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ABSTRACT

The use of solar-powered panels for electricity generation as a renewable
energy option is increasing. Thus, solar-powered panels and batteries were installed in
more residences. Using normal converters, the efficiency of the solar panels were usually
reduced because of a switching loss; however, a zero-voltage switching system could be
used to reduce the loss. For domestic use, the supply voltage was 220V that was higher
than the rated voltage of the solar batteries so the battery voltage needed to be
increased.

This thesis introduced an energy transfer system using a series connected
bidirectional resonant converter for a photovoltaic module including solar-powered
panels, a battery, and a grid tie inverter. The purpose of the study was to investigate the
use of asymmetrical duty cycle control and frequency control techniques in increasing
and controlling input voltage of the grid tie inverter in order to obtain the desired voltage.
The performance of the bidirectional resonant converter was analyzed using a simulation
program before the experiment.

It was found that the input voltage of the erid inverter was 48.2 V when the
asymmetrical duty cycle was adjusted by 50 percent. While the input voltage of the grid
inverter was 150.4 V when the asymmetrical duty cycle was adjusted by 10 percent.
Moreover, the converter circuit was controlled and worked in a suitable frequency range
when the zero voltage switch mode was operated. This resulted in no switching losses.
Therefore, the bidirectional resonant converter could transfer the energy and control the

input voltage of the grid inverter to the desired level.

Keywords: bidirectional converter, zero voltage switching system, energy transfer

system
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sinmafl IRlAusaRunssuans R e R T SRR T Faants Tacldvdnnsviauwe:
didnnselindaind dmsudianvsedndadndilaziiznised 2 wuu leun wuuwsn azduwuy
Constant - frequency aztuasasieuauli Time Period (T ) Asfl 91ntuazyinsusuran
ON Time n1sAuAulunszuIUn1sHazsund1 Pulse-Width-Modulation (PWM) kuuiiaaday
\Juluu Variable - frequency @918u299591U5U Time Period (T) Iagi1n15U5uU ON Time
= . ) & = 1 . A =
%38 OFF Time msmuAuludnuaeiiasiieni Frequency-modulation wikiiasainn1saanud
agiin1sildsundasiugiuning ldniseuanludnwaell aseindenisiawes Tudiuves

a

I a 6 a ea a & I A voya [ I3
annsetindaindnuniagldluneasiu awnsoudsiialasn 2 wuu lawn wuuusnasiluwuy
A o v Y P YY) . = = s v
M linssuanyalvanien130udeAy (Forced Commutation) fie Laa@e1s n1sldenuas
dnldlunulugiunnuds dausvuiiaes asdusuuiivildnssuanealvaldiieiies (Self

Commutation) fia inesuealn 31le wae leddn agtunldlunulugruanungs

2.2.1 ABULIDIMDSLUUNUTEAULIIAUNTZLERNSS (Boost Converter)
AaUBSIESLUUNUTER LTI UnsEuansuuadn g danddivianulalag
¥aunsaididnnsetinduazgunsalmiuiigevhnsuiuasussiuusfusueen Tigesniisedu
WIIAUAIULYT Immﬁ’mmamﬁﬁfﬂmﬁamﬁmﬁﬂmmﬁaﬁumuﬁuLLa“mawé’amu n159In 1A
FEAULTIAUAIUDDNGINTITEAUVLTITUAIUTITUT 8N amﬂawmunaimai (Step - up
Converter) agUsznauluaie 2 @undnfe @iu1935nae Usenounie mmummmmam
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fiuUszgaueen lalaamdadsimiiNaing wazdndiufie 2993050959 1Wul9959
MTAUANNTINNUABULIBSINBS DN WITEAULTTUATLEBNTAIT FATAULAVBINATNY
FLAULTIFUNTZUANTIUAAIRITUN 2.2 MITVINTLIRTNUTZAULIIRUNTEUANTIUARAIRIFUN 2.3

i% L Diode %
/YT Lt ™~ -
B -

\tc

m VL vda | N
Vin (_) S Gate —C Vo R Load

JUN 2.2 299381 ATDIITNUTEAULTIAUNTLUARN TS

L 10>
Y Y Y\
+

ic
+ Wiey -
Vin <_> /\Didde Z—C V<:|\ R Load

Ve 1 antUn

L % D,iilde i%
YY)
L1 -

iC
+ = | (&
Vin <_> _aNC V{ R Load

TuaN 2 anudn

JUN 2.3 2993M19YNUVBINATNUTEAURTITUNTEULAN T
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2.2.1.1 nszvilloaingUn
n3UN 2.3 Inuan 1 (0 <t<t,)uoana Q vinauaindUa

(t = 0) nszran i vaiutean Q, wazdunienivilinszuausssiiuiloniiiuiuain
I, 7 t=t, Ju 1, 7 t=tlaglelon D, avgnludandu dunudseqashasisauseqliun

Tranlugiaal 0<t <t AwsssusudniiaindukssiunnaAseNsiamte1uIRsaun1si (2.1)

V, :vL:Lﬂ:— (2.1)

2 PN U A o ¥ d'
wasnunazadlufmideahasamlanainaunisi (2.3)

1 1
E==L(AI)?=—V.2t ? (2.3)
> (Al) o

on

2.2.1.2 AATzadoaingiin
1n3UN 2.3 Inuadl 2 (0 <t<t,) uean Q, virruaindila

(t=t) LLiﬂé'umﬁmﬁﬁé’J’auﬂé'maaﬁamﬁmﬁﬁﬁaaqﬂmag}ﬁuLLﬁqé’ué’mLsﬁw RIS IERE
Fuseniidnuntuawinld D, vhewnssuamudilnaiuianient dsenoudensyud
g (1) waznszuavesdundenth (1)) Fnsswavassundoininanndarnuazaly
dfanilonit vaufuean Q, vhawswlalen D, drelvfulvanuazuifauseqlyiuadiiy

Uszqulumalt || snasludasna t,

q

I, -1
Vo -Vo=L21 (2.4)

off

Al

off

anunsaNagaailuganwnesuaas luiinseua eanaunisi
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t o =L— (2.6)

d‘ LX) dl o U U U =
MU ULUAITDINTEUATDIAUNUYIUITEMINAINTLUA A18DAEA (Peak - to - Peak) AB
= A a = A I a
nIzianseioulaNansananzasilaelvginal t, wag ty 31naun19 (2.2) way (2.6)

[ o P

a1 I d‘ dil
TAwyindu Auunseuanseiteulanail

V.t 5 Vo =V )ty

Al = SLO” 1 (2.7)
wnuen t, = DT uag t, =1-DT adluaunisii (2.7)
VDT = (V, -V, )1~ D)T =V,, (1~ D)T -V, (1 D)T (2.8)
Nnaunshl (2.8) levilvogluguegrsils
V,DT =V, (1-D)T -V, T +V,T (2.9)
V, =V, (1- D) (2.10)

FIUU WP UAUDDNRALIINITTABUIBSLADI LUUNUTLAULTIAUNSLLEN T LARIauNISN
(2.11)

V, = (2.11)

aunsi (2.11) wansdaussdufrueen fadndidanaoanaiuas D slandugudussiusuoon
AANNTDUAULTIAUATULYY %mzﬁmi’g%’ﬂimiﬁwmu (Duty Cycle) fiduiingu drdruly
aunsil (2.11) sgdvunaidnasuazussiusuosnazdiausaduannnindud ussdudusen
sgflandasundasmuussiusudiuas Aigdnsnisiau sagiianigdnsmsiauiiand
Tna 1 ussrunueenvzdandlnaaiud (Infinity) mnfiarsanainidsiiidianudivinduau
ponalid

Vil =Vl (2.12)
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U U % dl
ENUATLTIAUATUBDNINNANNITN (2.11)

V.l
VI =50 (2.13)
1-D
Fat nszwadudade agld
IO
I, = (2.14)
1-D

dntBaneidnnate agvinuluzuresmuna lunilsmunaiasysenaulaiieyisna
t,, wag t. Aty Awesatuan azld

on

LA LAI  L(AI)Y,

1
T =_=ton+toff = (215)
f Vs Vo _Vs Vs (Vo _Vs)
Slodnguannsi (2.15) Il azldenszuansiionvesiumienh fsaunsi (2.16)
V
V. (V, V)T VS[(l—D;—V ]
Al =20 87 _ ) (2.16)
LV, LV,
wavagldmsunidenhildluisesmuusdiunsunesnesiiaunisa (2.17)
L= 5 (2.17)
f Al

