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Circuit Designed for Demonstration Single-Phase Low-Voltage

Grid-Connected System
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Abstract

This paper presents a circuit design for a demonstration of a single-phase low-voltage grid-connected system.
This reduced the voltage from the 220 volts distribution system down to 45 volts with a voltage transformer that makes it
possible to use low-voltage rated power electronic switches to create an inverter for the grid-connected system. The
principle of system power transfer will be using control both the magnitude and direction of the electric current flowing
directly through the grid by controlling the current hysteresis loop and use a P-I controller to control the operation of the
system. From the experiment results can be transferred the system power 90 watts approximately in both directions and it
can also adjust the width of the current hysteresis loop to study the effects that can occur on the system as well. And it can
be effectively used in the demonstration to study the behavior of the power transfer of the grid connected system.
Moreover, the efficiency of the inverter that used in the experiment is 96.5% while transferred the power to load and grid is
125.5 watts.

Keywords: Circuit design, Demonstration, Single-phase low-voltage grid-connected system

1 a '3 a S a
AuzAAINITNAans an1iumalulatitlyud
! Faculty of Engineering Pathumwan Institute Technology

’ Corresponding author. E-mail: boonrwan@gmail.com



N9UsrgaRTINIIsALTnR unnangaamaTuladsnTanagassint Afn 5

unun

WZ‘QV\‘N’1uvLWﬁ’]QﬂﬁﬁNﬁlﬂumﬁﬁﬂ‘ﬂﬂﬁﬁﬂ’miﬂﬁﬁuﬁﬂuu@ﬂuﬂ’]ﬂ’qm@’mm‘ﬁ‘uﬁu@ﬂ'%‘iLL‘WT"VI@’]EI
LﬁmmnmmmLLﬂmLﬂﬁﬂuiﬂLﬂuwzﬁv\muiugml,uufﬁlu 7 ldvainuane untlasiaeulidundanuuas
adne Farvaan i ulasddsullidundeeuanuiaudansaaniian uen uazulaenddawliy
narunadaunameslii fansuiuiegdn gluuuaesnszualiing daafuegaesgduuy Aeluin
mumm\ﬁﬁ'qmm:zﬁ’mé’ulﬁﬂmma’wmﬁﬂﬁﬁﬂ/\lﬁﬂﬁﬁuLﬂ%ﬂiﬂﬂﬁﬂLmzqﬂmm‘”lwv’\f’mwﬁ”’m%Lﬁﬂmfaﬁm{
ol ustlinazuansadedemeaiildanansnin il ussudednaideininluszzneiting - 18

A Ql o ° v ° % ° s v
uazNIaAVTaLANIUIATRILT AU INAN Nz LAR AN sEvin At e e nann TmﬂmLﬂummmqﬂﬂimummmg

?

NNEUBLANNIBNNANIAINININNTAAVTDLANNTLI ATDIw U IR dusulndnnszuaaduazida a3y
wnnainszuansanannsngdeaaidsininlluszaznenlng - 18 anvisdeannnsavinnisanvzeiiia
unaadumw it ladne Tneldulaudaslnin
Tugnansafifaqiiu dseansTanfiauauiinuinau danalidaauseanisldnasanulninngeau
Wuatianin e lssunannszsad Wit lussuuauiaiatiuldifisanasani usaanis dn sz ua lin
42 v, - oo ¥ v A .
wo91lsvEnaNiNaY wanantusunulunisuaanszua Wi daliyargannau iasainnisaiadieaunin

Wonas B usEaadunasulnihdandauas ldaunsnaziiuniasnisuan igeauls anianisaing

1
=<K v a

o . a & = o O s da
@audelinansznusaszuuinArasiunlaaseuiliau salvasiasnannszudiiinaneada Nifaannis

v
v 1o o !

