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ANNOP NAKPIN : A HIGH STEP-UP SINGLE-SWITCH BOOST
CONVERTER FOR LOW-VOLTAGE SOURCE SY STEMS.

THESISADVISOR : SUDARAT KHWAN-ON, Ph.D., 204 PP.

BOOST CONVERTER/ HIGH STEP-UP RATIO/ SINGLE SWITCH

This thesis proposes a new topology of a high step-up boost converter with a
high voltage conversion ratio, approximately 20, for low-voltage source systems. The
developed converter can boost up the low input voltage to the high output voltage
level of approximate 400 V 4, which acts as a dc power supply feeding a high voltage
DC load or a single-phase inverter for the AC load. The proposed converter employs
only a single power switch instead of using several switches, providing the decrease
in power loss and the simple control strategy to obtain the constant output voltage.
The proposed converter can step up the low input voltage, about 20 V, to the high
output voltage of approximately 400 V4 by using the PI controller. In this thesis, the
proposed converter configuration is presented and the operation principle of the
proposal converter is anayzed. The converter parameters are designed. The converter
efficiency is evaluated. Also, the control strategy for the proposed converter under the
continuous conduction mode (CCM) is described. The simulation results are
presented to show the performance of the proposed converter. In addition, the
hardware in loop (HIL) simulation using eZdep™F28335 is applied to implement the
Pl controller for the redlistic system. Moreover, the laboratory phototype of the

proposed converter is implemented for the experimental testing. Simulation and



experimental results confirm the effectiveness of the proposed converter to achieve

the high voltage conversion ratio, approximately 20, for low voltage source systems.
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a o o [ J v o
‘Wi]"liﬂﬂﬂ"li‘ﬂN"I“L!"U’EN"N%TVITJ?”WULL?Q@HLLUUL%aﬁﬂmlliﬂﬂuﬂﬁiﬂﬁ .5 GlumJ 1

ag a‘]J2ﬁ”lll15E]‘H”Iﬂ’J”IiJﬁﬂwuﬁlliﬂﬂuﬂ@ﬂﬂiﬂuﬁmﬁﬁEJ’J‘l:’HL uae mmauﬂ"u FUDITIAU

9/

mﬂmauﬁamuﬂizﬂ C,, C,uaz C, GLummmmﬁwﬁqﬂmqﬂﬂiwuﬁ nee ldaadl

91 1; ~V,, +V; +Vg, =0 (7.8)
di,
dt

L, =V, V¢, (n.9)



153

diy _ Vi = Ve,

_ Yin (M.10)
dt L,
91 2; ~Vg, —Vg, +V, =0 (A.11)
Vo =Va + Ve, (.12)
A a o ) di A 1 v
ﬂlmz‘nﬁm%mmﬂqﬂmﬂimﬁ dt=(1-D)T miﬂszmamlmﬂimm%'lﬁamum
{ o A ~ 9 @ L&Y dy
IHHIIUT L, UAIANIN i]gllﬂﬂ'JTiJﬁjJWH‘ﬁ JU

= = —in__ (M.13)
At (1-D)T L,
9 d‘ d‘ ] [ d' o (% dy
iwllﬂﬂﬁﬂ‘izlfwE)iJﬂJfNﬂ‘iZl,LﬁﬂllﬁaW1uﬁ’JmuEJTLH L, 93U
: Vv, -V,
Al = Vi =Ves) CZ)(1— DT (R.14)

L,

{ . 4 { ] o { ) 4 a do o
Taoh A, AB MInszieNvoINIzIeE Inaruduvtieni L, ileadadiidinga

WINsSLE

Aa o o o 4 ]
INNITNITTUINTITNINTUVDINITNUISAVUINAU LV VLG AAUUIIAY Iﬂﬂﬂl%}ﬂa
o J | 1 A a Jdo o o 1 A a do w
USIAUUDILADTBO W (KVL) Glu%’;mﬁm%mmmmmm Llagiuwjﬂﬂﬁﬂﬂsﬁﬂqaﬁﬁﬁjﬂ
) = Y @ @ 4 ~ ] IS [ @ ~ o
UINTELE fl]\j]lﬂﬂ”ﬂllﬁllwH‘ﬁ"llﬂﬂﬂigllﬁ‘ﬂllﬁalﬂ”lu HAZLINAUNANATONAUNUYIUL L, U

2ITNUTTAVUTIAULD AR AT IAY HaARIR a3 7.6

\J

Vin
V., »
\/in_VCZJ '
- -
DT
- |

T

Py = ! o Cow A
?JTJ‘V] 7.6 ﬂizuﬁm“lwamuuazmmumﬂmaummusnm L
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a o A 1 ~ o g v v o ~ A
NATUULITIAUNANATOUNUYIUN L, luaniizaean ﬂﬂﬂ?TNﬁNWHﬁiugﬂﬂ £.6 IND

@ @ @ J % @ J
HI9ATIVINYVDINITNUITSAVUITIAULVULE A ULLIIAU AR
Vi (DT )+ (Vi =V, - DT (7.15)

v o o 1 v 1 [ Y (%
%1ﬂﬂ311lﬁ3JWH‘ﬁﬂJ’E)\1LLi\?ﬂl&ﬂﬂﬂi@ﬂJ@]’J!ﬂUﬂﬁgﬂ C uay C, UAUMOY ASTUNT (n.5)

o v o @ 1 v @ v oA
mldaunms (@.15) agldanuduiuivewssduanasendunuilsey ¢, Auusdudums

9
v A

uaraa laaadl
VinD +\/in _\/inD _Vc1,2 +Vc1,2D =0

Vin - (l_ D)Vc1,2 =0

Vg, = — (A.16)

[ g

° 4 o ' v 3 v v a3 Y
wldanudniusvessiuanasoudunuisyy ¢, Aududuilszy ¢, . ¢, daaums

4

(.12) Hanaad lasatl

V
V01,2 =7O (M.17)

9y

o Y o v s v y
%"léfamweua"nmmﬂu (M) UBINITNUITEAVLUITIA ULV UL ULTIAY Llﬁﬂ\i‘l@,{ﬂﬂﬁ

Vo _ Vi (7.18)

2 1-D

MoYo_ 2 (7.19)
V, 1-D

n

4 @ o o o J @
Lﬁf)‘ﬂiWU'ﬂ@]ﬁTmﬂWUlLﬁﬂﬂuéllﬂ\i (M) ﬂlﬁ]ﬁ?ﬁﬁ]ﬁﬂﬂﬁgﬂﬂlliﬁﬂul!ﬂﬂl%aﬁﬂﬂ!uﬁﬁﬂut!é}ﬁ

09/’ o 1 @ { 1 Ja g a o w
NNUUITNINTMIAIANNIATEALTIAY (V) TanaTouginsalorannioiindniidinielu

4 Aw o [ Ia < a Jdo w @ @ J
NI Lﬁ@ﬁmﬂﬂmm‘uqﬂﬂﬁmmaﬂm@uﬂﬁmaWamwiawwmzﬂmwmuLLU%ULGmaﬂm

9

o Yo A
UINAY L!ﬁﬂ\?llﬂﬂ\iu

Aa o o @ L4 o a o o
NWATUINTITNINIUUBINITNUITEAVUINNA ULV ULFAAUUIIAUY YUSTIATNIAINYA

) @ 4 = @ A 1 a do w (% dy
wnszua asgl 0.2 g ldanmnTeaussau (7, ) hanasouaiagiigs suaz lalea D, Al
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V
Vg = 70 (M.20)
V.
V,, = 70 (A.21)

HazleNaTUINITRINUUBIIITNUTZAVITIAULDUITARUUTINY VAT

fauhnszua gl a4z ldanunieaussau v, ) ianasoulalen D, nazlalen D,

tres.

