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ABSTRACT

Nowadays, there is an exponentially increasing demands of electrical energy.
The electrical supply is insufficient and the use of natural resources or nuclear power
plant to produce electricity receive severe criticisms from the general public.
Electricity from renewable resources however has been receiving great support and
provides a solution to this problem. This thesis will focus on the solar cell system
and to maximize this system. One of the most important equipment of solar cell
system is inverter. Therefore, the efficiency of solar cell system will be improved by
improving the efficiency of PV inverter.

This thesis introduces an effective technique to reduce semiconductor
switching losses in one branch of inverter. The switching losses are reduced by using
zero crossing technique to control one branch, and the other branch will be
controlled by hysteresis current control. The overall switching losses and efficiency
between standard current control technique and the proposed technique will be
compared. Performances of the proposed inverter is compared with the
performances of the conventional fixed-band. The simulation results verify the
correctness of operation of the proposed switching technique by using

Matlab/Simulink. The prototype hardware will be built and the experiment will be

Il



set up to confirm the proposed theory. Moreover, the maximum power point
tracking algorithm will also be applied to maximize the power output of inverter.

In conclusion, the simulation results and experimental results show that the
proposed technique have a higher efficiency, lower switching loss and lower
switching frequency compare with the standard current control technique. Secondly,
the simulation results and experimental results show that both techniques work well
with solar cell system. Lastly, the third part of the experiment shows that the

maximum power point tracking algorithm work quite well.
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aunnsil 2.3 Jeditusnuannnvnuiledaammiland (Solid-state physic theory)

I e[E(VA_kITRS )} -1 ) (2.3)

=1 +15
RSH
2.1.3 aauaatanslnivesunsleansivad

Tganswadndnlniesnudunseuansadaenussulniwasnszualniiinanlnay
£ Y v v o a ¢ a s A 1Y)
FuagivanuduvesTidniseinduasgaumgiunieas JUN 22 waainsmnssualiiaiy
wsanulninveaaauaseINnddiasanulnanusAINaLAEN1ITER99S (Short circuit) fia

a R B Y & A v oAl I o=t P A
40132007995 (Open circuit) lagagdauwnuasniussauidandumuddarlaansswananiie
403933 (Short circuit current: 1) dugadinwnuueunnszuaiiavinduaudaslaen
wseaulnTinuaiz99518n (Open circuit voltage: V,o) WitAnseualuihauiuwssulngi
fAaglanmasinivesaarsiwad Saslegaadenlummatinihgeangasonin maaluig
90g9gn (Power at maximum point: Py, dunseualiiiuussdulniigeiisends

nszualiigemasiniigegn (Current at maximum power point: I,,) fukssaulnding

yamaalnifingsan (Voltage at maximum power point: V) A&y



A

3
. 0

Current (A)

|

|

N

| \

| \

| \

| \

| \

| \

| \

Voltage (V) Vinp Voc

gﬂ‘ﬁ 2.2 A5 1=V Curve vadbnalgaisiwas
n1ssvymanssausndbnihve sl ugaduateindzvilalag dnnseualniuag
wsadulalih (v Curve) Tpssenansevsluiinfiasnsandsarlasaianngasasdaluauds
AN1IEANTUIIUMNGEATLEIRITINE WA LVLAILNLNIYAALALALADIAIUANENINLINA DY
ﬁamasmmgm (Standard Test Condition, STC) fi8 @nnsiiflanudussduasonfing

1,000 I095iaA131949T AUNATHYBILAI Air Mass (AM) 1.5 Lag@mniaunasirayiniy

Y

25 e Lgawda
2.2 n1sdsaeniaslwnIveduasnes
Msasanengstwinanda 1 lds Ua 2 aflmiaL%mamaugalé’ﬁamwﬁ 23 feay

Uszneumeuvasinglnia v, wasgnismdumawesinozunsulafanini 2.4 (n) uas ()

LS
— rYYY \
+ +VL = -+
S

cony

5UN 2.3 295aunaveansaemmasiii



p%onvl

V

Ls1

)
<
rv

(n) wiawaslnezunsunisasaremadlnin (@) wawsslnazunsulnunvesduiasines

JUN 2.4 wiaweslnezwnsy

Nnlawesinozunsugun 2.4 (n) axnsammasiniiiase (P) uasmaslnimilou
(Q) NrgnunasIe V, LUEBUNDINGS Ve, viseanda 1 lWgwla 2 ladsil Ui 2.3

W91500I0HN8) KVL 9zl

AN P (2.4)
4

WE & (2.5)
dt

auydli v, Wuguaduleiuasiluesiusynauinmiudyagiuees Ve, bay i, o

wanslugui 2.3 geenunsoldeulugdilaes Vi, waz 1 Amueld V. dumlawesoneds

9zlan
VS :Vcon +VL1 (26)
Vi = joll, (2.7)
2
P:VS|51cos6?=V—s msin5 (2.8)
ol | Vg

mﬂgﬂﬁ 2.4 ()

V|, cosf=wll cosd =V

conl

sind (2.9)

2
Q =Vl sinf = Vs [1—\@0055] (2.10)
wl A



mﬂgﬂﬁ 2.4 ()

