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THAWORN HINSUI : SINGLE-PHASE TWO-STAGE GRID-CONNECTED
PV INVERTER WITH SLIDING-MODE MPPT. THESISADVISOR :

WIROTE SANGTUNGTONG, Ph.D., 252 PP.

INVERTER PV/SLIDING-MODE/ MPPT/ P& O/SINGLE-PHASE INVERTER/

PHOTOVOLTAIC

Maximum power generated from a photovoltaic (PV) pane into an AC grid
has been studied under various illumination conditions by using the designed boost
converter with the maximum power point tracker (MPPT). The MPPT system with
diding-mode scheme aso consists of a single-phase full-bridge pulse-width
modulation (PWM) inverter and the boost converter with one switching power
MOSFET. The operation principle of MPPT system is to govern the operating point
of the PV panel moving onto the intercept point between the sliding-line and current-
voltage curve of PV panel. The P& O algorithm significantly incorporated within the
MPPT was designed for the prototype system in order to utilize the PV generated
power to adjust the intercept point into a new maximum power point (MPP). The
algorithm has resulted to the PV generated power system to have a tracking and a
shifting toward a MPP. The simulated results and the stability and convergence
analyses with mathematic model were indicated in this study under the various light
intensity values. It is found that the convergence of the point reaches the MPP by the

P& O algorithm. Therefore, the boost converter with using sliding-mode scheme and



P& O agorithm is most possible to obtain the maximum power generation from PV
transferring to AC grid.

The whole prototype circuit of the boost converter and the single-phase full-
bridge inverter was experimentally tested including a phase-locked loop (PLL), DC-
voltage and grid-current controllers. Three components are used to manipulate the
different turned-on and turned-off sequence of 4-IGBT devices. Meanwhile, the
feedback control system of the single-phase inverter will obtain the DC input voltage
a the same level as the reference voltage of 100 V and is able to control the
sinusoidal grid current in the same phase as sinusoidal grid voltage. As result of the
preferential synchronization between grid voltage and grid current, electric power
transfer from PV panel into AC grid using sliding-mode scheme with P& O algorithm

can berealized efficiently.
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The optimum sliding-line of Hanwha solar SF260 PV module
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Tsunsummduosvesalulnsaoulnsames MCUL uaz MCU2  admwmuald

o { ] 3 a
vosalulnsnouInsiaes TMS320F28335 Experimental kits 1111 TNnuadufifiisiia

[

4 o a J I3 a o o {
Iﬁuﬂﬂ'ﬁlaﬂullag3$‘U‘Uﬂ'3°ﬂﬂ1]‘ﬂf]1!ﬂﬁ‘ﬂGll’E'N'N%3ﬂutﬁ@ﬁlﬁ@ﬁl@lﬂﬂﬁﬂmﬂﬁlaﬂﬁ AUy ‘ﬁ

hJ

a 4 L4 4 1 a { < a
THulugaersdunuuieasdunesaes ieuaonsaaesmal @@ Nl ui Ayl
[ v
Truamsasy UszneudleTsunsumu® 1w 2 Tilsunsudase lail
1 I~} a 4
MCU1 Tilsunsumudvosruieduiinsia lvuanmsasu
1.)MCUl.c Ao Tlsunsuvdn (main program)
A a o 4
2.) Ext_Interruptl.c A0 JUsUNTUDUIADTTHANGUDN
a o o
(@adiaon Inuansiinuved Tlsunsy)
(% a 4 4
MCU2 T15unsun1u1due9suuniuaNilounduund19950ULI1051ADS
1.)MCU2.c Ao Tlsunsundn (main program)
A 2 v AaA [ a
2)CNTL INV Fc fio fMauguussauaguazdniuguaszud Irlihinga
o
3.) CNTL INV H.h fi® Header file ¥94'19d CNTL INV F.c
. A dl a [ A o [}
4.)) Solar library 1.2 Ao lavsiSuenan¥uvesunsiiddinsululas
=1 o
ABUINTAIADIHI A C2000 (Texas Instruments, 2014)
A a o 4
5.) Ext_Interrupt.c 09 1USUNTUDUABTSNANIBUBN

a 4 o
(@Iadiaon Tnuan1siauved Tdsunsw)

v.1 Tsunsummndvesnuladunnnsialvuamsaou

IHBRHHBRHHBRHHBHHHBHHHBHHHBHHHBHHHBHHHBHHHRHHHRHHAA
/! MCUl.c

~ ] S A A A
/ I‘IJ'iLLﬂ‘i3Jﬂ1H1°ﬁﬂl@QﬁUDﬂLfJ§JWWWBUﬂI1’Wﬂﬂﬁm’ﬂu

/
// 1. Sliding mode MPPT: T1/50n501TM5811ADT SHA ePWM2 Timer 100 kHz (10 ps)

