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SOPIDA VATCHARASUKPO : A HIGH STEP-UP DC-DC CONVERTER
FOR A THREE-PHASE MOTOR DRIVE SYSTEM.

THESIS ADVISOR : SUDARAT KHWAN-ON, Ph.D., 202 PP.

RENEABLE ENERGY/ DC-DC CONVERTER/ HIGH STEP-UP RATIO/ SINGLE

SWITCH/ MOTOR DRIVE SYSTEM

This thesis proposes a new topology of a high step-up DC-DC converter with
a high voltage conversion ratio, approximately 30, for a three-phase motor drive
system. The motor drive system includes a three-phase inverter and a three-phase
permanent magnet synchronous motor (PMSM). A proposed high step-up DC-DC
converter acts as a 600 V4. power supply for the three-phase inverter. The proposed
converter employs only a single power switch instead of using several switches,
resulting in the satisfactory efficiency and simple control technique to regulate the
output voltage. The proposed converter can step up the low input voltage (20-50 V)
generated from the photovoltaic modules to the high output voltage level
approximately 600 V4. The PI controller is used to regulate the output voltage at the
level of 600 V. In this thesis, the proposed converter configuration is presented and
the operation principle of the proposed converter is analyzed. The proposed converter
is designed and the control strategy of the proposed converter under the continuous
conduction mode (CCM) is described. In addition, the proposed converter is
employed to step up the low input voltage to the output level for a three-phase motor

drive system. The simulation results show the effectiveness of proposed converter.



Moreover, the hardware in loop (HIL) simulation using eZdsp' VF28335 is applied to

implement the PI controller for the real system.
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Lﬂ’]ﬁﬂﬁmllﬂzﬂ'lﬂLlWQW'JlegNTu

2003 | L.C.Franco, L. L. Pfitcher | umanwildndus Inssadwvesrsasuilasin
and R. Gules ad I unuaisedugs Tasiingeind

UsIAUMUUHaaa (Multiphase Voltage Multiplier)

1 [ A A 1 o o Y ds!
ll'WI’é]"'UuTL!ﬂuI,W’é)LWﬁJﬂTLLiQ@ut@WﬂW‘@ﬂWq\ﬁlu




Q13197 2.1 WNaUITeNNEIVDIN VDT

Y

Y (%

HUVINUALSIAUE (D)

QU

‘]JZNFT‘L!ﬁ"liﬁlx‘]ul‘l/\l‘?/l\lWLL‘U‘UﬂiZLLﬁ'@liQL‘ﬂUﬂi%LLﬁ@]ﬁ\‘]

A A 4 U o o Ao
UNNUN AMSHIVY MIzAAYVDINUINY
. . . dy o L% o [ 9
2005 | S.V.G.Oliveiraand L. Barbi | unaliudintaueddasuaamunidalviia
I
aszuaasuiunszuaaselasldvdoulaq il
d‘ Y 1 d' A [ [
ANNDGIVVA N AT I INBINNTE AU TIAY
PIANA ATAAMINTZINOUYDINTELE
2, ) o
2006 | H. Broeck and I. Tezcan PNANVUUNTUD IATIAI1999TNUTEAVUT 9
[ v Aa o,
ﬂulLUUﬂ@ﬁ@um@iﬁW (Dual Interleaved Boost
4 da e oA )
Converter) LW@iﬁMi%UUV]MLNﬂH@HWWm
dgl o %
2006 | M. Saldana, G. Quirino, UNANNUUNAUDNITODNUVUAIAIUANUYOIIIDT
o A ] ) AQY a o a
. wlaarumyaus s uuDuLaanan l¥ainsaunen
L. Ramos, C. Gutierrez
Tagna1sadszansnmvesszuy uazldimaiin
and O. Lopez ‘ '
MSoONUUUAINIRYIENgad MU0 NIY D
AMmaiinesvesinIuguUn L
. . d9}0 a g v o w Y
2007 | S.V. Araujo, P. Zacharia, B. PNANUUINNTNATIZH9 T asduida i
. I [ g
Sahan, R. P. Torrico and F. suunszuaasuiunszuaasaluglunuais g N
s ' s A ¥ A VW
Antunes HUULenns1a taz lunenninaie e uaony
LN PV Modules
Y ]
2008 | R-J. Wai, W-H. Wang and C- | una1ui 192995utasdumias I ihuuun g
. A o ' A A 1 o 4 Y é‘
Y. Lin TV tNBINNA LI IA U 1A NA TH g Y
Id ] o {
Wunsreansuumslume PV Modules N0 4
° [ v 3 o
mnaeeynsunuiudavn
2 o ax A 1w o
2008 | L.Ramos, O. Lopez, PNANNUUUTUDITINUAIOATIVIITUTIAUUD

M. Saldana and D. Saldierna

' 9 '
awmﬂmwuﬁmﬂﬂ%’h TagmMsuIUIUTUNAD
Y a dJdou A U o w =
UUVLATLAAN Llagi%ﬁﬁﬁ%ﬁﬁlﬂﬂﬂ%ﬁﬂﬁﬂﬂWQthUuLf’ffJ
{ a a 4 @
NnanNmMsaIny lm%ﬁﬂ]iﬂﬂﬂllﬂﬂﬁ’)ﬂ’)‘ﬂﬂﬂ

ST IANATDITZUUAIY




A Av A a 9 [ v o w Y I
MTNN 2.1 WﬁﬂTu'J%fJ“l/]LﬂfJ'JGUENﬂ‘U'NfﬂﬁllﬂaﬂWL!ﬂ']a\ivlwi"hllﬂﬂﬂﬁgLlﬁﬁﬁ\‘llﬂl‘lﬂﬁﬁfllﬁﬂﬁﬁ

HUDIWUAMIIAUGA (A1D)

= d‘Q 4 X% o a v
Unnun AMTHIVY MIzAIAYVDINUINY
2008 E.H. Ismail, M.A. Saffar, unaNuidtauens l¥adagaufenulesuilag
Sabzali and A.J. Fardoun Aumas Ifhuuumuswseduge Taomatia PWM
INDFINNNTATIVBIUTIAY AANITNITLINONVD
HTIAUIDIANA UAZAANUIATIAVDIUTIAUNAAND
ATONAINY
dy o 9 v o w Y
2009 J-M. Kwon, B-H. Kwonand | unanuiltinaue Inseadarsesudasdumaslnih
<) A ' @
K-H Nam ATEUaAT VI UNTLLAATINVVINUAITIAUG 1Ay
o 1 [ = =) 4
19013913 IWAUVDII99T T BanTEU S Taunnes
BYNINUVVUADA(Dual Series Resonant Rectifier
Circuit) Haz99sUAANNL VLN AN (Active Clamp
Circuit)
dy o Y o w 9| a 4
2011 J-H. Lee, J-H. Park and J. H. | unanuiiviauedsvsudasdumaa laihyiiaes
ad [
Jeon IFava1snuALUVABDYNIN (Series-Connected
Forward-Flyback Converter) ORI GRNER A AN
2
g
. . . dy o o o w Y
2011 G. Siazzi, P. Mattavelli and A. | Unanuiinauelwsulasdumas luihuouaie
1 @ = o = o
Costabeber HUATINAUINITUONNNUADUW LAZIVTNALTIAY
d' A 1 [ 4 Y :3
(WRINNATIAUIDIANA TH TN 9)
o o v Aq Yo
2012 K-J. Lee, B-G. Park, R-Y. Kim | UNAMUHE 1LaUDIITNUTEAVUTIAUN 1HA 2
and D-S. Hyun mienaeed1 A uA N He2113 Teuuud e
AT IAUIA YR
dy o an a o 1 [
2012 | Y.Park, B.Jungand S. Choi | UNAMUHUUAUOITNMTAIAG IUBIWTIAU 1AL

I o I Y o w
aseuaduaud dSmsurssudasiumds iy

U

o A

= A o o A A
iTGBLLuu%wiJaﬂﬁ"umﬂuﬂﬂu’gN IWDLIWU

1/52ANTNINVDI99TAINA




~ Av A A 9 o v o w Y I
M1319% 2.1 WanuItenedIveanyavsulasdumad Iihuuunszuaesailunszuansa
HUDIWUAMIIAUGA (A1D)
dd‘Q 4 X% o a v
Unwuw AULHIVY MIZMAYVDINUINY
2012 P. Yang, J. Xu, G. Zhouand | unanuiiuausnisldiaesulasdumadamuig
S. Zhang Auseaumasaed lagld CLD Cell e lums
1 9
INBATIVEIOUTIAY DNNIGIBTITAAANITNLAT UA
usesulumsaiad
2, . v o
2012 T. Sik Hwang and S. Yeul AU A UENTHNUU092905 U a9A UMY
Park BUDINANTIY TAgdns eI IaNYe 1993
naluTnuanseuaasiiios (CCM) uaz Tnuansua
Tugeiiea (DcM) waznSeumenlszansanves
2995
2012 Dmitri Vinnikov, Indrek unaNNHT LA U995l AR UL LINYAILT 99 Y
Roasto, Ryszard Strzelecki and | Inal#ia50110 zS nuuuadaa Usvananiiging
Marek Adamowicz Wihivesaind Femesaamagydoninasinaiad
-7\ v o o 9
2013 Yan Zhang and Jinjun Liu ynANuHtauelesutlasdusiaa 1nih X-shape
Muszavnsadu Wi tazanwasesaunsadu i
voagilnsaiorannsetindmasanasednaun
2, @ o w U Y
2013 Tsai-Jie Lin, Jiann-Fuh Chen | una2wiiduaueasasuasduiias liidreds
and Vi-Ping Hsich mitienhigain ieszaunssdunn 24 v idlu 400 v
= [ Y a Jdo o
nazaannuassausiau Iiihvesadadias
- . dyo @ v o w Y
2014 | Liping Zhou, Dongyuan Qiu, | Unanuininauemswauvsulasdumas i