Vs —oLlg, sind =V, cosd (2.11)
Ay
V. -V
I, =——=n (2.12)
Jol

Pnlaesinosunsulugun 2.4 ()  azanunsammadlniuasnszualndirilva

PNBUIBIADI Vo, LUTUNAIT18 Ve 30 nUa 2 Tudata 1 lansmaluil

Pl/Z A (2.13)
bbe e
V=¥
lg, =— S (2.14)
Jolg

nsauaunIsdInIefaalnihansarvauldlasauauyy & F9lunsAIuANNIg
o a 4 6 o o s ¥ o
Muredunaiinesasynlalnefiuanmesvasnssid I, vhy 180 8 wag
Felastudivumasate Vg legazdwabinidsiianluasanannduieimes V,, uwesideu

[

Wuaunsusesulndlaeadl

Vi = Ve +(al 1, )’ (2.15)

SNaa s

lunsdifidunesinesyinunianudgezyiibivuiavesimienihiinnanas datu

1NAUNTTH 2.15 @1ursanazveulnilain V

conl

=V, legfiusssiulinisinudunnves

Sunesiwesazianduluniuaunisi 2.16

V,, > 2V, (2.16)



10

2.3 duasmasuilawa

Sunefinosiduesutadiihnssuansaduliihnssuaadu Tnsemidfodandulud
Sunesiwesinaiiviviindoudenin figuil 25  wanssesBunfneuUUYaUIAg 910
ussiulninszuansssiudunmvesdunsinesasgnivasudulninnssuaadulagns
PuRuEindia 4 52 99 IGBT et munfisyavasnszudluih Tnefisnsnueuegiedy
ma1e33 ety walla PWM  Luusneg uagnismuaunszuadanesIva Jaduisald

P1ullua1ddedl way aznannduunsely

G 9
D1 D3
G1 G3
o[ oAl
lo
+ —_
& o+
Vdc - C T 0 = VO
a D2 D4
oA oA
G2 G4
® ®

SUN 2.5 Buiednes 1 auuuauind

2.3.1 anwazn2luuaIniiduIasnassiaaufansa

Toanfiwadasudaldudlaiiinszuansionnun fatunisilearsivadiulady
wrasgne i lrsussuulninniiouassstdalifivialudessududedinsiuasulndi
nszuansslndulniinssuaadulnenislddunedinesidunou efazdouroszuudiiy
szuvrasmsiniile Tnesluudidunesinesilddmsuidenronsinihazulsnudnvae
Tnssadrawonesdu 2 wuu Aeduneimedideusenisiniiuuutuioiwardunedines

LDUA DAY AILUUEDITU

dunasmasidausansinindusulaaswaatuladidananfnanialasiasiadlaieu

[y

vdunesmesmlunltedlutagiuudasiitounnssludiunininisiiaudauenainii

'
v aa v

wihmasuguadulihnssuansaluguadulnihnszuaaduniidnvaziluguaduley udd



11

v ° v o A ¢ ¢ Yo o w s %
m@ﬂVl'TViu’W]ﬂ'ﬂ‘UﬂllﬂizLLaVI%Wﬂ@@ﬂﬁ]qﬂI?jaqiL‘UaaLW@Im@ﬁUﬂ']aﬂl%lﬁ']aﬂa@ﬂ']ﬂisﬁaqilﬁﬁaa

Sndnedslsfnudymiiidifyvesduedinesdmsuleasiwadtuliunnd1eain

[
1 =

< a ¢ ¢ = = VY& !
W%uiu@um@ﬁlm@ﬁ %ﬂﬂﬁquaﬂuaﬂuﬂiﬂLLUﬂlﬂL‘Uu 2 @

'
a

a ¢ X A ! S A
EJM’JEJ?LGIEJW’JIIJ ﬂ@ ']EjQJJLﬂEJ‘V]Lﬂ

=

ANsaY AR TAnTRAININNISYIINUYRRUNTalaIndluasBuesines uardiun 2 fie N3
a4 oA 44' PN I3 ¢ 1 Ao I a ¢ o
gouiduiiesnnuaduvesnseuandunesinesingesnunildnuarliluguaduledvioainy

AavieuluangUediuled (e13uetin) venseuandunesines

aAa s ¢ a A I a Y a
2.3.2 NIDULIDILADIVUALYDUADNIALUUYULAYD

vaanlaezunsuvasduniasinesdoudoaudiuutunetaslassasassuunanals

'
=

AIFUN 2.6 war3uR 2.7 muddu Buneswesiiauseauadimstiiuuutuiesdyiming
Wasulnihnszuansafuliihnssuaadulaghinsdanisndanunmuliihnszuansanen

A ra a s [ & o I ! o
violiiiinasdunesimesirihnszsuansdunismuaulilvansiwadiinauiigasneidsgean

'
a a

uidunesmasdldlunisideudenslafiuvudidednsiifaaydsfiAatudosainns

€ a Y

Vl?ﬂ’]ﬂﬂ@ﬂ@ﬂﬂimﬂ’lm HART ws1zdle Uﬂsmmmmmuwmmamm’] unildeidsludiu

¥99115AIUAN Liesa1nduriasinefilenseaedivuiuenainyiniiiuasulnin

o Ao o <

nzuansadulwihnszuaadunddnvasuguadulaividaiaahwinneruaunn syl

Y

= 1 v A

lgansiwaainnungnNlin1§8@ndnmeadinlnuegwInuINnd] wagdnianand Ay e

9

Awseaulinlasuanlearsiwanzaeiidrganne i liduiesinesdtenseuatng

Y

yuUNS LA

Inverter

PV (v,

JUN 2.6 vdenlnezunsudunesnesiousoaedisiniuuuduien



12

+ A Inverter
D1 D3
G1 G3
- i L
Ppv —C (mm\
D2 D4
V
G2 G4

JUN 2.7 lassaadunesinefideunemedanisivihiuuduse?