(3

=

N

(n.22)

(M.23)

3 1 1 Ia I a Jdo w @
@Qﬁ'ﬁﬂiﬂﬁéﬂﬂ1ﬂ’ﬂlﬂﬂl§ﬂﬂﬁﬂﬂ3’6]MQI]ﬂ'iﬂl’t’]Laﬂﬂﬁ@lAﬂﬁﬂ'm\‘lsUfN'N‘ﬂiﬂ‘UiSWU

[ J @ @ {
HINAULD U aaf uLliTIaug Ulﬁ/ﬂ\?ﬂ']ﬁ%jﬁ f.1

{ ' A g a o w [ @
@niﬁﬁ f.1 f"l'J1llLﬂ§Elﬂ@]ﬂﬂiﬂiJQl]ﬂiﬂi}ﬂmﬂﬂiﬂuﬂf’?}ﬂ"lﬂxiﬂlﬂﬂ?ﬂﬁ]iﬂ‘ﬂizﬂﬂlliﬁﬂuLL‘]J?JLGBEIE{

@,muﬁé’l’u (Ping Yang, Jianping Xu, Guohua Zhou and Shiyu Zhang, 2012)

ginaal

s v, - VTO
D, V., = V7o
D, v, = \’70
D, Voo = VTO
C. Ve, = V7o
c, Ve, = V7°
CO VCO: VO
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9. Serial Communications Interface modules SCI 91471 3 %A (SCI-A,SCI-B,SCI-C)

a 4 ) v A A 9 o
10. GU’I@L!V!@]Llamﬂ'lﬁwg}ﬁ']“l”iﬁ'ﬂlﬁ’f)ﬂIﬂﬁllﬂﬁMLWﬂi‘HﬂWUﬂ?u’]u 96 VU1

Tugamsa s Na Y18 PWM (enhanced PWM modules)

[

o 4 o a < aa A Jdo
Tugamsadudygiu PWM e ldlumsduvunaaiaglurcsoannsotdndnig

=< 4

FawesalulnsnouInsamos DSP ju eZdsp 'F28335 1l lugaaiudaais PWM $1uu 6

A

%A Ao PWMI — ePWM6 Udazyadmsnailne1anald 2101ana Ao ePWMxA 1oy

v Y
ePWMxB WufoamInadudyana PWM ldnanua 12 dyana uaazyall Ivuan1siuves
A 4
dyanuuinnue 3 Tvua Ao Tnuaiudu (Count Up mode) T1uatiUad (Count Down
4
mode) 11ag T1uANSHUAUY - 89 (Count Up-Down mode) d115Un5ad319d 181 PWM v04
A 4 J [ a @

Tuga PWM 92 19351/5oifiouin1iiaes (Counter Compare) YoIdQQ IR AUTDYA
A J A s A 9 A o [ o [ Iy a 1
wiom lusdamesmeaiatou ludmsumsimuagluuudygia PWM Tliasdnuanaig
[ = A o Ay 1 A o o P4 Ay
nunazlinnudvesdyguidons drunnudvesdyniu PWM amnsafivua lade3d

4 { a % [} []
q1A035 TBPRD (ePWM Period Register) NAVU1A 16 110 59 TBPRD 220411424 00000 — 65535

v o Jo @ a Jd (v o a
TaslANuaNNUFIUILVUTYYIVUINDT 150 MHz taz3vmaesliugudyyiauiin,

=

HSPCLKDIV wag CLKDIV f3aums (1.1) TasdnanangnilSeuiisundlnzgnaioonnie

) u

[

GPI02_EPWM2A et inaainey 1119950180 nseina maa

TBPRD = = Fosour } @1
f o (HSPCLKDIV  x CLKDIV )
Taeii  TBPRD AD MGITATOIAITUTYRUUIEN
HSPCLKDIV — fio dn)fuganiuiagedayasiuniin (high speed clock scalar)
CLKDIV Ao A1)5DRmdya MR (clock scalar)
A fio ANuAveTELUFIWIAM 150 MHz
Fomns fio mmdvesdyaa PWM fideamsadia (Hy)

7 I Aan
NERCARLY Tu@mu/mﬁ@ty?mgmumamﬂum@ma ADC (Analog to Digital Converter)
4 4 ] ™ = o o
U'E]'iﬂvllliﬂ‘i‘ﬂfJUIVlﬁaLﬁ@i DSP 54 eZdsp F28335 Nillﬂﬁﬁ']‘ﬁi‘ﬂﬂ'ﬁllﬂﬁ\il!@u’lﬁﬂﬂ

3 an A =) a [ [ A [ 1T Aa &2 A o
LﬂuﬂﬂﬂﬂﬁﬂﬂﬂﬁWﬂJﬁm@ﬂﬂ 12 Us Iﬂﬁl'ﬁ@\ﬁ‘ﬂﬁﬂluﬂﬁﬂlL!@uWﬁﬂﬂﬂN!Lﬁﬁﬂuqulﬂu 3V NIy
@ ~ 1 1 v o 1 9 o I 1 Aan o Ay ¥ A 1 (] [

q;tymmgﬁlummﬁwumﬂanum%mmmﬂm;ﬂummma ﬁﬂlﬁsllﬂulﬂéﬂgilﬂﬁmigﬁ'ﬂﬂ

9
9 o @ 1 a o 13 1 o
0 - 4095 dm5uTuga ADC inanua 16 Fosdunadyq s uuiunesays A syeedngn
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(ADCINAO — ADCINA7) L@ZNW0snYA B 8¥0ddaaausuiu (ADCINBO — ADCINB?)

9 o Ay A a 4 d 1 o 9 v v @ %
dmsuanuIteIneniinusii ldiaen 1y 2 vesdaaa Ao ADCINAO A uSUF Yy T IAY

[ [ a

4 o o { o 4 {
DIANAVDINITNUIZAVUTIAUNTAMUIATY ey ADCINAL Sudyanunszuadunad lva
] % ~ o o v A o dg’ Aq ¥ [
FIUAUHUIUT L, 12995 NUTEAVUTIAUNRAUIUY IﬂﬂﬁuﬂWiﬂi‘lﬂuﬂTillﬂﬁﬂﬁi}l}ﬂﬁﬂlllﬂ

I an [
wasnilufdnea taasldasaums (1.2)

. Vyaog X 4095
Digital Values = — 3 (.2)

TaeN  Digital Values fio mavneah lavnmsuilas ADC

(% [

ﬁ’é) AYYIULUIIAULDUIADN v)

analog
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F% v 14 d d 1 ™
2.1 Tsunsumsadsdyaa PWM aavesialulasnoulnsaaes DSP Ju eZdsp' F28335

IHHHBRBHAHHHH BB B HHHHHH AR BB HHHHHH AR BB B HHHH AR BB HHHHHHH
T1l5UATUNEIFMTAILANUTIAUDIANANITNUTZAULT IR URTAIN Y

IRBHHBRAHBHAABBHABHHARHAARHHABHHABHAHBHAHBHHHRHHHARHAH

#include "DSP28x_Project.h" //1via9 headerfile 1A Examples Include File
#include "IQmathLib.h" //1¥ia@ IQmath Library

#include "Solar F.h" //1¥ia9 Solar Library (SPLL, Data-Logger)

/1 Module Enable

// 0 Disable, 1 Enable

//

a a 4% 4 [y v 4
/a3 199U UNBSSNA (Interrupt Enable) tazlansudu o vealdsunsy

/1 EPWM Module Enable
#define EPWM2 DB _ENABLE 0 //Disable EPWM2 Dead-band
#define EPWM3 DB _ENABLE 0 //Disable EPWM3 Dead-band

#define EPWM1 _SOCA_ENABLE 1 //Enable EPWM1 SOCA Trigger

// Interrupt Enable

#define CPU_TINTO_ENABLE 0 //Disable Timer O Interrupt
#define EPWMI1 _INT ENABLE 1 //Enable EPWMI1 Timer INT
#define Flash_boot ENABLE 0 //Disable boot on Flash

o J a s A o Jdao
//ﬂ”ﬁ’iuﬂﬂw\nﬁ”IiJLG]E’)iLﬁJ{g]}usUﬂ\‘W\IQﬂGI)'Ll ADC

/l ADC start parameters

#if (CPU_FRQ_150MHZ) /M58 SYSCLKOUT A1 150 MHz

#define ADC_MODCLK 0x3 /@y 1u1iin1 ADC=HSPCLK = 150 / (2*3) = 25
MHz
#endif
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#if (CPU_FRQ_100MHZ) /M58l SYSCLKOUT %1 100 MHz

