualae European Committee for Standardization (CEN) #1915g1uansgolusnn
nvualag Federal Communications Commission (FCO) #agd1ASFIULANIENIT LU
ey s Wusy Tudvedlnetufiinesgundn Sustgnaimnasy wen.) Seivun
Tngdtinaunnsgundndusignamnssy (@ue.)
Tutsenalnetunasgruenudrfuldmausindnlifhdulngazddmninasgiu
v99glsU Fe819BananIATFILAING AUA1T1e7 2.1 wanaeuduiussEnInanTgIu

AR gRaNTIL 1195 ULy waTNINTFINEINS



18

o d' v ' |3
M19197 2.1 WesgIuneiudygasunIuwimanti

International | European uan. wada/318n9

Q’]‘N’Q(ﬂﬁ’ﬁ/iﬂiﬁll mimaaﬁwmmam%uaz
A5 (Industrial, scientific and medical
CISPR 11 EN55011
equipment - Radio-frequency disturbance

characteristics)

gueun (Vehicles, boats and internal
CISPR 12 EN55012
combustion engines)

WAIBISUNITNTELLAI AT A I NTVIFL

A7)

wavUs fouiiRe1dee (Sound and television
CISPR 13 EN55013 | u8n.2185
broadcast receivers and associated

equipment)

Lﬂ%@ﬂ%‘lWﬁﬂﬂ’lﬂuﬁ@@jmﬁﬂ 3nailoludin
LLaxm’%’aaﬁ%%ﬁﬂé’wﬁ’u (Household

CISPR 14 EN 55014 | u8n.2238
Appliances, Electric tools and Similar

Apparatus) [28]

US Sasidesadnaaz s Saueiina ey
CISPR 15 EN55015 U9n.1955
(Lighting and Similar Equipment)

qﬂﬂﬁfﬁmﬁm (Measurement
CISPR 16 EN55016
apparatus/methods)

Usfuamalulagansauwma (Information
CISPR 22 EN55022 | u®8n.1956
technology equipment)

gugun (Vehicles, boats and internal
CISPR 25 EN55025 | u9n. 2326

combustion engines)

2.3.3 arsnadauanudnfuldnisndmanluila [4]

NMIVAABUNTWNNTEN8Yedauwan N i ez fpmaaeuluiolasu

N135U509119531U 53uHEn15InUnsalNgnnageulinTIn1uNINTE UMY AR

[
=

dyrusuniuwdmaniniinisarediiigniuSeuiieudiuuinsgiu uegivuiinues

Y

[%
o Aa 14 tY

guUnIalfIznaaey wazUssmanazihdusiululdou dwlngduaasinsasuiioudu

wnsgruluvaneUsewme Wy 119sgIuaINg 1nsguelsy MSeNInsgIugRaImMngIH (Hen.)
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Y83y A8NFIRE1INIINAAoUBUIBTNGS lnglduinsgiunisnaasuinseaslylninielud
agenfy asesilolnill uazinIesdsaniadneiu (Household Appliances, Electric Tools

and Similar Apparatus) @sasanaaeulagldunnssiu wen.2238 [39] e EN55014 3o

| [
= Y

CISPR14 [40] 9913 3 119551uTALUNTNAFR UMD UNWTBIIINUINTFIU UBN.2238 VB9

Ingd198au191n CISPR14 wazu1nsg1u EN55014 983glsuAignedunainuinsgiuanna

CISPR14 LuLiedfiu 1nen1sNadoun1shNNTZ18d Q15 UNIUNIEI8A1U1UD3
Buneswerznadeuluidainiadlduazus ”meﬁmaiuﬁasjawﬁaﬁﬁﬂ%ﬁmé’mmgmumuﬁ
adnefu Hefuvieantesduiiesines fenisnedl 2.2 finanud 150 Alaidsad fe 30
wnzdsed TunisveaeudagrusununtimantnfiiazinAgean (Peak) Argontaiiou

(Quasi-Peak: QP) azAlady (Average: AV) logargeaatuazldlunnnsgiunianms usly

[
a v

wnsgrumluldladdenivuadiniuat AsluaIinansgiunisnIsaaliasimun e

LAANYDALALDULALALRALLINLIL

AN999 2.2 ANnaUTINIRsg A INsUNIULIWEN N (CISPR 14-1)

Aeean fvarolvanuazdniiuLiy
AEBALEYaY Aade
(MHz)
dB(uVv) dB(uV)
- anandudureaenisfiuvesnnufian
0.15 93 0.50
80 70
0.50 9049 5 74 64
594 30 74 64

2.4 2993nssdygasunIuwimanlwilmsaneaaihvlianiadn

2993n30d e IsUNIULman LW (EMI Filter) dufidnvuzuwazauautfmilou

Y Ao v | ~ a a ¢ = a ¢
WITNIDIFYLYUATINUAATNIU Immuumaﬂumumma 150 ﬂIaL?ﬁmsﬂ 04 30 LUNLLTING

o 1

Farduganuinsgruiivun 21995nsesdggrusuniuwimaniviiaiunsansesdygyiu

[ o

sunutimantwinlans 2 Tuue Toun dyarusunmuudvaninilnuanasiy wasdyyiu
1 @ J = [ dyd v J

sunmiundinanliinlunanasis Fesasnsesdyarusuniuidvateuseian laun 29950599

dyanausuniuwimantiieiinwadu (Passive EMI Filter) [20,22,24-26] 1995050980164

sunauudwmaniniviiaueadin (Active EMI Filter) [29-30] kag2995n5098 Qe 1045UNIUY
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wilwdnlniiwdaleuda (Hybrid EMI Filter) [31] wonaniieasnsosdygiamnudanouay

o

v
6 &

M meBadsdtuagaedlasunsageunuNInsgIL 1EC 60939 [32] Tlunuiduaduil
aulalunisldisasnsesdygrasunuuimaniWisdaniadn ewnldaudie nevauss

n3nsosdygIuTUNIUlaG wazdsialium

2.4.1 druUsznauvesasnsasdgrusuniustdwanwilieianiad

[

1 @ a = 1% U = o v o=
EARRIARIN QJ}QJJWQJTUWJULLNLWﬁﬂIW‘WWJUG‘lW’]ﬁGUW U3eNBUNEY AILLEIUN G]’JLﬂ‘U“UiS"q

(%

WAZFIATUNIU Nd1AEyAIL

(% I

qgﬂ‘vi 2.7

® ufuUsyglununnasng (Differential Mode Capacitor: Cy)

ﬁaLﬁUUizﬂwmwaiw (Common Mode Capacitor: Cy)

Fanienilnuanasig (Differential Mode Choke: DM Choke: Loy,

Fanieihlnuanasiy (Common Mode Choke: CM Choke: L)

fannuny (Resistor: R)

Lem Lom
R © ' I ' I oR’
[] J_ J_
CV
Cyy== :E Cxz G’
G °:|‘__ X1 SR T L
C
N (- 4 T 4 :NI
bd Lol
LCM LDM