2.3.3 WIduafinasylinassan3auLuuaDItY
(<3 a L4 s = ! ! )
vhonlnavuniuvesdunesinesnldlunisiwenseaivdinisiniwuvasstuuas
AT 9TEUULANIAITUT 2.8 uaz 2.9 mud1iU Bulesinesuuuliazusenaumenaulies-
WeiAT-ATyadnauIasines (Boost converter) Fuwivifimuauusdleansiwadlivineud

RlvManugsEaLasUsussauLssuvedla sisanidegluiiodnglviiudunesines

=

dudutiaswesimtnmuasulndinszuansaduliinszraadudadunisdnnisnadsnu

saa 1 ]

aosnsuibisianagydeniinnngunsalaindfiteguininuuuusnillosandwlusiedddaunsal
andviuiaudgennItuies wilivealudiuvesnisaivaunviladiiendiiesand
nsueninflunisvinuiveg e dnlausEnitnsmIvaNiasIugEavedleasiwadiunis

wWasulWinseiansadulniinsenaadu

DC-DC
Converter Inverter

PV

JUN 2.8 vdenlnezunsudunesinesiouseasdimnisiniuuuasady



13

L
(Mm + Inverter

’I ! D1 D3
G1 G3
-~ i L

GM [ “““ \
PV o5 —cC
D2 D4

- i 6 Vs
G2 G4

JUN 2.9 InssasreBuneswesiweudeaedinisuiiuuvaesiu

2.4 MIAIUANNITEUETALNDIITE

[
v A

N15ATUANNTERANILNATANITANNINYBULYA BALAD T3 TAUULNTNN157INUAD
UNINILUAD DI NVDULUATALADI IRAUUAIYNITUINANNAT 19DV ULINTELA DS STaANU
NIYUAD1IDILAYES 1MV ULABALADIITAA1MIENNTUINTLLAD IDIAUAIINN I VD IVDULUAT
AnosIta worauninspiadnsdaiuaduled mnduinszuasiuntisudfeviureuiund
AR TITAR D UAMNINY (ATZUATITIVUVIULIABALNDTITARN) deyaouaing G1, G4
Wasuaauztdu 1 ON) wsdwndnlavindy aziinsrinisiuseufisunssuaaseiu

VOULIABALAOIITAUY HIMINT NN (NTSUAVIIVUVDUIURTALNOTITAUY) Ay qyreuaInes

G1, G4 feavasuanuzdu 0 (OFF) usdlilyvisaesnsdl (nszuassegluveuwndainass

=b.

Fa) Tvdasaniuzvesdygaaing G1, G4 11 9nnszuiunissiananazladygyiu PWM
wluAIuAy IGBT 113 4 # faguil 2.10 uar3un 2.11 Gawansudentnezunsuwazsudyyio

YBINTEHATIIUNITAIUANNIAARUYB UL BN TITan LAY



14

Inverter

P o1 D3 .
E}' Eil:} ﬁ. L Grld
oI

PV

)]
71

D2

- -
Gdl:

N
|99

—
-

}
As

—+

—
O

I

+V,

Q0
==

I
Ee

__Vd

C

JU# 2.11 dygaunsziassaniglureuungainessda

%
v

NFIATILVIMENNITAIVANNTEUARUURARUTOUIYR TaIm o T3 atiuiinsvinnueg 2
- = a ' o =i o . a - o - a
an1uy Ao Wenszuadseivanuduniennd i Wun1enged 1 ludaai 2 lnenseuasss
wnMNveund il ulnuudmalinnudureinsualsuiudunaziafiounaingad
2 lUqail 3 F991NN15NNTEUAITAATOUNINNTBUUAVUNNE WD ULIRE 1 d N AR Ny
Yoinsznavsdiianas aetulunsinseilugui 2.11 awnsadeuduaunsiineinnis

a@ndia t was t,



15
e G1 v91u (turn on) wa G2 ladvienm (tumn off) Aan t,

-V, +V +Vvs =0
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di/
L dtL =V, +V (2.17)
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L%L: WV, v, (2.18)
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o NN (2.19)
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Hysteresis
Vdc Current Control
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2.6 nﬂiaﬂmﬂuﬁ!ﬂﬁﬂﬁﬁlviWﬂQQEjﬂ (Maximum Power Point Tracking: MPPT)
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Inputs: V(t), I(), V(t-At), I(t-At)
P(t) & P(t-At) calcalated from
the inputs

!