FUINYDITNN AT LA TN ER TN TR a 11w [1] sulauiunfulasauiu Tevissndusazauiune lfae

NANDENNBINIABELNTULIN BNHITHN MR BLaztulivaaslanidsanas uazataas g nasie
a =2 v a ¥ o a = & A dl o ¥ v

nsistnaluawian Dauddnisudanseua i laanisldnasnuiiamaafaziuniaaenivindsuunis

naanszualiingnas winsianiunlunsdnsslsaunannszua Wi sanassutapaafiluded Ay

£ a d‘ v ] Y o 1 % ci v 1 [~3 Y o a a a '3
Aediansun tesanazAesetlnanuunasiizuialugnaedddlunisaeduliiumidinsalionaes
Y oada . o e g e s . g & A .
uaNANULNANIRAINNINLeIEIINNUAN TR fazaasgndmiuiuatnabluiunngnanlilaaaniy
o o

dJ % a 0‘/ o ' a v % d’l a a =) o
Faduian1seanun aziifdunsaanliidundinmndie uazazanAeag inuiaunanaradut vnane

U
' 2

% \ | & aaa & A2 & 1 = Y Ay
ANTNUINARNUALAINARRAINTIN IWAWNATL ] wazaziiudiinissiesinuaeslszaay annsdinfeanisas
aFlaanunannszua lWinssnasutioeas fauniluanegaue

anauseINIslinasulningauiuatnamnn uasnasnunldlunsaanlaiainweadanias
anad M I TuAaIINa191 U I LN FHARN LA IR N ALY T9lALANAIIIUAINBINAN LATWAIINL

o o v e e co o o A J . A .
annuasaniiag d9lulaqiiu nasuannuaseniingniduiunaula wesandundssunazaiauasll
Anliinanan1zvn eruuinedenausasinele Usznauduutalaanfiaan M lun 1wl s Aeunasanu
wasanfine i unasanulnin nuasauldluilaqiiu Jdsvdniningaauiiuetiawminuazisnaigna ws

Wasannnisilasnasanuannuealaanfimati aziulninnscuansa daldanunsalddeananidalninmze

£
v o K v

@ansanfuszuua e lalaanss Wasainluszuugaananiasiinazsiidulninnssuaasy saiuaesa

Lo

'
o a o

inmsulaiasugtuuusasnszua i ssdunesinas fatluginsaimesudidnnseiindings Mo

wlaalasuguunaasliinnszuanselinaradulWinnszusadulneaniy seainiuasaiuisndsans



N9UsrgaReNIIsALTR unnangaamnaTulad s managassuni AN 5

fndsliinsitei i @euse dnfussuusminaaaenn s i daBansudn “n3a’ Taaragelninanansndng
Taurlil-an sevinsdunesine fuasninfildausadnfussLsmingaasnslni

LAY NRLTLTIINE WA N1 209N LULINATEMILN2aNBATL UL @ an a3 ALs AR AR Tned
usasulinansyuuamiaaeansin 220 Tas azgnanszauusssulninasuidu 45 Taasf Tnanasld
wdautlas Wi LULRENIELLNTI9UA (Isolation ground transformer) M llifinA Nl aaadaiudldamueyin
NNTANERA %ﬂﬁlﬁfﬂ%’ﬁﬂquﬁnﬁumimﬂiﬂummﬁqzTﬂWWﬂﬂ—m szwinsdunedinefiaznia feazifia
nsalAnzudu 3 nedl dulaun nedinnsanaleuntadlndnannnialddedunefines nsdinisanalen
Aaalninanndunefinesludansa waznstinnssanananaelninanndwe finefuazainninalldannsy
wazanansaldgUnsnfaindlunudidnnseindindsiinuuseiusn mnafadudunefinesld il

N19451999298UFLNIANB AT LLITNARNTAYNAY

A8n15ANEN

g1l 1 Thudenlaezunsudeezingn1F8miuniseenuuaeaslunsan s nss UL e uAa N3 AL
pulaLReaTiaueluunanuelius saazdsynerlldan ifaudasusssulninannssuusamin seenis
A1 220 Taad Wanszsuusasuininasuny 45 Taas warniuualiiduwseasunia (V_Grid) Inafsa
MI9A9ULLINAL (Voltage Sensor) ﬁmmm‘lﬁ’z@m&mmmqme’wmﬂumﬁqum@ﬁu (In phase) 71314
nszualiin T varunsaTinmasudas fnmasunszualiiin (Current Sensor) kardeysy1aunaianyinmiiu
nsnaLmanu (Inverse phase) srydnanazud i Aluasunia InausssuiinaasinlUlddunszualiin

gneBanluaciunin (I_Grid ref) InsfiAnisaninszuasessiiaziveeiusuaasadang (SW1)