#define ADC_MODCLK 0x2 /@y 1s411#n1 ADC=HSPCLK = 100 / (2*2) = 25

MHz

#endif

#define ADC_CKPS 0x1 //ADC module clock = HSPCLK / (2*1) = 12.5MHz
#define ADC_SHCLK 0x1 //S/H width in ADC module periods

= (1+ADC_SHCLK) =2 ADC clock

Y 1
lszmeilanduniouen (Medduiugiuieglu Headerfile)

/ Parameter & Function Prototype

extern void InitSysCtrl(void); /ilanFuivuan 117:14@114511@@ CPU

extern void InitPieCtrl(void); /e AIUAWN Peripheral Interrupt Expansion
extern void InitPieVectTable(void); e M aE TR ERT Peripheral Interrupt Expansion
extern void InitFlash(void); /lassumsaaiuiinTUsunsuaaly Flash memory

extern unsigned int RamfuncsLoadStart;
extern unsigned int RamfuncsLoadEnd;

extern unsigned int RamfuncsRunStart;

[ b4 b4
mlsgmeailasdumelu (edduiadrtiueaazeglulidd)

void Gpio_setup(void); //Waﬁ%’uﬁmuwﬁfﬁmmm Input / Output
void ePWMI1 _setup(void); /e Ui MUAME 1 TY ePWMI Timer
void ePWM2_setup(void); /laRFus I UamE Ty ePWM2

void ePWM3_setup(void); /laRFuiruamd 1Ty ePWM3

interrupt void epwm1_timer_isr(void); /lanFuTUs TN MIB AT SNA cPWMI INT

//

/lsgmadulsuaziivuaningi
#define PI 3.1415927 /aaai Tl
#define ISR_FREQUENCY 20000 //AN1DUD4 ISR 20 kHz

float Vdc_ref = 100; /mseau (v7,) ddesmsaduauldnei 100 v
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Jaaandmiumalaauend (ADC scaling)
#define ADC_A_Fullscale 3.00 /Msauue AR RRYAING

(analog voltage full - scale)

#define ADC_A_Offset 1.50 /39U UIaNBONIEA (analog voltage offset)
#define ADC_D_Fullscale 4095.0 /ARIneaeATANaINg (ADC digital full - scale)
#define ADC_D_Offset 2047.0 AAInpaleATAIENG (ADC digital offset)
#define Gain_Vdc 171.715 /A UNUVDUHUIFDT T IAUIDIA A

#define Gain_Idc 3.7536 /AUNUVDUFUIHOT NTUTDUNA

nimasiszinnInseadndmsy SPLL @nuguisad uiagAInIugun sz

CNTL_VC_F cntl_ve; mlsgmedanlsdmiuniuguus s A
CNTL_CC F entl_cc; /AlsgmadualsdmsuauaunsIaUN
. @ < 1 ana Ay ¥ a1
int16 Vadc_a0; /iulsinuaiadaean laninmsulaue)azesADCINAO
. @ I 1 ana Ay ¥ a1
int16 ladc_al; /aalsinuaiatneain laainmsuilaue)areIADCINAL
float32 V_dc; /) U3 IR LAY
float32 I dc; yawlsnseuands
float32 Idc_ref: /A InTeuaenang
4 U = d’ al = o
float32 U_ref P ; MPIANAUBIAIAILANT lororSeuenvidynia PWM
o Y a do o (% o {
UTUTUVUNATIATA18IUDIINVTNUTZAVUTIAUN
o £
CTIVRETEY
/Nsunsuvian
/! Main Function

void main(void){
//ﬁmuﬂﬂ'wﬁ?ug 1UUYDN TMS320F28335 (Initialize system control)
InitSysCtrl(); /Tviaa PLL, WatchDog, enable Peripheral Clocks
#if Flash_boot ENABLE seovanalitiuiinTsunsuaslu Flash memory
memcpy( &RamfuncsRunStart, &RamfuncsLoadStart, &RamfuncsLoadEnd -
&RamfuncsLoadStart);
InitFlash(); /AfuinnTsunsuaaly RAM (SARAM — LO)

#endif
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Jmviuadaananiimdmiunisulas ADC
// HSPCLK = SYSCLKOUT / (2*ADC_MODCLK) = 25 MHz
EALLOW;
SysCtrlRegs.HISPCP.all = ADC_MODCLK;
EDIS;
Gpio_setup(); //ﬁmuwﬂﬁﬁmmm%uwmmﬁwﬁ (GPIO Initialize)

//

/A UADUADT SNA Peripheral Interrupt Expansion (PIE)

v
[

DINT; /MyAMIRINUUDID LA SNATIMUA (Disable CPU
interrupts)
InitPieCtrl(); /M5uéu PIE control registers

o . J .
/MYANITNINIUUBY CPU interrupt flags HAZINAYS interrupts flags

IER = 0x0000; IFR = 0x0000;

J

/A58 PIE vector table dm5uTl5unsuusmssuanssnd
//@H@Wﬁﬁlﬁ Interrupt service routines (ISR) G'nﬁnmgﬁmﬁﬂﬁumaﬁwﬁmu Priority
InitPieVectTable();
#fCPU_TINTO ENABLE  /iSu@u cPWMI timer ISR Iijoimasuines g
EALLOW,;
PieVectTable. TINTO = &cpu_timer(_isr;
EDIS;
#endif
#fEPWMI_INT ENABLE  /A3udu XINTI / XINT? ISR tijeiaduaes sng
EALLOW;
PieVectTable. EPWMI1 INT = &epwml _timer isr;
EDIS;
#endif

//
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i muaansududmsy Tuganisy (Device Peripherals)
/MTugamsuilad ADC (Initialize ADC module)

v Y
InitAdc(); TraamsuAuNugIMYeINTILlas ADC

/AMUATYIUUINN (ADC clock) o328z 11U ENAIDE1 (Sampling Time)
AdcRegs. ADCTRL3.bit. ADCCLKPS = ADC_CKPS;  //FCLK = HSPCLK/2 = 12.5 MHz
//ECLK = HSPCLK/1 #1151 ADCCLKPS = 0000b
//[FCLK = HSPCLK/(2*ADCCLKPS) d1%151 ADCCLKPS = xxxxb

AdcRegs. ADCTRLI1.bit.CPS = 0; //ADCCLK = FCLK/(CPS+1) = 12.5 MHz [80ns]

//ﬁ”muﬂmms%‘ﬂummﬂm ADC (Conversion rate) 4.17 MSPS
AdcRegs. ADCTRL1.bit. ACQ _PS = ADC SHCLK; // 4.17 MSPS Conversion rate
//Sample rate or Sample Time = 1/((2+1)*80ns) = 4.17 MHz
//Acquisition window(s)= (ACQ_PS + 1) ADC clock
//Sequential mode: = 1/[(2+ACQ_PS)*[(1/ADCCLK)in ns]],
S/H clock (1 ADC cycle) =(2 + ACQ PS) ADC clock
//Simultaneous mode: = 1/[(3+ACQ_PS)*[(1/ADCCLK)in ns]],

S/H clock (1 ADC cycle)= (3 + ACQ_PS) ADC clock

//ﬁWﬁuﬂﬁﬂngﬂﬁLLﬂﬁ\i ADC
AdcRegs. ADCTRL3.bit. SMODE_SEL =0;  /A@9n35n39nfA1e8191Y Sequential
AdcRegs. ADCTRLI1.bit.SEQ CASC = 1; /Maenm3tas ADC UUY Cascade

AdcRegs. ADCTRL1.bit. CONT_RUN = 0; /myam3uad ADC HUUABIHDA

/MMUAEIT Y11 IUMT1/a9 ADC (ADC channel select configuration)