// 2. P&O algorithm: T1/51AT0UTMIBUIADT NG ePWMI Timer 25 Hz (40 ms)
IHHHHHHHARARARABABABABA BB HBHBHBHBHBHBHBHBHBHBHBHAH
#include "DSP28x_Project.h"  // Tvian Headerfile 110 Examples Include File

#include <math.h> // Tviaa Math Library
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i/ suamiugiudmsyluTasneu Insames TMS320F28335

//

a a Jo o d o 4
// Alams1FausuAes sWA (Interrupt Enable) tailensuou q veslisunsy

#define EPWM1_INT ENABLE 1 // Enable EPWMI1 Timer
Interrupt

#define EPWM2 INT ENABLE 1 // Enable EPWM?2 Timer Interrupt

#define Ext INT _ENABLE 1 // Enable External Interrupt

#define Flash_boot ENABLE 1 / ovanalitiuiinTusunsuaslu Flash memory
/sgmailansuneuen (%qﬁ%’uv‘ﬁfugmﬁagﬂu Headerfile)

extern void InitSysCtrl(void); // Wﬁﬁ%uﬁmuﬂfhﬁfugmmm CPU

extern void InitPieCtrl(void); // Ha %’umimmu Peripheral Interrupt Expansion
extern void InitPieVectTable(void); // HanFuasna Peripheral Interrupt Expansion
extern void InitFlash(void); // ﬂqﬁ'ﬂ?’umiﬁuﬁﬂiﬂmﬂmaﬂu Flash memory

extern unsigned int RamfuncsLoadStart;

extern unsigned int RamfuncsLoadEnd;

extern unsigned int RamfuncsRunStart;

#if Ext_ INT _ENABLE I afusuaedndmoueniia i
extern volatile Uint16 Program_mode;
extern interrupt void xint1_isr(void); extern interrupt void xint2_isr(void);
extern void xint_initial(void);

#endif

1 Ed Y
i dszmeilandumelu (lasdunasavueaazeglulvail

void Gpio_setup(void); / ManFusmuantinvean Input / Output
void ePWMI1_Timer_setup(void); // NI FUS M UARE T ePWMI Timer
void ePWM2_ Timer setup(void); // MU UAAI 1T ePWM2 Timer

Y v a a o 4
interrupt void epwm1_timer ist(void);  // HansuT1)5unsuusn13ommes sne ePWMI INT

interrupt void epwm?2_timer isr(void); // Handu TUsunsTuUTMIdUNDS TNA ePWM2 INT

/ dszmaaanlsuazfviuaninai

/

#define a 1.0000 // e a ﬂl@ﬂﬁ%ﬂ"lilf%}uﬁi\iﬂﬁlﬁ@u
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#define b 4.5437 /! Fhﬂ\]ﬁ b GU@QﬁNﬂ”Iﬁ!%H@iQﬂTiLﬁ@H
#define Pdelta (0.00625) // Positive Hysteresis band = 0.5A
#define Ndelta (-0.00625) // Negative Hysteresis band = — 0.5A

#define S ON 1 // 91ULDDU (ON state) UDI S

#define S_OFF 0 /I d91uzooW (OFF state) U04 S

float32 ref = 156.7917; )/ @ ref vesaumsiduasInsiasy

int16 state = S_OFF; /7 SMuaEaULSuAUVed S AD dauzoD

int16 dir ¢ = 1; i fviualfinsosaneisuduaes dir i +

int16 Vadc_a0; // c?fmﬂizﬁumﬁ%maﬁ‘lﬁmﬂmmﬂmmuﬁGﬁm ADCINAO
int16 Vadc_al; // éf’mﬂigﬁumﬁ%ma‘ﬁ"léfmﬂmmﬂmmu?}“ﬁm ADCINA1
float32 v; J/ usIRUBUNAVRI T AsAuYEd (V)

float32 i; / nszua lilihdunaverseslasiuyad ()

float32 S; // aumsi@uasamsiaen (S= ai - by + ref)

float32 Mstep = 0.25; // MITIANU (Mstep)

float32 Ppv_K; /1 SrdanusunaiaunaMIduil k nie Ppv(K)

float32 Ppv_K1 =0.0; ! ﬁwé’mu%uwmﬁmmammiduﬁ k— 1150 Pp(k—1)
float32 D_Ppv; I @j"@mﬂmﬂ?;ﬂuuﬂawmﬁﬁwmﬁuwﬂ

float32 D_Ppv_abs; /" mﬁ’uymfmmé’mmmﬂﬁﬂuuﬂawmﬁwﬁwmﬁuwﬂ

/ asiidmsumsuaueyd (ADC scaling)