JUN 2.7 wasnsesdyaasunuwimaniiiluuunadnialy

é‘f'aLﬁU‘lezaﬂmmwasha (Differential mode capacitor: Cy)

fAvUszalnuanasnsiviii anvoudyaasunulvuanadiia dulvgld
Wiudszquiinildy (Metallized Polypropylene Film Capacitor) Iﬂaﬁ%ﬁuﬂizﬂmmmaﬁhﬂﬁ'
Yz liUIEAB RIUNINAFRUANLINTEIY 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)
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wnsguilduwdsszavvesdiudszqluuanasig (Capacitor of Class X) tusziugey

(Subclass) lauA X1 uay X2 munns1adt 2.3 [32]

A15197 2.3 szauvesiaLiulszqlnuananie (Capacitor of Class X)

Subclass Peak impulse Application Peak impulse voltage Up applied
voltage in service before endurance test
X1 2.5 kv High pulse When Cy < 1.0 uF
4.0 kv application Up = 4 kV
When Cy > 1.0 uF
q
Up= in kV
N
100 F
X2 2.5 kv General When Cy < 1.0 uF
purpose Up = 2.5 kV
When Cy > 1.0 uF
25

in kV

L
p N
100 F

Funiuuseq X1 a1agnununilalae daufiuuseq Y2 vise Y1 il Uy wihiuwegenin

Frufiuusey X2 e1agnunudildlae duiuuszq X1 wie Y2 wie Y1 7ifl Us wihiunsegeni

nu8We 1 The factor used for the reduction of Up for capacitance values above 1,0 MF maintains 0,5 x CNUP2
constant for these capacitance values; Cy is in F.
NG 2 Overvoltage categories in association with rated impulse voltage and rated mains voltage are found

in IEC 60664-1.

ﬁ?tﬁuﬂizqiﬁmﬂwa‘i’m (Common mode capacitor: Cy)

sz lnsanas it fiasmoudyanasuniuusimaniniilvuenason
TAvdszquiiniesiiin (Ceramic Capacitor) @vaansaviaulsfluguanuigs lagsh
Futszalnunnasiufiazihunlddaedesiunmadeunuuinigiu IEC 60384-14 ¢
snsgiuilldutassfuresiufivyseqlnunuasan (Capacitor of Class v) usedugon

(Subclass) léwa Y1, Y2 uag Y4 aumns1edi 2.4 [33)]
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A15199 2.4 szauvRsiAUUsTluaNasIu (Capacitor of Class )

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

endurance test

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

reinforced insulation

Y2 Basic insulation or >150 V When Cy < 1,0 MF
supplementary insulation <500 V Up = 5 kV

When Cy > 1,0 UF

5
Up=——= inkV

Ya Basic insulation or <150V Up = 2,5 kV

supplementary insulation

Frufiuusey Y2 onagnunuiililae dufiudsya Y1 A U wirdurSegent

nUELe 1 For definitions of basic, supplementary, double and reinforced insulation, see IEC 61140.

nueLne 2 The factor used for the reduction of Us for capacitance values above 1,0 IF maintains 0,5 x
CNUP2  constant for these capacitance values; Cy is in F.

nELe 3 Overvoltage categories in association with rated impulse voltage and rated mains voltage are found

in IEC 60664-1.

lunsasnsasnsesdyausuniuudwanlniwilamadnsududesinvives

] vy P ] a o 2 o = °
WULﬂU‘UngIWaU‘WE‘!W Lua\isﬂqﬂsU']eUaﬂm’JLﬂUUﬁg'ﬂ‘ﬂgﬂJﬂmaﬂwmgLﬂUW'JL‘VIUEJ'JUW (Lead

q

Inductance) &sdwmalirnanuiulsyydelulugiunnudgdla
weanInimsidendrvesianulszqluuanasiudseasansAutuazdosriiieds
nszuan aruasensfiuieliliiAndunsieme auunsgIu IEC 380 nsvladattosninnse

Wiy 3.5 mA el Fsansaduiuma Cy gegnlanuaunisi (2.5-2.7) [45]

_ Ig 6
= U xznfe x 10 (2.5)

_ 35 6
Cy = 2ovaxanxso < 10 (2.6)

Cy = 35.81nF 2.7)
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I 1

lngd Cy Ao AveaiunuUszlnuaNaTIy

=

Ao nszualwinnlvassanefu

1 [y Nt

U, A9 ATLIIAUYDITTUUNLTINU

3

fo A9 AIANDVOITTUUNTTINU

fawteudn (Inductor)

sntieniilugunsalluisasnsosdyarasunmuudininiydanad 9
AAVOUTUIAVDIAYYIUTUNIU Usznounie adndeninlnuanasnie (Differential Mode

Choke: DM Choke) %18n3addgygnaillnuananiy wazadtniie1uluuanasiy (Common

1 [

Mode Choke: CM Choke) Ya8nsasdgygiulnuanasiy Jadauntertilnuanani9aziu

WiLaUAMEt U wafmte I NLANaIINAL TSN B N1TRUYARIA NLANFA19en LU

'
[ =

PRIUN 2.8

. Fanileniilviaanasig (Differentail Mode Choke: DM Choke)

9. Fuvieiluuanasan (Common Mode Choke: CM Choke)

5UN 2.8 dwmillgrhnuanasiauasliiana sy
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Y ~ o a Y & ¢ aa = 1 <@ .
wnurasiamieniteuldduunueslsd Nliaanuevduuinings (High

Magnetic Permeability) @97 lAlg3111U50UVDIAIANOILAIUDYAINTIMAUTTA DY

Y

winzdmsunisldnuiiuanuias uenaintseninuaainuiazsuniuasdafiiiy

UssinTu (Stray Capacitance) nsidanlgununastsdagvilirmanuniieiily

[ [
=

gupudgeliingaluiazyneafunuUsETinTy [20,22]

2.4.2 ANNTFINIIUVDIINTINTDIA YYIUTUN WY TANIETN [34-39]

Lem Lom
R e — R
° L
==c,
G T EER ==szr—°G'
= = 4
Ne 1 oN’
bud L
Lem

I--DM

§U17'i 2.9 19950394 ”aumunmsumumjmﬁniﬂﬁmwwm%w [4,6-8,15,40]

315U 2.9 2asnIesdn g INsUNIULIWANIThLuUwEdW Tsasiivimiiniinges

o

o Y v & l ! cal o v A Y
yaasunuuimaninialasluuarasisuazlvuanasay gunsalfiviminfinsesdyayia