2.2.2 ABUNBIMDILUUNBUITEAULTIAUNTEWEATS (Buck Converter)

YNNIV NIUTDIINITADULIDTIABSUUUNDUTEAULTIAUNTEUAnN T 1TUNTS
ponuuutiielfusadiusnueeniiddinindud uasdaussiuniuiideanis Tneiuduain
Heulwsauadsfinnasonsunienirlumunadisuitugus anduaunsamnssuadilna
Musmdenild msliesginsyhauveseindlunsasinun avdesiinsziluaniuregi
29DIALYAYDINATNBUTLAULTINUNTEUANTILARITITUR 2.4 UATI99INNTYNIUTDNITNOY
STAULSPUNTEUARTILARIFaFUT 2.5
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+ 1 =
Vin C_) Vvd ZX Diode —C Vo R Load

JUN 2.4 19958ULATDINATVOUTEAULIIUNTLUAN TS

S L iL; i0 ;
+ KWV-\ -
Gate ; +
VL \LiC

Vin C_D /\Diode ~——c Vo| & RLoad

S L 1% %
-4 oA/ M AT N —
VL 7 \bC
Vin ZX Diode R Vo R Load

Inuad 2 aindilo
JUN 2.5 199301971910 NTNOUTZAULIITUNTLLUARNTS

2.2.2.1 Annzsiidleaintun
INgUN 2.5 Inaiait 1 wean Q; vivuaindln (t=0) nIzuan1u
v 1 Y ~ o [ % Y N ° a d’( a 3
wWAluaru Q wazduilen vlvnsziavesduniderdiinauain 1, 1 t=0 Wunan |1,
7 t=t, lngnszuanluacdiudinied azuindunszuanlinaniy R hazlhssduiinasadnas

WINAUBIIAUANATDUAILUREIUIUINAULSINUNANATEN R f9aduni1si (2.19)

Vs =V, =V, (2.18)
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W V, = L9
dt
el L‘Z—itL =V, -V,
4y _Vs Vo (2.19)
dt L
dt Tunsdleglutiaianinssua fie dt=DT
Amm=(vslm3jDT (2.20)

2.2.2.2 AAneilleainuiln
1N3UN 2.5 Wnua# 2 weawls Q, virnuaindile (t=t) useiu

wilgahdounduvesiumilen Fewieaynsuiuddiuniy R vilvusadumuesniifuiniu
quyili D, vhemdshlddumideadmendsiueenulseuaiiouduuvasanadnilainla

Anszunalraniuimuniu feauni1sn (2.21)

V, =V, +V, (2.21)
us Vo =0 azls
V, +V,=0
V, =-V,
d
V =V, = d—tL
A _
A _Aior _ Vo (2.22)
dt At L
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dt Tunsdl eglurrsiameninssua fie dt=(L- DT awnsadaguaunisinalinaunisy

(2.23)

Vo B
AiL o :_(T](l D)T

WA t, = DT way ty, = (1-DT) adluaunsii (2.23) azld

A + Ai|_,off =0

iL,on

[VS Vo j DT + (i] - D)T} =0
L L

VeVo ) (Vo ly vt
( j Lj(l D)T =0

L
(Vs _Vo)D_(Vo)(l_ D)T =0
V,D-V,D-V,(1-D)=0

V,D-V,D-V, +V,D =0

V.D-V, =0
V,.D=V,
Yo _p
VS

2.3 ANS9DNLUUINATNIAIVDIABULIDSLADS
2.3.1 fundei (Inductor)

(2.23)

(2.24)

Y d' o [ sa o L va ! [ a

aunlienindugunsaliinaulngaidenmuandiniaudmanlniinisnag
dnlaniseenuuudiniieninazdesianudilaneaiunguinudndniniilaesamiea
fwidAgunnlunsiiundsnulagaenasnulunsunesinesiuunuwsuliinnssuanse
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2.3.1.1 unwneslsd (Ferrite Core)

woslsadudanuszinmilasisuuniufin (Ferromagnetic Material)
mManfeahwiminuuunumeslsd sxfinaviliiAnnsimdenimandusindngsniinig
wilnihfiintuuuunueinimnn unuleslsrliddudndndusindndeudisgs Ussua
Tura3 3,000-6,000 14 wasiAnnsandeludunueslsdmiinuias Fedusumiehly
29589nBe3sdonldunumleslsduniign weslsdfnunldviunuvesiuminiaindaays
sUsauanssiueenlutuagfunsldnuuarzaiasgiulumsosnuuy

ansuslmdnildviunuusimansinayfusaasevesvan arsidealdd
AR (< 1 kHz) 16uA dnnan@aneudenta (Si< 1%) Fsdimnamuiuiundnddusangs
wiazdinisgaudenn dunaudanoudinndufdnasdusiia Grain Oriented nsgaydsas
fosasudTiafiazuns uenanIzrandaneuuddalansuindninauaisdus wu lavead
dniAa Tuaut WWudu Feihauldfennuiusyana 20 Aladsed udisaunaninvnueay
Fanauuin weslsalursialsznevluspsanladuaanan dingd wueniia wiediniia
wiaslssiuila Mnzn danuvuuvuridndusimangsnitvda Nizn usivhauldfniuivssann
1 wngidsnd Fasndiwda Nizn fevhauldds 1 wnzidsed weslsdivarnvarevianuusdas
gnanaNwaziiavIREsig 4 Wi 6H20 waz 7TH10 Wusu

unuleslsadmsuunasinglniaindalaevilazgruanesnuiivug
WAy FUNIIAN 9 WU wnuwuu El EE EER visawnuwuy POT 1usiy Uﬂmmmamvmuﬂumaﬂim
aaﬂmiuaﬂwmvmsﬂsvﬂmﬂu Rerarsmnlunisssneudriuueuty msvssnuuny
weslsiuuveututussilimadusmanduiman fnstuluunumeslsfidnvasius
Ussula

EE-caore ring core L core
=
pot caore 2 hole beads

JUN 2.6 dnwauzvasnuloslsdlugunsesingeg
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Snvnraudiveadeasilivhunumeslsd Tnedloasunumoslsed
AudnwazALanssuazdquandimaindnvesnuiloslsdfiunndeiude faudfasd
yahfugnusgnsinig luwkudoyadoasiflinfuunuledlsdiy ssfesdiseandon
AuautRvontoasuandliiauedoyaiiddyasinarudilauasinely fo dulddaneida
(Hysteresis Curve) uag AnTsgaysduvasunuimoshss (Core Loss)

@®B vs.H
500 |

450 I 23'C
400 L —
350
300
250 /]
200

/|
150 /’
=1/
iV

0
—10 O 10 20 30 40 50 60 70 80 90 100
H (A/m)

.