#define ADC_A_Fullscale 3.00 7 u3asueIIaeNANAINg (analog voltage full-scale)
#define ADC_A_Offset 1.50 // usasueUIaB N0 oM (analog voltage offset)
#define ADC_D Fullscale 4095.0 // madneawddduaina (ADC digital full-scale)
#define ADC D Offset 20480 // A1asmpaloddnsaaing (ADC digital half-scale)
fidefine Gain v 163333 /A unuvenasifusesusaduduna (50 V/3 V)
#define Gain i 3.3333  //Aunuvensasdumesnszua lilihduna (10 A/3 V)
#define Gain_Vadc ((Gain_v * ADC_A_Fullscale) / ADC_D_Fullscale)

#define Gain_ladc ((Gain_i * ADC_A_ Fullscale) / ADC_D_Fullscale)

// Tsunsuvian (Main function)

// >k sk sk sk sk sk sk sk skoske sk sk skosk sk skosk skosk stk stk skosk skosk skosk skeosk skeosk stk skeosk stk stk stk skeoskoskeoskoskeoskoskoskoskeoskoskeoskoskeosk stk skokostokokokokokokeskokoskok

void main(void) {




170

// ﬁWiuﬂﬂ'”lﬁunU’tN TMS320F28335 (Initialize system control)

//

InitSysCtrl(); /1 Trian PLL, WatchDog, enable Peripheral Clocks
#if Flash_boot ENABLE  // oy lvtiuiin Tsunsuaslu Flash memory

memcpy(&RamfuncsRunStart, &RamfuncsLoadStart, &RamfuncsLoadEnd —

&RamfuncsLoadStart);

InitFlash(); //TunnT1lsunsuaaly RAM (SARAM — L0)
#endif
#if (CPU_FRQ 150MHZ) // A58 150 MHz SYSCLKOUT (Default)

#define ADC_MODCLK 0x3

#endif

#if (CPU_FRQ_100MHZ) // N8 100 MHz SYSCLKOUT
#define ADC_MODCLK 0x2

#endif

// Imuadyanind1MsuUmMs ladena

// HSPCLK = SYSCLKOUT/(2*ADC MODCLK) =25 MHz

EALLOW;

SysCtrlRegs.HISPCP.all = ADC_MODCLK;

EDIS;

Gpio_setup(); // MMUARTNNVDINTDUNAABIANG (GPIO Initialize)

/I IMUABUINDT SN Peripheral Interrupt Expansion (PIE)

/
DINT; /) wqﬂmiﬁmummSumaﬁwﬁﬁwm (Disable CPU interrupts)
InitPieCtrl(); /! Ltiéllg]}u PIE control registers
/ wqﬂmi‘ﬁmmm PIE interrupts uazndes interrupts flags
!/l wfmmﬁﬁmumm CPU interrupt flags naznaes interrupts flags
IER = 0x0000; IFR = 0x0000;
/318U PIE vector table dmiuTisunsuuimssunodsnd
// mgtym“lﬁ’ Interrupt service routines (ISR) ﬁ'uﬁmmﬁ'mﬁﬂSumaﬁwﬁmu Priority

InitPieVectTable();
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J

#if EPWM1_INT ENABLE J/ 51dU PWMI timer ISR tilofindumes sng
EALLOW;
PieVectTable. EPWMI1 _INT = &epwml _timer _isr;
EDIS;

#endif

#if EPWM2_INT ENABLE J/ 5181 PWM?2 timer ISR tijoifindumes sng
EALLOW;
PieVectTable. EPWM2 INT = &epwm?2_timer _isr;
EDIS;

#endif

#if Ext_ INT _ENABLE // 5udu XINT1 / XINT2 ISR tiieifindumedsnd
EALLOW;
PieVectTable. XINT1 = &xintl_isr; PieVectTable. XINT2 = &xint2_isr;
EDIS;

#endif

// S muaasuAud sy Tugadiey (Device Peripherals)