AdcRegs. ADCMAXCONV.all = 0x0001; /AMAIUTOITYYIN 1 + 1 =2 %03
AdcRegs. ADCCHSELSEQ1.bit. CONVO00 = 0x0; //ADCINAO as 1st. of SEQ
AdcRegs. ADCCHSELSEQ1.bit. CONVO1 = 0x1; // ADCINAL as 2nd. of SEQ

sivualiisumsuilas ADC Aodaana ePWM SOCA trigger
AdcRegs ADCTRL2.bit EPWM SOCA SEQI=1;  //auanald SOCA i5u SEQI

AdcRegs. ADCTRL2.bit.INT ENA_ SEQI = 0; /Maioynna SEQI interrupt
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/Mugamsas1edaa s ePWM (Inirialize EPWM module)

EALLOW;

SysCtrlRegs.PCLKCRO0.bit. TBCLKSYNC = 0; // Stop all the EPWM TB clocks
EDIS;

ePWMI_setup(); //Twaﬂmﬁmé’uﬁmﬁ"u ePWMI1 Timer (50us)
ePWM2_setup(); //T‘Piaﬂf"hléll AUd11TY ePWM2 (unipolar PWM output)
EALLOW;

SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 1; // Start all EPWM TB clocks synced

EDIS;

//

/A uAUYDITINILAUITAT lod 1M UAILANITIALDIAYA

CNTL_VC F_init(&cntl ve):; /Mraamisududmudnuaui levewsadu
entl_ve.Kp = (0.003125); /AINUTATIUVDIAINIVANLTIAY

entl_ve.Ki = (0.09766); /AN UDUNNTAVDIAINIVANLTIAU
entl_ve.Umax = (5.0); /ANAMGITAVDIAIAIUANUIIAY
entl_ve.Umin = (0.0); //§1ﬁﬂﬁ1¢°iwt;fﬂmmﬁaﬂmﬂuuiqﬁu

entl_ve.Ts = (0.00001); mansuiindain ¥ lumsduna

/ANENAUVBIAIN AN lod S UAIUAUNTZIABUNA

CNTL_CC_F_init(&entl_cc); /Mnaamisududmsudnuaui loveanszua
cntl_cc.Kp = (4.6875); /AUAUTARIUVBIAINIUAUNTE A

entl_ce Ki = (7327.22); /AUAUBUNNTAVDIAINIUANNTLLLE
entl_ce.Umax = (5.0); /ANAMGIGAVDIAINIAUNTE A
entl_ce.Umin = (-5.0); //fﬁwﬁ’ﬂméi"uqﬂmmﬁamuqmﬂizuﬁ

entl_ce.Ts = (0.00001); maduinaildlunsd

//

/AN TIHURIBUINDTSNE (Enable Interrupt)
#f CPU_TINTO_ENABLE

InitCpuTimers(); //AUTUAUYDI CPU Timers §1151U SYSCLKOUT= 150MHz
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ConfigCpuTimer(&CpuTimer0, 150, 20000); /M UNI[IUBN Timer0 = 20 ms.
#endif
#f CPU_TINTO_ENABLE
IER |- M_INTI; //OUANABUADT TWA INT4 (XINT1) 1182 INT5 (XINT2)
#endif
#f EPWM1_INT ENABLE
IER |- M_INT3; //OUANABUADTSNA INT3 115U ePWMI-6 INT

#endif

/11l@91U Peripheral Interrupt Expansion (PIE)
PieCtrlRegs.PIEIER1.bit.INTx7 = CPU_TINTO ENABLE;
/founABIABs SNA PIE nquil 1 INT7 §w5u TINTO
PieCtrlRegs.PIEIER3.bit.INTx1 = EPWMI1 _INT ENABLE;

//OUANABUIADT SWA PIE NgNA 3 INTI #1151 EPWMI_INT

EINT; //Enable global Interrupt
ERTM; //Enable higher priority real-time debug event
for(;;){ //gﬂﬂﬁ MUnan (Background loop)

a a Jou Jdo .
//TﬂmﬂiumﬂWiaumaiiWﬂmﬂumuﬂmnmGUEN ePWMx Timer

H
//

JMlsunsuimssunedinduasiliiduiiadisiue
interrupt void cpu_timer0_isr(void){
CpuTimer0.InterruptCount++; //S‘le’f]id% WAV CpuTimer0 Léll Hum
PieCtrlRegs. PIEACK .all = PIEACK_GROUP1;//:%"um"mﬂm‘]’ﬂ%qmmé”;ﬁﬂﬂgﬁﬂuﬂfjuﬁ 1
}
interrupt void epwm1 _timer_isr(void){

/emmaiaead 1§anmsutas ADC :1nTeadaya1s ADCINAO 118z ADCINAL

Vadc_a0 = AdcMirror. ADCRESULTO;

ladc_al = AdcMirror, ADCRESULTT;
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//m?&mmmw%’euﬁm%mmﬂm ADC Glu’a‘@uﬁhiﬂ (ADC sequencer reset)

AdcRegs. ADCTRL2.bit RST_SEQI = I; /1@ SEQ1 naugan1uzisudu (initial state)

//

/miasadaean lannmsutlas ADC Hunsssunaznzia
V_dc = Gain_Vdc*(Vadc_a0*0.000732601)-0.3876;
I_dc = Gain_Idc*(Tade_al1*0.000732601)-+0.0049;

/3enlFnuinIuguIT UL IANA

cntl_ve.Vref = (Vdc_ref); /MTIAUDIANAB 1D

o { 3 @
cntl ve.Vibk = (V_de); /MTIAUDIANANIN VIO T T I
CNTL_VC_F FUNC(&cntl ve); /EuilafFuinunuus e dnn

Y @ J a
//L@Wﬁﬂﬂﬂl@\?ﬂ’)ﬂ’)ﬂﬂwlliﬂﬂum?ﬁw% ﬁ@ .Out ¥UA float32
1 4 @ @ %
Idc_ref = cntl vc.Out; //ﬂﬂ?ﬂﬂﬂﬁ%?ﬂﬁ'Jﬂ'J‘UﬂllLl‘i\‘lﬂulsfl}'lgﬂ@nﬂﬁﬂﬂuﬂﬁguﬁ

/GenlFnumnuaunszuadunn

entl_ce.Iref= (Idc_ref); saunInglus ey
entl_ce.Ifbk = (I_dc); /nszuasuNanuIdE U NI
CNTL_CC F FUNC(&entl cc); /suilsfFudinunuasziadune

/ADIANAUDIAINIUANNTLUADUNA AD .Out ¥ float32

/mldeunlasi U ref P dmfumsnSoufienivoadradyais PWM

U _ref P=(-cntl_cc.Out*1.831)+3750;

if(U_ref P<=750){U_ref P=750;} /ivualyin duty cycle fia1lainu 0.8
EPwm2Regs.CMPA half. CMPA = U ref P; //[OWAN ePWM2A, ePWM2B
JangamsanesTUsunsuuImssunes Sndiazindes nterrupt flag
EPwmI1Regs. ETCLR.bit.INT = 1;

PieCtrlRegs.PIEACK.all = PIEACK_GROUP3;

}
//

Y o 9 ~ a 4
//'W\Tﬂ‘Ifl!ﬂ”IWUﬂWU”ITISU’EN"U”I’E]uT!ﬁ /121NN (GPIO setup)

void Gpio_setup(void){
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EALLOW;

GpioCtrlIRegs.GPAMUX1.all = 0; /IGPIO15 — GPIOO 13T 1 General Purpose /O

GpioCtrlRegs. GPAMUX1.bit.GPIO2 = 1; //1a14911 ePWM2A

GpioCtrlRegs. GPAMUX2.all = 0; //GPIO31 — GPIO16 ﬁm%ﬁgﬂu General Purpose I/O
GpioCtrlRegs.GPBMUX1.all = 0; //GP1047 — GP1032 ﬁm%ﬁgﬂu General Purpose /O
GpioCtrlRegs.GPBMUX?2.all = 0; //GPIO63 — GP1048 ﬁm%ﬁgﬂu General Purpose 1/0
GpioCtrlRegs.GPCMUX1.all = 0; //GPIO79 — GP1064 ﬁWﬂﬁ”lﬁL’ﬂu General Purpose I/O
GpioCtrlRegs.GPCMUX2.all = 0; //GPIO87 — GPIO80 ﬁWﬂﬁ”lﬁL’ﬂu General Purpose 1/0