L~
w

L

B (mT)

NN

JUN 2.7 dulAsBawmestaveunuiaslen

WAUlAIBELR B3 TAITULANIAINANNUT TENTIAIANNUILULY WNANT
whwn (8) MAntulunnumeslsdfuauduvesauiausingn (H) AAnnmanieiwes
yaan Auuuunuleslsd faguil 2.7 szuanadulfBaneiavosunumeslsdanguazii
IFAa NSNSl mdnazdanunniu iearuduresauiuusindnianfuauds
ndsdsmanumnudundndusindniauiviutosnn uihasinnfuturesnuduves
auLmaAnidfiniy angadinanagiiuiunuFuiinsdudveadnduivan Tagund
nanazuaninsveaduldsdanoitaiivsaiafoailonndnasmiveadulddamneidany
fénvaumiloutunnusemaifsudssidnvauenduiimmeiusindudeiuns denuveauny
woslsflugnieafsmstmuaanumuuiy sdnduiminfifntulusnunsshauiaill
\Ruesmdesiaramuuiundndusivangeaaneudusveaunuleslsdiionudasa iy

Ansgapdefiintuluunueslsdasviliunuleslsdiigumgd
geludsilanvneg 2 Usen1s Ae nsgayideiiinaindnvurBaineidavesunu (Hysteresis
Loss) uaznsgayideiinainnszualvaduluununesls (Eddy Current Loss) Tnefinamad
100 Aladsnd nsgadsarnnisiianszudlvasulunnusszdadosdmivunuiivuindn
frfunisgapdeiineliAnauouluunuenafinsanliinnisgydonsdaneida vomunu
LﬂmasmLﬁm(ﬁhasmﬂﬂv\lLLammmiqigLﬁaﬁLﬁmﬁﬁuiut,muLWaﬂsﬁTLLaml‘ﬂu gﬂﬁ 2.8 lngUnf
ﬂ'ﬂﬁﬂé’qqigL?ﬁaazgmsuﬁ,ﬂuﬁiﬁi’mﬁdwﬁqQﬂmﬁﬁmm (KW /m®) wazilenduiuAinig
yutuidndusiman anudlunislinu sufeumgiivaddouvounumeslsd
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® Pcv vs. Freq. 50mT, 80°C

10
/| /
o 10? A 1A
£ 10 v
=2 77
: 5%
& A
P
10 == 7H10 5 S5
—=t
— 7H20
L
o GHIZO/
10 100 1000
Freq. (kHz)

Ul 2.8 Fnsgapdeluunumieslsdvenieansalin 6H20 7TH20 way 7H10

232 msesnuuuimieat asiidesmuatazdnsiadmiunisesnwuudmyu

Funionhaindd sl

2.3.2.1 SU‘m(ﬂLLﬁ%EUﬁ'Ni’mV}g\‘Iﬂ’J’mﬁ%aﬂﬂi$LLﬁLLaSLLiQﬁu

2322 fisgayde UssAvsnin vioguunifiisay

2.3.2.3 anandinsliihuagiBanadun

2324 ANURUILUUAUIILIEN DU ITBIWALEN

23.2.5 MdsugydsluaiavewawSeunuman

2.3.2.6 AuENTRBU 1 Permeability () 1udu

TAgdANN15VRINITODNLUUAIN

LI
BRu q)max D) ;Lmax -1 peak (2.25)

\~ S SN SN

NTATIATDIRINNDLAT Iagrdananuaade (Cupper loss : P,,)

P, =l R (2.26)
Tnefin R wilgann
R= pL (2.27)
A,
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2.3.3 nsidenvuiaknumaniaeldisnisAiuaniuy A, (Area Approach)
WBasiiluniseonuuulaedldan T, Fee1feAUAUILLLIINTELEVDS

Y

aniii (J =100—1000A/ cm?) azAulIMmuUInvesnumanlagadl

N :;'_axs (2.28)

KW = Nle = NA, (2.29)

w :% (2.30
S

1A8iin159NLUUIINTRNUUALALIATIINNAIUIUMIAT A, INANNITH
(2.31) 91Uy Eonvwinvasnuliiuunuinnil A, Aldainnisaiwin waaldaunisi (2.28)
MNITATUIIITIUIUTOUVDIVAAIAALUTEIY (N) TasNAIUINMITLUIAT8IaInRtn A,
1NaNn1sh (2.29) aamelvdeniuesaiavesualaedentyidl A, vwalngindt A, fd1wiu
FoilalaenisiienuesainiiialitesniiAranudniineunsiiianuigegai agldauud,
o o A vy A v
Unfndedlull A, anuvuefident’

2
gm= |2 (2.32)
LW
dlefvusly £(m) A AIAIINANKINDILA

gAWniy ——Q
» 56x10°
w1 ARWINAY 1,

Amuwuan P, aanduliusuen J Tulaulden P, faanzas udidiuu

MIUIAVBITDI0INTA (Air gap : ;) uagyinisusudeseniaaularnuisenis
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(%

23.4 YunpunToRnLUUSIWTs Tnsaydesiivun L1 way %Al f9uneu
Forilui]

Fumeudl 1 fmuaeumuiuresnszua (J) lutae 2.5-10A/mm? &4
%uagiﬁ’ué’ﬂwmmaamﬁzmamm%au AvueA k aglutae 0.3 - 0.6 %uagiﬁ’ummwmuﬂu
maaamuﬁﬁjmmmLLazﬁuﬁﬁaadmw’mam

w1 Al Tasfidvueld Al =2(1_, —1)

A1 AB Tagfiiwiusl AB = Al xAB,_

(@wsuunueslsd AB = 0.3T)

i o 1% AB
WA B, tedinmuali B = AB,_ — -
Fumewd 2 frurasm A
LI .1
Ap — peak * rms (233)
B Jk

Tne9 L fndlewdu Henry, | fndqrei8u Ampere, B vt Tesla, J fuuaeidu
A/m? uay A, Swihedu mm® vSe mm* (muvuieveInnw)

& a a & o v YR Ay v

Tunoudl 3 Ldenvuinveshnuvaniial A, TndiAssdua A, filaainnas
AU UTURBUN 2

JUADUN 4 AIWIUITWIUTOUIBIVAAIAINAUNITN (2.34)

N S 2 (2.34)

max
e S fvthedu mm?

I - ° e VY - v Sa oy
JUADUN 5 Aruramiiiuiniidavesrnadn lagidenldalnniliduniu
Audnanslndifgaiunanula

A, =1ms (2.35)

J
d= A (2.36)
V2
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I
v

JURBUN 6 NAFBUINEINITANUYAAIRAdLY W Tevsalil 9 naunsh (2.37)

W= (N x fufivihdeunainiildase) / k (2.37)

I
v

TUABUT 7 AUIUMAIAIINNI19VDS Air Gab (1))

2
l, = “OZ—I\I'_S (2.38)

2.35 Wnosuadans (Power Mosfet)
¢ ° v A a & i a a ¢ =

wesueamnausarinulafiaudgecud 20 Aladsad luaudegae
Uszanas 200 - 400 Alatdsnd sseziianlunisildsuaniugasudnedy Yaguuiwudlunlv
MaUleNAMUDZNINTU FeaztieanvruInvesraunasinedld 19astureaniIesuedaln
ansaihlddelaealupuueanalaainled TLP250 lngnse lassasnsveuniiiesueamngg
ululens N-Channel uay P-Channel ueaiiaUsznoulusmeudiuau 3 91 laun 1ha (Gate)
Lw5u (Drain) wazwosa (Source)

[ a A a g s o a o A o w

Masugydeiindulumiesueamnuueyiniul 2 snvazhe a1
goidvuuridsugniuzuazMasugdgidsrnziinTsud  nnesusanazdtisansy

u Y Y
o 1

thnseuaiartnadungatnssuadu esnnmulasiaisoumiieiueamnagluifing
azanUsziintu ogslsimumiiesuoainasddinuiunurusiinssuadeudisg
AdsugydevazihnssuadsganinlulnadfinnesnsudamesfusiindisnaFmhnszua
uagngaminIzaresefueanazAoud19dy uilnevhlumnefuoamainldeud
mm?ﬁqaqu miﬁmmﬁwé’qmuqzyLﬁmmzﬁﬂmu?jﬁqLﬂuﬁmﬁwmﬁﬂé’wmq@Lﬁmmmﬂ?{au
anuzanAneng uaziileanntisanFumeatiinszua (Tum off Time) Autianaizninssus
(Turn on Time) TasimieiusamnialndiAssiuisioninnAnisaesdionan dfumdsny

goydeveannesueamavusineu By agildwiiy

I:)D = IDsw(on) 3 I:>sw(off) b Pc (239)
05| PK(on)Vintr
Psw(on) = f (2.40)
05' PK (off )Vintf
Psw(off) = f (2.41)
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P =12

c Drms

X RosonT()) (2.42)