//

/ Tugamsulaueyd (Initialize ADC module)
TnitAdc(); // Twaﬂm@mé]’uﬁyugmmeqmmﬂmmu?\
// MYUATYQIUUIANT (ADC clock) 1AL 32821101 1UNIIFNAIDY1 (Sampling Time)
AdcRegs. ADCTRL3.bit ADCCLKPS = 0x1; // FCLK =HSPCLK/2 =12.5 MHz
// FCLK = HSPCLK/1 @1%51 ADCCLKPS = 0000b
// FCLK = HSPCLK/(2*ADCCLKPS) 115U ADCCLKPS = xxxxb
AdcRegs. ADCTRL1.bit.CPS = 0; // ADCCLK = FCLK/(CPS+1) = 12.5 MHz [80ns]
i/ fvuanus 2 lumisilaueyd (Conversion rate) 1.25 MSPS
AdcRegs. ADCTRL1.bit. ACQ PS = 0x8; // Sampling rate = 1/((2+8)*80ns) = 1.25 MHz
// Sequential: Sampling rate = 1/[(2+ACQ_PS)*[(1/ADCCLK) in ns]]
/! S/H clock (1 ADC cycle) = (2 + ACQ_PS) ADC clock
// Simultaneous: Sampling rate = 1/[(3+ACQ_PS)*[(1/ADCCLK) in ns]]
// S/H clock (1 ADC cycle) = (3 + ACQ_PS) ADC clock
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/I Acquisition window (s) = (ACQ _PS + 1) ADC clock
// MvuaanyuzyeImulauend
AdcRegs. ADCTRL3.bit. SMODE_SEL =0; //1@0n35n15%nA1081941 Sequential
AdcRegs ADCTRL1bitSEQ CASC=1;  //1don Ivuamsuilaaenaiuy Cascaded
AdcRegs ADCTRLIbit.CONT RUN=0;  // ngamsilasoqauiusorios
/ f‘imum}mﬁ’tymmﬁm%’Ummﬂmmuﬁ (ADC channel select configuration )
AdcRegs. ADCMAXCONV.all = 0x0001; // UIUFOIT YD = 1 + 1 =2 ¥4
AdcRegs. ADCCHSELSEQ1.bit. CONV00 = 0x0; // ADCINAO as 1st. of SEQ
AdcRegs. ADCCHSELSEQ1.bit. CONVO01 = 0x1; // ADCINAT as 2nd. of SEQ
i fmualdisumsudavenfdiedaain cPWM SOCA trigger
AdcRegs ADCTRL2.bit EPWM_SOCA SEQ1=1; // ouanalsf SOCA 151 SEQI
AdcRegs. ADCTRL2.bit.INT ENA SEQI = 0; // uliJ'E’JHﬂJW] SEQ1 interrupt
/ Tu@,ami afwd WU ePWM (EPWM Initialize configuration)
EALLOW;
SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 0; // Stop all the EPWM TB clocks
EDIS;
ePWMI1_Timer_setup(); // Twa@m@uﬁuﬁmz‘fﬂ ePWMI1 Timer (10 ps)
ePWM2 Timer setup(); )/ TaasuSuaUd Ty cPWM2 Timer (40 ms)
EALLOW;
SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 1; // Start all EPWM TB clocks synced
EDIS;

o o a v 4
/ !ﬂﬂﬂWiWWﬂWUﬂlﬂQ@ul@]@ﬁﬁWﬁ (Enable Interrupt)

1

#if Ext_ INT _ENABLE /denmslFnuduaesSnanieuen:
xint_initial(); // XINT1 191 GPIO13
#endif // XINT2 191 GPIO14

#if (EPWM1_INT_ENABLE || EPWM2_INT_ENABLE)

IER |- M_INT3; // UANABUADS SNG INT3 d1MFU ePWMI — 6 INT
#endif
#f Ext_ INT_ENABLE
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IER |- M_INTI; // UANABUADS SNG INT4 (XINTI1) 1Az INTS (XINT2)
#endif
// Enable Peripheral Interrupt Expansion [PIE]
PieCtrlRegs.PIEIER3.bit.INTx1 = EPWMI1_INT ENABLE;

// oUaNABUIABS SN PIE Nguil 3 INTId W51 EPWMI INT
PieCtrlRegs.PIEIER3.bit.INTx2 = EPWM?2 INT ENABLE;

// 04aNABLIABS SN PIE Nguil 3 INT2 §1%5U EPWM2_ INT
PieCtrlRegs.PIEIER 1.bit.INTx4 = Ext INT ENABLE;