Y ~

sunusianinihlnuenasiu lewn dandeaiilnunnaay (Lo, wazdnniulssglnunua

33 (Cy) A999TAULAYDIATNTBIE Ry Ul mmnaT U lugUN 2.10

™M

Noise

JUM 2.10 2995A1YAYDI19TIN TR Y UL AUARAT Y

gusaivImiInsosd s adluuanasiig loun damiertiluunnasng (Ly,) AL
q' o a a Y] o a ° ] v & ]
WilEINANINN1TTIINAT0 I N TEIINAUANATIN (Lieareee) AINUUTEYIMUARATIN (C))

wagsiuUszqlnuanasie (C) Arneasauyaresasnsesdnyandnuanandluzun 2.11
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Lleakge 2|‘D

- Yo /Y'Y

DM

Noise

N

Ll
[

JUN 2.11 2995A1AYDI1ITNTBIN YY1 UL AUARAGN

N1990NLUULAZANNANITITNDTAN 9 Melusasnses Buannsihdygyiusuniu

| I3 Ao vy '3 i o
wimadnlnihiialannaunsalumAigegatazanumaganlunisaanaudygyiusuniu
vodusazluun lngnisldduniudunisaanaudyayiuvesguiuuinnsnsesiiion tiem
USUuAd ey 1uineen1Tannou wagauade (Cut-off frequency) Tasufazlnun d115u

ANSANUIINISILADSVDINIATAT

nMsAUIMNISIRes arA NN Fy R uTUNIULLmAN I I MuARas LA DU
WH89NA1A L UREIUN TANARASIH (Loy) T2 E9HAlANSINBAIANNLUTHEIUITILAAIINANT

$1a 08I TEIUNNUANATI (Lo TeATAMMTEI Tl dignldlunsaiuanm

v
Y o LY o Y =

A ded lnuaNans (Lo Aeg desdusiaunisesntuuisiiainudidg tieldln

AdiwesnAwnldlrmguiulurseanuddarameuldninvua Ly

nsAuIMEYaIMIUNIULLAN T IMEaRasI 1TUINMSIITUAAIALDSALYLA
HaTIuazidnLiuYsElutanasn () Inasianudszaildmnduiaiuiszquinegs
3in (Ceramic Capacitor) daliAu 3.3 wilunasn andumuwimmafuieailvuana

$21 (L) muaun1si 2.8

2
Loy = ( ! ) ><% (2.8)

2nfrcm

'
a

W0efl  faoy A AUDARYBINRTNIBsdygIusunIuktman i ivuanasiy

Py

o =

Ly Ao Admileniivenisasnsesdgyaasuniuuimaniiilyunnasi

D

Cy flo AdNUUI2E0999INT0sd g IsuNIuLwaN Il aras Iy

pounARuteIdlutanasin (Lo) lumaanuwmdenhiiiinainnissiliavesii

WHEIUNAUANATIN (Lieakege) M91NNITIAAMAZNITAIUIM F195UNTTATUINAINITO
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Uszanaald Tnaadamdenihiinenn1s3ing (Lesee) daUszann 1 - 2 Wesidusves

Arsndleathinuanasiy (Lo Gnevluldussuna 1.5 Wesidud) [36-37]

ADLNMIATNNTINNBIYDIIATNTOIA Y IAUTUNIUTALANAANS TAAIRUAAIAIINDGA
InuanassuazdenA1AuA YTz InuANasig (C) wdarwINmIAIANmTei nun
Nasg (Lp) NaunIsi 2.9

2
1 1
by = (1) <2 29
b 2nfrpm Cx

'
a

009l fapy A0 ALDARUBINRINIEIdYgIMsUnIULLran Tt ana g

)

'
A 1 =

Lo Ao Arruuie1thuenasnsesdygrusumuslanwinlvuauasig

A A= [ ! [ 1
Cx Ao ANFLAUYIYRUReRIN TR ausuNIUImA NN ARas

funamAIeumisId e s dilnuanasisidesiuniiy ieeanAiaiy
wilerthliAnarnnissiinavesiamisithvuanasay (Lieakage,cm) Judrunilsvaaiaiy
wiloathlvunnanis (L) A F e N fidesiLfiuAenansseninemNmils
Tuuananis (Lpwazaraaunieriifitinainnissaluasesiamisadlnuanasiuy

(Licakge.crn) AasaRSIUANATSN 2.10

LDM == I‘D_l‘lzﬂ (210)

e Loy A8 ARl I ANARaR 19 IH 8IWLLAN

TuvhefaaielifiuuselnuanasienieUseglauagyialanin assnsesdygyrasuniu

U v @

wilmdnluihuneiadslaRansiasunuvunuiudaiuyssgluuaranis Ineadasumuaansaniléain

Auns (2.11)

i (2.11)
2.21Cx

gl R Ao AdsumuiiRaswwIuiuiiuUsElaunnasiig

Cy Ao AdaiuUszqlvuanasing

2.4.3 arwgydelosainnislaunsn (Insertion loss) [25-26]

2993nsesdyasunuwimantiiuiassafinudnyarnisaaveudyy i suniud

1%
=

wanensiuTuegiuAesiniuUssguasiamienimihudseney siunsinvesgunsal
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wazgUuuunsUsznau Anugadsiiieaninnislaunsn (nsertion loss) LuAAaE YT

drursaventaiinisaaneudy g iulunAazi19A1INDY092995n T By Y1 utl U

IS

nuazluagnals

' v
a a

anugeadaiiiosainnsldunsn Wumnssudeumddduihvesdygaiiintunou
ARMI9ATNTDIAYYIULATNAIAAMII9ATNTDId Y U bAIN@NNITA 2.12-2.14
fmhedu wawa wiiielinisianadedu Jsldaussiuienanugydetioninnisld

LNSNANFUNTTN 2.14

L=t OTOTTs (ZLLV;) (2.12)
V2.,0/R
Thnd 2 1010g10(VLL;:V°//RLL) (2.13)

o)

8 Auaydeiiosnnnsldunsn (Insertion loss)

Tefl Iy

Py A8 mndslnihvesdagmnoufanyieasnsesdygiu

Py A9 AR sdy g amaainn 199N 08 a6

[ { o

Vo A9 awssaulwihvesdyanaunouinmyesnsssdeyyiu

A

[ [

Vi A9 awssiulnivesdygundsinnvsasnsadeyyu

A
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T
EMI H Electrical
1V
Source i Lwo LOAD
Y
EMI EMI H Electrical
i Viw
Source Filter ! ' LOAD
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ssunulnilugaund Z=-=R (2.15)
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smumuliifeAnAduiuauduls Z = - = I (2.16)
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Usenuiuey liiAnAaugliihudsseninanan daumnnusumuliiiu (Parasttic
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Ts' Add Curve (SNL)