220VAC
L

Reactor

Current Sensor

Rs Ls

45VAC 220VAC

i

Dc
Power Supply

Inverter
I_Grid ref

Error Pl Hysterisis
Controller Band Control 0

Amplifier

I_Grid feedback

swi1 In phase

Valtage
Sensor

Inverse phase

5U% 1 vdenlaezunsnTesssULTaNFRNTALINALAINALREY

1o ' o

Tpad AL rasaIntas A wilanissana azidunisiesulinssuaninun3almaso iy

U

usasulingings M i asiwininaanuaguaenszualiiniluaduniauazusssulinnnzai A

yan dadlunalsr n3a arenida Wi liunise (Load) dranaleuniaslnindownuldliiuaune fine s we
v o 1 a " 1o 1 [ s s v dl 1 = = o/ s o o dl
fenuaesadadagpundinisnaua aziunisisdulinszuaniuniadilanauiuiuusssulnidng
n3e e linn3anA e ay Gadunald dunefinasananiaslninldiunisy (Load) wavaalean
Aaaligauniuldlidunse 2] TesRauinraenszudlnina1edean luanunie aauisalsulasoso

FunL RVI ianszua lwindnedan nachwnsauaznszualwinida lanniaazgninnnifsaui auiuiiem



_ N9UsrgaRTINIIsALTnR unnangaamaTuladsnTanagassint Afn 5

o ¥ o

AMNEANAIARQENNATULNLANANNRANAA (Error Amplifier) ﬁim’mﬁu%gnﬂf}”uLLr’*Nmyzy’]mmsum
AaLANLLILA e (PI-Controller) n'fau'?iL%wzg'mamuQmw@ummm%mLm@ﬁ% Fasgnunsniliunnundnees
LR UNITUAEAIEasITals (Hysteresis band control) wazgavingazdudnliliugiinsniadndrinasnielu
Funafines seazrininfudasusesulniinssuansalinanedunsasulniineszuaadua] Tnaild
Fuanimef (Reactor) Aadunanssvinsdunedfinesiasnin Ineiumasanaindelninnssianss anaazanain
LIRS Ve TEaNLTa (Photo Voltaic cell, PV) [4]5][6] vaaiainanniasBeslninnssuasdu iy
Iinszuanss Ineldlalen wazinnisnsasusesulninldideudaaiafulszq iy Fududinisai
wissanerndeliinnssuansaile el iUAume fime flF LM AN NRLT

'
a

o o = e aal ~ & o

A miunismruANsaLnszuadamasita waziiuisnismauani i luumanui wansfalugiy 2
2 @ ] A \ a v a , 4 ad Py o=
Tefinanaserednszua i luan uning198e (Sine reference wave) Feiiiuguntanguaaulaigun
annusasulinnianunszualiinnluatunia deazgnivisdulflnasgnreldreuinannivun
(Hysteresis band) M linszualndnnluatiuninasa (Actual current) agnieldluaauianasi (2HB) vse
nelfaaunA ULl (Upper band) WATIBUIARIUANN (Lower band) waznasesnszualWiniluaas

o/ o/ 6 s o/ ‘ﬂl

neldaeuimapen azianuduiusiudyniamldlunisduiiglnsaladad lusugidnnsaindnids Tu

gﬂl,l,‘ummmimu ”rym;ﬁmmmfmmi”mgﬂm?iuvbﬁﬁ (Sine wave Pulse Width Modulation, SPWM) [7]