// 0y ABUIARSSNE PIE nguil 1 INT4 115 XINTI
PieCtrlRegs.PIEIER 1.bit.INTx5 = Ext INT ENABLE;

// ayaABUINDS SN PIE nguil 1 INTS 11y XINT2
EINT; // Enable global Interrupt
ERTM; // Enable higher priority real-time debug event
for (;;){ /! QﬂﬂﬁﬁWﬂu“ﬁﬁﬂ (Background loop)

a a do o .
/ Iﬂ‘ilmﬁll‘ﬂiﬂ1§®umﬁ)iiWﬁﬂN’lu@’mmﬁﬁl@ﬂ ePWM Timer

}

//*************************************************************************

a a Jo Jou A Y Ag
7/ TsunsuusmMsoumess natlae N UNas 19u U0

) a a Jo  Jdo af A o
// EPWMI Timer ISR: ITJi!LﬂﬁﬂJ‘Uiﬂ’liﬂulﬁ@ﬁﬁW@@aﬂﬂﬁﬂNWlmuﬂI@

//

interrupt void epwm1_timer_isr(void){

if (Program_mode ==0) { /7 TsunsuTvuarganismauved lsunsy
ref=156.7917; Ppv_K1 = 0.0; /1 S1ann ref

§

else if (Program_mode ==1) { /1 Tdsunsu Tnuaiineu
Ppv_K=v _pu*i pu; // guiamasanuaune Pp (k) = v(K) - i(Kk)
D Ppv=Ppv K—Ppv KI;  // ﬁm’smﬂmﬂﬁﬂuuﬂawmﬁwﬁwmﬁuwﬂ

. Y o w a Y ' 4
if (D_Ppv<0){ /! DINANIUBUNAUBYNINTUY
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}

dir ¢ =—dir ¢ // lasunseevineves dir

}
Y o w a 1 4

else { // MMEINUDIUNANINADIGUE

dir ¢ =dir ¢; // lasunseevineues dir
}
Ppv K1 =Ppv K; // Tufindnaeaudune Po(k—1)
ref = ref + (dir_c * Mstep); /lasundasa ref

GpioDataRegs.GPATOGGLE bit.GPIO31 = 1;  // ID1@WAUAAIADIUY LED2
GpioDataRegs.GPBTOGGLEbit.GPIO34 = 1;  // IDM@WAUAAIADIUY LED3
}
/I §uq¢1maﬁmummTﬂmﬂmﬁmiSumaﬁwﬁuazmﬁa{ Interrupt flag
EPwmIlRegs.ETCLR.bit.INT = 1;

PieCtrlRegs.PIEACK.all = PIEACK_GROUP3;

. a a s J 1 S A A A
// EPWM2 Timer ISR: I‘]Jil!,ﬂiiJ‘]J'iﬂTiE]umﬁ]iTVW]W“L!’JEJL’EJ&JWWV]%H@IWN@ﬂﬁm@u

//

interrupt void epwm?2_timer_isr(void){

// mmdsaeai ldnnmsulaueyalusesdag e ADCINAO 1z ADCINAL
Vadc_a0 = AdcMirror. ADCRESULTO ;

Vadc _al = AdcMirror. ADCRESULTT ;

i wasmaiaeadi ldninmsudasendiduussduaznssua i duna

v = (Gain_Vadc * Vadc_a0); // D1UAN (FUIA) UTIAUDUNE

i = (Gain_Tadc * Vadc_al); /1 o (quia) nszud Iiihduna

/l ﬁm’am!,mﬁuuazﬂima"lvmﬁuwmiuwﬁw p.u. (per unit) 113U P&O algorithm

Vpv_pu= Vadc a0/ADC_D_Fullscale;
Ipv_pu=Vadc al/ADC_D_Fullscale;

// m’?aummw%’euﬁm%’ummﬂmmnﬁmuﬁ’ﬂ"lﬂ (ADC sequencer reset)

AdcRegs. ADCTRL2.bit RST_SEQI = 1; //519@ SEQI naugan uzi5uAY (intial state)

//

if (Program_mode == 1){ // Tlsunsu Tuuaigu
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J/ AIUIUNALINT I U (ﬁumﬂé’umqmsgﬁam: S=ai-bv+ref

S=a*I indl —b* V_pv + ref;

S=-=5;

// SMUAIIANARIUT AN T (hysteresis)

if (Istate && (S >= Pdelta))