/RMUATIANIYOIVIBUNA / 191ANA (GPIO Direction) tazillaldaiu ePwM

GpioCtrlRegs.GPADIR.all = 0; /i muali GPIO31 - GPIOO Lﬂumﬁuwm
GpioCtrlRegs.GPBDIR.all = 0; /imuali GPI063 — GPIO32 Lﬂumﬁuwﬂ
GpioCtrlRegs.GPCDIR.all = 0; /irualy GPIO87 — GPIO64 Lﬂumﬁuwﬂ

GpioCtrlRegs. GPAPUD.bit. GPIO2 = 1; /)alFau ePWM2A
EDIS;

;
/I

/lanFufvuamM &MY ePWMI Timer

void ePWMI1 _setup(void){
/M UAT YU UINNI 20 kHz (50us) ¥ty - a9 (up — down Timer based)
//ITBCLK = SYSCLKOUT / (HSPCLKDIV*CLKDIV)
//TBPRD = (1/2)* [SYSCLKOUT / (Fpwm*HSPCLKDIV*CLKDIV)]

EPwmIlRegs. TBCTL.bit HSPCLKDIV = TB_DIV1; //HSPCLKDIV =/1

EPwm1Regs.TBCTL.bit. CLKDIV =TB_DIV1; //ICLKDIV =/1

EPwml1Regs. TBPRD = 7500; /MAUANUIAT 7500 TBCLK
[20 kHz]

EPwmI1Regs. TBPHS. half. TBPHS = 0; //ﬁmumﬂm?lm?fu =0 TBCLK

EPwmI1Regs.TBCTR = 0x0000; /AA@Y3 time-base counter

EPwmIRegs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN;
Y v v
/aaunefumMIsed Iag luddyanauitnuayumssudu

EPwmI1Regs. TBCTL.bit.PHSEN = TB_DISABLE;  /Alamsaan Iag lud
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EPwml1Regs. TBCTL.bit.PRDLD = TB_SHADOW; //1¥ia9 Period Shadow Register
EPwm1Regs. TBCTL.bit. SYNCOSEL = TB_CTR_ZERO;

/8 mualyl laa CMPA Shadow registers Lﬁﬂ CTR =ZERO
EPwmI1Regs.CMPCTL.bit. SHDWAMODE = CC_SHADOW;
EPwmIlRegs.CMPCTL.bit LOADAMODE = CC_CTR_ZERO;

EPwmI1Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO;

/AMUARNEWLIOIGNA (Action Qualifier) Vo4 PWM tilofinsnfSouifioy CTR
EPwmIRegs.CMPA half. CMPA = 3750; /Mruan1 CMPA 11 50% duty cycle
/RMUAMDUIADT NG cPWMI Timer
#f EPWM1_INT ENABLE
/lams1FuB ARSI NG ePWMI Timer
EPwml1Regs.ETSEL.bit.INTEN = 1
sl finadaanaming (Interrupt trigger) tile CTR = TBPRD
EPwml1Regs.ETSEL.bit.INTSEL = ET CTR_PRD;
EPwm1Regs.ETPS bit.INTPRD = ET_1ST;
#endif
Jdmuasdmiumsaiedyanaminguesnisuias ADC (SOCA Trigger)
#f EPW11_SOCA ENABLE
EPwml1Regs.ETSEL.bit. SOCAEN = 1; /lams 191 EPWMI SOCA Trigger
/imiualiifadayanum3ng (SOCA trigger) il CTRU = ZERO
EPwm1Regs.ETSEL bit.SOCASEL = ET_CTR_ZERO;
EPwmI1Regs.ETPS.bit. SOCAPRD = ET 1ST;
#endif
}
/

SR FUSMUAMEINTY ePWM2
void ePWM2_setup(void){
/AUATYIUUIRN 20 kHz (50ps) BHATY — 84 (up — down Timer based)

//TBCLK = SYSCLKOUT / (HSPCLKDIV*CLKDIV)
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//TBPRD = (1/2)* [SYSCLKOUT / (Fpwm*HSPCLKDIV*CLKDIV)]

EPwm2Regs. TBCTL.bit. HSPCLKDIV = TB_DIV1; //HSPCLKDIV =/1

EPwm2Regs. TBCTL.bit. CLKDIV =TB_DIV1; //ICLKDIV =/1

EPwm2Regs. TBPRD = 7500; /MAUANIUIAT 7500 TBCLK
[20 kHz]

EPwm2Regs. TBPHS. half. TBPHS = 0; //ﬁmumﬂm‘s&m?fu =0 TBCLK

EPwm2Regs. TBCTR = 0x0000; /AA@Y3 time-base counter

EPwm2Regs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN;
JiafRefumsFedlas luddaaamniimuazylaE i
EPwm2Regs. TBCTL.bit.PHSEN = TB DISABLE;  /alamsdad Iag lud
EPwm2Regs. TBCTL.bit.PRDLD = TB_SHADOW; /%19 Period Shadow Register
EPwm2Regs. TBCTL.bit.SYNCOSEL = TB_SYNC IN;
/mualdt lviaa CMPA Shadow registers Lﬁ"é) CTR =ZERO
EPwm2Regs.CMPCTL.bit. SHDWAMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit. LOADAMODE = CC_CTR_ZERO;
EPwm2Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO;
JAmuAMIReIfUSL ez TAE (Dead - band)
#if EPWM2_ DB _ENABLE
EPwm2Regs.DBCTL.bit.OUT_MODE = DB _FULL ENABLE; //)al%9% Dead - band
EPwm2Regs.DBCTL.bit. POLSEL = DB ACTV _HIC; /maenTriua
EPwm2Regs.DBCTL.bit.IN. MODE = DBA_ ALL,; //ﬁmuﬂﬁ’aumunméjnﬁq
EPwm2Regs.DBRED = 60;

//Rising edge delay (sec.) = (1/TBCLK)* DBRED
EPwm2Regs.DBFED = 60;

//Falling edge delay (sec.) = (1/TBCLK)* DBFED
#endif
/AMUARNEMLID 1NN (Action Qualifier) Vo4 ePWM tilofinsnfSouifiey CTR
EPwm2Regs.CMPA.half. CMPA = 3750; /Mruan1 CMPA 11 50% duty cycle
EPwm2Regs. AQCTLA.bit.CAU = AQ SET;  //ilatondnen ePWM2

EPwm2Regs. AQCTLA bit.CAD = AQ_CLEAR;/AA385A1 ePWM2
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}

//
//End of Source Code

//
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2.2 Tsunsumsadsdmuguuiiaile

IHHHBRBHHHHHHHBRBHHHHHHH AR BB HHHHHH AR HHHHHHHH AR BB HHHH
Tsunsudanunguasiiaii lo
IHHHBRBHHHHHHH AR B HHHHHHH AR BB HHH B HHHHHH AR BB HHHHHHH RS

#include "Solar F.h" //1¥ia9 Solar Library (SPLL, Data-Logger)
o A 9
/MU UAAUTUAY
float errv=0; float Upv=0; float Uiv=0; float Uiv_1=0; float UV=0;

float erri=0; float Upi=0; float Uii=0; float Uii_1=0; float UI=0;

A 9 1Y @
//m!,imummmmmugﬂmmu

void CNTL_VC_F_init(CNTL_VC_F *k){

k->Vref=0; k->Vibk=0; k->Out=0; k->Kp =0; k->Ki=0; k->Ts = 0;
k->Umax = (1.0); k->Umin = (0.0); k->up = 0; k->ui = 0; k->vl =0;
k->i11 =0;

b

/misuduvedInIguglnIzId

void CNTL_CC_F init(CNTL CC_F *k){

k->Iref=0; k->Ifbk = 0; k->Out = 0; k->Kp =0; k->Ki=0; k->Ts=0;
k->Umax = (5.0); k->Umin = (-5.0); k->up = 0; k->ui = 0; k->v1 =0;
k->il1 =0;