Wenxun Xiao and Bo Zhang

Y

Fronldaiadnielu1995anaeI1s Ui uNaIaY

@

a J 4 1y Aa A
Ha9eINAd NUBATVNBUIIAY Az ssaNTNINga
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23 eswdasduinddliihnszuaasaiunszuaaswuuiinams sduga

v o W I 1

Tassadrvenssuasduma Ifhuuuaszuansaifunszuanss ansanyald
< A 7 . ' J .
Wu 2 Usgan Av uuuenns e (isolated type) wazuyy hinenns1g (non-isolated type) Tag

o I 9 y 9 o a . A s ' 9

nuvusnantuaeslsndendasnailnin (galvanic transformer) NOLINNTIIATEHINAIY
usaau nazussauge Tasndeulasdananvzlions1daumswuuaadng (large turn ratio)
= ~ o w . v .. . A
FannuHiehii lva (leakage inductance) uazmmuﬂizmmmm (parasitic capacitance) N

a a 9

Lﬁﬂfﬁuclum@mﬂnﬁﬂgmawmuﬂm%ﬁwaiﬁzﬁﬂmﬂjmﬁu (spike) YDUTIAU LAz NISIA
1993 ¥l aussous nazdszAntnmuesszuuanas e 1fees 1d5uau
(@010 (L-W. Zhou, B-X.Zhu and Q-M.Luo, 2012) luvaiziuuy linennsg luide s
uag v 1R Tilsz@nTammsaugan U uIennI G (J-P. Lee, B-D.Min and J-Y. Yoo,
2007) ﬁ'ﬂﬁ'uiumi“numuﬂ?ﬁﬁﬁaﬁmtﬂsiuﬂzajuﬁmﬁﬂmwmﬂmﬁuﬁﬁq"M%’Jm'mmmq

& ’ ¢ 7
Funseuaasau litennsng (non-isolated step-up DC-DC converter) tN1HU

e D i,

Vin:% ﬂE CA= R ;Vo

H S
gﬂ‘ﬁ 2.1 WIITNUITTAVUITIAULYVANUAN

1 Y
gﬂﬁ 2.1 Llﬁﬂﬂiﬂﬁﬁﬁ%INGU’E'J\T’Nﬂiﬂﬂi%ﬂﬂuiﬁﬂuuﬂﬂﬂ%ﬂﬂ (conventional ~ boost

a

= Y @ ~ o v I a d o @ a
converter) “ﬁﬁﬂi%ﬂ@ﬂﬂ’)ﬂﬂ'ﬁl‘ﬁuﬂ'ﬁu1 Gl’)!ﬂﬂﬂi%i]. llﬂif]ﬂ UASHEIAYNIAY NITAUATISH
Y
‘ﬁﬁﬂﬂ151/(111\‘111‘!"118Q’N%'51/]Uigﬂ’]JLL’B'Q@’L!!L’U’U@Q!ﬂllll’d@\?sluﬂWﬂW’H’Jﬂ . %1ﬂ"19116%°1ﬂ@92|}1u
Y
DAIIVYIYUIIAUUDINITINUICAULLUIIAULUUAIANY "lﬁ'ﬁqmnﬂ“l,ua?mﬁuﬁuamﬁwwm
@ o o I 4 A [
Iﬂix‘lﬁ'%ﬁ\‘lﬂl@ﬁ’)ﬁﬁ]ﬁllﬂﬁ\iN“L!ﬂ'l?l\‘lul“l/\hs/}‘hﬂﬁ%uﬁ@]i\‘llﬂuﬂigllﬁ@iﬂ Lﬁ@“lﬁ’mmmzwmzﬂmm
[ o 9 ds! tﬂ' 9 [ [ a =
u,'imummw@"lﬂqwu Iﬂ‘c’lg‘lhfl 2.2 L!ﬂ'ﬂ\ﬂﬂ3Qﬁ'i'l\iﬂl@ﬂﬂ\iﬂi’ﬂﬂigﬂﬂlliﬂﬂu ’f)“LJL‘VIE]'iﬁWLL‘U‘]J
. I o o o ?x’/ a
aould (two-phase interleaved boost converter) WUNTHINTNUTEAVUTIAULDUAUANT DI
’Jx‘lﬂﬂﬂﬁi@ﬂllﬂuﬁu @Q%Oﬂlﬁﬂi%ﬁﬂﬁ?ﬁ/ﬂUlW%T aﬂﬂﬁﬂiglﬁﬂﬂﬂlﬂ\‘]ﬂizuﬁ uazaﬂmmﬂﬁumsﬁ’a

mﬁmﬁmazﬁ’mﬁuﬂﬁm (K. I. Hwu and Y. T. Yau, 2009)
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L D
Y YY) Py H___
S|
L = D
—Y YN - N
— S| C~ RV,

= v [ I
719 2.2 209 InuszAuusIRuRImeTarluu U u e

gﬂ‘ﬁ 2.3 HAAIINITNYTLAVUTIAULUUAINTLAY (three-level boost converter) (B. R.
Lin, H. H. Luand Y. L. Hou, 1999) Saainsatiiusasivenonsesiuldaean uenviniimsii
NINUTEAVIS WUILUAURNMA1E 9 19950 UNT U F9i3 80111995 NUTZF LIS U
HUVLUATIARA (cascade boost converter) qumu13acﬁamﬁué’mwmﬂuﬁﬂﬁ’uiﬁqﬂ%ﬂﬁ' 3311‘1/?{)0
ﬂhﬂaﬂmiﬂﬁmﬁammﬂﬁmﬁ‘ﬁ"1wavi1uqﬂnmf§ﬁameﬁnﬁ¢iw 9 (S. Vighetti, J-P.Ferrieux
and Y. Lembeye, 2014) Tavgufi 2.4 naaanasnussiuussdunuuindinade vy Wadl
aunsnysanmineiainanlaslfaiafifiosdufon Gonin 293nuszdunsiduidides

(conventional quadratic boost converter) aaue @ﬂug 1n 2.5

L D
Y Y Y P N
Y C~
Vi”:__t R gvout
| cC~
D
<

31U 2.3 2993V AVUT AUV T A
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L D L D
Y YY) ” . Y YY) ”
+ — . — e *
Vi”__:- jr—‘ ¢ j': T : %V‘)ut

Stage 1 Stage 2

1 9
gﬂ‘ﬁ 2.4 NWAIINUITAVUITIAULUVUAT AR TOIVY

D
.I
iLl L D iL2 L D
L rvYn b LYY >
+
Vi c/R st c Ry,

Multiplier Cell

517 2.5 19INVTLAVUTIAUNAITD9

Y

4 @ o w I ] I'4
iesnrnasudasdumas lnihaszuaasuilunszuanswvy linennsig o
a A 1 o a Y o w
Ysg@NTNINgINIMBVLENNT1IA DaN 1T Iaseas19veesasudlasduiias Tudl
< Aa o o ' N ¥

nszudasudunszuanssniionsivenonseauguny liuennsng ldnanvategiluuy

Y
aage 111l

1. 299sufasaumas iy 19 unilenigaan coupled inductor) (Q. Zhao and F.