Upper band
Hysteresis pRerbe

band
2HB

Sine
reference
wave

/

4

HB
i Lower band
HB

- T~ Actual

\“/ current
\

0

y\ \

i

nt
it

IR

IR

Voltage wave

LT

5U% 2 maudsu/aeuresnszuangniuisdu e luseuianadh

a

A

gusudopauanuuu ladusapuan iR uaNsanAudulAunfALANLLLR (Proportional
Controller, P Controller) waz fiapauxuuule (Integral Controller, | Controller) Siiusianauauinldiuuuy

A4LAN (Conventional Controller) @11snRazyin WANRANAIATIRAAINNIELAUNIAL AN AT LA LA A

vaanlaazunsulugily 3

e

Input

5U% 3 vdenlaezunsnzesioauANuLLle (8]



ﬂ’??ﬂ?“’ﬂﬂ')‘ﬁ"lﬂ"lﬁ"ﬂﬂ‘ﬂ’m NM’]QV]EI’YZ\IE]LV]PWINT@?J?’WN\?ﬂ's’\l’&'ﬁi‘m fl AN 5

TnadeyayrouBunm e azifludniananafitinannnisiiauifieufussudng BIBTRIGRNER
(Reference Signal) uaz zﬁ”malrquﬁ nifaunduainnszuaunIsALAN (Feedback Signal) tneidl K, uas K,
udnsaenavesdaauANuULR uazuule AuaaL mmm‘mmaumumamqmumﬁwm u(t) 1RG0
muqu’lu‘ﬁmmummLqmylﬁﬁmumiﬁ (1)

u(t) =K, e(t)+ K, [e(t)t (1)

0

aanuaentaazunsnluglf 1 dmneenuuuagassing o waziiundsznaudidaaiuliainnsn

= v a o \ o
FIANABLUINTA LL@Z?&‘LI‘LI@mmmmmﬂﬂﬂﬂm

317 4 Wuasasasradunszualin SeldginsninisdanszualWiinuuy Hall effected 1was LA25-NP
185199997 Toe I_P ilunnadnszuainiseannsdnvirensaady uay LN Wun1seenteenseualuiinnagy
Tadwldlinisy uazdnsasanesnsasazgniiuss Tiuseduniesuaimadandy 1vp:1Ap wie

1.414Vp:1Arms

+15%
10k

1N4148 RV5

10k

100nF 10K

Offset Adj.

T

12k 13 p———L> |_grid
TLOT4 (1Vp:1Ap)

i 10

— TLOT4
Gain Adj. =

100R

5% 4 waasmgaadunzua i

gﬂ‘?‘i 5 Wunsaulaswuuiuiunana (Center tab Transformer) %Iﬂuuwmwﬁﬁﬁmﬂimﬂm"lﬁﬂu
fansaaduussiuininiinia wazazgminllldluntsiiauasesnezualifnitlnaciunsadnedadan
Fnrdauusasilninae e utadlnin azinldanunsn fnvuasinszualiiag nas 1 un3ndna et
2.45Arms (Ll VL-VN=45V) Gaifleawesanisnaanslunisidessesyuunin

=

917 6 WuasasaenaAianann (Error Amplifier) ¥3afinasasteNaNas9szndeusssuliinngn

Taudumdunpiaeseednsas alussasgninua ilAdnsnaensaasasasiaminty 1

TR3 10k

" p 220V 12V _— Lt O ok 3 [3 1
2 —1> Output
TLOT4
o 10k
W > £ v Lot O — —
o 12v _gri = T

sun 5 Famas LI s WA ANTA 517 6 29931 N8ATANATA



_ N9UsrgaRTINIIsALTnR unnangaamaTuladsnTanagassint Afn 5

317 7 \lunassomauanuuuitle [9] TnaA1dnsnasae9sanILAN K, Az K azasisnauamls

1
o =

AeannIsf (2) uazannian (3) ANaNdL Geanaeasnunli dnsiuene K, HAwiniu 2 uaz dnaens K,

{147 TeaAndmanaenavivasdldanitnisasdlianaegn (Trial and error method)