W Payeny A8 MANUALYE8 VST IINNSTLAYRINLIDTUDAL

P

o w I~

Paweory AB MASUgedevaitsungatinssua
P. fie Mdsugadevauziinssiaveiniesueain

Lok ony A8 AMNSTUAAIAAYULSNUNTEIA

Y 9

O

A 1

AB ATNITHE rms

I Drms

Rps AD AMMNAIUINUIENINNATURUTD A

Ty Ao aamqliseurogian vz iIUUDLNLID oA
t, Ao PranansuhnszLavesnLIafueamn

t; Ao PnammgathnszLavounIIsIRA

2.3.6 lalen (Diode)

lalemdusudrudidnnsefindsiinassdadiods P uasda N floenuuuuas
muaniiamensinavesUszqlnih suazseslinszualnitlalufiemaien uaziunisivaly
frmansstudia iendnilalen fhazvneddlalondivinanainansisii (Semiconductor
diode) Fsftrennvasansisimirfivefulddandlnihassds dulalenuuunaonggainie
(Vacuum tube diode) gnlfiamzmalumaluladlviihussgeunsdszian Wunasngyanniai
Usznoudetdidninsadesta Seazfoudusn (plate) wazualna (cathode) danlnaisnay
1#lalonlunsseslinszualulufienafen Tnsgeulvinszuallunislamvils drunszuad
Inafiemenssinuiuazgniu fafudsenadednlalendundnssasuuuudidnvselindesn
nila Fafuduusslevdegraunluiasdidnnsodng tdu MduiiSsanseualiiinluiaes
uwnasdnell 1Hud egslsinuilalentanuaansamnniinisidugunsaliliide-Unnszua
189 lolenfinadnuvasnislifhilddudadu feduifudauseuiulsdeenisusuden
Tassadsvesminuiizenitsesse p-n sugnilliusslevilusnuiiiingussasdfiem vl
lalonilgunuunmshaulsivainnateguuuy snsetratu Siueslalen iulaleavindimi
vt Afnusediunseiuliingg 13uenlalenldlunisuduudedygraluniosiuinguas
nsvien] lolenglusdnioviuiualalenldlunisaisdygnunnuiing waglaleaduaiy
gUnsaifiadauasiy

dmsurianasnmadentdlalesiu iosanaeunefinesaedidanuilunis
yauresisasRaus 20 Aladsndiuly laleaitliluneunesines Fednduiidostinuaudd
Toun fusefurmzyinszuani dvanaarlunisiusa (Reverse Recovery Time: trr) g
anssanudsliiildgs semndaaneulalenflilunesdeanssuaialudsiannsniunld
fursasaeunefinesld esnnldsrernalunisfudiunn Mmasgydslusuanuoufies
Artugeuayiliiiussansame nelalondldluisasrounefinesannsndentdldlu 3 +dn

31



fio ¥flausn whad — 3Aeslelen (Fast Recovery Diode) wiinfiaas sansmad — Sdniies
1alon (Ultra Fast Recovery Diode) wavefinfiany wondalalon (Schottky Diode) dslalen
wiin vhadt — Ideilalon axdivasnaAusauszata 200 - 750 wiluluit Faduninddneu
lalon Tdnsmuussiuludandulaasis 1,000 Tad drulaloavia dansivad - o3
IalenagdvrsanAudiiuszana 25 - 100 unluiuni dgasmuuseduludandula 1,000 1ad
usaumneseunsdithnssuavesinlonisanseiing danedlutisszam 0.6 - 1.5 Tad
237 fuiuUsegluaansiduesesnuwsiiuRdyftneunesinesuuuTuu
fufuUszaiivihiiAundanulusuvesszglnih uazdrsusediuduesenvie
movUszqlitiiilensaln egluianartnszuauazfivuszqilenglurianamgminssua
Jeagdoadenduivlsyaiannsonuussiuldyniuusdunsiueen yndendafulseid
yualngjazhvantssfunszifionnsiueenld fufuuszalursesidamafiansanlulvun
nszuasioiflasvensaTnuLsLATYAITRsUNBdneS Avesiuiulsey Rorsanldanaunisi
(2.03) ussfunsuifleamsdinuoon (AV, ) uas nszuadueen (1, ) Alfnu ddiludagean

Mgy anudlumsduainduesneuiesines (f) daunisagldmuumendiiulszqiae
gy

I D
(M7 e (2.43)

fAV,

AAUNATUN AN AEUNTHYRIRIAUYTEY (Equivalent Series Resistance: ESR) #1lda1n

AV,

ESR = (2.44)

O(max) + AIL
1-D 2

(max)

2.4 gunsalddnnselindinga
2.4.1 weamnias (Metal-Oxide Semiconductor Field-Effect Transistor)
woalnin§afildluasasdidnnsedindingds Sdydnvalvesusanniids
AENwrYRINTTLaLazusiuliihvranIzegin AnanvuzvaInseuauaswseiuliily
9ANAR WAnaFagUTl 2.9
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5UN 2.9 lassasnsiazAmuanvieUaLaanNningg

d' v 4 o & o ¥ IS5 (% !
Wespenslineamnidedinssuavzdosinisdounseiulniisenineiing
fluweang19faiiled YIuIAINTAInTTveweanmaRiaA10g seninamanduveunly

[
=

AUNNDINAN5 DU UIUNT TILTUBYNUTRALALVUIANNAVDINDANANIFI ANUAIUNIU

Y
v av o

i Y] & X ) Y] Y &a
38‘1/1’3’1%‘01Lﬂiuﬂmﬂsﬁaﬁu%ﬂuaaﬂ‘UWﬂ@ﬂ’]iVI’N’]uGUENLLN@Ul‘V\IW’] WqﬂWULLiQWUIWﬁWIWQQﬂEN

=1

gldAauF s asuiuegeaiiauinty Fasiinaded dsgaideainns
nsed WU waamnidsdlifnanisinauesasssaulidn 1,000 Tad asdianmnudiuniu
sgwinwasufusmeamnniteamafdsidafitanisinuvesnsadulalihle 200 Tad
fadu magadsnnmstinssuavasseamlaidinuld 1,000 Tad asfitdgadeifnan
nsthnsziainniteamafdsinunssiuliinlg 200 Thad Tullagtuueaminiidsiiafida
n1svieuveskssdulnialauinnds 1,000 Tad wididanssualniilalidiiy 100 wouwys
iduigaveseaininds fe n1siauivesnsaindiidunndmdnvansfesilaidsnd
2.4.2 19309 (solate Gate Bipolar Transistors)

le3ddnidugunsaldidnysedndidsfianunsamunsliihnszua uazaiuay
Tingminszualalonisaruauanussiuliihfiving leddasidydnval wazsaudnuazyes
nszua wazhsaiulnihvazanzedi wasAnanyusraInTEna wazuswiulniilugauai
nanafaguR 2.10

Collector C i i
t b
l 2 On
+ Voe
Gate G ¥
°_| . °+_| E o : off
- — ¥, e — ¥
Ve / 0 cé 0 s
Emitter E .

5UN 2.10 Tassaianasaaanuyvetleddd
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lo3gdlasudenvasmeamnids nsudawesings uazinlelssawes (Gate
Tumn-Off Thyristors) snmegfedunan fe ledifiazdavesdufiunudvunadisirigsadne
ueaaids Fafeansndanuosunnlunismuaunssindnuaunis uazngainssua
Froussdulnlihiivnng saisannsaldounisainddsinuias uenaini leitfasdan
usssuliimnasenvaziinszuanadnensuBanesinds dafldn 2 fa 3 Tad dmiufida
wsadtullyiin 1,000 Taad uenanduledtfiazeenuuulimunssiulnihduauldndreduiflels
Sawestisaninssud wasneminszwalaiUszana 1 lulasiund daueidanssualuiiis

2,000 wouwls wazinawsasulninge 5,000 Tan

2.5 29959ULAA

dntloddidesmussdusnduinaiiielianunsaviauluangtiinssua uazven
thnseualddnsesiuinnaitansdsgud 2.11 Wusastuinalagldlediues TLP250 Fsld
Fudoulssdyramiuanieuenlandyaiamiddniinseniie s fds LAEI9TIAIVAY

g
1
aaa 1

doyqyaannuesmuauandudituseadiniegnsluduenlandyaamiawas Favimidiiie
Tukeansiudawnes (Trl) (NPN) waens1u@awmes (Tr2) (PNP) 31 nsudawes (Tr1) 1uwvda
NPN #osnsdgaaluneadudynialvuin waznsiudames (Tr2) WWuvlin PNP doanns
Fuaaluseadudyaralnay deonsudawes (Trl) uaznsudawes (Tr2) Tésudyyio
Tusealudygraliuan vilinsudames (Tr1) dinsyuatazluvuzifsafunsudamnes
(Tr2) neanseua

|
1 n=y_z
2[] 7
Egl 33{
3] e
3-
4[] 5
Truth Table
1:N.C. 5:GND
Trl
2: Anode 6: Vo (Output) ! T2
3: Cathode 7:Vo Input On On Off
4 N.C. 8:Vce LED Off Off On