[

o A o 1 o Y A A D] Yy A A o
C. Lee, 2003) Tagaamilonhgarvsgvimihiaieundoudas Iiluivermiusaswensns iau
Y g g}.l dy % d' o 1 9 é Y 49! [
IMgavu MaldnienignIvlseneuaAlIsvAaIAa0IYA FINTVBIBLIIAUILTUDYND
fuIusoYBIUARIANeaNIDUBEIHIIZ Y JUN 2.6 naaslasadwvesisasutlasiu
o w { o { o 1 y I o LY o
mas ldihnlgaamiienigaiu 510 2.7 Jumsinasulasdumas lihouurarenun
1 v W { o 1 4 A [ [ 4
(flyback converter) M 1F Ui mAUA M HeNhgAILINBINYTEAULS IR U IR NANTZ ARSI 1T

q Y (T. Shimizu, K. Wada and N. Nakamura, 2006)



13

i
*nl 1 *n2
......................... D
L L « L
Vi S} C/T~ R §Vo i

517 2.6 2vsmlasdumde lWihuuuldauniienigaou

>
*n, /J< C
AAAS +
n, bad D R ; V...
Vln:__t _S,:_ D ~C -

=

517 2.7 2wvsulasduimas lfhuuuraennaiwnudnntienigaiu

% o o v a
2. wosudasAumad Iy 19dunuilsegain® (switched capacitor) (H. S. Chung,
. . v I o 9 A 3 A = = [
A. Toinovice and W. L. Cheung, 2003) @atnuiszgagiiminnduaiioudnriiaumainig
o i A o o 2 3 { o
useau il iermuszauns sweanaligeiu 317 2.8 uaaslnseadwuesrsasuilaiu
o w Y Aq Vo o A SR ) A A o o 7
s lWihnldaunuilseyadad Feaooyuniuni n ga NBINNOATIVEIBUTIAUDIANA 1AY

v 3 a  d 1 Y v d a do w @
aunulszaaiad luuaazyalsznouaie aunuilszy lalea uazgunsaladadmaianeda

v
(% ]

< 1 1 o @ [ o
vztru 1a lutidamienimsendoulas Wilaes1ulursasaanard mldvuia uag

Y
HINUNUDINITAAN
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+ D
Vi | I 1 | J:;n =
C K C s! C +

=

1 2.8 2ovsulasiumda ldhilddunulseqaing

a

f v o W { v 3 J o A @
wonvnivsutlasdumas lfhwuonlddunvlszaaiaddiamsomuszau
@ J o v 4 a Jd 1 1 1 @ 1 @ [
H3IAUIANA TAan131a N UIzyaInguaas A0 YNTNTINAVMIADYUIUNY Ad
~ & & 9 [ [ o .
paaalugii 2.9 Fauilulns @3 199090993 NUILAVUIIAUUVUNA8TEAY (multi-level boost

converter)

out

{ o o v 1 v v 3 a 7
gﬂﬁ 2.9 ’N%3‘VIUigﬂﬂllﬁﬂﬂulmﬂﬁa'lﬂigﬂﬂﬁ'J‘JJﬂ‘UGI'J!ﬂ‘U‘iJﬁ%‘Qﬁ'JWIf

o o o ~ o v < a o
3. wesulavAumas Ihuuy 19dunileniwasdunuilszaadag (inductor and
I 1 o
switched capacitor) (R. D. Middlebrook, 1988) WU IHFNHEIUTZHI19995 11 aar
o w v a tal o ¥ o w
mm”l%l%ﬂmuu“l,%’@amuﬂizﬂqaamﬁhiauﬂmwmﬂmwumm"l‘vmnmuyﬂ (Cuk converter)
Y

Y
v =

A o ) Y A = Y o A o
L‘W'O‘VI'IGLW @51%81‘(’1’@\1%1& @\‘I!Lﬁﬂ\ﬂﬂi\iﬁi?\i’)\iﬂﬁiugﬂﬂ 2.10 %Qﬂi&ﬂ@ﬂﬂ?ﬂﬁjlﬂuﬂﬁﬁﬂﬁﬁﬂ
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A A 9 Aa 9 4 v I a o
MBAANITNISINDNUDINTSHANNATUDUNA LASNIWNATUDIANA T%mmuﬂimﬁm% n YA

1 y A [ [ J
ﬂZLlﬂiﬂﬂgﬁluﬂﬂﬂiﬁl‘fﬂ Lﬁammmmwmummwm

D

. C C
D

* 1 L I
Vln—_: =C ‘SE} % D CT~ R§Vc>ut
C
|l
¢ I >

! v o w % | o ] a
51/ 2.10 2asmlasdumaa lWihuuulgdumtienhuazdunulszyaing

G

4. wosutlasiudds Wihuuy 155amidennhdnivuasdufussaaind coupled
inductor and switched capacitor) (R. J. Wai and R. Y. Duan, 2005) ﬁlumimmwmuizwdw
vsulasiudida ihuuuilddaniienigain wazuuuldsuivlseqaiag oy
§as1verensIdy nazlszansnmuesns Tnsiadwessesulasiumda iy

uerad laaazli 2.11

U

D
A ™

A v o w @ { o w 1 v a
51# 2.11 2vsdasduids Iihuunl¥dumiisnihdgaiutazdunulszaaing

% o o a r'd
5. vsutaviumas InihuuvdumeSan (interleaved boost converter) (R. Gules, L.
I ) [ v A = ¥y a
L. Pfitscher and L. C. Franco, 2003) LﬂuﬂﬁLlTNi]i‘W]Ji$ﬂ‘ULL‘i\1ﬂuf]um'é)‘iﬁ‘l’\ll,mﬂﬂﬁlﬂn
. T o sa o A oA 4
(conventional interleaved boost DC-DC converter) 41§99 ﬁilﬂ‘UQ“]Jﬂi AlolanNNIolndou d 1o

] Y 1 9
ﬁ']ﬁlﬁ}ﬂﬂﬁWEIJEJ"I‘EJLL'iﬁﬂu"’U’E)\‘]'NﬂiLW‘JJq\‘]%uulﬁ} Gﬁ?ﬂﬁﬂﬂWiﬂﬁglﬁ@Nﬂlﬂﬂﬂi%uﬁ TIUNNAAUVUINA
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4 LY o o
wo99Unssim1a®  (passive components) IAsed3UeIITHasAUmAY WAy

i v
=

a v 1 o
sumoesannlFdunuilszagaiuuaaslddegli 2.12

a

L C D

=

4 o o w a v J
51 2.12 2esulasduias ihuuusumesavnlddunuilszagan

o a dJdo A

6. WITNUTEAVUTIAULY UIANAMTIAUGIN 1 FaIaTAUAD (high-step-up  boost
@ A AA 1 = Y v
converter with a single switch) Tago1d1995185uNTaN 1 SC cell %Qﬂi%ﬂﬂﬂﬂﬂﬂﬁ’ﬂﬂﬂﬂi%i}
@ @ 1 A 1 @ @ 14 ?zl.l L
RN Llazhlﬂiﬂﬂﬁ'm@’] Lélgl}'lclﬂflsl,uﬂ'litWiJﬂ'ligﬂ‘]JLLi\‘lﬂumWW!@ ﬂﬂﬁiﬂi\iﬁ%%ﬂlﬂ\? SC cell
vrsngTugauun Tinne (non-inverting) tazuuVWAAY (inverting) Awuaalugili 2.13
?zl/ =1 9 d' 9 2K o 1 [ Y d'a ?z}.l % d[
"Ni]i‘V]\1ETE]Qqﬁj“]_lLLUUNIﬂiQﬁiWQWﬂﬁWﬂﬂﬁﬂﬂu Lm!mﬂ@]1\‘]ﬂuVI‘V]ﬁTIN‘UENllﬂIE)ﬂVNZ‘T'IllG]’J N
o Y v o g‘/ = J [ 9 d‘ 9
‘Vnch’i"ﬁﬂ‘ngﬂTi‘V]NTL!"IIfN'Ni]3‘VNﬁf]\‘i:ilﬂL!UUNﬂQWNLLﬁﬂ@NﬂHQQU Iﬂﬁlﬂiﬂﬁ\‘]ﬁ’fi%ﬁlﬂ\‘] SC

o Y [ 9 o Y
cell L!UUWﬂl}ﬂ!’ﬁ’lll’liﬂﬂ@Qﬂuﬂigllﬁﬂﬂuﬂaﬂiuﬁﬁi]'iulﬂ

¢ o
X D X D
. Al
. F ) f )

D D D D
' '
X I y'ox g R
- i IS ” * p
Non-Inverting Inverting

517 2.13 Tng9a$19v04 SC cell

Y

WiohInsead1aues SC cell wlszgadnurarsudasiumasliihnszuansaily
nsznansalugUunuae 9 (EH. Ismail, M.A. Saffar, Sabzali and A.J. Fardoun, 2008) 92 18

&% o w 9 A A 1 @ Y] 4 9 1
’JQﬁ]ﬁLLﬂﬁﬂNl&ﬂTﬁQul‘V\l‘V\l1ﬂi$LLE‘T@]5\1‘VIﬁ13J1§ﬂLW3Jﬂ”I§$ﬂﬂlliﬂﬂum"mﬂ@ulﬂf;’f\i FIYaN
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o { a o ‘a a 4 Y] o
ﬂ'JTJJLﬂdifJﬂ!Lﬁ\‘]ﬂuﬁlﬂﬂﬂ‘ﬂQﬂﬂﬁﬂ!ﬂlaﬂﬂﬁf’JUﬂﬁ aﬂﬂ'J']?J“]f‘]_l“]?}@uGll‘lﬂ'lﬁﬂ'lﬂﬂllﬂ'lﬁﬂ'l\ﬂusllﬂﬂ
3’/ ] 4 Y] 4 o 1 o
IVT i?ilﬂﬂsﬁjﬂﬁﬂﬂ'lﬁﬂﬁzlﬁﬂusll@\‘]Llﬁﬂﬂu!ﬂ'lﬁwlﬂ ﬂ'l'f)f]']\iiﬂi\iﬁ%j'msllﬂ\ij\‘]fﬂiﬂﬂﬁgﬂU
v A 9 Y A do o A v A J ?,’, Y (Y (Y
LLSQ@Uﬂﬂﬁgﬂ@‘Uﬂjﬂ SC cell Llagﬁlﬁb'ﬁ'lﬁslfﬂ'laﬂlwEJ\W]'J!@EJ'JW]']‘L!‘L! llﬂllﬂ NITNUIZAULLINAY
(% 1Y a (Qy a . .
HUVIHA (Zeta-derived boost converter) WITNVTLAVUTIAULVVDUIBT AT A (inverting
@ o a Pt . . .
Sepic-derived boost converter) N’i]i‘l/miSﬁﬂ‘]JLL'Nﬂulmﬂﬂun’ﬂiﬁﬂl%ﬁH (inverting Zeta-derived
boost converter) 2INVTLAVUTIAULDDT T (Sepic-derived boost converter) 4aINITNU