Curve parameters

e Vo A
Vimp M|y Imp 4472 2] A
FF Use fill factor

Temperature coefficients
Rv 03601 %K Rp 05001 %K
Imadiance comection

Voo [ 46505]3] v E [ 200 wm

JUN 3.2 NsiaAaauaeing

Import data from SAM libraries
Vi V7 R NG [ormoriacarn | | Mot ™ Pl
N - dules - 513 - Voc Isc Vmp Imp B
™M )] M A v/ Q)
Advent Solar AS160 [ 2006
Advert Solar Ventura 210 [ 2008] 3531 834 2761 749 0133
Advert Solar Ventura 215 [ 2009] 3592 849 27.92 774 0135
Aeo S03 160 [2007 (E)} 43,50 5.10 3560 455 0152
Aleo S03 165 [2007 (E)] 4360 520 3580 465 0.152
Aeo S16 165 [2007 (E)] 30.00 7.90 2330 7.08 0410
Aeo 516 170 {2007 (E)] 30.10 7.95 2350 723 0.110
Aeo S16 175 [2007 (E)] 3020 8.10 2370 7.38 0110
Aeo $16180 [2007.(E)} 30.30 815 2350 753 0110
Aleo 516 185 [2007 (E)] 3050 820 2410 767 0.110
AstroPower AP-100 [ 2001] 20.99 7.07 16.07 619 -0.080
AstroPower AP-100 [2000 (E)} 20.10 720 16.10 6.20 -0.084
AstroPower AP-110 [ 2001] 2145 699 17.03 611 0.085
AstroPower AP-110 [1999 (E)] 2070 750 16.70 660 -0.084
A D, AP 120 [ 20011 21 82 ke b 1£ 92 £82 N nes
Auslable  [ora5hS: 201404 e v] | Sand Labamoes | | CEC modues

JUN 3.3 nsifenieaduatafingannlusunsy
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E T|

Temperature (°C)
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Time {s) (1043)
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[<B (v} ]
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T T N S A R : <CISPR22 B>
L 1 ' [ I B B A 1 | I N B A 1 -
F ' ' oo 1 | N 1 Limit (QF)
80 F + + Attt + e e e e + Limit (&AV)
r 1 ' [ I N I A ] | I I B A ' <New Data>
o ' ' [ B N B A ] 1 I I B I A '
S S R S A L '. Spectrum (N, PK)
o 1 [ 1 [ N 1 I 1 [ I I Spectrum (L1, PK)
P ' [ I R I A 1 | I I B I A 1
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3.2.2 Awrsdiimesvesdansasdymiasunuimantniy
Y [ 1 3 ) L4 v aa
Aansesdyarusuniundimaniniilugunsaindnnenldlunisanneu

1 <

dyarausunukimdnliiinisaredii Wesnawsnaaneudyyinldegraiung

v oy
= % v

n1sAnwINIsaANoUdyyITUNIUASIUlaYIInITeRnLUURInTeIdyyIa 7 wuu lagld

AMNT1EMeIVRIgUNTalRIkandlunI5I97 3.1 Usenausie Ardamilentnuanasiy A
~ o ! ! = o o = £ Y N o ! =]
willgndinuanasng Aanumietiialraiussinalannduniesilvunnasiy Ay
UszQluuanasiy A1fniuUszluuanasis AdIAIunIL LagA1AuaRnvedRIN3ed

o

A IUIUNMUINLANETINLAZLNANAAIY

A15197 3.1 Avnifiwesvesunsalsznauiinsesdyansuniundiuantiii

No. 1 2 3 4 5 6 7
focm (H2) 16,370 30,754 17,023 33415 30,744 27,822 15,385
from (H2) 14,245 35673 9346 23859 15993 12722 23,220
Lew (mH) 14513 6038 17.224 3420 6040 3470  5.200
Lieakege (HH) 218 90.6 258 50.13 906  50.21 78
Lom (uH) 0 0 179.61  74.67 180 5231  60.60
Cx (uF) 0.57 0.22 0.47 0.22 0.22 1 0.22
Cy (nF) 3.26 2.22 2.54 332 2.22 4.72 10.3
R (MOhm) 0 1 0 1 ? 0.333 1

1NA5NT 3.1 wandmndinesvesgUniainieluiasnsesdyyinsuniu
waimanlufnge 7 wuu Inguuud 1 wazwuud 2 Jlassas1eanlaiidimietinlnuananig
P 1Y) A v a o o Y PN ° ' °
willounu Wasannldmiaunieltiisilnavesdvietuilnuanasiulunsamuiiieas
N5 NUANARILNY LUUT 1 T¥Anuddanuseunas 15,000 B5ag d@iukuuil 2 agldainud
afiuszunas 30,000 18309 waA1AmwleadlnuaNasiy A1AunUUsElruaNaIIL
LaZAIAINUUTEIMNANAGNY FzanadioUszuuns ot uun 1 Asuanslaseasng

awﬂugﬂﬁ 3.10 - 3.11
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DC input: 24-45V
AC Output: 230V(190-260V)
Output Frequency: 50/60Hz(Auto)

Power Factor : >9 3
femperature protection, anti istantk protection .
4 High and low voltage prote€tion. etc. ;
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With grounding & ferrite bead, Without filter
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Frequency [Hz]
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A15197 4.1 dygrasumunsimaninimnsaneiiiniuesnveduiesine s il

waslsadanaziingaa

p Na duA19UINSFIU
A QP AV WINTFIU
(Hz) [dB(uW)]
[dB(uV)] [dB(uV)]
LifiaslsaTauazaansas
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 -0.4522 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 14-1
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A15197 4.2 dygrasumuwimaninivsaneditiiuesnveduesinesvuel

wieaslsadn uslifisnnsesdyaiusuniu

p Na duA19UINSFIU
A QP AV WINTFIU
(Hz) [dB(uW)]
[dB(uV)] [dB(uV)]
filaslsatn Lifidansas
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 14-1
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

With grounding, Without ferrite bead & filter

\

With grounding & ferrite bead & fiter No.1

10®

Frequency [Hz]
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wugiimeslifdalazinsesdgrasuniuneiay 1

Conducted emission of system with filter No. 2

With grounding, Without ferrite bead & filter

\

With arounding & ferrite bead & filter No.2
|
10° 107
Freguency [Hz]
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Conducted emission of system with filter No. 3
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With grounding & ferrite bead & filter No.3
I

120

110

100

w
(=]

80

70

11

50

40

10° 107
Frequency [Hz]

= o 1 [ v o Y a s s
gﬂ‘Vl 4.4 @@WmﬁUﬂ’J‘LlLLlIL‘lﬁaﬂ‘lW‘W’]‘W’]Qﬁ']EJG]’JTHﬂ?ﬁ%?@@ﬂ%@\‘l@ﬂﬂ@ﬂ@]@i

wauziinaslisdataginsosdagiasunumneiay 3

Conducted emission of system with filter No. 4

With grounding, Without fierrite bead & filter
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\ With grounding & ferrite bead, Without filter
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With grounding & ferrite bead & filter No.4
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Conducted emission of system with filter No. 5

With grounding, Without ferrite bead & filter

-

\ With grounding & ferrite bead, Without filter V\\\\ i
\ \\\____--'

-

With grounding & ferrite bead & filter No.5
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Conducted emission of system with filter No. 6

With grounding, Without ferrite bead & filter
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With grounding & ferrite bead, Without filter V\\\

With grounding & ferrite bead & filter No. &
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Conducted emission of system with filter No. 7
120 T T
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With grounding, Without ferrite bead & filter

100 P \

80

Level [dB{uV)]

\\ﬁth grounding & ferrite bead, Without filter
70 \\‘_
—_\ o
FaY Fo.