H

/AIUMAINIUANE MU ey

void CNTL_VC_F_FUNC(CNTL_VC_F *v){

errv=v->Vref - v->Vfbk; /AIUAANVRANAIAVDIULTIAY
Upv=0.003125*errv; /A Upy 91ndan70aunnuil le
Uiv=0.09766*0.00001*errv + Uiv_1; /A uasif1 Uiv 9InAAUaNnuUi o
UV=Upv-+Uiv; meranavesgiusedu dmfuiudunavesgyl

NISUT
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Uiv_1=Uiv; /M Uiv_1 dwsoleduna uiv lusenlvy

1 4 o A ) o @
v->0ut = UV; pauerdnavesgilusedu et lldruiuiugll
gL
}

/annamdnugudmivglaseoa

void CNTL_CC_F_FUNC(CNTL_CC_F *v){

erri=v->Iref - v->Ifbk; JAUIUMANUHANAIAVDINT LT
Upi=4.6875%erri; /8 Upe 1InAn ANl lo
Uii=7327.22%0.00001 *erri + Uii_1; /e Uic 9ndaniuauuuuil lo
. .. J A =~ = @
UI=Upi+Uii; /meranaveginszua enlseumeudygal
AUV LY

. .. ! - 9 o Yo . 1

Uii_1=Uii; /M Uii_ 1 @15u s mam Uic TusouInil
1 4 A =l =~ 9y

v->Out = UL faueanavosglnszue telSeuneuuazasng

q U

v
% 3 % L=

AYVIUVUVUNAVDINITNUICAULITIAUN
o £
WAHUIVU
H
//

//End of Source Code

//
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' o o t3

Y U r.'d' q‘ 1
2.3 Iﬂi!!ﬂiﬁlﬂﬁﬁiﬁwaﬁﬂﬂ1 NINTHUINAN

IHHHBRBHHHAH AR RBHHHHHH AR BB HHHHHH A AR BB HHHHHH AR BB B HHHH
Tsunsumsaedyanaiad
IHHHBRBHHHHH AR RBHHHHHH AR BB HHHHHHH AR BHHHHHHH AR BB B HHHH

#include "DSP2833x_Device.h" //1via9 headerfile 1A Examples Include File

v d o g { 1
/lszmailsngumenen (Handuinugiuiedlu Headerfile)

/l Parameter & Function Prototype

extern void InitSysCtrl(void); //Waﬁ%’uﬁmmﬁw’%ugmmm CPU

extern void InitPieVectTable(void); AN ETRERT Peripheral Interrupt Expansion
extern void InitPieCtrl(void); /e AIUAWN Peripheral Interrupt Expansion
extern void InitCpuTimers(void); /AN Fus MUAa1uee CPU

extern void ConfigCpuTimer(struct CPUTIMER VARS *, float, float);

v Y Y
mlsgmeailasdumelu (edFuiadetiueaazoglulidd)

void Gpio_Select(void); Jilarsusmuanthfivesan Input / Output

void Setup_ePWM 1A (void); /AlaAF U UAAE 11T ePWMIA Timer
interrupt void cpu_timer0_isr(void); /langu 115003 uSMIDUNDSTNA CPU Timer
float A=6375; //ﬁmu@ﬁﬁg%’ﬂswﬁﬁﬁllmﬁu 0.85
/Nsunsuvian

/! Main Function

void main(void){
//ﬁ”l“l/iuﬂﬂlwd\:’ui 1UUYDN TMS320F28335 (Initialize system control)
InitSysCtrl(); /Tviaa PLL, WatchDog, enable Peripheral Clocks
EALLOW;
SysCtrlRegs.WDCR= 0x00AF;
EDIS;

o a Jo o .
DINT; ARYANTNINIUUDIDUIADTTNATNVUA (Disable CPU

interrupts)
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Gpio_Select(); /@enu1 GPIO
Setup ePWMIAQ;  /MHUANTIINY ePWMIA
InitPieCtrl(); /A3 PIE control registers

//‘ViEJﬂmiﬁN”IWU’EN PIE interrupts Lavndes interrupts flags
InitPieVectTable(); fmuasEudu ISR 1 PIE
EALLOW;
PieVectTable. TINTO = &cpu_timer0_isr;
EDIS;
InitCpuTimers(); // ﬁﬁ’iuﬂﬂ'%?'ll @ CPU Timer
ConfigCpuTimer(&CpuTimer0,60,100);

PieCtrlRegs.PIEIER 1.bit.INTX7 = 1;

IER |=1;
EINT;
ERTM;
CpuTimerORegs. TCR.bit. TSS = 0; /1538 Timer0
while(1){

EALLOW;

SysCtrlRegs.WDKEY = 0x55; /AI3MT WD

EDIS;

¥

Y o 9 ~ a 4
//'W\1ﬂ‘IﬁJﬂ”I‘ViUﬂWU”IT]le’EN"IJ”I’E]uT!ﬁ/L@WW!G] (GPIO setup)

//

void Gpio_Select(void){
EALLOW;
//ﬁmuwﬂﬁﬁmmm%uwmmﬁwﬁ (GPIO multiplex configuration)
GpioCtrlRegs. GPAMUX1.all = 0; //GPIO15-GPIO0 ﬁmﬁﬁ‘ﬁxﬂu General Puropse I/O
GpioCtrlRegs. GPAMUX1.bit.GPIOO0 = 1; /1A 14911 ePWMIA

GpioCtrlRegs. GPAMUX?2.all = 0; //GPIO31-GPIO16 Mnrhnidly General Puropse 1/0
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GpioCtrlRegs. GPBMUX1.all = 0; //GPIO38-GPI1032 Mnrhnidly General Puropse 1/0

/RMUATIANINYOIVIBUNA/DIANA (GPIO Direction)
GpioCtriRegs.GPADIR.all = 0;  /Awiual® GPIO31-GPIOO Hluanduna

GpioCtriRegs.GPBDIR.all = 0;  /Aviual¥ GPI038-GPI032 iiluanduna

/imusedna Iluaasaniug LED2 (GPIO34)
GpioCtrlRegs.GPBDIR.bit. GP1IO34 = 1;
EDIS;

}
SN FUS M UAMEITU ePWMI Timer

//

void Setup_ ePWMI1A(void){

EPwmIRegs. TBCTL.all = 0; e a IS uAY
EPwml1Regs. TBCTL.bit. CLKDIV = 0; //CLKDIV =1

EPwm1Regs. TBCTL.bit. HSPCLKDIV = 0; //HSPCLKDIV =1

EPwm1Regs. TBCTL.bit. CTRMODE = 2; /viua up-down

EPwml1Regs. AQCTLA.all = 0x0060; //é]gj’\‘lﬂl']ﬁuﬁ\i ePWMIA U CMPA
EPwmIRegs. TBPRD = 3750; //dayanss PWM 9101030 20 kHz

/ITBPRD = fepu / (2*fPWM * CLKDIV * HSPCLKDIV)
/ITBPRD = 150 MHz / (2 * 20 kHz * 1 * 1) = 3750
EPwm1Regs.CMPA half. CMPA = 2812.5; /dyananfTeumou

v W 9

/1 -0.25=0.75 * 3750 = 2812.5 /eigInaniig 0.25

[

//CPU Timer ISR T1/5un5uu5n13soumaossna

//

interrupt void cpu_timer0_isr(void){
static int up_down = 1;
EALLOW;

SysCtrlRegs. WDKEY = 0xAA; /U5MST WD
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}

EDIS;

{
if(EPwm1Regs.CMPA half. CMPA < EPwm1Regs. TBPRD)
EPwmIlRegs.CMPA half. CMPA;

else up_down = 0;

}

else

{
if(EPwm1Regs.CMPA .half. CMPA > 0) EPwmIRegs.CMPA half. CMPA;

else up_down = 1;

}

Qy o a a s J .
//ﬁl!?!ﬂﬂWi‘Vﬂ\ﬂu"UfNTﬂillﬂﬁllﬂﬁﬂ'ﬁ@ulﬁ'ﬂﬁiW@]LLﬁglﬂaﬂﬁ interrupt flag