FTAVUITIAUIUVYN (Cuk-derived boost converter) HAAIAIF1N 2.14 Deg1l#1 2.18 mwd1ay

e
. J
[
L \_%}_‘
+
. D
V'”:__ L cT gvout
C
|C
I\ -
517 2.14 2993 NUTZAVLT ULV UITAY
L C = D i
M . | ——2

<
[l
Im
[«
Oy
&~
\AANS
O
O
a
=
MN
<

+
4)
N
. )| . .
1 2.15 2995 nDszAUNS IULDBUNBS AVTA
1S C '
W, T . o
4 Ly I
IL
D
R
V= L Cp RRY,
+
C
)
¢ )| .

d‘ [ [ a G'Qy 9
E‘IJVI 2.16 NITNUITEAULITIAULVUDULIDITAIEA
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FEQ
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SV == (3.41)
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RTDX Read (mask) (link)
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Target Preferences

e l

: Host-Target Communication via RTDX channel :

| |

: HOST HOST :

: (: ) RTDX Write RTDX Write :

Vo Il ichanl ochan] Outl
] Inl Outlf—p | |

| RTDX Write RTDX Read I
| |

Target : :
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2
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E
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W84 0Ya Data Sheet YDIAIAFIGI MOSFET tag'la Ton

http://www.datasheetcatalog.com/datasheets pdf/S/T/B/7/STB75NF75.shtml

http://www.datasheetcatalog.com/datasheets pdf/S/T/P/S/STPS1L30.shtml
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— Simulation and configuration options

l Configure parameters l

hiz tools

Steady-State Voltages and Currents

Initial States Setting

Load Flow l Maching Initialization

166

E! Block Parameters: powe
PSB option menu block (mask) (link)

Set simulation type, simulation parameters, and preferences

Solver | Load Flow | Preferences |

Simulation type: ’Discrete

Solver type: [Tustin

Sample time (s):

Use LTI Viewer le-6

FFT Analysis

Generate Report

Hysteresis Design Tool

l Impedance vs Frequency Measurement
l Compute RLC Line Parameters

0K :” Cancel ” Help Apply ,

s a1 msaasdon Powergui

B Source Hock Paramete

Step
Output a step.
Parameters
Step time:

10

Initial value:

Controlled Voltage Source (mask) (link}

20

Final value:

50

Sample time:

1e-6

Interpret vector parameters as 1-D

Enable zero-crossing detection

| 0K H Cancel H Help ] Apply

| 0K H Cancel ” Help ] Apply

Converts the Simulink input signal into an equivalent voltage source.
The generated voltage is driven by the input signal of the block.

You can initialize your circuit with a specific AC or DC voltage. If you
want to start the simulation in steady-state, the block input must be
connected to a signal starting as a sinusoidal or DC waveform
corresponding to the initial values.

Parameters

TInitizlize

Source type [DC v

Initial amplitude (V):
0

Measurements [None v

g a2 msaamudon Input
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BlDCkPammetEfS: eries R

Series RLC Branch (mask) (link) Series RLC Branch (mask) (Iink)

Implements a series branch of RLC elements, Implements a series branch of RLC elements,
Use the 'Branch type' parameter to add or remove elements from the Use the 'Branch type' parameter to add or remove elements from the
branch. branch.

Parameters Parameters

Branch type: [L Branch type: IC v

Inductance (H): Capacitance (F):

400e-6 40e-6

[ Set the inital inductor current [ Set the Inital capacitor valtage

Measurements lhbone Measurements lNone v

I 0K H Cancel H Help ]_Eppl\,‘ | [ 0K H Cancel H Help ] Apply

T Block Parameters: Series A

Series RLC Branch (mask) (fink)

Implements a series branch of RLC elements,
Use the ‘Branch type' parameter to add or remove elements from the
branch.

Farameters

Branch type: IR

Resistznce (0hms):

Measurements lNone

I 0K H Cancel H Help ] Apply

A g < .
gﬂ‘ﬂ 1.3 MITANMIUAaDN Serirs RLC
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Diede (mask) (link)

Implements a diode in parallel with a series RC snubber circuit.
In on-state the Diode model has an internal resistance (Ren) and

inductance (Lon).

For most applications the internal inductance should be set to

zero.
The Diode impedance is infinite in off-state mode.

Parameters

Resistance Ron (Ohms) :

0.01

Inductance Lon (H) :
0

Forward voltage Vf (V) @
3

Initial current Ic (A) :
0

Snubber resistance Rs (Ohms) :
500 1

Snubber capacitance Cs (F) :
250e-9

0K j’ Cancel H Help ]

For most applications, Lon should be set to zero.
Parameters

FET resistance Ron (Ohms) @

Apply

0.001

internal dl.ode inductance Lon (H) :

0

Internal diede resistance Rd (Ohms) :
0.01

Internal diode forward voltage Vf (V) :
0

Initial current Ic (A) @
0

Snubber resistance Rs (Ohms) @
les

Snubber capacitance Cs (F) @
inf

[T] Show measurement port

) [concel ] [_riob ]

Jinas MR §en Mosfet

Apply

168
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-
W Source Block Parameters: [ S

Signal Generator

Output various wave forms:
Y(t) = Amp*Waveform(Freq, t)

Farameters

Wave form: [sawlooth

Time (): [Use simulation time

Amplitude:

300

Frequency:
20e3

Units: |Hertz

Interpret vector parameters as 1-D

[ 0K ][ Cancel H Help l Apply

To Workspace

Write input to specified timeseries, array, or structure in a
workspace. For menu-based simulation, data is written in the
MATLAB base workspace. Data is not available until the simulation
is stopped or paused. For command-line simulation using the sim
command, the workspace is specified using DstWorkspace field in
the option structure.

To log a bus signal, use "Timeseries" save format.

Parameters

Variable name:

VL1

Limit data points to last:
inf

Decimation:

1

Sample time (-1 for inherited):

le-6

Save format: ’Array

[7] Log fixed-point data as a fi object

Ok ” Cancel H Help ] Apply

A I <]
31]1/] 1.7 MIAIMUaon Workspace
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Current Measurement (mask) (link)

Ideal current measurement.

Parameters

Output signal : |Cnmp|e>{

I[ Cancel H Help

Voltage Measurement (mask) (link)

Ideal voltage measurement.

FParameters

Output signal : | Complex

{ Yy <
3 19 4.8 MIAIMIVADN Current and Voltage Measurement

This block implement a bridge of selected power electronics
devices. Series RC snubber circuits are connected in parallel with
each switch device. Press Help for suggested snubber values
when the model is discretized. For most applications the internal
inductance Lon of diodes and thyristors should be set to zero

Parameters

Number of bridge arms: ’3

Snubber resistance Rs (Ohms)
10000

Snubber capacitance Cs (F)
inf

Power Electronic device ’K;BT,I’ Diodes

Ron (Ohms)

le-4

Forward voltages [ Device VI(V) , Diode Vfd(V)]
[11]

[ Tf(s), Tt(s) ]

[1e-6, 2e-6]

-

I OK ” Cancel ][ Help ]| Apply |

Py 2 <
gﬂﬂ 1.9 NMITANIAIUADN Inverter
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W Hock Pt e

Permanent Magnet Synchronous Machine (mask) (link) o

‘ Configuration | Parameters | Advanced ‘

Implements a three- or five-phase permanent magnet synchronous machine with stato

windings connected in wye to an internal neutral point. Stator phase resistance Rs (ohm):

2.875
The three-phase machine can have sinusoidal or trapezoidal back EMF waveform. The

rator can be Round or Salient-pole for the sinusoidal machine, it is Round when the Inductances [ Ld(H) Lg(H) :
machine is trapezoidal. Preset models are available for the Sinusoidal back EMF
machine with Round rotor only.

[8.5¢-3, 8.56-3]

The five-phase machine has a sinusoidal back EMF waveform and round rotor type. Speciy: Fux Inkage established by magrets (\s)
Preset models are not available for this type of machine. Fluxlinkage stablishec by magrets (vs):

m

Parameters 0.175

Configuration

Number of phases: |3 - Voltage Constant (V_peak L-L / krpm):
[126.966

Back EMF waveform: [Slnusoﬂal M

Torque Constant (N.m [ A_peak):

Rotor type: lsaiient—pole M

(105

Mechanical input: ITorque Tm v

Inertia, viscous damping, pole pairs, static friction [ J(kg.m*2) F(N.m.s) p() Tf(N.m)]

Preset model: Mo 7 [8e-404]

Tnitial conditions [ wm(rad/s) thetam(deg) ia,ib(A) 1:

[0,0,0,0]
{ 1 i 4 1 ]
I OK H Cancel H Help l _.i_ppl‘,-_ I OK H Cancel H Help I Apply
W Blck Paraters: Pervaent agnel Syncvonous Nachin
Permanent Magnet Synchﬂ Machimsk) (link) -

Implements a three- or five-phase permanent magnet synchronous machine with stato
windings connected in wye to an internal neutral point.