"4
60

50 —
With grounding & ferrite bead & filter No. 7

40 :
10° 107
Freguency [Hz]

= o 1 [ v o YV a 1 s
gﬂ‘VI 4.8 @@WmﬁUﬂ’J‘LlLLlImaﬂ‘lW‘W’]‘W’]Qﬁ']EJG]’J‘lﬂWWUGU']EJ@ﬂSUEJ\‘lEJuL’JﬁJiL@]f’Ji

wauziinaslisdataginsasdamiasunumneiay 7

WIBlUTHUEURANITaANOUFQIUTUNIWIY 7 FINUTUN 4.9 Lagan51e 4.5

- 4.11 WumngLas 2 aunsoaaneudygiasuniuiimantWiivisaiadaullaaian

wiingunsallunsasasfivsinalosan wazlifidnmvileniilvunnasig uenan1sMnaIiuans

Ty snaanaulaegralussansnw

Conducted emission of system with filter No. 1, 2, 3, and 6
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Frequency [Hz]
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A15199 4.3 Fyanasuniuwiwanimsanediisnureeneiduniesno vy

waslsadanazfiingaanuneay 1

=

p Na duA19UINSFIU
A QP AV NINTFIY
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
fwlaslsatauazaansaswuneiay 1
341346 60.4189 -19.5811 -9.5811 CISPR 14-1
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 -13.5158 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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waslsaianasiinsasnuneLay 2

= L 1 <3 v o v a s s =
#1919 4.4 ﬁi’gi‘g’]miUﬂ’J‘L!LL?LIL‘Wﬁﬂl‘Wﬁ’Wl’Nﬁ’]EJWJU’]W]U‘U’]@@WU@QE]‘UL’J’eJiLG]EJi‘UﬂJZlI

p Na duA19UINSFIU
A QP AV NINTFIY
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
TwlaslsatnuazAansaswunglay 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 47.9191 -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 44.2310 -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 579131 -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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A15199 4.5 Fyanasuniuwiwanimsanediisnureenedunieno vy

=

p Na duA19UINSFIU
A QP AV NINTFIY
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
fwlaslsalauazAansaswuneay 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 43.7143 -30.2857 -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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A15199 4.6 FyanasuniuwivanimsanediienureeneIdune o IUMY

waslsadanasfingaanuneia 4

=

p Na duA19UINSFIU
A QP AV NINTFIY
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
fwlaslsalnauazAansaswungiay 4
341346 629779 -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 14-1
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 -28.7317 -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
29043269 44.9548 -29.0452 -19.0452 CISPR 14-1
30000000 52.7782 -21.2218 -11.2218 CISPR 14-1
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A15199 4.7 Fyanasuniuwiwanimsanediivnuueenvesduniesne vy

=

p Na duA19UINSFIU
A QP AV NINTFIY
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
fwlaslsalauazAansaswuneay 5
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 -204.7968 -14.7968 CISPR 14-1
2828846 45.9882 -28.0118 -18.0118 CISPR 14-1
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 14-1
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 537512 -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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A15199 4.8 Fyanasuniuwiwanimsanediisnureenveidunieno UMY

=

p Na duA19UINSFIU
A QP AV NINTFIY
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
AwlaslsalnuazAansaawugLay 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 51.4887 -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 52.3515 -21.6485 -11.6485 CISPR 14-1
14309615 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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waslsadanasiinsasnuneay 7

A15199 4.9 dyaasuniuidivaninimaiedthiuresnvedunesinesvny

=

p Na duA19UINSFIU
A QP AV NINTFIY
(Hz) [dB(uV)]
[dB(uV)] [dB(uV)]
TwlaslsalauazAansaswuneay 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 48.3052 -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 43.9133 -30.0867 -20.0867 CISPR 14-1
16462259 54.3513 -19.6487 -9.6487 CISPR 14-1
17658173 535108 -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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Common mode Differential mode
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CM and DM of inverter without filter and ferrite bead
100 . ———————— . _—

——— CM (No filter&fb)
DM (No filter&fb) ||

80 -

90

70

60

50

40

Level [dB(uV)]

30

20

10

Frequency [Hz]

JUN 4.11 dygrausuniusdmaniwiilvuanasinsazlnuanasiwinuwieanveBunesnes
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CM and DM of inverter with and without ferrite bead

100 . . s .

— CM (No filter&fb)
DM (No filter&fb) | —{
CM (No filter)
DM (No filter)

80

70 - J AN
60 -
50

40 -

Level [dB(uV)]

20 -

10

6
(1, Frequency [Hz]
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Taunnnaluunrasin vinlidygiasununsassinuandaannisanneulindgygralndifes
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CM and DM of inverter with ferrite bead and filter No.1

100 ‘ : ——

CM (No filter&fb)
DM (No filter&fb) ||
CM (No filter)
DM (No filter)
—— CM (filter No.1)
——DM (filter No.1)

90

80

70

60

50

40

Level [dB(uV)]

30
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Frequency [Hz]
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CM and DM of inverter with ferrite bead and filter No.2

——— CM (No filter&fb)
DM (No filter&fb) |
CM (No filter)
—— DM (No filter)
——— CM (filter No.2)
——DM (filter No.2)

Frequency [Hz]

4.14 Fyrausuniusdimaniuinlruarasiutaglruaranwiurieanuedunesines

Level [dB(uV)]

100

90

80

70

60

50

40

30

20

10

wagiineslsdlnnazfnTosdygrasuniunuea 2

CM and DM of inverter with ferrite bead and filter No.3

CM (No filter&fb)
DM (No filter&fb) ||
i CM (No filter)
—— DM (No filter)
~——— CM (filter No.3)
DM (filter No.3)

Frequency [Hz]
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CM and DM of inverter with ferrite bead and filter No.4

100 T T

——— CM (No filter&fb)
DM (No filter&fb) (-
CM (No filter)
—— DM (No filter)
——— CM (filter No.4)
——DM (filter No.4)

90

Level [dB(uV)]

7
Frequency [Hz] 10

4.16 deyyrusunaussimianiuinlrarasuiaglunran 19 uYIRBN YRR UIBS MBS

waziinaslsdlalazfnsosdygrasuniunuieay 6

CM and DM of inverter with ferrite bead and filter No.5

100 — — _—

S T L B

- CM (No filter&fb)

90 - < ——— DM (No filter&fb) ||
~——— CM (No filter)
80 - —— DM (No filter)

<! ~———CM (filter No.5)
N —— DM (filter No.5)

Level [dB(uV)]

7
Frequency [Hz] 10

4.17 dyausuniudimaniiinlyuanasiuiagliunpan s uIeenveduesines

wuziineslsadalazfnsesdyaasuniunungias 5



Level [dB(uV)]