Ul 2.11 s93meluleiues TLP250

2.6 uiiuguieatumssdygiuuegananuniIead
Tumsmuausgiuusuliasfivesunasdgliaindds lnovhluagldinaianisaiis
Fyyramegranaunitaiad sudunisaivaulaeiuasuudastiianaiigunsalaing
Budnmsedind Wwunsuawes uoawn viodu 9 duthnssua iWunaliAanismuguussdu
fusenlildafidesnis Gﬁaﬁﬁaammﬂ’ﬁmuqmLmé’mwua%”mé’mﬁmmgLam'nmm”mﬁaﬁ
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fio annsasnuszsuussuliTinnunsfiganziinsloundussiuussiuandusensnldly
nsmuRude saehlfAnnnugydeidsnulunismusussiumhdsalitiafosninde
mMsasuuUasesgavniivarliaugs dnvauznsianuesdyguuegananuniaiad
Tnehluiiog 3 dnwaie Ao nwasiinds Wasuwlasiimufuazauniavesitad (Variation
of Both Frequency and Pulse width) &nwauziaes iWasuulasanuilaearunitswesiad
A3l (Constant Pulse Width with Variable Frequency) wazdnuaeiiann Wasuulaiainy
navesiadineaudagd (Constant Frequency with Variable Pulse Width)

M 3 dnvaisl idetkasdaideiiseuly nsiauludheasiiaes uay
Snwagiany agindnisieludnvaeiivis Wesnamnsafivunmnudndedisiaifioe
ylvainddasngamesvirnulsedeivszansnngsaals wilunuudnuaeiiniaiuaud
LLaummmﬁwaqawmmmamLamm'mm'm'waam‘viumﬁuul,aqmmwimawmiﬂ%mmm
mmuawqmmmumimqmﬂlm Faifu JRsadyIeganaunaiaddalng 3y
msvhauludnuasiiaes wiednvasfiay Judlngludagiuisesadrdygruuegian
aunieiadlignimuniduisesdnsagluleddufenmunzdmsuldanuluiuwrassng
rlnsslasiane Gsnsldaunedlofindrdamnsalionldie lnesogunsalifufunieuen
Weadntles Lﬁaﬁlsﬁﬁlu@hﬁmumﬂv‘iﬁmusuaﬂmsa%ﬁ@mmm@Lammwm%aﬁaﬁﬁuﬂ ook
mw‘hmmaaLma'ﬂﬁh81‘1/\1&1Naimﬁaﬁmmamysiﬁmnsﬁu 9199 nsifisfsnasdmiussuy
f199) W asUTsuisudmsulesiunssuavsouseiuiu Wudu

= (4

2.7 588 (Relay)

= s & s A 9 v & Y | < - =

Sidilugunsaiiivavundsnuliirlmdundeuudvan weldlunisfsga

Y U U 4 a Y Y o a =) a

nihdudavesrauunnlilasuanie lnenisteunseualilviniuunain wevinistavseds
wihdudaadneiuaintadnvsedng Jusiamsatsadluuszandld lun1saiunueassng 9
Tuarnsdidnnsetinduinung wazilugunsaindesinunvinluaindnssnudianvseiing lny
awaastounsvualiilvluadiuvnaindiuiunils ietlualuauieasmdnugs 9 Aree
funthdudavsonouuinuessiad

2.7.1 viannsilewnu

(Y o & v = & [J a a a ¢ A
nannIsinullesiuressiadaenisvinauisuanleaing iedeunseua

Tifuwaain (Coil) Ineluaziluraainiusauunuman vlidnauuwimvinlugamanseu
MIuNI1015L0L995 (Armature) Iidnasun Nlatevetefiesaiunilaingadniualss
(Spring) kazUanednaunilsdafnnuntduda (Contacts) nsiadouionsiuiass Juduns
AuANNsiadeunvewmihdula ienanvssungiunihdudadnduniswdafinegiun il
Uaaindorsiuaes Nazndugiuniadiu israuisadivannislluaivaulvan (Load) 3o
19a58iannseiindene 9 lanuAeenis
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2.7.2 mihdulavessiad
Hagtufiadiflunanyaieamnsanuauvihdudidlivaroynensinaedsu
Fengniaegfunthiutaiiadeudld 4 ga fuidindimifmmsamuaunisungvidonniu
YomtAUNELATe 4 yn

JUN 2.12 lassaauasdydnualvesyanindudauuy 4 PST

vinamihduiafideuillédfideoninty (Pole) Siadlugui 2.12 & 4 47 3
Sonuthduiauuuianduuuu 4PST (Four Pole Single Throw) d1usiazdaiitnasuiindauen
nvthduasunisluunsiunidudasnsunianioutuaindlon Tnadunsdenndduda
fuuvegiaaesiiu wihdudauuuiidodn SPOT (Single Pole Double Throw) Tunsdifilaid
nsteunseualnindivnainvesiiad @an1az NO (Normally Open) Aean1igUnAntindumany
Fanenaniy drdesmslvduiatuazdestounseualiiindrunain druaning NC (Normally
Closed) ApannzUnivthdudatuiadudiaiu srdesnsliuonfussdostounssualviing
YAa7n UENINLEEILUULENReULEIEUNE (Break-Make) Munefanindudaszning 1 uas 2
asuenNfunauividuda 1 waz 3 svduiaiu uidinasetiufufe widuda 1 was 2
zdunany wazagliuenainiu auANUINEURE 1 uag 3 wdurany (Make-Break)

2.7.3 afavediiad

Swdfnanlutagtuiioguninenatsviia fi3subszveuusisadnienls
NukaziTnAuunsuaty 4 wia lawn 0151w9isiad (Armature Relay) 303188 (Reed Relay)
a0t (Reed Switch) way lsanalnnsiad (Solid-State Relay)
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2.8 1SlULUUNIAIULIBSIADS
nswdasndesnuaindyyisnisaivaudyyinaunineiad (PWM) Tivinaulu

v o
[ a

aIntlnun Gﬁqmsaﬁmsﬁé’mmmmmﬁqqé’asJa"SWﬁ'SLaﬂmamﬁﬁﬁwmuLLawqmv‘hmu (On/Off
Switch) azdsnaliiAnussiunaznszualiingaige Ssadnddidnnseindanunsonureusediu
waznszualnihiigald dmwaliiaanisaadelugunsaiaindigds dafu nmeimunmahaues
1995 Tasuinasatiuiues(Snubbers Circuit) iiteanusaiuluiindrvas (Voltage Transients)
fiAnTuresiigUnsaiaindinds uazannisgaideresguniniaindids Inenisanydeves
QUﬂsiﬁaﬁwﬁﬁwé’qLﬂué’ﬂﬁ’;uﬁ’uﬁ’mmm%%st? (Switching Frequency) nsifiuaudaing
fiangs vdmaliuamamisniuasiufvUszglunssivuadnauasdunus Vel dadau
yngunsaitusgiunsgadeiifintuvesnmsaindlugunsaiaindida nmafiuaruiluns
ainduardelduseuiilésuainanuivenslosuuiineuiedined Sududfidrfy 2995
slanuuineuesines Uszneuludeasuisdistouuuididifiannug Unfeududayaio
latl) dynraussiunsenseualaiihlvilidndugud ievasuusefulaindugud wie
nszualiifiinugud dnulvanslouuw nemlvsndegatu wdosyuudaialans 1a3e
vaeulavy Ledosaiamnumimdnnieni Tamaddidnnsoind uazialeadounuigs 1u
du Tapaziideliusouiiddnie annsgadelunsaindidoainddmsasiinszuagud (2CS)
vioaindrasfiuseiugud (2vs) wasdeiduiuouiidrdyesisasislonuud Ao Adundnd
anudisTauuurinszualuiasiiiunndmaliussfunnaseussdanntue duu @lad
fidenldazdosansanuusssiunnasonvnsdaldgs uaz marsmisthuasadufulseqly
19asTidentd axdesdvuelngiieamefivzanuisasiundsanuls
2.8.1 slouwuuvioynsy

a Yy ada ¥

sleuuwieunsuiitedre af1eihemagn awnsadtemaslnihaglalaenss
Mnnsaslalenndvhetesslaghifosiasuiuussiumdslnihiseannsouiumunliie
Tnen1sufupnudiineesdunesnes wasiifedefevnr Joudyaianiiotuinsduiesines
119351manazidnsaseanlild ldamisonunisdnisasinanldauauidaluinlasnsusu
anudfadndlideusenainanuiislonuuvivihlinszualdrosdured Favilifionfludn
Andu