The three-phase machine can have sinusoidal or trapezoidal back EMF waveform. The
rotor can be Round or Salient-pole for the sinusoidal maching, it is Round when the
machine is trapezoidal. Preset models are available for the Sinusoidal back EMF
machine with Round rotor only.

The five-phase machine has a sinusoidal back EMF waveform and round rator type.
Preset models are not available for this type of machine.

m

Configuration Advanced

-1

Rotor flux position when theta = 0 [90 degrees behind phase A axis (modified Park) ~

< m ]

[ ok ][ concel J[ mebp || appy

1 g <3
317 .10 M3AIA1VABN Motor 3 phase
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W/ Function Block Paran I

FI Controller (mask)

Parameters

Integral

0.73168617

Proportional :

0.01914514

Minimum and maximum outputs:
[-5000000, 5000000]

oK I [ Cancel ] [ Help l | Apply

{ 3’, U <
gﬂ‘ﬁ .11 MINA1Uaan PI Controller
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AINIANULYTATIU H3OAIAIUANTUAT (Proportional Control)

v 1 A Y o Y = I [ [
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Y
Flulauaumsasns 11

e(t)—» K . e Kpou[

JUN 2.1 unumwanvazaINIUANFHAN

KPout = KP e(t) @.1)

o o @ J
2 AYYIUDIANAVDIUNDNTATIU

o))

A
1o

Pout

Y

2 [ 1

@ [ Y
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X

t 9 13901

o o o Aa
AInIuANUULYT LS nTedanIuguiia le (Integral Control)
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A
t f19 1341
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/*-- define buffers, leave uninitialized, to be supplied by MATLAB --*/

float iL,Vo ,Ir, Vpi;

float Kpv=0,Kiv=0, Kpi=0,Kii=0, err_v=0,err_i=0;

float Vref=600,Ts=0.00001,Kp v=0.0027,Ki v=0.11,Kp i=5.95,Ki i=118102.7967;
void add_sub_buffers(float *in1, float *out1)

{H

/*-- step for data reciving --*/
iL = inl[0];
Vo =inl[1];

/*-- algorithm PI controller --*/

/*-- algorithm PI controller for voltage loop --*/

Kiv=Kiv+(Ki_v*Ts*err v);/ *—-m30gu Inafaavean1souinsn Mnaumsn (3.4)

err_v=Vref-Vo; / *-- error UYDIUITIAU JADIA Vref-Vo
a 4 (%} [ 1 1Y
Kpv=Kp_v*err v;/ *-- WITWINDTVOIAIAIUANNAUNUAT error YOILTIAY
4 1Y) o [ I a
Ir=Kpv+Kiv; / *- 121NNV sIay dmFuitludunavesginszua

/*-- algorithm PI controller for current loop --*/

Kii=Kii+(Ki_i*Ts*err i);/  *-m3@euTaamaeveamsouinin mnaumsi (3.4)

err_i=Ir-iL; / *-_ error VBNATLUA JAIN Tr-iL
a 4 (J @ 1
Kpi=Kp_i*err i; / *-- WIS WINDFVOIAINIVAUNAVAUA error YDINTZLE
. . .. J ) [ [ Yy a
Vpi=(Kpi+Kii); / - p1aNaAveIgUnszud dmsuiludygraeisealums

wenifeuidyanuaumaon
Y
/*-- step for data sending --*/
outl[0] = Vpi;

return;}
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A High Step-Up DC-DC Converter for
Renewable Energy System Applications

5. Vachamsikpo, §. Kinan-n

Abstract—This paper propess 2 new high stepup DO-DC
omveria wpolagy hor renewable energy sysiem applcaimns. ke
praposed converter amploys only 2 single power switch nstead of
wng several swikhes. Compared 1o the conventimal de-dc stepap
cmverters the higher volege grin with small oulput rippls an be
achisved by meing the prpemed high atepan deade oonverter
iopology. 1 can siep up the ow imput volege (20-50V do) generaied
from the photovadtic madules © the high oupu wolge level
approx imalely §00Vde in order do supply the three-phase nverter fid
the three-ghase mofor drive. In his pagper, the operating inciple of
the propossd converter topalagy and it comtrol strategy under the
omtimums  conkction mede (OCM) azre  described  Finaly,
sinulation results me shown o demomstrae the effectiven=s af the
mroposed high sep-up dode comener wh its contm] sirategy to
mencene the valimge sop-wp convonion metia.

Keéjwords— dodk oomverter, high depup matin, renewahle
eneTgy, single switch

L INTROWUICTION

OWADAYS, renewable enemy, such 3 photovoltsic (PV)

cells and wind nrbine: has meceived incessingy

attention die to energy shortage and envirmnmental
contamination [ 1], However, renewablz energy sysiems, sud
& solar energy systems, generally poduce low do voltage
output approxinately MV in full sunlight opersion [2].
Theretore, the de-de cenveriers are required 10 "ep-up the
extremely low input voltage to the higher outpul voltage
levels, depending on the renewable energy  syskem
applications. For example, in the PV grid-comected power
system  applications, the high step-wp de-de. converier &
enpliyed to comert e low input votage into & swiicienty
high output voltage shout 350400 Vde for the de link voltags,
&0 that the single-phase inverier can invert i the s power ©
the 220V gnd voltage |3).

In order to bost the ow ouput volage of the PV modules
o the higher lewels, & eonventional boost converter is usualy
used becsuse of ite simple dructure ard contiol, However, 1o
obtain the high voliage step-up ratio fe extremely kigh duy
cycle is requined for the operation of the conventioaal Dot
converier, resultng in the increase of the power converir
lomes In the case that the ingut volbge of the single-phae
imenter & 400%de, the conventional boost wivensr cannd
achieve ahigh stap-up conversien ratio. It canaot swesessfully

8 Khwm-on b with the School of Eleaical Engineenss, Seramare
Usiversity of Techsology, Nakbon hatdasima, Thailmd 30000 (z-mail:
sadarat Ibsiiomt e d).

A Vachsooln b oo sssio sl s ibe Seeol of Ekciaal
Ergneering, Semewe Uniersiy o Techmolgy, Mbbon Rachesima,
Thailamd 3000 { e-mrail: beoieg,_ - poestyEoim ail com).

rensfiorm the ingut voliage of 20%de generated from the PV
medules W Me desired owtpul level due W e practical
operating limiatons [4]. To overcome the siall voliage gain
of the conventioral boost comverter the n-stages cascade oot
converter: are introduwced to provide the high step-up voltage
flie,  Unforunatsly, the convens devices mofeas
sgnificantly, resulting n the merease of the cost, the les
efficiency of the comerer and the more complex control
ciruitry [5].

In recent years 3 greal deal of research has been dose on the
development of the stepup de-de converter topologies in
ofder 1o achieve a sufficiently high step-up conversion ratin
with hghafficismey pefomanee for the phasvaltaic syaem
applications [6-14]. For example, in [6], severl iopologies of
nonizolated high-stepup defde comerters in phoovoliic
erd-oonnected spplications are reviewed and classified iniy
aeveral eteporie. The sdvantages and dizssdventages of these
converter opologies am ako discussed. However, the high
shep-up de-de converter: used for the PV mour-drive system
applications have received little attentien in the literaure. The
mujor clalkenge of fe desimd dede converies iz the
extremely large voltage step-up ratio because the three-phase
inverier requines approcimately S0 de for the de-link voltage
o convet i x power feeding thiee-phae molor drive
Bpitam,

Tnn this paper, the high step-up de-de converer with a singk
power switch is propesed for the three-phese molor drive
swtem epplications. The popesed high step-up de-de
converier topology & mesemed in the following section. The
oferating principle of the propaxsed comverter is deseribed in
sgction I In addition, the control strategy based on the
conventional Pl-contrelkr is developed for the proposed high
depup  de-de comvedter to provide good  megulation
characterktics of e converter output voltage, Simulation
results for the proposed conveter togology are presenied in
the following seotions in onder 4o illustate the porformaonce of
the proposed converier under the OCM opersting conditions,
Finally, the conclusion iz given n section VI

IL HixH STER-UP DC-DiC OOnVERTER TobOoLOssy

The cenfiguration of the proposed high epap dede
converter is shown in Fig 1. It consists of only one power
awitch, two industors, four capacitors and five diodes, As can
be seen in Fig. 1, the proposed conerer topology can be
clusifiedinto the incorporation of te input pert, the quadratic
Ismest par, the cuk-derived part and the kead part as hown in
Fiz. 2. The inpu part composes of the low iaput volage F,
and the input indweior L. The quadratic boosi pant consists of
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one power switch 5, one inducter Ly, me capaciior O and two
disdes Dy, D, The cuk-derived part & formed by three dieds
D, D, Dy and two capaciters Oy, Oy with the identical
capacitance. In addition. the oulpu capaciior Cyp & connected
inparalle tothe resistor B located st the load parnt.