CM and DM of inverter with ferrite bead and filter No.6

100

920

T

——— CM (No filter&fb)
DM (No filter&fb) |
CM (No filter)
——DM (No filter)
~———CM (filter No.6)

——— DM (filter No.6)
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JUN 4.18 dyaousuniuudmaninilnueanasiuuaslnuanaswiueeneduesines

Level [dB(uV)]

YauzdinaslsdlnlasMnTosdygIasuNIUNLIEIAY 6

CM and DM of inverter with ferrite bead and filter No.7

90 -

- CM (No filter&fb)
—— DM (No filter&fb) |~
~—— CM (No filter)

DM (No filter)
~——— CM (filter No.7)

DM (filter No.7)

10°

JUN 4.19 dygrausuniusdmaniniiivuanasiuuaslnuanasiwinuuieanveBuesnes
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Common Mode of inverter with and without filter
100 T e . _—
~————CM (No filter&fb)
90 CM (No filter) —

CM (filter No.1)

CM (filter No.2)

CM (filter No.3)
———CM (filter No.4)
———CM (filter No.5) ||
~———— CM (filter No.6)
——CM (filter No.7) |_|

Level [dB(uV)]

Frequency [Hz]

JUN 4.20 dyarausuniuudindnliinlnuenasiuduviesnveduieiines

gdimeslintnlazfinTedeusuNIUNG 7 2993

Differential Mode of inverter with and without filter
100 . —————y : ————

~—— DM (No filter&fb)
~—— DM (No filter) ||
DM (filter No.1)

DM (filter No.2)

—— DM (filter No.3)
~——— DM (filter No.4)
DM (filter No.5) ||
~—— DM (filter No.6)

§ DM (filter No.7) ||
=
m
E‘ -
° \
ot \ |
] \
“1 V¥
M \ i
..
\\. -
oy 4 l
Vo 2 Vo g L[l
0 - I
10° 107

Frequency [Hz]
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vauziineslsadnlazMnTosdya  1usunIung 7 1993
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4.3 AugaytdeLliasannisldunsn (Insertion loss)

N1IMAIANELEENNSIAUNTN (nsertion loss) AENTMIAINAR19YDI By 16U
FUNIUTENIINDULALUATldR N Tosd ey MsUNILLman WY Lﬁaﬁﬂwﬂﬂmé’ﬂwmzmi
AANDUAYYIVDIINIINTDIAYYIUTUNIULARE A %qﬁhﬂ’mmqigl,ﬁamﬂmﬂdl,maﬂ
(Insertion loss) wansieAmanansalunIsanneuesasnsadhuudaraI g
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é’zyzyﬂm‘umuiéfﬁaammmwmwhiﬁmam'amiawaué’ﬁyzywmiummaaﬁummﬂugﬂﬁ
4.23 - 4.30 LﬁaLU‘%&JUL%Ummmq@L?ﬁ&Jmﬂm{LﬁLmiﬂ (Insertion loss) ¥@3faNsaata 7
1 nudnsesmEiean 2 Wnanisaaneudayanasuniuliniian winunea 5 wag 7

q

TkaN1TAAVDU Y INTUNIULE TR

N A

’ﬂ]’]ﬂz‘ﬂﬁ 4.22 Lagaunisn 4.1 - 4.2 ﬂ’]iﬁ?ﬂ’]mﬂl’lﬂiﬂMéﬂwLﬂﬁlLuaﬂ‘iﬂﬂﬂ?ﬂ?‘iLmiﬂsﬂﬂﬂ

o

1%
e

ruuffnwmdaiunsanruialaannuannusdyaasuniuvaziwaglidnsldadinses

ol

Foyeurusunauudivaniailn fsauniseelyil

A
I .
P S t Viwo Grid system
PV system v
Passive A
:\‘;zrtset;: EMI P Viw Grid system
# Filter A/

5UN 4.22 msdadyyiasivenanugaideiiainnistaunsnlussuunaasy

VL,wo VL,W
ILgp = 20logy, (7,56 ) — 20log,, (705 @.1)
4
ILgsg = 20log,, (VLTW) (4.2)

A =

lgfl g AB AWNEAsIeR1nnsldunsn (Insertion loss)

A 1
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V., A9 aussiulnihvesdeygamasfingasasnsosdoygyin



Level [dB]

Level [dB]

Insertion loss of filter No.1
50 — ———— - —————

-10 : : L : : e
10° 107
Frequency [Hz]

JUN 4.23 anugaydeannmsldunsn (insertion loss) vesiINTemMNELAY 1

Insertion loss of filter No.2
50 ‘ N —— - ————

10 . L L i ieit®, ] L L L N a1 B
10° 107
Frequency [Hz]

JUN 4.24 Anugaudennnsldunsn (Insertion loss) Y@4iINTBIMLNBLAY 2
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Level [dB]

Level [dB]

Insertion loss of filter No.3
50 ‘ " —— ; T ——

10° 107
Frequency [Hz]

JUN 4.25 anugandsannisldunsn (insertion loss) ¥efINTRMINLLATY 3

Insertion loss of filter No.4
50 . . —— . . ———

Frequency [Hz]

JUN 4.26 Anugaudg1nnislaunsn (Insertion loss) YaeNTaavisnglay 4
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Insertion loss of filter No.5
50 . ‘ ——— . . ———

Level [dB]

Frequency [Hz]

JUN 4.27 anugapdennnsldunsn (nsertion loss) vefInTeamsneiay 5

Insertion loss of filter No.6

.l T T e A e

Level [dB]

10 \ . , . ) \ . . o Y =
10° 107
Frequency [Hz]

UM 4.28 Auaayid@eannslaunsn (nsertion loss) YBRINIBamsneLaY 6
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Level [dB]

9
Y]

Level [dB]

50 T T
Filter No.1
—Filter No.2
40 Filter No.3 | -
—— Filter No.4
= Filter No.5
30 Filter No.6
Filter No.7
20/
10
0 L
]
-10 r— " -
20 H . A S | . . i 60N, | ¥ 4

Insertion loss of filter No.7
40— —— : ——

Frequency [Hz]

U1 4.29 mnagnideaInnsidunsn (nsertion loss) vearinsesmsnglay 7

Insertion loss of filter

6 7
10 Frequency [Hz] 10

UM 4.30 Auaaydeannslawnsn (Insertion loss) YeaRaNgaans 7 61
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Abstract — Photovoltaic (PV) energy has been widely interested
today because it is clean and endless energy without causing
pollution. To produce electricity from solar energy, it would be
required an inverter to convert the direct current into alternating
current. The inverter is the cause of problems that affect the
stability of the power system because it is a switching device served
to adjust the frequency of the AC power as needed. At the same
time, it can cause harmonics which result in waveform distortion
and affect electronic devices that receive power. Then, it could
make electronic device malfunction. This paper studies the
characteristics of harmonics on grid, PV system, and load. The
result shows that most grid’s harmonics are affected from PV
system and load when the inverter power up to almost the rated
power, meanwhile, percentages of harmonics are reduced and
harmonics of load depend on the type of load. Next, comparing
harmonics on three sides, and found that harmonics of PV system
hardly affect to load and harmonics of grid are more affected from
load than PV system.