PieCtrlRegs.PIEACK.all = PIEACK GROUPI;

//

//End of Source Code

//
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A o s s 7
!Wﬂ‘lJﬂﬂﬁﬂ7ﬁ@ﬂﬁ’ﬂ7uﬂ”l§'m!!ﬂﬂﬁ7iﬂ!!?5?‘lJ@?f (Hardware In Loop : HIL)

o 4 o o I 9 4
M391809TDIUMTAUVVITALIT 1Ug (Hardware In Loop : HIL) iJumslyvesa

4 1 o ' [ % . .
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[ a 4 4 1 4
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v Y
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MATLAB F

Fie Edit Debug Paralel Desktop ‘Window Help

| &m0 ™ B F) @ Cuvent Folder:| C:iProgram Fles|MATLABIRZ01 1blbin

Shorteuts (8] How to Add (8] What's New
Command Window
»>> cemtices

TICCE Cbject:

Processor type : THS320C28xx
Frocessor name : cpu 0
Running? : Ho

Board number : 0
Processor number : O

Default timeout : 10.00 secs
RTDX channels t 0

Jfe >>

[ Fle Edt Vew Project Debug GEL Option Frofle

vJ@

* 0.2 x| Workspace B !
Bl % 0 W | LD seectdatato...

CCStudio running

NS

HOrx

- Value

B Iy ———
<
Command History =
plotit,1) =
~plotic,11)

- 31/10/2558 12:02 --%
ce=tices
- 31/10/2558 18:59 —-%
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& & o T
| =l SJ (P TR e
Reée QAEEHEEHEAL &
= 3FFOED SGEFO147  MOVB #-SF[7].#0x01,UNC ~
; ) 3FFOBF 9247 MoV AL,=-SP(7
)| et 3IFEICO 5202 CMEB e
|| i 3IFFOC1 FBOA SB 10.HI
3FFOC2, 761F0000  MOVW DF , #020000
o 3IFF9C4 C504 MOVL HAR7, 84
m 3FF9C5 FF69 SEM [i]
3FF9C6 3E6T LCR wXRR7
= 3IFFICT 0A47 INC »-8P[7]
3FF9CE 9247 MOV AL,=-SP[7]
{y] 3FF9CY 5202 CMPE AL.#2
& 3IFFICA 69F8 SB -8,L08
7 3FF9CE FEBS SUBB SP,#8
= 3FF9CC FF69 SPM il
= 3FF9CD 0006 LRETR
& IFFICE 2BAD0O00G MOV @SP, #0x0006
2 3FFOD0 S561F SETC OBJMODE
3IFFID1 5616 CLRC AMODE
0o 3FF9D2 S61A SETC MOM1MAP
= 3FF9D3 2940 CLRC PAGED
3FF9D4 761F0000  MOVW DF , #020000
& \3FF9D6 2902 CLRC oVM
| 3FF9D7 FF69 SPM 0
'3FF9D8 767FF674  LCR Dx3FF674
' 3FF9DA S6CFO0002 || BF 2,8e
3FF9DC 2BADO00E MOV @SP, #0x0006
3FF9DE 2BBD MV wSP++, #0
3IFF9DF 2BBD MOV *SPet, #0
e 3FF9E0 1EBD MOVL *SP++ , ACC
Target is Connected 3FF9E1 0007 POP RPC
3FF9E2 5633 ZAPA
3IFF9E3 1EAC MOVL EXT,ACC
3FF9E4 SBA9 MOVZ ARD, BAL
3FF9ES 59A9 MOVZ AR1,BAL
IFF9E6 SAA9 MOVZ ARZ,BAL »

317 0.4

9/

NUIN

1971/50n53 F28335 eZdsp CCStudio v3.3

182



HOST
RTDX Wirite
ichani
In1
RT Do Wirite

=1 Sink Block Parameters: RTDX Write
RTOH Wirite (rmask) (ink)

lUze specified RTDX channel to write data to the running target DSF.
Parameters

Channel name

ichianl

[ (84 ][ Cancel ” Help Apply




=1 Source Block Parameters: RTDX Read
RTD® Read (mask) (link)

Use specified RTODX channel to read data from the running target DSP.
Farameters

Channel narne

!Dchanl |

Sample time

1

HOST |18-5 1] |
RIfdfeed Output dimensions
autt — —

EET | |

RTDX Read

[ Frame-hased

Data type du:nub_le v |

(014 H Cancel H Halp Apply
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- RTDX_enablelnput(&ichanl);

- RTDX read(&ichanl,dinl,nbuf*sizeof(long))

v
o o

@ { Jd o 1 a 9 @ @
Tupssian 1 Aeileddumdinisadisresduna RTDX  dwsuldsudoyanin
Tsunsu Simulink Tae¥pveresdunaninanazdsstivualimilounuyoussrosnisda
5 o { @ { oy o @ A
Yoyavoa11/sunsy Simulink F3ladmua 1A lunsaln 1 ussiad 2 Ao Heddudrduilaldau
] a A A . ) o Yo 9 1% . . o A A
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//*-define buffers,leave uninitialzed, to be supplied by MATLAB Simulink-*//

float iL, Vo, ir, Vpi;

float Kpv=0, Kiv=0, Kpi=0, Kii=0, error v=0, error_i=0;

float Vref=400, Ts=0.00001, Kp v=0.003125, Ki_v=0.09766, Kp i=4.6875, Ki_i=7327.22;

vold add_sub_buffers(float*inl,float*outl)

i
/[*-step for data reciving-*//
iL=in1[0];

Vo=inl[1];

//*-algorithm PI controller-*//

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

Kiv=Kiv+(Ki_v*Ts*error v);

Error_v=Vref-Vo;
Kpv=Kp_v*error v;

ir=Kpv+Kiv;

/e TAAMEIUDINITDUNNTN
J/ANNUHANDIAVDILT IR

A 4 % 1 a 9
/WI3INB3 Y0 Kp ANUAINNNAANAIAYDINTIAY

4 Y o Y] I~ a
/M1eNavedgusy dmsuilusunavesqilnszue

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

Kii=Kii+(Ki_i*Ts*error i);
Error_i=ir-iL;
Kpi=Kp_i*error i,

Vpi=Kpi+Kii;

i

/[*-step for data reciving-*//
outl[0]=Vpi;

return; }

/MAen TAaMAIU9IMIoUNNTN
J/AANUHANDIAVDINTELLE
a 4 [} 1 a
/MINNDIUBY Kp U UAININAANDIAYDINTE A
4 o Y] I [ 9 a
/menanavedginszue dmsuiludgyaradiedlums
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Abstract

This paper proposes a new topology of a high step-up
boost converter for low-voltage source system
applications. The proposed converter can boost up the low
input voltage to the high output veltage level with a high
voltage conversion ratio, approximately 20 times. The
proposed converter employs only one single switch. As a
result, the simple control strategy for the proposed boost
converter can be obtained. In this paper, the operating
principle of the proposed converter topology is described.
The relationship between the step-up voltage ratio and the
duty cyele is analyzed. The simulation results are shown
to demonstrate the effectiveness of the proposed high
step-up single- switch boost converter for low-voltage
source systems. In addition, the experimental results
obtained from the laboratory phototype are presented to
verify the performance of the proposed high step-up
single-switch boost converter.