K, =R. /R )
K, =1/(R,C,) (3)
R
RF CFI RS Min @ @ Max
20k £80nF 10k 10k
RS .
nput P——{—1 - ; 2 |2
10k s |, , 1 > Output
TLora » TLOT4
t:l o = ql = s
3‘1]“/1 7 QQ@?M’JV’WQUQNLL‘UUW% gﬂw 8 WATAVUANIWIDLITALFNDTTTA

o @A

717 8 1lurasaruaNssaLEaImesIia TefiAaasastunesAsaianIninas (Inverting  Schmitt
trigger circuit) Naislnaldani-uail [10] Tnausssudunmvisnines (v,) A ldievinaianisidaauaniuy
Wunsaiudniuusssungnifaudiumesuduns aziudaaunii 4)

Rs

vV, =t———V (4)
H RF+RS o(sat)

Toem v, iiludussdilninausmedueinnaeseed-uanil eainaasaziiuin RF amnen

sat

o v

Nazilasuutasanlddoanisdiuadasiiuniu Rve dvinaadunaliaresussdudunaninines

wasuwladllls wasidunaldaaundneresnereuiamassaananisilasuwl aannllsae

U7 9 Wunsasdumefinefauiuulasfuusssuininnszuansslfiiuusssuiiinscuaaduine

Gansednunsaussusn Insdynyiungnifeudiaveslugiuuuaes PWM (Pulse Width Modulation) 913

al U

(N

auadeyeynnatly 15V uaziirnatvgatinszualninaesglnanfadndrindsluinszuaipanii (dead

time) 1111 650 ns

+1

? N

5v
s at
R2111-1 100nF ||E IRFT40
> vee  vB <7 i —
[

B Ho [} > va
—| SoE—> ™ 2R |
Q2

404 vs O

PWM_IN

]
> com Lo )  —
207
1Na148 CCT02
+15¢

t

N .
Kldssr Q3
IR2111-2 |||y o

<] VN

-

5UN 9 wasBuedines



N9UsrgaReNIIsALTR unnangaamnaTulad s managassuni AN 5 _

. > v
TR1 BR1 2200uFi100V J_

4asv
SkW p=—y
o
100V/3A
45V SKAW p—
M

2200uFi100V

- > wn

su# 10 n9asunaIaanad NAnszuanss i uaunasinas

57 10 ilunsasunasanamasiniinszuansainuaune fise s degnuilasiuniainudeulas

a

I uuRWALINANe 45V-0-45V Hnuaeaszizaanszug iinsoe lalaauuus3ng warinnisnsaduwsssilnii

nszuansamaeafiulsrq i Femunsasieanuuuld azainisadnanaalinliiunisyldlszunn 190
06T (AITUN VP-VN = 120V)

NANISANEN

=2 1] J d‘ % v v zl/ ° ! ¥ v o o dl
AINNITANHIUAZINAT AR ] Alaaanuuuliudaniu dnan m@meﬂﬂumLmﬂugﬂw 11 uae

dnsgnsninimaaasasuandlugilin 12

ERROR AMP PICTRL HYS CTRL VOLT SENSOR

d Grid to INV
utput '
Lt Lt " wowQ

output C——F> mput ouput ) Input com ]

L

@
i 10
Pawer Flow Direction

— N woove(]
m max INV to Grid

Hyteresis band Adj.

cevoez ceToez ceToor

INVERTER

SENSOR
Punn va ] mEL
O Lo
= v . <—
CeTaon
w N ve
v_rid asvac) [ M
cevoor coToes
W <G

45V Grid Voltage and

Power Supply Transformer

suU% 12 n9dpssglnsninimaaed



N9UsrgaRTINIIsALTnR unnangaamaTuladsnTanagassint Afn 5

Fwinanimaaesazuenaanidu 3 nedidaiu fi

1) nedifiaunadinasinalaurasinilildiunszuaznsn
Tunsdiilnszualnininsaazgniudesulddmansinaresnszua i fifianensesudnaiumases

usasu RNz v liiagelniafinsaila1duay wazdralounindelniandunefineslldnia lae

fsrun s naeenszus I lvarunsadand -1 uesulf uay -2 ueuutlf Aussy Fenanismaneds

uwanslugiin 13 uay 917 14 uazasaiuinuanimaaasi 1

GHINSTEK 18k pts 188kSa’s 16 Jan 2821 89:45:58 GHINSTEK 18k pts 188kSas = =] 16 Jan 2821 89 49:24