-
':-ﬁ
e e
L. ] |
: el Eh o 1 o= i
‘ “ | I
11 4 _

iy,
———
L iy heg &
_r'""'{ > "h'l_‘."'_ 4—“— -
+ Fy wFy=| +F - + -

V- I |
]| [T

I

1
L=

e e

*

s ram Loadpasz

Fig. 2 Theincorporating perts of the propossd omverier topalogy

M. PrRWCIPLE OF OFBCATION

The preposed do-de cinvere with high volage Se-up
raio opentes in the coninwous conducion mode (OCM). In
ofler to s mplifythe analysiz, seme sssumpioas are tken inle
acoount [ 5], Firstly, all the active components, such a5 power
swiiches and diodes, of ihe propesed converter are conside fad
& ideal. Secondly, the inductors ane sufficienty large so that
the cument flowing trosh these indudors iz constan,
operating in the continwes conductionmode. Thus, the
current fpples tieugh 1 industors a5 neglighle Finally,
the capactors are infinitzly large so the the voltages semss
these capaciiors can be considered constant with & very small
ripple during the switching peried. Thee is m'y one power
switch losated inthe proposed comverner wpolegy. Therefone.
inone switching period the propesed cenverter contains two
inportant switch ng modes; switch § istumed on and switch §
is tumed off. Detailed explanation of exch opesating mode is
given a5 nllows

Ml !: the power switch 5 & tumed on. The topological
stege of the ciruit under this mode operating condition =
shown in Fig. 3. The switch £ begins ro conduct curent. The
inducior Ly is linsarly charged by the iaput voliage source Fa
The dicde D3 i forward biased. The indweior curment i flows
thiough this diede and the acive switch, The capaciior O
dedivers i siorsl ewrgy ke e imbwis L while e
capaciton, Cyand Oy, ane discharged drough the active switch
5. The diedes D, and D, are both reversed-bizsed. The outpat
filier capaciior Oy & charged via diod: Dy, In this mode, all
the inducior cursents, iy and i, are Inearly increasing over

the switching-on perisd On the contrzry, the wliages oo
the capaciiors O, Cr and s e linesrly decreasing becaus
these capacitors melease theii sorel enersy during this
operating condition mode.,

Y I,
_r-'-'l..-l“ | ——
W - 4 - K - ,yn_ - Fea 4

,T
1l

4
I '\
I
Il
Fe s =
-

Fig. 3 The epalagcal switched-on maode of the proposed converer

Mincde I the pewer switch 8 & switched off. The topological
dzge of the proposed converter under the swikched-off mode
oqerating condition is shown in Fig. 4. As can be seen, diod:
D, awomatically switches off because of its reversed-bissed
circuitry, When the swich § is tumed off, the diole D; s
umed on simulaneously providing a path for the inductor
curment i; thiough the capaciter ;. As a nesult, the energy
aored in the inducior Ly delivers to the capacitor O The
diedes D) and 0y are trned on simultaneosly, providing a
pah for the inductor current iy, The induct Ly delvers the
sored enerey to the capacitors Oy and Oy throuch diodes Dy
and 0, mapectively. Inithis mode, the capaciors C, C, and
Cyare hutgdmg.:d up while the oupat capacitor O, |sbemg
diecharged to sugply the load cement iy, Inaddition, all of the
indwctor cursents, iy and igs, ane linearly decreasing during the
awitching-off time.

Iy
e —
+ B - o
L | D L . ] I
_.r-‘n.}"__._U -
+ F, By - +F - y #ha- =y +
K * M - - &
. cLr. *h P L 2
- —— -
¥ -F, -
- H

“t’.\ -

Fig. 4 The iopologcal switched-aff made o the propasad converter

In order to comider the performance of the proposed high
aep-up de-de converter. the voltage sep-up conversion ratin
() wnde the deady-state aperating sondition iz analyzed Az
cm be seen in Fig 3, when fe swith § & wroed on, the
wiltages seross the inductors L and Ly ae F, and Vg,
respectively. The output volage, Fo, acrss the ouput
capacitor Ty aqualz i Fe Therefore | diring the swithing-on

peariod the slope of the inducior cumrents, §y; and i, can be
expressed a5

Nl

di,

- )]
d "I ‘
dipg _ Vo o
@ L
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Referring to Fig. 4, during the switching-off fime e
viages aoroes the inductors L and L; are (V- Fi) and (Fz
-Fy), respectively, Thus e slope of the nductor currents, iy
and iy wder this operating condition can be olained =
follows

ELL:@ a
dt L

'I'II:I.J = Pﬁ — zﬂ {,ﬂ]
@ L

2y appying volt-socond balbaee on the indectors I, ond I,
the following equations can be derived

Ly Falew+ Vo —Faltyy=0 5
L; Vedamt{(Fm-Falg -0 1)

The witage step-up conversion ratio M, where Fa = Fy
can be found from (5) and (6) as

¥y 2
s (0
T
Where t, and {7 are the swich-on time and the switch-off
time respectively. 0 is the switch duty cycle.

From (T), the voltage step-up conversion ratio M of the
proposad high gep-up de-de converter a5 a finction of duty
eyl D izshownin Fig. 5. Moreover, e voltige stopup mtin
M of the weveral previously proposed high siep-up comverters,
such as fwe conventional boost converter, de conventions]
quadratic boost converter [4], the cuk-derived converter [3],
the quadratic boost converier with CLID cel [4], we alse
shewn in Fig. 5. It is clear that the proposed high stes-up de-
de converer has higher woltage gain than the sther hgh step-
upconverers over a range of te duty cwcle.
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Fig. 5 The volizge slep-wp ecmversian ratia ¥

IV, CONTROLSTRATEGY
In this section, the centrol arategy for the propoded high
step-up de-de coaverter is introduced in onder to achieve the
owpul voliage reaulation. The control scheme of the proposed
cowerter is shown in Fig. 6. There are two cntrol oops in

caxade; the voltage loop oukide and the inner-cument loop.
Simple proportienal-plus-integral (PI) contollers can be
designed for these twa control loops, The input inductor
cument asd the cutput volam are memured for Redback
pupeses, With the apprepriate duty cycle of the singe powe
switch the regubied owput volage of the converter can be
achieved, To obtain the sstis@helory sysien respomse, the
dymamics af the inner arrentcontml laoap ned to ke ok
fasber than these of the outer woltage-contral loop [16]. A
controller design methodslogy based oa the P1 contrallers for
the proposed high stepup dede converter = described i
detail as felbows:

Dl

>
I o L o i
e e e

¥, I,
0 o« Se o ¢ R Iw]
| 4
| ||'—I 1 1
1

Elmw Volage ben

Fig. & Comirol scheme af the proposad converter

In ordet v desig the voltage-loop controlle, the snplify
strpeture of the poposed converer is considersd. There fore,
the transfer function between the output voltage and the input
il T el cm e expresal as

y
Gp=—L = f #
't RCs+l

Where C is the ouipat voltzge messured scross the load
redstor & Jp is he inpul curment measuned through the input
induetor L. ig the output capazitor (C = Cg).

The maner fenction of the FI conmoller e he vollage-
contnol loep is given as

Ko
Gy =K pp +—2 ]
&

A closed-loop Wock-diagram representation of the voltage
control loep is shown in Fig, 7.

Pt T K5+ K, A & ¥,

B RCs+1

P1 ol b Plasa

Fig. 7 Block dizgram of volage-conim] loog

Where F, is the reference outpat volbge, F, is the
measured putpul voltage across te load, and [ is he inductor
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cutent flowing through the nductor L, The clsed-lom
transfer function of the wolage-<ontral loop can be deived &

f %

v, Kpplist K gt i1
b gy —'K”'!{+.1|.-.-+—K"'.H
RO Tl

Compaed & the stmdard characteristic equation for the
second-order sysiem, the parameter gains, Ky and K, of the
voltage loop convoller can be derived = follows

[

Ky =2g0,0—— 1
Fy = aLt 7 {

Ky =alc (13

Where £ & the damping ratio. The closed-loop sysiem of
the voltage-contwl loop is crifically damped with e uwnily
damping mtio. @, & the natural frequescy given by

=— 13
e (12}

i,

Comnsidering (he immer-curment kaop controller dexipn, e
simplify plant transfer function can be expressed as

Ge =1 14)

The transfer finction of the PI conroller for e curmen-
coatrol loop is given as

&
Fpr =K pe +— {19
&

Fig. & shows fue closad-loop block diagram of te curmen-

loep control, where Fr s the roforonce inducior cuwmest
generated by the vuer-loop PTcontroller,

l”:
L (ke [ ) I

- A
4 5 = .E.T
1 cmslle Flx

Fiz. B Bk dizgem of curent-contral kg

The clesed-loep tamfer function derived from Ge Blodk
diagram shown in Fig. 8 can be written by

"rJ. .F:mf;.'i‘ _j:x:FJu {16)

e e,
ERE e e
8 L w L
The standard characteristic equation Sor ¢losed -loop second-
arder aystem ik eamparsd ta (16) The parameter ozing, &
and Kj-, of the current loop controller can be expressed as

g -
Ko = 2222 (17

3
L
Ky =2 (1%)

[t shoud be mied that the natural frequeacy ar; of the
cutent-oontnol loop nmust be at least four times faster than that
ofthe volage-control koop in order to obtain the stisfactory
aystem dynamic espons: [16].