{ GpioDataRegs.GPASET.bit.GPIO12 = 1;
state =S _ON;

b

else if (state && (S <= Ndelta))

{ GpioDataRegs. GPACLEAR.bit. GPIO12 = 1;

state = S_OFF;

}

else if (Program_mode == 0){
GpioDataRegs. GPACLEAR.bit. GPIO12 = 1;
}

// 4D1ULD0U (On state)

// M UAIIRNA “High”

// AD1ULDDU (On state)

/ SIRUAIDIANA “Low”

/7 TsunsuTvuangan1sniay

// SIRUAIDIANA “Low”

Qy o a a 4% o 4
/ Augamsnaued 1sunsuuT s auao s NANazIAAYT Interrupt flag

EPwm2Regs.ETCLR.bit.INT = 1;
PieCtrlRegs.PIEACK.all = PIEACK _GROUP3;
b

) Y a 4
/ W\ilﬂ%'uﬂ11’71'!@1’711']1/]51]@\161]1?]14!1/!@]/!01@]1/!@] (GPIO setup)

//
void Gpio_setup(void){
EALLOW,;

° H a 4
// ﬂmuﬂwﬂ’wﬁmawmuwm/mmm} (GPIO multiplex configuration)

GpioCtrlRegs. GPAMUX1.all =0; // GPIO15 — GPIO0 Mnrnily General Purpose 1/0

GpioCtrlRegs. GPAMUX2.all = 0; // GPIO31 — GPIO16 Mnrnily General Purpose 1/0

GpioCtrlRegs. GPBMUX1.all = 0; // GP1047 — GP1032 Wnndly General Purpose I/0

GpioCtrlRegs. GPBMUX2.all = 0; // GP1063 — GP1048 Wnndly General Purpose /O

GpioCtrlRegs. GPCMUX1.all = 0; // GPIO79 — GP1064 Wnndly General Purpose /O
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/ HanFuimuan 1§15y ePWM1 Timer

GpioCtrlRegs. GPCMUX2.all = 0; // GPIO87 — GPIO80 Mgy General Purpose 1/0

° a a J . .
A MAUANANNUDIVIOUNA/LDIANA (GPIO Direction)

GpioCtrlRegs.GPADIR .all = 0; /1 fviuali GPIO31 — GPIOO Tundums
GpioCtrlRegs.GPBDIR .all = 0; /1 fviuali GPIO63 — GPI032 1iluvduna
GpioCtrlRegs.GPCDIR .all = 0; /1 fviuali GPIO87 — GPIO64 1iluvdume

// fmualvan Grio12 duwmdnadyanaduvina pi
GpioCtrIRegs. GPADIR bit GPIO12=1;  // fviuali GPIO12 uviedne
GpioCtrlRegs.GPAPUD.bit.GPIO12 = 0; /7 1% pull-up resistor 14 JU¥1 GPIO12
// fviuaerana lWiaasaniue LED2 (GPIO31) ag LED3 (GPIO34)
GpioCtrlRegs.GPADIR.bit. GPIO31 = 1;

GpioDataRegs.GPASET.bit. GPIO31 = 1;

GpioCtrlRegs. GPBDIR.bit. GP1034 = 1;

GpioDataRegs. GPBCLEAR.bit.GPIO34 = 1;

EDIS;

void ePWMI1_Timer_setup(void){

/! ﬁwwuﬂﬁagapmu1ﬁﬂ1 25 Hz (40 ms) YHAVU — Al (up — down Timer based)
// TBCLK = SYSCLKOUT/(HSPCLKDIV*CLKDIV)
// TBPRD = (1/2)*[SYSCLKOUT/(Fpwm*HSPCLKDIV*CLKDIV)]

// Phase = (TBPHS/2*TBPRD)*360 deg

EPwm1Regs.TBCTL.bit. HSPCLKDIV = 0x6; // HSPCLKDIV =/12
EPwm1Regs.TBCTL.bit. CLKDIV = 0x6; // CLKDIV = /64

EPwml1Regs. TBPRD = 3906; // MvuaA1UNal = 7812 TBCLK
EPwm1Regs.TBPHS.half. TBPHS = 0; /! ﬁmumﬂﬁﬁn&’u =0 TBCLK
EPwm1Regs. TBCTR = 0x0000; // 1A @8F time — base counter