AV = V(1) - V(t-at)
AP = P{t) - P(t-At)

YES

YES
Decrease Increase Decrease Increase
Vref Vref Vref Vref
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SUM 2.18 LHuUNIMEnIN1saLiuuYedanasiviiLeule

2.6.2 MsAVANNYTADIN (Fuzzy logic control)
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2.7 Mygeydeluduiasines
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2 Usztavenegiume Useanusn n1sgeyidefiinainaumileddn vse Conduction  Loss

o

ez Ussinniiaes msgadeiiiinainnisaing w3e Switching Loss
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a ~ o X ° o | U Ao
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ANNSELATNIUN collector-emitter YUENVINI9Y LAZAIANUAUNIUVDIUT collector-emitter

YULNYNNUAIFUNITA 2.36
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2.7.2 Msgeysdeanmsaing

WAKUNTFYFIe IGBT 191U (E,r) anunsadiadlaainasinvesnasauly
N15naIn g9 lallasIuAINTEUIUNSAUNAY  (Eor) WAEAMENIUNTTUREIAGLAAIINAN

NsNAUNaUYINEIILAleA (Eqnr):

tri—tfu

E = j uce (t) . ic (t)dt = EonMi + EonMrr

onT
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tri+tfu

EonD g .[ uD(t)'iF (t)dt F EonDrr =
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2.8 &3
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3.1 n1seantuuszuuIgniianssuulgansiwas

o

wnslgarswadnldluinerdnusiiluves st learsuaus Ju SLP080-12 §1uau

24 ung ddayadnmizvesiunilvansigadnmelull

A13197 3.1 dnwaizdeyadnmizvadleaisivad SLP0SO-12

Module Type STP080-12
Nominal power (W) 80
Operating voltage (V) 17.2
Current at rated (A) 4.65
Open circuit voltage (V) 21.6
Short circuit current (A) 5.17
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g9an 1920 W, uswiulnfinasan 518.4 V uaznszualiihasgn 5.17 A
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0 fmsvihnuuazgAnsiauiisimss
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LD SARAM 4K 1 16
{0-Wait, Dual Map)

E

L1 SARAM 4K x 16
{0-Wait, Dual Map)
L2 GARAM 4K x 16
{0-Wiait, Dual Map)
L3 SARAM 4K x 16
(0-Wait. Dual Map)

M1 SARAM 1Hx16
(0-Wait)

L4 SARAM 4K x 16

1 (0-W Data, 1-W Prog)

L5 SARAM 4K x 16

Boot ROM
BH % 16

LG SARAM 4K x 16

LT SARAM 4K x 16

A (0-W Data, 1-W Prog)
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lALiNMSNAEDUAIANULLNEIUBINIZUADNIDITIAITAEAAT 1A D9 10A peak to peak
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HB in Matlab 0.4 0.2 0.4 0.2 0.2 0.2 0.1

Sampling Time | 40us | 4Qus | 25us | 25us | 25us | 5us 5us

Actual HB 2 1.5 1.6 1.2 1.2 1 1

NIMIVANLUUTLSATRAT

HB in Matlab 0.4 0.2 0.4 0.2 0l 1
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Actual HB 145 132 1 0.8 2
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Stopped q 2015/07/13 20:14:46 Stepped q 2015/07/13 19:12:47
CHI=200Y :  CH2=5V T Bms/div CHIS200V :  CHZ=5V sms7div
DC 1001 1 DC 11 © (Bms/div) DC 1001 1 DG 11 (5ms/div)

: : : : : : NORM:200kS /s

KHORM:200KS /s

=Filter= =0ffset= =Record Length=

=Trigger=

=Filter= =0ffset= =Record Length=

Smoothing : ON  CH1 : o Main @ 10K Mode @ AUTO | Smoothing : ON CH1 : o Main 1 10K
BW : 20MHz CH2 : 0.00% Zoom @ 10K Type : EDGE LINE ‘BW © 20MHz CH2 : o000y Zoom @ 10K
Delay : 0.0ns
Hold Off : MINIMUKM

(M) gUPRY Vs uag |,

Stopped

(v) JUARY Vs Uag Is

2015/07 /24 19:26:20

CH1=200v
DC 10001

Canverter

Bmsydiv

 (Smsydiv)
HORMZ00KS /5

i
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OM CH1 ! oy Main @ 10K Mode @ AUTO
BW @ 20MHz CH2 : 0.00v Zoom ! 10K Type : EDGE LINE
Delay : 0.0ns
Hold OffF : MINIMUM

(R) gﬂﬂﬁu Veon

=Trigger=
Mode @ AUTO
Type ! EDGE LINE
Delay :
Hold OFf :

0.0ns
MINIMUM

JUT 4.23 sUnRduramM Ivnaetveduefneildnsauauiuululnasnusaiuln
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Efficiency (%) Efficiency ( %)
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o
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Loss(W) Loss(W)
40 40
el 350V el 350V
35 P 35 i
30 )/)- e 400V 30 / el 400V
25 /,// 450V 25 /&- i 450V
20 &— 500V 20 - el 500V
15 15
e 550V —— 550V
10 10
5 —8— 600V ] i 600V
0 — T (A 0 = = (A
1A 2A 3A 4A 5A 6A TA 8A 9A 10A 1A 2A 3A 4A 5A 6A TA 8A 9A 10A
o
(N) NAN1INAADY (1) HAN151ADY
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THDi; (%)
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—g— 400V
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el 500V
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[} (A)