I-Grid Reference I-Grid Actual |-Grid Reference

(MY T

[ 18ns (3) 6.0085 |[ 0 W 00| 50 (_18ns (@ 6.8085 ) m..smu.uml 0 W nc“

5 13 nezualvanunsadu -1 uanuls 5U% 14 nezualuanuniady 2 uenuls

AN5199 1 neanaunefinesanalaunias Wi ldldiunissuaznsn

Rica ls (A) Ve (V) L (A) o (A) Ps (W) Sy (VA) Pl (W)
-1 50 1.45 0.51 50 72,5 25.5
100 QQ
2 50 2.45 0.51 -100 122.5 25.5

ANAN3199 1 WanszuansagnisAuliluay -1 wenuls Masiidazgnanelawdania 50 Sas

a

Tnanasanaleunidsluinysing (Apparent Power, S) aanguadines 72.5 laas-uanuls uazewliiu

N9z 25.5 06 wazianszuaniagniaAuliluadlu 2 wenudls naslwinazgndisTewdinga 100 dhsf

Ineinnsanalauniasininainaunasfinas 122.5 has-wanndls waztlauliiunisy 25.5 Sns

2) nsdinsadralaumasiwirlidrunssuazaunadinas
lunsdliinszuainfinsaasgniludeduln@imantsinazeanszualinilfantssansuiumases

el Anse $n s a i Ansaiadun9n wazdrelauindelninannnsalisedunefinas Tae

Aaun i naeenszud I luannundafandu 1uenulf uaz 2 wenus Auss Sanan1snAaeds

Lmﬂuiﬂw 15 ey i‘ﬂ‘Vl 16 ey ﬂﬁiﬁﬂuu%ﬂﬁ\l@ﬂ’]ﬁ‘ﬂﬁﬂ’ﬂ\iﬂ 2

GINSTEK 18k pts 188KSa/s = 16 Jan 2821 @9:58:14

I-Grid Reference

__@ 464520k

(0 7 @ |

U 15 nezualuanunsadu 1 wenuls 51U 16 nezualuanunzalu 2 wanuls



N9UsrgaReNIIsALTR unnangaamnaTulad s managassuni AN 5

A15199 2 neainnsmanalauniaslninldldiunssuazdune fine s

Reoag ls (W) Ve V) i (A) ! cag (A) Ps (W) S (VA) Ploaa (W)
1 0. 51 -32. 25.
1000 50 0.65 0.5 50 32.5 5.5
2 50 -1.59 0.51 100 795 25.5

o o

ANA9eN2 WanszuansagniAu i lnaly 1 wenuds Aaslinazgndnalewainnia 50 das

- -

teuliiunise 25.5 405 uazdraleumasiiindsingdngaunefines 32.5 laasluanudld uaziiianszus

naagnilsAulilnaiiu 2 uenudls maslwinazgninaleuainnia 100 dmsf Tawliiunise 25.5 dnsuas

dalewmasiwindngdunesines 79.5 laas-uanudls

3) nsdinnIALazauadiaassandralaurasiwi Il unee
Tunsdlilnszuainfinsaazgniludeduid@manisinazeanszualin i antesaniuiumanes
wsa i Tinga ¥ lrngs i finsadAndunon uazdnalaurdslninainnialldanissddluifieanase
AUFRINNIT09NN9E ABunefinesazineTaurde il dantssite sandnandeliinlsiiunnse Tag
Smunlfrunsreanssud i lnadursaiA iy 1ueuuls fidnaausuniaesniszAtu 30 Taviy
waz 20 Tavin muaisL %wam?wmmﬁmmmﬂugﬂﬁ 17 uag gﬂ‘ﬁ' 18 uazpaNLfinuanmaaesi 3 Tt
%Lﬁudﬁgﬂﬂﬁluﬁmﬂugﬂﬁ 17 Lngﬂ‘?i 18 Vuieuu suilesannsiednWauavesnszua lninitlna