EPwmIlRegs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN;

qgj oA @ a J Jd o a A g
// IAUNGINUMITIA 1n5 lugdyanuuin ez asudu
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EPwmIRegs. TBCTL.bit.PHSEN = TB_DISABLE;  // Yamsdan las ludimla
EPwml1Regs. TBCTL.bit.PRDLD = TB_SHADOW; // 11ia@ Period Shadow Register
EPwm1Regs. TBCTL.bit.SYNCOSEL = TB_CTR_ZERO;
// fmualii Ivaa CMPA Shadow registers lﬁ’é) CTR =ZERO
EPwmIlRegs.CMPCTL.bit. SHDWAMODE = CC_SHADOW;
EPwm1Regs.CMPCTL.bit. LOADAMODE = CC_CTR_ZERO;
EPwm1Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO;
// FIMUARAHULIDIANA (Action Qualifier) YD ePWM detimsnfFeuiien CTR
EPwml1Regs.CMPA. half. CMPA = 1953; // MYiUa CMPA 50% duty cycle
//EPwm1Regs. AQCTLA.bit.CAU = AQ SET; // TaeAnare9 ePWMI
//EPwmIRegs. AQCTLA.bit. CAD = AQ CLEAR;  // Uao1dnaund ePWMI
/Il S UAMT NS UBUIADT SNA cPWMI timer
#if EPWM1_INT ENABLE
// Wlams 19911481005 SN ePWMI timer
EPwml1Regs.ETSEL.bit.INTEN = 1;
// ﬁ11’iu¢ﬂﬁ}ﬁﬂﬁﬂlumu1mﬂ§ﬂ@§ (Interrupt trigger) Lﬁ'@ CTR = ZERO
EPwml1Regs.ETSEL.bit. INTSEL = ET CTR _ZERO;
EPwmlRegs.ETPS.bit.INTPRD = ET 1ST;
#endif

// HanFumuaa 1§15y ePWM2 Timer

/l
void ePWM2_Timer_setup(void){
// Mviuadya a1 100 kHz (10 us) ¥ty — aq (up — down Timer based)
// TBCLK = SYSCLKOUT/(HSPCLKDIV*CLKDIV)
// TBPRD = (1/2)*[SYSCLKOUT/(Fpwm*HSPCLKDIV*CLKDIV)]
// Phase = (TBPHS/2*TBPRD)*360 deg
EPwm2Regs. TBCTL.bit. HSPCLKDIV = TB_DIV1; // HSPCLKDIV = /12
EPwm2Regs.TBCTL.bit. CLKDIV = TB_DIV1; // CLKDIV = /64

EPwm2Regs. TBPRD = 750; // MYUaAIUNA1 = 1500 TBCLK
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EPwm2Regs.TBPHS .half. TBPHS = 0; // ﬁmumﬂm’?u@fm =0 TBCLK
EPwm2Regs. TBCTR = 0x0000; // 1385 time — base counter
EPwm2Regs. TBCTL.bit. CTRMODE = TB_ COUNT_UPDOWN;

/I gﬁﬁuﬁ'mﬁ’umﬁ@ﬁmm”lucﬁﬁﬂgmuwmmﬁmuazymﬂﬁﬁné’u

EPwm2Regs. TBCTL.bit.PHSEN = TB_DISABLE;  // Yamsdan Ins ludile
EPwm2Regs. TBCTL.bit. PRDLD = TB_SHADOW; // 11aa Period Shadow Register
EPwm2Regs. TBCTL.bit. SYNCOSEL = TB_SYNC_IN;

// fmuali Ivaa 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;

/1 MUARNBULIOIANA (Action Qualifier) Y04 ePWM iilefimainfiouifioy CTR
EPwm2Regs.CMPA half. CMPA = 375; // MYiUA CMPA 50% duty cycle
//EPwm2Regs. AQCTLA bit.CAU = AQ _SET; // TaeAnAvee ePWM2
//EPWm2Regs. AQCTLA.bit. CAD = AQ CLEAR;  // Uao1dnauns ePWM2

/| S UAMT IS UDUIADT SNA ePWM2 timer

#if EPWM2_INT_ENABLE

EPwm2Regs.ETSELbitINTEN=1;  // am3l¥audunessng ePWMI timer

/ Smualdinaduananindg (Interrupt trigger) ifa CTRU = CMPA
EPwm2Regs. ETSEL.bit.INTSEL = ET _CTRU CMPA;
EPwm2Regs. ETPS.bit.INTPRD = ET_1ST;