Keywords — Distributed Generation (DG); Harmonic distortion;
Photovoltaic energy (PV); Power quality; Solar inverter

1. INTRODUCTION

Most electricity production by solar energy is separated into
two forms. First one is solar rooftop, which is a small electricity
production and can manage unused space on the rooftop for
gaining benefits. This configuration generates less energy than
grid system, but if there are many solar rooftops in the area, it
can generate much energy and reduce electrical power
consumption in transmission line. Another form is solar farm,
which is a large electricity production and generates huge
energy. Since both forms send electrical power to transmission
line, so it is required to control electrical power quality and
stability in power transmission system. Regarding power
quality, the significant factor is harmonics that are generated by
solar system, and then the generated power will be sent to
customers in the area. If the solar system has more harmonics,
it would affect to electric/electronic equipment, and power
transmission system.

A number of research papers in field of harmonics from PV
system and the effect of inverter have been reviewed. Fei Wang
and et al [1], introduced a way to forecast impedance network
quasi-resonance between DG inverters and the grid. Harmonic
interactions between the grid and a certain number of DG
inverters can be preliminarily estimated. In [2], by using the
fourth-order band pass filter, the proposed harmonic detector
can effectively extract harmonic components without phase
delay. In [3], a closed-form analytical approximation of the
output harmonic spectrum of a single-phase two level inverter
under the action of hysteresis current control has been done.
The selective harmonic elimination problem using artificial
neural networks (ANNSs) to generate the switching angles in an
I1-level full-bridge cascade inverter was powered by five
varying dc input sources [4]. In [5], it analyzed the limitations
of the standard resonant current control operating under
abnormal grid conditions and introduced a control scheme from
a three-phase PV inverter. Abhijit Kulkarni and et al [6],
showed a novel design of inverter current control that mitigated
lower order harmonics. The complete design had been validated
with experimental results and good agreement with theoretical
analysis of the overall system was observed. In [7], a harmonic
impedance synthesis  technique for voltage-controlled
distributed generation inverters in order to damp harmonic
voltage distortion on a distribution network was investigated.
Md Shirajum Munir and et al [8], studied an in-depth analysis
and comparison of different compensation schemes based on
the virtual harmonic damping impedance concept, carried out
in photovoltaic (PV) interfacing inverters. Solution eliminates
the bulky electrolytic capacitors while smaller amount of AC
capacitors were needed to compare with the buck-type AC-AC
converters that continuous grid-side current was obtained,
which implied that no extra grid-side filters were needed [9]. In
[10], it applied the selective harmonic elimination (SHE)
technique to determine the switching angles for a multilevel
inverter that cooperated with specially connected transformers.
In [11], it studied the combination of the grid voltage
feedforward and the multi-HR control was proposed to suppress



low-order harmonics. The comparative analysis, simulations
and experiments indicated that the proposed strategy greatly
improved the ability of the inverter to reject the current
harmonics induced by multi-harmonic sources as long as the
grid feedforward and the resonant control were complementary.
In [12], it showed a frequency adaptive selective harmonic
control (FA-SHC) scheme that could be designed for grid-
connected inverters to optimally mitigate feed-in current
harmonics. Experimental tests had demonstrated the
effectiveness of the proposed FA-SHC scheme in terms of
accurate frequency adaptability and also fast transient response.
Haitao Hu and et al [13], presented a clarification study to
identify the potential resonance phenomenon between
photovoltaic (PV) inverters and the distribution system that can
be attenuated if the damping resistance, such as damping
resistor and residential linear loads, was large enough.

The harmonics in PV system are presently a concerned
problem of power system because they affect to electric
equipment of the end users and stability of the transmission
system. Therefore, in this study, different configurations by
connecting to PV system and loads are carried out in order to
reveal the real behavior of the harmonics in the considered
system.

&ED)
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II. EXPERIMENTATION

For experiment, we used a PV Simulator to generate direct
current of solar energy. Then, an on-grid inverter transformed
direct current to alternating current for sending to grid
connected and/or electrical loads. There are 5 types of loads,
which are herein incandescent, ballast, incandescent and
ballast, Light Emitting Diode (LED), and motor. In this system,
we connected solar energy from PV simulator to on-grid
inverter, grid system, and loads at the connecting point. The
testing results were recorded using oscilloscope to keep current
and voltage waveforms of the system at the connecting point,
and using Power Quality Analyzer to keep electrical parameters
and harmonics as shown in Figure 1.

Solar energy was sent to each load according to the load
power.

- Incandescent of 500 W

-  Ballast of 850 W

- Incandescent and Ballast of 1000 W
- LED lamp of 300 W

- Motor 0of 200 W

Voltage
c4

%PT

PV On-grid
simulator inverter

Connected
point CcT 1
X
5
/T\ PT
PV System

Fig. 1. Overview of experimentation



Current harmonic when PV generates 0 W, 100 W, 500 W, 1000 W, and 3000 W

120

100

% Harmonic
g

= without PV
PV 100w
PV 500w

H PV 1000w

N PV 3000w

THO O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Sequence of harmonic

Fig. 2. Current harmonics when PV generates OW, 100W, S00W, 1000W, and 3000W without loads connected

III. RESULT

The result shows that the system is study include 2 states.
Frist, when the PV system doesn’t feed power to connected
point, loads receive power from grid and generate harmonics
that pay back to the grid. Therefore, the harmonics in this state
are load’s harmonics. Next, when the PV system feed power to
connected point. In this study, it is mainly considered into 2
configurations: with and without PV system, to observe the
harmonics generated in the system. In two cases, the voltage
harmonics measured at the connecting point are both low
whereas the current harmonics are high.

When PV generates more electrical power to the system, the
voltage harmonics are still unchanged. But the current
harmonics can be more, depending on the supplied power and
the type of load; the non-linear load with active component such
as LED with its driver can cause and increase the total
harmonics in the system. Therefore, we will mainly pay
attention to the current harmonics in grid system, PV system
and load.

When the PV does not generate energy, grid feeds low
power to the connected inverter; the current harmonics
percentage generated from inverter in each harmonic order are
shown in Fig. 2. It is found that the grid-connected inverter
behaves like an electrical load because it receives power from
the grid for system connection verification; hence, there is low
current flowing from grid to inverter. While PV generates 100

A \//\/

VRVAY

a) PV does not generate solar energy

W, total current harmonics are increased, especially the 5™ and
11" orders, then PV operation was changed to 500 W, 1000 W,
and 3000 W, harmonics production were also investigated
though they are lower than 100 W. operation. Thus, it seems to

be conclude that the switching devices inside the grid- tie
inverter cause the increment of current harmonics. When the PV
generates high current and power, the fundamental current is
high. Comparison study of current harmonics in the system is
divided into two configurations; with and without PV
connection, measuring at three positions ( grid system, PV
system, and load). There are five types of load, which are

considered in the experiment, consisting of incandescent,
ballast, incandescent with ballast, LED lamp, and motor.