Referring to Fg. & shown the proposed high step-up de-do
coaverter with its contrel straiegy, the nominal values of the
coaverter compments are requred for the controller design,
S prrameters ol e comverier ane de Gmed = Gelloes:

¥, = Sivde

L=L;=22uH

= Cy=220 yF

R=24010

The swikching froquescy fy & sclected to be 20 kFEz. From
(1°) and (12) the parameter zains of the wltage-loop FI
coatiolercan be phtained s

K pge = 00004
Ky =0ATe

The cutentloop controller can be desiged from (17) and
(1§). The parameter gains of the eurnenc-loop Fl contmller can
beexpress as

Kpp =0.375

Ky =319

WS NULATION RESULTS

In order to verify the effectiveness of the proposad de-de
coaverter &5 a Ligh step-up ratio coaverter, the simulation
midel 35 can be seen in Fig. & has been developed using
MATTAR snftwasre The popossd high stepoup de-de
cowverter with the contoller designed in the previow sectioa
las been simuwated wing MATLAB SIMULINE. The
awitching frequency wa choses at 20 kHz. The low input
v tage of the proposed converler is comidered in & range of
20:50%de. The maximum powe of te proposed converter is
saumed & 1.5 kW. The parameters of the converier
components ane shown in Table L

TABRE]
THEP a5 A ETER OF PR Dosy ERTER

Symibal (ramtity Wihoe
m e 1mdacior I uH
L L=ty 11 uH
G capacitor b
Cr capacitor 180 wF
G capacitor 10 5iF
[ onipied Capa . or T uf
I kad masane 40 in

F swiichivg Feguemcy HkHe
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Fig % shows the performance of the proposed high sep-ap
de-de  comverter  under  open-loop  controlled  operatieg
condition, The jroposel contrl strategy is aot activated. At
the beginning, e input voliage of 20%de is supplied to te
proposed comvester with the small duty eycle of 025, The
output veltage of the proposed converier is about 100%de.
Afer that at fime = 2% zee fhe duy opele b osuddenly
increased to 0,75, It is clear that te output voltage of the
proposed converier incmrases considershbly, about 650%de. The
voltage sep-up conversion raio & spproximaiely by, As
shown in Fig B the proposed converter can siep up e
extremely low iaput voltage i the high ouput voltage level,
approximately 600Vde Tt can be seen that the proposed
converter with only single power swikh swcessfully operaks
a5 & high voliage step-up conversion raio,

E & E E 2 E E

E

e

a 1] F 1] = & 1)
o)

Fig. 9 Perfomnance of dhe propossd cowester where [) =028 and D =072

n
E m}/
¥
= omH
I|
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L]
a 5 1] -] ol =

Fig. 10 Perfrrmence of the proposed converer with its aonire] stradegy

The performance o the proposad comverter with its
developed contrel strategy is shown in Fig, 19, The controller
designed in the previeus sedion is activaed in onder bo
menermie the appropriat avitebing cimal 1o he cingle paer
switch of the proposed converler. The input voltage supplied
to the comverter is 200de. Tt is clear that the output voltage is
smoathly controded without overshoo voltags, At the time of
amund t = 15 soe, the ostput vatage izregulsied s constant at
the level of G00Vde.

L] 1] o ] a 0
mad

Fiz. 11 Paformance of the proposet comvartr with is conired stotegry

Fig. 11 show the performance of the proposed high step-up
deade oonverer under e aperaling comlition of &ilemneal
input votage supplied to dw proposed converern At the
beginning, the nput volage of 50%de is supplied to the
cmverter, As canbe seen in Fig. 11, 8 time t= Osecip t =235
se¢ The outpul veltage & conmrdled as constaet sbow: GO0V de
woh the small ripples sl the steady-stale operation, Al time
=15 sec, a step change is applied o the input soure of the
popesad converier. As a result, the input wiltage sudden’y
decieases fom S00de 1 200 de, 1 can be soon That U GulpE
voltage mmains at 600Vde in the steady atae, which shows
that the system is regulating well, Usder transient operating
codition, dere iz no overshoot of the output voliage. When
the inpul voltage changes, the output violtage decnesses in a
short period of time. Afler that, the developed control strategy
inpomporating wth the proposed converier can recover the
output woltage kack to the demanded level of 600Wde, It is
clar tha the proposed control strategy can mainiain good
system performence under different eperalitg condtions eof
the proposed eomverter,

VI COmCLUSION

This paper has presented a new topology ofhigh step-ugp de-
de comverters for renewsable energy applications, where the
goncrated oulpu voltages are exntrenely low, The propoescd
high step-up de-de converter employs only me single power
switch, resulting in the ssfisfaciery performance  and
efficiency. The proposad converter provides a high step-up
vologe rabie with small owipel ripples, The ligh ouypd
voltage of the converter approximaiely M dc can be
achieved, that isrequirel from he three-plase imventar fed the
three-phere motor drive sysiems. The operating principle of
the proposed converter during each topologicsl mode has been
described, The sep-up voltage conversion ratio of the propose
converter has been analyzed. In addition, the contro strategy
besed on PI conrollers for boh voliaee- and curmeat-control
loops hai been presented for the poposed converier, The
simulation resuls indicate thai the propesed de-de converter
can successfully step-up the low input voltaze to the outpat
vollmge ‘evel with a high vellmge conversion mtis, By

employing the developed control srategy, the proposed
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cowerter can previde the high constant output woltage wit
small ripples for wlar-energy, three-phase modor drive system
applications,
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This paper proposes s new high stepap DC-DC
comvertar ‘opology for the three-phate motor drive systam
opplicotions. The proposcd conwverer employs only o
simgle power switch instead of using several switches. The
proposed high step-up de-de convertsr fopology can step
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Abstract. This paper proposes a new step-up DC-DC converter topology with a high volage
conversion ratio for renewable system applications. The desired high voltage gain and satisfactory
performance can be achieved by employing only a single power switch with simple control technique.
The propased converter can be used tc step up the low voltage generated from renewable energy
sources. such as solar photovoltaic modules. to the high level of the de bus voltage. cbtaining
low-to-high veltage conversion ratios of approximately 20 times without adepting extremely large
duty cyele. Employing the proposed converter the low input voltage (20-50Vde)ean be boosted up 10
the high output voltage level sbout 600V de at the de-link bus required for the three-phase inverter
feeding the three-phase motor drive sysrem. In this paper. the proposed converter configuration with
only one active power switch 1s presented. The operating principleincluding analysis of the
stezdy-state performance characteristics under continuous cenduetion mode (CCM) cperating
condirions is deseribed. In addition, the control strategy is developed in order to obtain the
satisfactory output voltage regulation. Finally, simulation results are shown to demonstrate the
effectiveness of the proposed converter with its control strategy to achievehigh step-up conversion
ratios under different operating conditions.

Introduction

Nowadays, renewable energy sources. such as photovoltaic (PV) cells and wind turbines, have
received incressingly attentiondue 1o energy shortage and environmental contamination [1] Among
renewable sources a solar PV system has been widely employed in many applications in a form of
stand-alone or grid-connected power systems.Generally. the solar PV module produces low volrage
in arange of 20 to 40V [2] Therefore. a de-de converteris required to step up the low input voltage to
the higher owrput voltage levels, depending cn renewable energy system zpplications.For the
three-phase inverter feeding the three-phase motor drive system the high de bus volrage
approximately 600 Vde 1s required to be acted as the input voltags source. Thus, the step-up de-de
converter with a very high voltage gain plays an important role in renewable energy motor-drive
system applications.

In order to obtzin the high ourput veltage from the low input voltage. a conventional boost
converter is usually used because of its simple structure and control. However, to obtain the high
voltage step-up ratio the extremely high duty cyele operation is needed, resulting in the inerease of
the power converter losses [3]. To overcome the operating limitations of the conventional boost
converter the n-stage cascade boost converters are introduced to provide the higher step-up volrage
ratio. Unfortunately, the converter devices increase siznificantly., resulting in the inerease of the cost.
the less efficiency of the converter and the more complex control circuitry [4].In recent years a great

zal of research has been done on the development of the step-up de-de converter topologies in order
to achieve a sufficiently high step-up cenversion ratio with high efficiency performance.Several
topologies of nonisolated high-step-up de/de converters in photovoltaic grid-connected applications
are reviewed and classified into several categories[5].However, the high step-up de-de converters
used for the PV motor-drive system applications have recerved little attention in the literature. The

Al righte reserved. No part of contentz of this pape” may ke reprcduced or tansmitted in any form or by any meanz without the writtzn permission of Trans
Tech Publications, www ttp_net_ {ID: 202 28 41 16-08/05/15,12:1C:10)
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major challenge of the desired de-de converter is the very high step-up conversion ratio because the
three-phase inverter requires approximately 600Vde for the de-link voltage to convert to ac power
feeding three-phase motor drive systems.