COMMAND

(N) NANITNAADI

Y

() Nan15IaDg
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NUN 4.26 aunuliiman1snaaediAl - THDI, NanIHan1591ae3tuY U
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106% Wag#l 10A flA1 THDI, ogfil Uszanas 10%

Frequency ( kHz)
6
i 350V
5 | S e f—
= 400V
4 BT T e
el 450V
S —
X e T —0 P —— & 500V
2 | E————— e e e el
il 550V
1
e 600V
0 T T T T T T T T 1 ICOMMAND (A)
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nwanIsnaaesiildaziiuldinuszdniainvesduinesines nisgadely
Suesimesuaral THDI, vesdunosnesialnalAssiunissians Inefiussansnimaes
Sunefneimvanosiuiideglutie 96.38% 9 99.10% uaznanisiiaesiidioglugis
93.99% 14 99.08% n1sgaudsluduniefinesnisnaassiimegluyie 2.2W f1 35W Han1s
T1aeseglutie 3.6W  §138.45W  wazdmiunisnaaesien THDI, agludie 9.52% A

350.67% Wagnan1sinasseglunig 10.23% 63 107.89%

4.1.4 MIMAaBIMInMUTBIBuesneiidn1sAtuaNLULTSATRET

29smURINsTYedunefneildnsauguuuudlsnseatlignuansegly
gﬂﬁ 4.28 Wwupendudukuululuans dmuuresendusesdulsu e, waziuaiudu
ADC  Fudyaunamseiuliidonles (Vo) WY I LﬁauﬂsﬂmmﬁﬂmuqumzLLaéama%%a

waLAlATLSATDED

B
GRIOX

boolean

Digtal Input

SP0 D1
Digitalinput 1

C200CT0%0
Al

A A
ADC

KTs(z+1)
2z-1)
.3

Discrete Time
Integrator

Unk Delay! Compare
To Constani2
a
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Stopped R 2015/07 /28 23116221 Stopped q 2015/07 /28 2354224
CH1=200v @  CH2=BV : : : t bms/div CH1=200V CH2=5Y : : : t bms{div
DC 10001 [ 13 B T : : : (Bmsydiv) DC 100:1 DC 11 : : : (5msydiv)

KHORM:200KS /s

KHORM:200KS /s

=Filter= =0ffset= =Record Length= =Trigger= =Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : o Main @ 10K Mode : AUTO Smoothing : ON  CH1 : o Main @ 10K Mode @ AUTO
BW : 20MHz CH2 : 0.00% Zoom @ 10K Type : EDGE LINE BW : 20MHz CHz : 0.00% Zoom @ 10K Type : EDGE LINE
Delay : 0.0ns Delay 0.0ns
Hold Off : MINIMUKM Hold Off : MINIMUM
' '
A =
(% 19
(n) gUABU Vs Uag |- (v) sUAAU Vs Uay s
Stepped 1 2015707 /29 00:22:24
CH1=200V CHz2=BY  © + ] : i bmsydiv
DC 100:1 DC 111 " - ] 3 : (5msydiv)

KHORM:200KS /5

VConve rter

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : o Main @ 10K Mode @ AUTO
BW : 20MHz CH2 : 0.00¥ Zoom 10K Type : EDGE LINE
Delay : 0.0ns
Hold Off MINIMUM

(A) JUARY Veon
UM 4.29 sUpdurANIIMAaeveIBuiasneTnlin smuRuLuudlinTaadaiL st Ul
NITUAATE 350V NIZUAD1NBY 5A wag Sampling Time 50us
1AfiNSnAE0UAIANULLILEIYBINITUAD1IDITIAITAEAAT 1A 19 10A peak to peak

HANTSASITERUANTERAD BRI UUT s ATeadadulununisned 4.4

AN5199 4.4 NAFBUANAINULLUEIVBINTLHAD19DIVDILUUT LI ATD AT

lom | 1A | 2A | 3A | 4A | 5A | 6A | 7A | 8A | 9A | 10A

lc | O.79A | 1.63A | 2.59A | 3.46A | 4.28A | 5.23A | 6.11A | 6.97TA | 7.87A | 8.75A




58

HAN1INARBIYRIBUNIBIINOTLTN1IAIUANL UL SATRaTgniuuanseglugUn
4.30 §i1 4.33 lag?l 3U7 4.30 uansUszaninmuesduesines JUN 4.31 uaninisayidely

duesmes UN 4.32 uaneen THDI, Y09duesines uazgun 4.33 uansAnudniseing

a 6 ¢
VNBULIDILFDT
Efficiency (%) Efficiency ( %)
100% 100%
99% e 350V 999% | el 350V
98% e 400V 98% e 400V
97% i 450V 97% il 450V
96% il 500V 96% 7 el 500V
95% i 550V 95% __/ e 550V
94% i 600V 94% el 600V
93% T T T T T T T T T T ICOMMAND (A) 93% T T T T T T T T T 1 L conmano (A)
1A 2A 3A 4A 5A 6A TA 8A 9A 10A 1A 2A 3A 4A 5A 6A TA 8A 9A 10A
o
(M) NANIIVINADY (V) NAN1591804
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1A 2A 3A 4A 5A 6A TA B8A 9A 10A 1A 2A 3A 4A 5A 6A TA 8A 9A 10A
o
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THDi (%) THDI, (%)
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el 350V e 350V
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g 400V g 400V
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g 450V e 450V
80% 80%