The first comparison was the case of incandescent as a load.
When PV did not generate power, the current harmonics
percentage in 3", 5% and 7" orders were 9.7%, 12.26%, and 6.28%
respectively, and total harmonics distortion was 17. 25%

measured at PV system position whereas the grid and load
position were relatively small amount because there was more
power delivered from grid to load than the inverter as shown in
Fig 4. After the PV generated energy, current harmonics at load

side was unchanged. Overall current harmonics of grid and PV
system were stepped-up and dramatically increased in 5% and
11% orders.

A A h A

WQM !ngwuc\w

\/ \_/ \J \/ \/
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il
|
|
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1
Fy

b) PV generates solar energy

Fig. 3. Voltage and current waveforms in case of incandescent load when PV generates and does not generate solar energy
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Fig. 4. Current harmonics in case of incandescent load when PV generates and does not generate solar energy

a) PV does not generate solar energy

b) PV generates solar energy

Fig. 5. Voltage and current waveforms in case of LED lamp load when PV generates and does not generate solar energy
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Fig. 6. Current harmonics in case of LED lamp load when PV generates and does not generate solar energy

The second comparison was the case of ballasts as a load.
The current harmonics percentage when PV did not generate
power in 3" 5% and 7" orders are 9.46%, 2.73%, and 1.11%

respectively, measured at load position. In PV system position,
current harmonics at 3%, 5%, 7% 9t and 11 orders were 8.72%,

11.23%, 5.6 5%, 2.2 1%, and 2.28% respectively. Current
harmonics measured at load and PV system positions affected
to grid position at 3™ and 5™ orders, which were 9.54% and

3.46% respectively. Current harmonics of gird side and load side

were similar because grid sent more current to load than
inverter. After the PV generated energy, current harmonics at
load and grid position petty increased. Current harmonics at PV
system position in 279, 31, 4th 5th gt 7th gth "gth 1 th and 11t
orders increased to 4.33%, 5.593%, 2.14%, 14.65%, 1.29%, 8.89%,
1.31%, 6.27%, 0.97%, and 7.624% respectively.

The third comparison was for the combination of
incandescent and ballasts loads. The current harmonics
percentage when PV did not generate power in 3", 5" and 7"



orders are 8.11%, 1.95%, and 1.18% respectively measured at
load position. In PV system position, current harmonics at 3,
5t 7t 9th and 11™ orders were 88.92%, 11.21%, 5.48%, 2.25%,
and 2.3% respectively. Current harmonics measured at grid
position at 3™, 5" and 7" orders were 8.04w%, 2.48%, 1.03%
respectively. Current harmonics were more significant than the
first case but less than the second one. After the PV generated
energy, current harmonics at load position were unchanged.
Current harmonics at 2™, 314 4th 5t gth 7th gt gth 10t and
11" orders of PV system position drastically increased to 4.27%,
5.77%, 2.07%, 17.28%, 1.29%, 7.31%, 1.23%, 6.06%, 0.92%, and
7.87% respectively and grid position was slightly increased in

odd orders. So, it could be conclude that current harmonics of
grid side are more affected from load side than PV system side.

For the fourth case, the load taken into account was LED
lamp with its driver. In Fig. 5(a), current harmonics at load
position when PV did not generate power were different from
the previous cases and had high values in order 374, 5t 7t 9t
11t 13 15t 175 19t 215t 2314 251 27t 29t 31st 33rd 35th
37" 39t and 41% orders that were 26.46%, 23.88%, 24.78%,
18.25%, 16.58%, 15.51%, 11.94%, 11.67%, 11.02%, 8.12%, 8.10%,
6.63%, 4.73%, 5.01%, 3.29%, 2.48%, 2.29%, 1.57%, 1.31%, and
1.48% respectively. In PV system position, current harmonics
were similar to the former cases, including 319, 5™, 7 9 and
11% orders of current harmonics, which were 9.21 %, 10.54%,
5.04%, 1.77%, and 2.50% respectively. Current harmonics
measured at grid position at 3%, 5™ 7t 9th ]t ]3th 5t 17t
19t 21, 231 25t 27th 29t 3 st 331d 35t 37th 39t and 41
were 25.37%, 22.06%, 22.79%, 17.08%, 15.91%, 14.77%, 11.16%,
10.96%, 10.40%, 7.62%, 7.64%, 6.27%, 4.43%, 4.79%, 3.11%,
2.36%, 2.15%, 1.51%, 1.22%, and 1.37% respectively as shown in
Fig. 6. It can be seen that current harmonics of LED lamp had
more than other cases. After PV generated energy as shown in
Fig. 5(b), current harmonics of load side were unchanged.
Current harmonics of PV system position at 2"9, 3™, 4t 5t 6t
7t 8t 9t 10™ and 11" orders drastically increased to 5.6%,
9.1%, 3.26%, 18.48%, 1.75%, 11.23%, 1.77%, 9.25%, 1.37%, and
10.77% respectively. In grid position, current harmonics were
more increased at 219, 374, 4th 5t eth 7t “gth "gth 10t and 111
orders to 2.93 %, 52.41%, 2.06%, 39.95%, 1.13%, 42.45%, 1.14%,
30.94%, 0.95%, and 34.79% respectively because there were
effects from current harmonics of load and PV system.

The last comparison case was for load of motor. The current
harmonics percentage when PV did not generate power in 3™
and 5" orders was 3.97% and 2.75% measured at load position.
Current harmonics at 3™, 5t 7t 9th 11t and 13" orders were
8.78%, 11.56%, 6.85%, 2.08%, 2.16%, and 1.29% respectively. In
PV system position. Grid current harmonics at 3™ and 5" orders
were 4.9% and 1.98%. This case is similar to the third case. After

the PV generated energy, current harmonics at load position
were unchanged. Overall current harmonics at PV system and
grid position slightly increased.

IV. CONCLUSION

This paper presented the comparison results of no-load and
with different loads system between PV generating system and
without PV generation. The experimental results concluded that
grid- connected inverter behaves as load when PV does not

generate solar energy because it receives power from grid to
verify the system connection. The operation of passive

components and switching equipment affects to the current
harmonics generation because the system has low current flow.
During PV does not generate solar energy, percentage of
current harmonics decrease because current flow in the system
increases.

Regarding the comparison study of current harmonics in the
system with various loads, it can be analyzed that grid
harmonics are mostly affected from harmonics of load and PV
system but harmonics of load has more affect than PV system.
Resistive and inductive loads generate less current harmonics
than capacitive one and switching load, and harmonics of PV
system do not affect to load.
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