282 SlHUUNL YT

slawuwisuurunuidenfe Tuflvaedomnsiiedudyaianasdunesines
2slvanausallansasoonls vunsdnnsasiilyanls fuvieniuazduiuuszgililuises
slouuwilisndudesvunniidauseiugs iWesnnszuaduguaduaums Felrrgegn (peak)
asifsfumbaslouuw dedeveasTanuuvinuvruuie lWanmnsadefddlninAdliloenseann
2aslalonisadheiess destimsusuusaduanmsltaindaugy Sududest choke iiesan
1y constant current wagsastivuslvgiiiiesanndl choke uazasaTMIUANLSTURATEUNETHTY
19BUIBINDS
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2.9 MM5AVANNITINAYDINGINUAIYADULIDINDTUUUADINANIY

dmsunismuaunisinaveandanutu isnazerdenisauauussiudalin i
Arasil Tnsussdutialinssifosdigmeiineunefinesazarunsoadrsussdiuiialdlung
AuAunsuald MImuauussulalinssausatuaseufiulszyazodendnnisvesniny
aunandaulaeiinaln fe luvuidunesnefvesypaiuauusadavesivaniaulugiu
uelwed ussfuaseufuiuUsEgazanasnIeiimun Asunefinesfazgnaiunslifsiga
sununasielilidngreunedinefilevnlasailusuivssinlvussiunseudafiuusz e
Agetu Tumenduiuneiidunofimeseiluguiinuuosiidsnunnnaniazgn

Y

Jeunduunaraufidaivusey iliusssudalvasadiargeninfidiinun aeunesinesnazgn

Y
=

Y o W L] o w v A o o w o o/ LYY
muaxlvReMasueenandivUszkarloumasunduauludsaenas ilviussiudad
AnaainAuaAdalunan

2.10 duL0sMa3 (Inverter)

Sunesnes Wursuasiumdsindonussiulness Whduuseiuliaduiivwn
LSITULAZAILARLGINTT usIduRIuRen @mnsanailiadinsedsuanldnugenisi
audlanuinds niewdeuanudluald Tnedidnsinisaersaesduiiesinesifusn
USudsuausatududiuazdueantd Fanldann snsrdruseninsdrvesusatulii
nszuaaduitueen sorusaiuliiinszuansenudn Fudunifenldegrunsvanelunsld
muaunuEseutesamesivlady Mldtumnlvlulssnugeamnssulviiuseansaiwlunis
yhauge unesinesildlusugramnssundsesnliidu 2 vla Ao viadlfiduundedne
sl Faluddnundeud wu undstnemdsinfuuutieaiuliihanags (Un-interruption
Power Supply %38 UPS) uagriaildiulnanfifinisnauvieindoud (Dynamic) 1u ueinos
SLRRY §ﬂﬁy’q§una%ma%ﬁﬁmiﬁammuﬂuamwmiﬁwmuﬁ'qa wazlinaliA adeyn
sumuuaszuuliihinadesdnde eglsAnudunesinesildlunugpamnssuuisesnls
Ju 2 nguenuvnardsliiihesivan dunesinesimnzauiulnaniifiidslnihgauagiu
nsguannn gnduduiesinesviinunasanensyua (Current Source Inverter : CSI) @24
auna%ma%ﬁmmzﬁ’mmﬁﬁﬁwé’qiﬂﬁﬂﬁqqﬁﬂ zifudutiesinesvilaunasdiensasy
(Voltage Source Inverter : VSI) utaasinesydiaunasanaussnuaiunsawustadu 2 Ussian
fio BunesimesuuugUadudmasy (Square Wave Inverter) uazduiasinesuuusogiannia
Auni1aiad nIedndeniein durefmesuuuficuudandy (Pulse Width Modulation
Inverter : PWM Inverter) Fatfuifionldlunisaivquaiiuiineineslnadu wazau
gnavnssuily

2.10.1 aNNISTNIUTDIBUIDIADS

Bunedines (nverter) azuaslnnszuaadu (AQ) 9 nunasdne vzl
wsaunazaudad Whdulinszuanss (0O Tneasneuniasines (Converter Circuit)
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Mntulrinssuanssazgnulanulinszuaaduiiannsausvrunussiuageuildlngeas
duLesnes (Inverter Circuit) 'Jaﬁlﬁﬁu’ﬂaaaﬂfﬂzLﬂu’mmé’ﬂﬁﬁwﬁwﬁLLUaagﬂﬂ?{u Tagvialy
wissireliinszuaaduisuadumend udednmuesdunedinesasiisuadu wandaingueied
uenantiudaiynisasaruau (Control Circuit) ¥intifinuaunisiney vemeasaunies
WasUArIRTBUN e I EaNiuAMaLTURYed 3-Phase Induction Motor

2.10.2 Tassasnnigluvesdunieiines Usenauluaiy yaneuniosines (Converter
Circuit) Vinndinfiwdaslnnszuaaduainunassnel AC Power Supply (50 Hz) T fulu
NszUanTe (DC Voltage) yndutiesined (Inverter Circuit) inntifiuuadliinseuanss(DC
Voltage) Iidulnnszuaadu (AC Voltage) flansnsniasuuvasussdiunazainudld wazyn
2993m30AY (Control Circuit) imthilaueumsinuvesareunesine fuavyndunedines

2.10.3 msudasiuirdalaihainussiulipsadulnaduildlusnugraimnssy
Tnevialudesnisuualdfaruinussdunazainuivnoen selinsdeinumidlniives
Bunedwesseinuvasinedulnan Swudddu 2 uuu i

wuuwsn Wuwuuildlumseuauueinesvunadnlunugnaivnssuvinly

Aofimsluavosddlifianuassrglugsmanldiviniu fuandugud 2.13

T

MIINTEIAIND -
']:1]‘.’1‘3n;|r]‘j:|u1 BUIINIRANT

nuua s [Hua

5UN 2.13 MsevRuuelnes iadumeaindinunduiosines

=i a s oA § o a a a

wuuiaes Tesldlunisaivguuewmesvwinlng Wesewmesvihauinunfveil

nsdegneiasiiiinduainivanludunasanels duandlugun 2.14 Faziiiuinemsies
nazuavzilunuuaindtalvan

L]

’ - - Ci
anae — -
1eIRvINTENT HpEnEasAIILn BUIBIINOT

HULEIAT v Ine lviua

JUN 2.14 nsmupuewesivaduieaindluunduiesinesiiniuaunisivaresidsinih
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2.11 ieiifentas

Mohitha Venkit. S waganiz (2016) ldinaueisnsaeuodinesuuvasfianiafild
dnsununme3 lagldimuinisvin ZCS (Zero-current Switching) WUU buck-boost AawLIES
wosisloluu a1unseanANgaLds LU Switching Loss Baza1u15a15auunneslas &
AUszansnmindides 99% meldiieula Soft-Switching

Yiran Lukagaue (2016) LaausuiuIfn 21995A9UlI0sStaostslgluu NTelanss
Taen1591 ZVS (Zero-voltage Switching) &MSULUAMES LGNS TN UL IFY

'
o

Mfuusetugs dadunsinsieyt 1W3euifieu DAB (Dual-active-bridge) Fa1funaassii 500
o 29asiinulddudou amnsnauaundsnuld Sniediannisldiaastu inlkusenda
Alianednae