In this paper. the high step-up de-de converter with a single power switch is proposed for
renewable energy system applications. The configuration of the proposed converter is presented in
the following section. The operating principle and theoretical analysis of the steady-state
characteristies under the CCM operating conditions are deseribed. In addition, the control strategy
based on the conventional Plcontroller is developed for the proposed converter to provide good
regulation characteristics of the converter output voltage. Simulation results are shown in order to
illustrate the performance of the proposed converter.

Proposed High Step-up de-de Converter Topology

The proposed high step-up de-de converter topology is shown in Fig. 1. The proposed converter
topology can be classified into the combination of the conventional quadratic boost converter [6] and
the Cuk converter [7] connected in cascading configuration. As can be seen in Fig. 1, the proposed
converter consists of a single active power switch S, five diodes Dj. Dy, D3. Dy and Ds, two inductors.
named Lj and L. two identical capacitors C> and C3. and output filter capacitor Co connected in
parallel to the load resistance R.

D:
Il
L
L D, L & D
»l e Il lad
L4l ” T
I' + g uD3
7 C—= - ' C=— &
D,
J 1%
[

Figure 1 The proposed hugh step-up dc-de converter configuration

Principle of Operation

The proposed de-de converter with high voltage step-up ratio operates in the continuous conduction
mode (CCM). In order to simplify the analysis, some assumptions are taken info account. Firstly, all
the active components, such as power switches and diodes. are considered as ideal. Secondly. the
inductors are sufficiently large so that the current flowing through these mductors 1s constant. Thus,
the current ripples through the inductors are negligible. Finally, the capacitors are infinitely large so
that the voltages across these capacitors can be considered constant with a very small ripple during
the switching period. There is only one active power switch constructed in the proposed converter
topology. Therefore, in one switching period the proposed converter contains two important
switching modes; switch S is turned on and switch § is turned off. Detailed explanation of each
operating mode is given as follows:

Mode I: the power switch § 1s turned on. The topological stage of the circuit under this mode
operating condition 1s shown in Fig. 2 (a). The switch § begins to conduct current. The inductor Lj 1s
linearly charged by the input voltage source?;,. The diode D, is forward biased. The inductor current
iry flows through this diode and the active switch. The capacitor C) delivers its stored energy to the
inductor L, while the capacitors, C; and C;, are discharged through the active switch S. The diodes D;
and D are both reversed-biased. The output filter capacitor Cp is charged via diode Ds. In this mode,
all the inductor cusrents, 77y and ipo, are linearly inereasing over the switching-on period. On the
contrary. the voltages across the capacitors Cp, C> and Cz are linearly decreasing because these
capacitors release their stored energy during this operating condition mode.

Mode 2: the power switch S is switched off. The topological stage of the proposed converter under
the switched-off mode operating condition is shown in Fig. 2 (b). As can be seen, diode
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Dsavtomatically switches off becausz of its reversed-biased cireuitry. When the switeh Sis turned off.
the diode Dj is tumed on simultzneously providing a path for the inductor current iy through the
capacitor Cj. As a result, the energy stored i the induetor Lj delivers to the capacitor Cp. The diodes
D: and Dy are turned on simultaneously. providing a path for the inductor current 772, The nductor Ly
delivers the stored energy ‘o the capacitors Cy and C; through diodes Dy and Dy, respectively. In this
modz, the capacitors C;, C and C; are being charged up while the output capacizor Cg is being
discharged ‘o supply the loed current 7g. In addition, all of the inductor currents, ir; and ipy, are
linearly decreesing during the switching-off time.

D,
al
L]
D,
i
L T m T -
, A o
= e G C=='s I
‘ T :
il E’

Figure 2 The topological operaing modes of the proposed converter (a) switched-on mode (b) switched-on mode

In order to consider the performance of the proposed high step-up de-de converter. the voltage
step-up conversion ratio (M) under the steady-state operating condition is analyzed. As can be seen in
Fiz. 2 (a). when the switch S is rumed on. the voltages across the inductors Ly and L are T, and Ve
respectively. The output voltage. Vo. across the cutput capacitor Co equals to Feo. Referring to Fig. 2
(b). during the switching-off time the voltages across the inductors Ly and Ly are (Vy -er) and (Fez
-Ver). respectively. By applying volt-second balance on the inductors Lj and L; the voltage step-up
conversion ratio M. where V2 = Fp. can be expressed as

TR 1)
Vin  (1-D)°

Where D is the switch duty cyele. The performance characteristics of the proposed converter are
shown in Fig. 3. As can be seen in Fig. 3 (a) the proposed converter has highest conversion ratio
compared with other three converters over a range of duty cyels. In addition. it confirms that the
proposed cenverter can achieve a very high voltage zam up to 30 without adopting extremely high
duty cyele operation. Fig. 3 () shows the converter efficiency characteristic as a function of duty
cyele. It can be seen thet the efficiency of the proposed converter is zpproximately 90% during the

proper duty cyele operations.
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Figure 3 Performance of the proposed converter (a) step-up conversion ratic M (b) converter efficiency
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Control Strategy

The control strategy for the proposed high step-up de-de converter is mtroduced in order to achieve
the satisfactory output voltage regulation. The control scheme of the proposed converter is shown in
Fig. 4. There are two control loops in cascade; the voltage loop outside and the inner-current loop.
Simple proportional-plus-integral (PI) controllers can be designed for these two control loops. The
input current and the output voltage are measured for feedback purposes. The parameter gains. Kpp,

and Ky of the voltage-loop PI controller can be derived as Kpy = 2{w,C —%and Ky = wyC .

respectively whereas the parameter gains, Kpe and Kj¢ of the current-loop PI controller can be
2wyl %L 3 . . 5
Lol and K= ﬁ respectively. Where ¢ 1s the damping ratio, w, and w,; are

dertved as Kp =

the natural frequency of the voltage- and current-control loops. respectively. For controller design
. 1 i _m
methodology some definitions are made as follows:w, = = Wni = 4oy L= Ly and € = C,.

D.'
»
L. | B €, D,
Ly »i faagal ” ot
AR! o L2
T L oL f.JE D, C= R
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Pl current loop
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Figure 4 Control scheme of the proposed converter

Pl voltage loop

Simulation Results

In order to verify the effectiveness of the proposed high step-up de-de converter with its control
strategy simulation results have been presented using MATLAB SIMULINK. The low input voltage
1s considered in a range of 20-50Vde and the maximum power of the proposed converter is 1 kW.The
switching frequency is chosen at 20 kHz. The component parameters of the proposed converter
shown in Fig. 2 are designed asL; = 1500uH, L= 1000pH., C;=4.7 uF.C> and C3= 130 uF. Co=T70
UFand R = 360 €. The controller parameters designedfor the proposed converter can be obtained
asKpy = 0.0027. Ky = 0.11.Kp = 5.95 and K. = 118103.

The performance of the proposed converter with its developed control strategy is shown in Fig. 5.
The controller designed is activated in order to generate the appropriate switching signal to the single
power switch of the proposed converter. Fig. 5 (a) shows the performance of the proposed high
step-up de-de converter under operating conditions of different input voltage levels where the load
resistance Ris 360 Q) associated with the output power of 1 kW. At the beginning. the input voltage
supplied to the converter is 20Vde. It 15 clear that the output voltage is smoothly controlled without
overshoot voltage. At the time of around t = 5 sec. the output voltage is regulated as constant at the
level of 600V de.The input current flowing through the inductor L is relatively large. representing the
common features of the high step-up de-dc converter that are a large input current and a high output
voltage. At time t= 10 sec. the input voltage suddenly inereases from 20Vde to 50Vde and the input
voltage becomes back to 20Vdeat t =20 sec. It can be seen that the output voltage remains at 600Vde
in the steady state, which shows that the system is regulating well. Under transient operating
condition. the output voltage changes in a short period of time when the input voltage changes. After
that, the developed control strategy incorporating with the proposed converter can recover the output
voltage back to the demanded level of 600Vde. Fig. 5 (b) shows the converter performance under
load-changed operating conditions when the input voltage supplied to the converter keeps constant at
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20Vdec. As can be seen the obtained simulation results, it is clear that the proposad converter with its
control strategy can maintain good system performance under different operating conditions.

13 "
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Figure 5 Simulation responses of the proposed converter (a) change in input voltage (b) changs 1 output power load

Summary

This paper has presented a new high step-up de-de converter topology., which can achieve a very high
step-up voltage conversion ratio and it 1s suitable for renewable energy system applications. The
proposed converrer employs only one single power switch, resulting in the satisfactory performance
and efficiency. The high output voltage approximately 500Vde can be obtained from the low input
voltzge about 20Vde produced by renewable energy sources. Thus, the proposed converter provides
ahigh voltage gain up to 30 without extremely large duty cycle operation. The operating principle
meluding theoretical analysis of the proposed converter has been described. In addition, the control
strategy based on PI controllers for both voliage- and current-control loops has been presented for the
proposed converter. The simulation results indicate that the proposed de-de converter with the
developed control strategy can successfully step up the low input voltage to the high regulatedoutput
voltzge level of 600Vde under different operating conditions. Therefore, the high dc bus voltage
requiredfor the three-phase mverter feeding the three-phase motor drive systems can be obtained
from the low input voltage by employing the propesed converter.
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