HunFANANTY 1 wanwls Wi

GWINSTEK 18k pis 188kSa s E =

16 Jan 2821 18:88:47

GWINSTEK 18k pts 188kSass S 16 Jan 2821 18:25:24

I-Grid Reference  [RAREEEEEEESs  SESUEECEEG .
I-Grid Reference

/N / \
-u .\/ L=

249 426Hz

K
E%H@[ EES unl 0= 8== o= o oo ]{@ln T W nc}

-

5U% 17 nezualuaniunia 1 wanuls Annsz 30Q  5U7 18 nezualvariunia 1 uaxudls Nnnsy 200

A15199 3 NeANNALazauefineFRnane launae i Il unnsy

Reoag ls (W) Ve (V) i (A) lgag (A) Ps (W) S (VA) Ploaa (W)
30Q2 1 50 1 1.65 50 50 825
20Q 1 50 1.72 2.45 50 86 122.5

o o

AnNA191903 WanszuansagnivAuldvaiu 1 wenuls NANA A UNIaaIn1TE 30 Tau

U

& !

maslnihazgninalewainnsa 50 a6 weldiieanadnslinunise Auiudunefinafassasinnisdnalan
mastiisngan 50 lastuanuds ivasonangliiunisziiu 82.5 306 uazidle A unIueINIgE
lu 20 Tevin Maalninazgnanelauannnia 50 dms usldieawaaneliiunise Asiudunesinafassoasin
nstnateunasliindeingan 86 Taastuanuds inedanane iunszilu 122.5 sl
o [ [ g 3 = & A val dl a
g miunan1ameaedaInnIsliuAiANndaesseunsuaiamafiaTa THHAININNgR wWaTHAN

Angn giaauvasnszua Wi uacunia wanedalugi 19 uazgin 20 muansAu

a a



23 Jan 2621 B9:55:28

49,8445Hz

5u# 19 nszualninluaciunzaiiaanundia 5u# 20 nszualiilnacundaiiaaanundneees

=) aa a1 =) aal val v
ARIWNTALNTELUXEALAD ?ssnmluummmgm NNFALNTEUATAATITA TN ANLBLZA

a1ngUil 19 uazgLlit 20 Wunazug i lnaduriaiflannundreesssennszuadamesidagn
Usllaenlel feazdanasinlfsraanmauaaanszug i (Current ripple) Alnatnunsalasuutaslildae
Tnefinnundneresmssaunszuadamafiaagndsulilsasas azvinldszaenaauaesnszualiinglug
HUNTARAAIFIE Lwi%mm@mmﬁliummﬁmcﬂ’mmﬂmm’%Léﬁnm‘@ﬁﬂm‘ﬁﬁzﬁ’qﬁﬁﬁmm%q%um@ﬂm fzgq%u