el 500V \ el 500V
60% 60%

——1\Y \ e 550V
40% 40%

e 600V el 600V
20% - 20%
0% T T T Pt T T T T 1 ICOMMAND(A) 0% T T T T— L T T T T 1 ICOMMAND(A>

1A 2A 3A 4A 5A 6A TA 8A 9A 10A 1A 2A 3A 4A 5A 6A TA 8A 9A 10A
o
(N) WANITNAABDY (¥) HAN13918DY

35U 4.32 ¢ THD, Y2sdul3esinesnlinisnivauwuuilsnsoads
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Efficiency ( %)
100%

99%

el 350V

96%

98% e 400V
97% - —8—a50v

e 500V

95%

e 550V

94%

e 600V

93% 1

/ (A)

1A 2A 3A 4A 5A 6A TA 8A 9A 10A

1" commanp

Efficiency ( %)
100%

99% -
98% -
97%

96%

95%

94%
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1A 2A 3A 4A 5A 6A TA 8A 9A 10A

i 350V
el 400V
i 450V
e 500V
e 550V
e 600V

(A)

’CGMMAND

(n) wuubulwans

(@) WUUTIATaEDY

5UN 4.34 nan1snnaealIguilguUsyansnmueduesingsseninadunedinesnlinis

muAukuululwansuazuuulsasaats
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COMMAND
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(n) wuululwang (¥) wuualsnsoady
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AIUT 4.37 wag 5U7 4.38 MUY

- -
_/ v PV module M ] EI » PV
Ramp
v & ‘@ To Workspace
100 Insolation Ppv D
. L : :l
Insolation PV1 L A | »
XY V-
~ o)
- ’
» Ppv
X XY power
> Ppv
Product

sUT 4.37 Tunanmsamvedduadleadlu Matlab/Simulink

Constant
Iph Solve t
B 1w OV 2 -
= flz)=0 vd =/ Vpveell Vpv
Insolation Y Switch

Insolation to Algebraic Constraint Ns

current gain
Id
@4 lo*(exp(u/Vt)-1) .

PN-junction characteristic

VdiRp

1Rp

X

B
Vt*log((uflo)+1) Product L

By-pass diode MinMax

Saturation

Rs
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Y

4.38 lawaniglulgaiswaslu Matlab/Simulink



63

Wieldayadmizveuniloansiwanlununisned 4.5 uarazaunsadnasens iy
v v s ¢ s A o v 2 2 2
169 PV wazidulas IV vadleansigadidodannuiduuad 200 W/m®, 400 W/m’, 600 W/m”,

800 W/m” way 1,000 W/m” I#faguil 4.39 uay JUfl 4.40 mauddtu

M15199 4.5 anurILNIEIBIwaiswas STP080-12

Module Type STP080-12
Nominal power (W) 80
Operating voltage (V) 17.2
Current at rated (A) 4.65
Open circuit voltage (V) 21.6
Short circuit current (A) 5.17

PV Curve (PV Module)
—

el i ] -

[—200 wim?
—400 Wim” | |

—800W/m” |
—800W/m? | |
—1000 W/m*|

¢ Y 1

Voltage (V)

5U1 4.39 nslidulas PV vedluinaloansioaddnasd 1 waa

IV Curve (PV Module)

—200 Wim?

5/ —400Wim? |
=600 W/m®
~—800 Wim?
—1000 Wim?

Current (A)
w

4] 5 10 15 20 25
Voltage (V)

UM 4.40 n51vldulas IV vadlunalearsioadinass 1wk
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Wethleansiwadunseaunsuiu 24 unadunilsansudmanistiasadulds PV uag
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1. lganswad
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Y

M15199 1 dnvausdoyainmizuatlyansioad SLP080-12

Module Type STP080-12
Nominal power (W) 80
Operating voltage (V) 17.2
Current at rated (A) 4.65
Open circuit voltage (V) 21.6
Short circuit current (A) 5.17

UM 2 dnwagnienienmvedeaisigad STP080-12
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1. Code @183 MPPT

ASANWIMNT THDI, a¢ldn1sA1uIumIy code naluil

function [Pn, Po, I = fen(Vpv, Ipv)
%#codegen
linit=1;
Imax=10;
Imin=0;
deltal=0.01;
persistent Vold Pold lold;
it isempty (Vold)
Vold=0;
end
it isempty (Pold)
Pold=0;
end
it isempty (lold)
lold=0;
end

Pold = Vold*lold;

Po = Pold;
Pn = Vpv*lpv;
if Pn > Pold

1 = lold + deltal;
elseif Pn < Pold
I = lold - deltal;

else
1 = lold;
end
%if 1 >= Imax || I <= Imin
% I = lold;
%end
lold=I;
Vold=Vpv;
Pold=Pn;

end
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2. Code A&in15v THDI,

1=1s(1:4000) ; %iviaya Lanaau
%FFT
b=abs(Fft(1)/2000); %2000 #esuuiayamssazaas

%Bar plot

order=500;

f1=50*(2:order);
figure(4);bar(fl,b(2:order)),axis([-50
50*order 0 10])

legend("Spectrum of Is®);

xlabel ("Frequency (Hz)");

ylabel("Is(1)");