Rajesh Thummatlarauy (2016) LAL1LEUI995ADULIBILABSLI LYLUUTILUY
aosiimmaiiuszgndlddmiununmoisasud Tagldiaunnisii ZCS (Zero-current Switching)
WUU buck-boost DC-DC ABULIBILADS A1N1T0ANAINGYLALLUY Switching Losses kag
UuUgaUszavsn iRty vilfannsoanenldanelunsldonls

Amin Mirzaeiwazany (2012) 1AULAUDN1508NLUUNAABY non-isolated LUV
avsiirn1e UszAndnings Tnediasnesit gunsal hardware wuin 100 s AR 100 kHz
1aeN15¥11 ZVT (Zero-voltageTransition) WUy buck-Boost dc-dc mawLIasinesanunsnaIuAy
295lfuay TaUszavBamunsivanifufidan 96%

Y. C. Chuang warane (2010) Idtiauslsasneuwsaiy ve Unneuesinesil
UsgAnnmgsdmiumianuamesuuudiionlessulagldimuinisyih ZCS (Zero-current
Switching) WU buck de-de apuneflnofisluuuwi dudusesfianlidudou annsamuay
Fandsnuuagnszuaunsldluginaa ZCS uagannanviauunneildi) fruseansyud
90.3%

B. R. Lin and J. J. Chen uazagy (2009) diaueisasaauliaiinasvlinnaiowun
Laz2995AATmaTlaaindelunisfinszanianvensasaeuiedines Tnsldinaue
#ann13 19 Flyback and zeta convertersngn1sila ZCS (Zero-current Switching) @unsnan
AugidsnmsTiavAmdanuiiuliandainadusinuaud

Schuch,L. wazae (2006) levian1siasziazeaniuunsinnudadaaingly
295U MR VARIiAslTd I uLUAe T Tun sdhso At unuUAme3lunsdln
Tuihenmizeausu fiszuu boost 918 lliuunmene’ uag buck wie back up AauBsIADS
Tnevinsneaes?i 580 watt Feldinszurunns iZvT (integrated zero-voltage transition) W&
1N15UIN1TAIVANNITINAVDINTINUAIEABULIDILADTARINIANIINIANTUNITAIY HAfD
anansnanmdsuiigydeainszuuld

F. Z. Peng wazaz (2004) linauaisasneuesinesislowuuduuuasfianied
Qﬂi%’ﬁm%’uL%aél,%al,waummwmma% TdnsgUIUN1S Zera-voltage switching (ZVS) wuu
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AounIDfesassiiag MhuFeuifisuiuasuesinesuvuyauaziuuendnluia dslu
unanuiagideife 1Hesfidslddudouiisnignndt duinfivinduasdaalld total
device rating (TDR) penalty wazléinnisnaaesdirids 1.6kw aud 20 kHz fuszansnm
finldnnnin 94% vesdngiga

Chan, H.L., uazaniz (2003) lsinauersasaeunesinesifinmslaUnaindiiugud
Tngldnsmuauuuuwadn unaud A il 113AUANLUY Phase-shifted 184 DC-DC
Aounefnes dmsumsmuauuswiulaniia non-linear Ssdnduseddaindds 4 i

NnnsEnvImguinesddeiiieadesiinandisiunasnaundnnisiaztinunldly
Aty liAswnAalunsdiunsfiedieuunnedindensiulseiudiuazinig
fufunsiwaduaseniindunsomenunssiugaazidenlosiuszuunindunesines e
yhmsmouussfuiiiedtenszualnindssuumenuussiudnilenazussaliiinduunnes
LaENULIITUMIFuLs IR ugailedasTenseualuiiidfussuuninduiesines feasdl
Fuppunisdnfumsnuitagnanluundely
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uni 3
ASaHuUNITINGTNUS

iwmﬁwuﬁ‘ﬁﬁﬂLauaizwmidwmwé’mumﬂisnaﬁmaéﬁa8mi<§iaaﬁ,§ﬂimwmau
wesmeiislowuwiiuuasfianie Inevinsfinwiazesnuuulvnisaadevesaingluiirsaeu
nefweiiitosiign Juisidamdsgadsnnnsaindfisinrmigs vihanuwuuge swaindds
(Soft Switching) visemsvinaulnen1sainduazussiugud (Zero Voltage Switching : ZVS) raru
TuniseenwuuNasaeunedmesifioliinnunieldaning zvs Sadianudifyuazining
sndusosfimnudlandnmsrinurenasreunesines Muuleuluaziuusing fidwa
somsvinuluanmeiisne

3.1 nmsaniumsIngniinug

HowheUsravs nmlunisudenszudliimoneaduaserfinddudaudna sl
Uszgndlindanuuaznsimfiundsnunasauliluunine’ sxdesilhAnussavsamgaiian
2993A0UNesInesTldmemndsnuazdesdimsgydetesiian ludiuvesmsaugunszua
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dc D (3.149)
] V
IL(t)=—TO(t)+ 1, (3.15)
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4.2 HANSNARRINIARINYIBIUHURN1T (Experimental Results)
4.2.1 ymaasnouneinesisleuuuiuuvassiirmasauandusui 4.4

JUN 4.4 9A995ABULIBINBS
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A15197 4.1 PARAMETERS OF THE SYSTEM

ltem Symbol Value
DC voltage from DC Bus Vhiigh 48 v
DC voltage from batteries Vgatt 1.2 12V
Switching Frequency f 35 kHz
Resonant capacitor Ch,Co,Cs,Ca 1 pF
Resonant inductor L, Lo 36 uH
Output capacitor Cot, Coz, Coz ,Coa 220 uF
Choke Inductor L, Lo 2.6mH
Switches S1S,S3 Sy IRF3205
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The Series Connected Bidirectional Resonant
Converter for Energy Storage Applications

Weerapong Wongyai and Nathabhat Phankong”
Department of Electrical Engineering, Faculty of Engineering
Rajamangala University of Technology Thanyaburi
Pathumthani, Thailand
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Abstract—This paper proposes the series connected
bidirectional soft switching resonant converter (BSRC). The
BSRC is composed of 4 switches to increase the DC bus voltage
for transferring the energy of PV and energy storage. The modes
of operation divide in two modes for operating bidirectional
voltages. The first part is the boost mode which is controlled for
the constant 48 volts from batteries (Vsatt 1,2) to the DC voltage
buses (Vuigh) and second is buck mode at 24 volts for charging
the batteries. The asymmetrical duty cycle control techniques
(ADC) is proposed to control the constant input voltage for
charging battery and DC voltage buses. The simulation and
experimental results were given to verify the operation principles
of the proposed BSRC and to evaluate its power regulation.

Keywords—bidirectional resonant converter, soft switching,
zero voltage switching (ZV'S)

I. INTRODUCTION

This is due to the limited availability of natural energy
sources and the ever increasing demand for energy. There is a
need for renewable energy sources to reduce energy costs in
the country. It has supported the installation of solar power
systems from the government and very small power producer
(VSPP). In addition, other factors, such as the price of the
system (solar panels and power electronics devices) that
continued to reduce. The use of solar energy as a source of
renewable energy is increasingly popular. But the relatively
low efficiency of solar cells, energy storage should be
maximized where the energy transfer system should have the
least loss. There are two losses of switch in the converter
circuit that has the loss of conduction and switching. The both
losses depend on the current that through the switch and the
turned on characteristics of switches. In practical, the switching
losses can be reduced by using the LC resonant circuit [1], [2].
Resonant converters are used in power electronic applications
because their characteristics are better than the non-resonant
converters, including soft-switching in all switches, low EMI,
high frequency operation for reducing the filter and high
efficiency.

The zero voltage switching (ZVS) [3] is the soft switching
method making the zero voltage across the switch when the
switches are turn on. The ZVS eliminates capacitive turn-on
losses, and decreases turn-off switching losses by slowing
down the rise in voltage, reducing the crossing between the
current through switch and the voltage across it. The
bidirectional resonant converter [4] is the new adopted for high

This research paper was supported by National Research Council of
Thailand and Rajamangala University of Technology Thanyaburi by Grant
Project Number: 349535.

efficiency of power energy conversion in applications such as
DC power system or UPS off grid inverter. The soft switched
should have ZVS in two transferring buck and boost modes.