Keywords: boost converter, high step-up ratio, single
switch, low-voltage source
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Abstract

This paper proposes a high step-up single-switch boost converter
with its controlled output voltage, generating a constant output voltage
with a high voltage conversion ratio approximately 20 times. In order to
control the output voltage of the proposed single-switch converter the
PI coniroller s employed for providing the proper response in both
transient and steady state operations. In addition, the output voltage can
be satisfactorily controlled under the changes of converter operating
situations. The design of the PI control is describes to generaie the
appropriate duty cycle for the only one single switch of the converter,
resulting in the desired constant output voltage. Simulation results show
the effectivencss of the proposed converter with its controller to
generate the high output voltage with a constant level. Moreover,
experimental results show that the output voltage of the proposed

converter can be controlled by using the designed P1 controller.
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Abstract

This paper proposes a new topology of a high step-up dc-de converter for photovoltaic system applications. The proposed converter
can boost up the low input voltage, about 20V, generated from the PV array to the high output voltage level of approximately 400V.
The proposed converter employs only one power switch to achieve a high step-up voltage conversion ratio, approximately 20 times,
without the extremely large duty cycle. The operating principles and steady-stage analyses of continuous conduction mode are
described in detail. The relationship between the step-up voltage ratio and the duty cycle of the proposed converter is analyzed.
The simulation and experimental results are shown to demonstrate the effectiveness of the proposed high step-up single-switch de-
de converter for low-input and high-output voltage systems.
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Peer-review under responsibility of the Organizing Committee of IEECON2016

Keywords: DC-DC converter; High step-up voltage gain; Single switch; Photovoltaic system

1. Introduction

Nowadays, renewable energy sources such as photovoltaic (PV) arrays and wind turbine generators, have received
increasingly attentions due to energy shortage and environmental contamination [1]. Such renewable energy systems
typically generate low voltage output. Therefore, high step-up de-de converters are widely employed in many
renewable energy system applications. The output voltage generated from a single PV panel is about 15V to 40V [2].
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This voltage level is not sufficient for the de-link voltage (400V) of a single-phase inverter to generate the ac power
with 220V grid voltage [3]. In order to boost the low output voltage up to the higher level, a conventional boost
converter is commonly used because of its simple structure and control. Unfortunately, it cannot achieve a high step-
up conversion with high efficiency due to the extreme duty cycle operating limitations. A number of modified high
step-up converter topologies have been proposed in order to increase the voltage conversion ratio [4]. The modified
SEPIC converter with the combination of an auto-transformer and the coupled inductors is introduced to photovoltaic
application in order to increase the voltage gain of the converter [5]. However, the converter efficiency is quite low
because of the leakage inductance energy stored in the auto-transformer and the coupled inductors [6].

In this paper the high step-up de-dc converter with a single power switch is proposed for photovoltaic system
applications, The proposed high step-up boost converter topology is presented in the following section. The operating
principle of the proposed converter under continuous conduction mode (CCM) is described in detail. A 500W
laboratory prototype of the proposed converter was implemented. Simulation and experimental results are shown in
order to illustrate the effectiveness of the proposed converter to achieve a much higher step-up conversion ratio
compared with that of the conventional boost converter.

2. High Step-Up DC-DC Converter Topology

A novel high step-up de-de converter topology is proposed as shown in Fig. 1. In order to achieve the high step-up
conversion ratio, the proposed converter configuration is basically based on the combination of the voltage multiplier
module in the first stage and the conventional boost converter in the second stage. As it can be seen, the proposed
converter consists of only one active power switch, the input inductor L;, the output diode Dy, the filter capacitor Co,
the inductor L, the de-link capacitor C;. The voltage multiplier cell is configured from two identical capacitors, C; and
C, and three diodes, Dy, D and Ds. The blocking diode Dy is between the voltage multiplier module and the boost converter.
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Fig. 1 The proposed high step-up de-de converter configuration

The operation of the converter during one swilching period can be basically divided into four modes. The operating
principle of the proposed converter can be described briefly as follows:

Mode I: the switch S and the diode D; are turned on. The remaining diodes are all off. Vi, and C; deliver energy
to L; and L. Thus, during this operation mode both iy, and iz increase linearly to store energy in L; and Lo,
respectively. The capacitor C; is charged. The output power is supplied from capacitor Co.

Mode 2: the switch § remains conducting and diode D; is off. The diodes D, Ds and Do remain reversely biased
but D; is forward biased. The energy stored in C; is released through L. The capacitors C; and C; are now in charging
and discharging stages, respectively.

Mode 3: the switch § is turned off but D; becomes reversely biased. The diodes Dy, Ds and Do are in forward-
biased state. The inductor L; releases energy to C: while C; delivers energy to L; through Ds. In addition, the output
filter capacitor Cp is supplied from the energy stored in L; through Dp.

Mode 4: the switch S is still in turned-off state and D); becomes reversely biased. The diodes Dz and Do remain in
forward-biased state. The energy stored in L; and C; is transferred the boost converter side charging the output
capacitor filter Cp via diodes D; and D,

In order to consider the performance of the proposed high step-up de-dc converter, the voltage step-up conversion
ratio (M) under the steady-state operating condition is analyzed. The transient characteristics of circuitry are
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disregarded to simplify the proposed converter performance analysis. As can be seen in Fig. 1, the proposed converter
operates with the incorporation of the voltage multiplier module and the conventional boost converter in the first and
second stages, respectively. Therefore, the voltage gain of the proposed converter can be expressed as

JY /" (1)
Vi (1-D)?

As can be seen in (1), it confirms that the proposed converter provides a high step-up voltage-conversion ratio
without adopting an extremely large duty cycle, D. The voltage conversion ratio characteristic of the proposed
converter as a function of duty cycle is shown in Fig. 2(a). As can be seen, a much higher voltage conversion ratio of
the proposed converter can be achieved than that of the other two boost converters over a range of duty cycle. In
addition, it is clear that the proposed converter can provide a high voltage gain of 20 times without the extreme duty
cycle, Fig. 2(b) illustrates the proposed converter efficiency curve as a function of the output load power. It can be
seen that the efficiency of the proposed converter is approximately 90%.
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Fig. 2 Performances of the proposed high step-up de-dc converter (2) conversion ratio characteristic (b) efficiency

3. Experimental and Simulation Results

To verify the effectiveness of the proposed high step-up dc-dc converter, simulation results have been presented
using MATLAB SIMULINK. In addition, a phototype of the proposed converter with 20V-input voltage, 400V-output
voltage and output power of 500 W was implemented, as shown in Fig. 3, for performance verification. The component
parameters of the proposed converter shown in Fig. | are designed as L), L; = 15mH, C; and C>= 100pF, Cs= 150pF,
Co= 100pF and R = 5002 The power MOSFET, namely, IXFX80N60P3, and ultrafast-recovery diodes, namely,
RURP3060, are selected. The switching frequency is 20kHz. A TMS320F28335 DSP board is employed to generate
the switching signal to the power switch. The input voltage of 10V is fundamentally tested not only to verify the
theoretical analysis and simulation results but also to avoid the negative impacts on the proposed converter due to the
large transient overcurrent under open-loop operating conditions. For future work the input voltage of 20V will be
supplied to the proposed converter operating with an appropriate controller in order to obtain the desired level of the
step-up output voltage.
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Fig. 3 A 500-W prototype of the proposed high step-up de-de converter
Fig. 4 shows the experimental and simulation results of switching signal and output voltage waveforms obtained
from the proposed converter with duty cycle of 0.3. The simulated output voltage is about 40V while the experimental
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one is about 40.5V. It is clear that the obtained results are in a good agreement. Similarly, the tested- and simulated
output voltages are approximately 80V, as shown in Fig. 5, when duty cycle is 0.5. As it can be seen, the output
voltage waveforms under given duty cycles agreed with the voltage ratio characteristic shown in Fig. 2. Therefore,
the proposed converter can provide a high step-up conversion ratio without an extreme large duty cycle.
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Fig.4 Output voltage and switching signal obtained from experiment and simulation when D =0.3
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Fig.5 Output voltage and switching signal obtained from experiment and simulation when D = 0.5
4. Conclusion

This paper has presented a novel high step-up de-de converter, which can step-up a low input voltage to a high
level without an extremely large duty cycle. Thus, the proposed converter is suitable for photovoltaic system
applications or other renewable energy applications that need high step-up voltage conversion ratio. The proposed
converter topology is based on the incorporation of the voltage multiplier module and the conventional boost converter
in order to achieve a high voltage gain. The operation principle and steady analysis as well as a comparison with other
boost converters are presented. Finally, a 500-W prototype with 20V input and 400V output is built for performance
verification of the proposed converter. Simulation and experimental results are in a good agreement, verifying the
effectiveness of the proposed converter.
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