%Show Fundamental
Ifun=b(2)

%%%%%% Find-Total Harmonics Distortion
t=0;
for n=3:order;
t=t+b(n)"2;
end
thdm=(sqrt(t)/b(2))*100
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Abstract — This paper introduces an effective technique to
reduce semiconductor switching losses in one branch. The
switching losses are reduced by using zero crossing technique to
control one branch, and the other branch will be controlled by
hysteresis current control. The overall switching losses between
standard PWM  and the proposed will be compared
Performances of the proposed controllers are compared with the
performances of the conventional fixed-band. The simulation
results verify the correctness of operation of the proposed
switching technique by using MATLAB/Simulink.

I INTRODUCTION

Presently, renewable energy has been increasingly focused
since non-renewable energy resources such coal. natural gas,
eic. are limited [2]. One of the key equipment in this sysiem is
inverter. To make a high efficiency inverler, inveriers must
have minimum losses as much as possible. Losses in inverter
are divided into three types: switching losses. conduction
losses and harmonics losses. This paper will focus on reducing
switching loss. There are two types of switching techniques in
single-phase inverter: two-level communication and three-
level communication [1]. Three-level has a better performance,
so this paper will concentrate on it. Hysleresis current control
is used to keep switching frequency constant over a
fundamental period. As a result, harmonic sidebands are at the
switching frequency.

Hysteresis a0
Current Control_ Crossi
Vde mroomn foen

@

Y}
i
T o Migh Frequency o
i3 2

o
(3]

:
D) N
G3 Yo ‘ I, = s current of peak current

Fig 1. Proposed single-phase grid-connected system

1. CIRCUIT DESCRIPTION
In this paper. single-phase full bridge grid-connected
converter will be used. G3 and G4 of converter will be
supplied by 50Hz frequency, and G1 and G2 of converter will
use hysteresis current control to control as shown in fig 1.

1. THEORETICAL POWER TRANSFER
A. Power Transfer
An equivalent circuit and its corresponding phasor diagram

of power transfer between the grid voltage and the output
voltage of inverter (v, is shown in Fig. 2.

Fig. 2 (a) Equivalent circuit of the power transfer.
(b) General phasor diagram
(¢) Phasor diagram in the inverting mode with unity power factor [4].

From the equivalent circuit in the Fig. 2(a) by using KVL.,
the voltage equations can be written as

K = V.o r Vg n
di

v, =1L — (2)
dt
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From the phasor diagram in Fig. 2(b), the following
equations can be obtained.

V, cosB=aL/, cosB=V_ sind 3)

V, sinB@=wll sin@=V -V _ cosd (4

By using (5) and (6), the actual power and reactive power
transferred to the converter can be written as follows.

2 P
P=V1, cos0= v, { L gin 5] (3)
ol |\ ¥,
o=Vl qine—i |7V"—W‘coq5 (6)
stsl° (DL‘ ’/: A
151 = V\ A_i/mnvl (7)
JoL,

Where. [/ is the fundamental current of the grid system,
and L is the inductance between the grid system and the
converter.

B. Converter Operation Mode

In order to have a better understanding of conventional
converter operation mode and proposed converter operation
mode. The diagram of converter operation mode of both
conventional and proposed will be illustrated. Fig 3 and fig 4
show an operation mode of conventional converter and the
waveform of voltage source, current source and converter
voltage of conventional converter.

In the same way, fig 5 and fig 6 illustrate an operation mode
of proposed converter and the waveform of voltage source,
current source and converter voltage of proposed converter.

V.1
= O

Gl E] wr
D1 a i
G2 =10 -
D2 [—H—= ol
G3 1] =1 3 ot
D3| (673
G4 e H ot
D4 - B ot

Fig 3. Conventional converter operation mode

vy

i A mm W i,

Fig 5. Proposed converter operation mode
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Fig 6. V, L, and V., of proposed switching technique

As is shown in fig 5 and fig 6, switching frequency of
proposed technique reduce more than half of the conventional
technique. Converter voltage looks similarly with unipolar
technique.

IV. HYSTERESIS CURRENT CONTROL

Hysteresis current control technique is the technique that
brings reference current to assign the upper hysteresis band by
combining the width of hysteresis band to the reference
current. Then, assign the lower hysteresis band by subtracting

3580
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the reference current by the width of hysteresis band. After
that, bring apparent current to compare with the hysteresis
band. If the apparent current is equal to the lower hysteresis
band, switch G1 and G4 will turn on. In contrast, when it is not
equal, then compare the apparent current with the upper
hysteresis band. If it is not equal, switch G1 and G4 will tum
off. If it is not these two cases, then remain switch G1 and G4
the same. From this procedure, PWM signal will be obtained
to control IGBTSs as is shown in fig 7.