The general bidirectional converter is available to transfer
the power in bidirectional direction between input and output
of converter. The input refers to the batteries connected to the
low voltage bus with bidirectional converter. It allows them to
be transferred to higher DC bus. The BSRC is classified in two
types between including and without transformer. The circuit
of bidirectional converter needs to reduce the sizing; therefore,
the switching frequency have to adjust higher. However, the
increment of operating frequency results in losses of switching
at the switch. The soft switching technique needs to use
resonant tank in the bidirectional converters.

In some applications, resonant converter is used in the
higher voltage level applications such as power system of
renewable energy. They must be use the transformer that may
be heat and losses. Therefore, it is necessary to study the
increasing of DC bus voltage. The series converters will be
used to increase the voltage such as UPS of off grid inverter or
DC voltage transferring.

This paper proposes the series connected bidirectional ZVS
DC-DC resonant converter. The proposed goals to increase the
DC bus voltage for transferring the energy of PV and energy
storage. The operation mode of the converter can be classified
to two modes for operating bidirectional voltages. Firstly, it is
operated into the boost mode, which is controlled for the
constant 48 volts from batteries (Vpar 12) to the DC voltage
buses (Vhign). And then, it is controlled into buck mode at 24
volts for charging the batteries. The asymmetrical duty cycle
control techniques (ADC) is proposed to control the constant
input voltage for charging battery and DC voltage buses. The
simulation and experimental results are given to verify the
operating principles of the proposed BSRC and to evaluate its
power regulation.

II. PROPOSED BIDIRECTIONAL CONVERTER

A. Conventional Bidirectional Converter

Fig. 1 shows the conventional bidirectional converter,
which is prepared to operate for transferring the power between
the low voltage (VLow) and high voltage (Vhign). The converter
can be operated into boost mode and buck mode by adjusting
the duty cycle of switches S} and S>.
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Fig. 2. Circuit configuration of the BSRC.

However, this topology has the high switching loss during
turn-on and turn-off. And also, the inductor current has high
ripple ratio because of the hard switching control in the
converter.

B. The Series Connected Bidirectional Soft Switching
Resonant Converter

Fig. 2 shows the proposed series connected BSRC, which is
consists of the two bidirectional resonant converters. They are
connected in series for boosting DC bus voltage level. Another
converter comprises the two switch (MOSFETs), an inductor
(Ls), resonant inductor (L), two resonant capacitors (Cr) and
two parallel capacitors (C,). Through utilizing these elements,
All switches are performed as ZVS during turn-on or turn-off
period. Consequently, the switching losses are not occur on the
operation of the converter.

The operation of series connecting of BSRC can be divided
2 modes as boost mode and buck mode. In the boost mode, the
converter transfers the power from Vpa and Vawz to Vhigh. In
this mode, the switch S, and S4 are operated as a main switch,
and switch S;and S; are used as an auxiliary switch. On the
other hand, the switch S;and S; are behaved as a main switch,
and S, and S4 are operated as an auxiliary switch. The anti-
parallel diodes receive the forward bias when the reverse
current occurs on the switch (MOSFET). By the way, the
characteristics of MOSFET has usually small conduction losses

because its ON resistance (Rpson) is very low. The storage
energy is used as the lower bus. The energy source (Vuigh) is
connected to the DC-Bus of the grid connected inverter system
and PV power source.

The mode operation of the BSRC is a procedure to increase
the efficiency to be higher than the conventional converter by
allowing the power devices (MOSFETs and IGBTs), which are
behaved as ZVS. Furthermore, the most problem of the power
devices have two issues causing switching loss in their devices.
The main issues are the switching losses in a MOSFET
because of the diode restoration charge and output capacitance.
And also, the characteristics of an IGBT have the current
tailing problem and stray inductances, which cause the
switching losses. Therefore, the ZVS and/or ZCS can moderate
these losses [6].

The switch procedure of the BSRC generates the square
wave voltages that contains odd harmonics as in the traditional
PWM converters at switching frequency. It is similar to
sinusoidal current and filter, which occur at same frequency
with the switching frequency. It appears the flowing over the
switches while a resonant tank is implemented to circuit. By
changing at switching frequency, the phase of the current with
respect to switch voltage and the magnitude of the load current
and voltage can be changed [1],[2],[7].

In this paper, a photovoltaic energy transfer system with a
bi-directional resonant circuit series converter is proposed. It is
shown in Fig. 6. The switching current is zero because of the
zero current switch. It can be seen that the switch has lost its
power due to the voltage drop across the switch. This is
because the capacitor is stuck to the switch. At control circuit,
when the low voltage level is low, the circuit charges rapidly.
Conversely, when the high voltage level is low, the circuit
needs to supply electricity rapidly. Therefore, the photovoltaic
system with bi-directional resonant converter circuits was
proposed to allow the system to transfer energy on both sides.
It will control the converter to perform into the switch area
while the voltage level is zero.

The output voltage Vuign relationship with the low voltage
Va1, VBai2, and the duty cycle (D), which are expressed by
Egs. (1) and (2) :

|4 |4
Vi = (—Bgm j+(_D j , (M
nV
igh = 7" . )

While the converter is started to operate in the mode 3, the
direction of resonant inductor current (irr) is changed to the
opposite side due to the current flowing through main inductor.
The main inductor current will be decreased. it can be
represented as Eq. (3). On the other hand, the resonant inductor
current will be increased. It also can be expressed as Eq. (4).
This operation mode will be finished, while the magnitude of
current iy and i, becomes equal to each other.
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From the operation of BSRC, the proposed converter
requires a closed-loop control strategy to regulate the DC
voltage of the system. In this paper, the PI controller, which is
shown in Fig. 3, is used for controlling the battery and solar
cell voltages. The controller has 2 parameters as expressed in

Eq. (5).

u(t) =k e(t) + k,.je(t)dt, )

where k;, is the proportional gain constant and k; the integral
gain constant.

III. SIMULATION AND EXPERIMENTAL RESULTS

A. Simulation Results

To confirm the above analysis, the series connected
bidirectional soft switching resonant converter (BSRC) is
modeled by using the simulation program. The output power of
the series connected BSRC is approximately equal to 200 W.
The parameters of the system for the simulation are shown in
Tab. 1. Confirmed replication results that the soft-switching
operations are obtained. The simulations are accomplished for
the ZVS turn-on and the ZVS turn-on operation independently
by utilizing the same supplementary resonant elements.

TABLE 1. PARAMETERS OF THE SYSTEM
Item Symbol Value
DC voltage from DC Bus Viign 48V
DC voltage from batteries Viatt 1.2 12V
Switching Frequency f 35 kHz
. Ci, Co,
Resonant capacitor Cs. Co 1 uF
Resonant inductor L, L, 36 uH
. Cor, Coz,
Output capacitor Cor Cos 220 uF
Choke Inductor L;, L, 2.6 mH
Switches S] Sz Sj S4 IRFP4710

Figs. 4 and 5 show the graph that representing as a
waveform of boost mode. All switches can be operated in
ZVS suitably.

Switch S
WHER Sy Current of S,

Voltage of S, Switch S,

Fig. 4. Current and voltage waveform at the switch S; and S,

Switch S;3
Current of Sz
s
/77N
I )
\\ e /
Switch Sy
Voltage of S,
ZVSs /
/7 N\
-

Fig. 5. Current and voltage waveform at the switch S; and S4

B. Experimental Results

For the experiment, the BSRC was examined by varying
DC input voltage (Veaui and Veaw). Figs. 6-8 show the
experimental results with asymmetrical duty cycle control.
Obviously, the duty cycle of the switches (Si, S3), which is
shown in Fig. 9, is changed for high DC voltage bus control.
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IV. CONCLUSION

In this paper, the series connected bidirectional soft
switching resonant converter (BSRC) for solar energy saving
with asymmetrical duty cycle control techniques is proposed.
The proposed converter can be operated with constant
switching frequency at 35 kHz and adjusted the duty cycle. The
energy trapped in the resonant capacitor and inductor can be
recovered. The ZVS features can also be achieved as well as
the voltage spike was able to suppress effectively. Both
simulation and experimental results show the results to verify
and validity of the proposed circuit.
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