g wavdanalinisgoydanadinifaannisudasiulniinssuanssliidundslniinszuasduinan

©

'
¥ =

UpEl TIANNNNIN AR AN FUNATUNINANTENU AN AT

2D,

@91

q

- . . - 4, - . o dwae &
1993702 BNLLLUNIFMTUNNF415 A2 UL B NABNI AL AUAIN AL ALY Nbatnaue luunAui
amnsnldansaieAnwnginssunistnaleuniaclnidn Rqmdensenialiatndllszanininuazainua
N19MAA89 Wud1gasnaanwuuldaintaanelaunialninnniald-un e ldnindn 90 Sns waza1ungn
AnmuazdunsngAnssnaesnistnalaunasiinlene 3 sl Tnenstiusnliun nasdalauddsivinann
funafmasllliiuniszuarnia nedinaaspanisanalauniaaliinannnialuldi unnsyuasdunasines
wazlunstiigaiinaAansuinniauazdunefisasiondalaunad il untsy uenandudsainnsouiy
Y - A 4 y dn .-
ANINNANNTBINIRUNILRATALRD T4 NednAnTasuulasressrannmauaaanssid i luakunsa
=S a; a Cs Mm@ a o o ai o v a I's I3 aca all R £
soudeAuD luNsadntaesglnsnididnnseindinaanuiunadsdunefines Inedsnisild lddudousan
. o o . .o o 4. - y . 2
dnuaziresanisaiunedamanasasnisttalauniasiinsesscuni@ensansna uaziiasainuseauluing
natuusesusn niaunsnldginsnladnds iannsadndnidsinuuses uainn ldlunsaingnsasiiie
di 1 a ¥ o v v v dll 1 a = 2’/ o aa d‘ o
wansaszuunIald vinldduulunisafsssuuimenseniagnas anvaudannisuazianisniiausly
unAnNifansnin lUwmun ildiussuuniandussdiulndngs - 1
yana Nty Wenalaunas i liiuntszuazndasoniuily 125.5 456 Tuanssinsasuluia
nrenansanarnszkd i ndeauldiudume finasiaiy 134 Toas way 0.97 wanuwdsF e ldnnaaluia

nesudunArasduasinasiAndu 130 4ms wazaunsnAunlszdnsnmlunistislaunasiiives

funafinafldlunimeanslandis 96.5 %



N9UsrgaReNIIsALTR unnangaamnaTulad s managassuni AN 5

neRngsNUsznA

o o o '

10eRUNTEANS L3 1A 1181, maTulal 41in Angaudaarinuiuesasivuw aaxosasilaeanuuy

Q

v v
1 v

Iivanun saunistlsznauginealsing o aquulEBa9as NN a1a9a9sn9 7 Mneuldatngneies neaman

a

¥
= o < 1 v

TAnuszasd WianiItaeiIN1INAReUATLALNANIIMAGEY UINTsWluunANaLLT audfaganasan

a

ueeingg

LANA5R19DY

'
o A

[1] ARADLY Tuneagou. [anaINeaTa. AUAL 25 NNsIAN 2564 AN hitps:/ngthai.com/science/26108/fossil-fuel

a9
=

[2] 1eyTas $9AaTRg. (2559). WA INHINTLUARNIUASNIZUAARL. NIUNN 15 ?ﬂmﬁmquu ANH (W),

[3] Rameen AbdelHady. Modeling and Simulation of a micro grid-connected solar PV system. Water Science
ScienceDirect. ISSN: (Print) 1110-4929 (Online). DOI: 10.1016/j.wsj.2017.04.001. (2017)

[4] Abhijit R. Singare and Bharati Mahindrakar. A Case Study on Implementation of Grid Connected Photovoltaic System
for an Institutional Campus, Wardha. International Research Journal of Engineering and Technology (IRJET).
Volume: 04 Issue: 04. (2017)

[5] Vu Minh Phap. Study on Grid Connected Photovoltaic System Using PSIM Program. International Journal of Science
and Research (IJSR). ISSN:2319-7064. (2018)

[6] Srikanth Sattenapalli and V.Joshi Manohar. Reaearch on Single-Phase Grid Connected PV System. International
Journal of Engineering and Advanced Technology (IJEAT). ISSN:2249-8958. (2019)

[7] Patrice Wira. Hysteresis Current Controller (HCC) Operation waveform. AUA 25 NNTIAN 2564
/1N https://www.researchgate.net/figure/Hysteresis-Current-Control-HCC-operation-waveform_fig1_241626615

[8] Remon Das. Proportional Integral (Pl) Controller block diagram. AUAU 26 uNIIAN 2564
1N https://www.researchgate.net/figure/Proportional-Integral-PI-Controller-block-diagram_fig4_321743587

[9] Kamil Orman. Schematic diagram for Pl controller using operational amplifier. AU 26 UNTIAN 2564
/1N https://www.researchgate.net/figure/Schematic-diagram-for-Pl-controller-using-operational- amplifier_
fig2_338104251

[10] EEEGUIDE.COM. Schmitt Trigger Circuit Diagram. FAUAU 26 NNTIAN 2564

/1N https://www.eeeguide.com/schmitt-trigger-circuit-diagram