2HB

P el

1,
<)
C
Ve 'G—T_'—
ca
G2
— ek [l g

Y
Fig 7. Reference current (ig™), apparent current (ig), and voltage waveform
with hysteresis-band current control

The analysis of hysteresis current control can be divided
into two periods. Firstly, when the apparent current of
generator flow through inductance ig from the first point to the
second point, where, the apparent current change from the
upper band value to the lower band value. This will increase
the slope of apparent current. In contrast, when apparent
current move from the second point to the third point. The
slope of the apparent current will be lower. Assume that t; and
t, 1s the time period when the switching 1s on and off,
respectively.

When G1, G4 turn on and G2, G3 turn off during t; period, and
therefore:

—, +v, +tv. =0

v, =V, v,
-+
N @

When G2, G3 turn on and G1, G4 tum off during t; period, and
hence:

di
—_=), +v 9
p s TVe ©
When bring t; + t, and therefore;

= 10
drdt o
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Where L is the phase inductance or the inductance between
inverter and single phase grid and slope of the reference
current (ig¥) 1s significantly low when compare to the slope of
current passing though the inductance of transformer, which
have a higher slope, to the single phase grid. After applying
principle of trigonometric, the formula will be

i, _dey oyp an

ar ' dt

diy dig

i e R e 12

Tk (12)
1

l2+l'1=TC=Z (13)

Where t; and t, 1s the period of time when IGBT switch on and
off, respectively.

Solving the equations, and finally we will get

HB=O.25(V;C—VS){1_ m* I 2} 4
If. T =v.)

0251, -v,) m' I
Fe = TEmT P (Vh—vy} =

Equation (16) shows the hysteresis band frequency of
frequency modulation. While, equation (17) shows that the
conductance voltage is constant, so the maximum switching
frequency depends on an inductance size and a width of
hysteresis band. In practical, the inductance size and the width
of hysteresis band cannot be too small because it will make the
switching frequency too high. Hence, the size of inductance
and hysteresis band must be chosen carefully. Furthermore, fc
depends on switching frequency (m) more or less rely on the

degree of @t =0,7 when i, = I sin(cor)
d 2
m = [EI; sin(a)t)} =05 (1+cos2wt))  (16)

And v_ =V, sin(eot) this causes v, =0 and hence;

amn

”
2
de

Assume that

<1 we will get
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0257,

1as

From (17) the minimum switching frequency is obtained when

= 2,3—}: and therefore;
2" 2

0.25(F, —v,)
=k s 19
Toun (HB)L s
And v, =V, sin{ax) this causes v, =¥, and we will get
0.25(F, -¥%.)
=k __n 20
Sein TBL 20

Where f.,.. isthe maximum switching frequency
Sy 18 the minimum switching frequency [4]

V. SWITCHIVG LOSSES

The turn-on energy losses in TGBT (E,,r) can be calculated as
the sum of the switch-on energy that is not taking the reverse
recovery process into account (E,.;7;) and the switch-on energy
caused by the reverse-recovery of the free-wheeling diode

(Bonror):

it
Eo= [ u,0)0i@d=E,, +F
o

onddrr

The peak of the rerse-recovery current can be defined as:

203

fiod

Drrpeat —

Tum-on energy in the diode has a lot of the reverse-rec overy
energy (Eop):

Bif 1
Eop= | )@= Fpp, =20, U,
D
Where, Up,, is the voltage across the diode during reverse
recovery. In the worst case calculation this voltage can be
roughly predicted with a supply voltage (U,, = Upp).

The switch-off energy losses in the IGRT can be calculated in
the same way. The switch-ofY losses in the diode canbe
neglected (E zp=0). Hence,

A

Egr= | u, @i 0t
i}
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The switching losses in the IGBT and the diode are the product

of switching energies and the switching frequency (£, [5]:
‘Pst = (EonM JrEo,vm) . j.;w
Pp=(E,, +Eoﬂ"D)'fsw =E.» Ja

VI. SIMULATION

Inverter efficiency of conventional bipelar and proposed
technique is presented in fig 8 and fig 9. In bipolar case,
current control is adjusted between 1A to 10A and Vdc is

adjusted between 400V to 800V,

Inverter efficiency waries

from 80.74% to 93.86%. In the same way with the proposed
technique, if the same conditions have been applied inverter
efficiency will varies from 87.94% to 97.19%, which give a

better efficiency compare with conventional bipolar.

According to fig 10 and fig 11, losses in inverter of
conventional bipolar and proposed technique is investigated. If
the same condition is applied, conventional bipolar will have
losses in inverter between TW to 224W. In contrast, the
proposed technique will have losses in inverter between 4.8W

to 59.5W.
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Fig 8. Inverter efficiency of conventional bipolar
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Fig 10. Losses in inverter of conventional bipolar
70 ——Current Control 1A
60 . ——Current Control 24 {

s Cirrent Control 34
= Current Control 44
——Current Control 5A

=== Cuirent Cunbivl 64

e Clirrent Contral 74 *
~==Current Control 8A

Current Control 9A

400y, 500V 600V Toov 800V ~—==Curtent Contrul 104 ‘

Fig 11. Losses in inverter of proposed technique

VII. CONCLUSION

This paper evaluates the performance of single-phase full
bridge grid-connected Converter. Mainly. compare between
the conventional bipolar technique and proposed technique.
The proposed technique gives the better performance than
the conventional bipolar. The switching losses of proposed
technique are more than two times lower than the switching
losses of conventional bipolar.
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