#endif

// fuamdmiumsadudayananindueanisulaauend (SOCA Trigger)
EPwm2Regs.ETSEL.bit. SOCAEN = 1; // alansldam EPWM2 SOCA Trigger
/1 smualdifadyanam3ndg (SOCA trigger) 1ilo CTRU = ZERO
EPwm2Regs. ETSEL.bit. SOCASEL = ET_CTR_ZERO;
EPwm2Regs. ETPS.bit. SOCAPRD = ET_IST;
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JHHHHHHHAHAHAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAHAAAAAHH
/ Ext_Interruptl.c

/] Tsunsudumessnaneuen

/!

a 4 o
/1. @309 1 (GP1013) TilsunsuTviua 0 nganshiiau
a 4 a o
/2. @30 2 (GPI014) TisunsuTviua 1 15umMsinau
[ BHHBHBHBHHBHBH BB H AU B HBHBHBHHBHAH B HBH BB H AR B HRH
#include "DSP2833x Device.h" // Tviam DSP2833x Headerfile File
#include "DSP2833x Examples.h" // Tviam DSP2833x Examples Include File

J v a a Jo J ' A
/ Usemarangu T‘]Jillﬂillﬂiﬂ'lﬁ@le?]iiW@]ﬂ'lfJu@ﬂ LAagATIPNN

. . . . . d v a a o 4

interrupt void xint1_isr(void); NN T U 1Y SN UTMIOUABTTNA XINTI

. . . . . d v a a o 4

interrupt void xint2_isr(void); AN anTU Y SN HUTMIOUADTTNA XINT2
Sy . o A Y a du &

void xint_initial(void); HARNT U HAUVDIDUNDST TNANIIUDN

volatile Uint16 Program_mode;

4

// anFusuduvesdumed S ndnenon
void xint_initial(void) {
Program_mode = 0; / Tsunsu Tnuargamsiianuaes Tlsunsue ngans
N
// fruAv GPIO13 tag GPIO14 1WunAineadunadmsuaing 1 uay 2
EALLOW;
GpioCtrlRegs. GPAMUX1.bit.GPIO13 = 0;
GpioCtrlRegs.GPADIR.bit. GPIO13 = 0;
GpioCtrlRegs. GPAQSEL1.bit.GPIO13 = 2;
GpioCtrlRegs. GPAMUX1.bit. GPIO14 = 0;
GpioCtrlRegs.GPADIR.bit. GP1O14 = 0;
GpioCtrlRegs. GPAQSEL1.bit.GPIO14 = 2;
GpioCtrlRegs. GPACTRL.bit. QUALPRD1 = 0xFF;
EDIS;
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// 1@enn GPIO13 Huaiadued XINTI wag GPIO14 iiuaiadues XINT2
EALLOW,;
GpiolntRegs. GPIOXINT1SEL.bit. GPIOSEL = 13;
GpiolntRegs. GPIOXINT2SEL.bit. GPIOSEL = 14;
EDIS;
XlIntruptRegs. XINT1CR.bit. POLARITY = 1;
XlIntruptRegs. XINT2CR.bit. POLARITY = 1;
XIntruptRegs. XINTICR.bit. ENABLE = 1;  // iWlan13 149118105 5nd XINTI
XIntruptRegs. XINT2CR.bit. ENABLE = 1;  //11lans lHausumessng XINT2
}
/ anduTsunsuusmIdumesSnd XINTI
interrupt void xintl_isr(void) {
Program_mode = 1;
/I §uq¢1maﬁwmﬂmﬂﬂmﬂmu?miﬁumaﬁ’wﬁuazmﬁa% interrupt flag
PieCtrlRegs.PIEACK.all = PIEACK _GROUPI;
}
/ HanguTsunIuusMIDumes SNA XINT2
interrupt void xint2_isr(void){
Program _mode = 0;
// §uq¢1ma‘fnmwumTﬂmﬂimﬁmi§uzma§§’wﬁua$m§a§ interrupt flag

PieCtrlRegs.PIEACK.all = PIEACK_GROUPI;

= Y] a d ¢ g A d =
9.2 Iﬂﬁ!!ﬂi&lﬂﬁd1°1$‘IJENﬂ’Jﬂ’J“lij}N?Q%iﬂu!’mimﬂﬁmﬂdﬂiﬂi]l‘l/‘lﬁ!ﬂtl’s

// MCU2.c

~ o a J I3 a J =
/l T‘ﬂiuﬂ‘iummwmmmmmq%ﬁaunaammmwmmﬂﬁmm

IBHABBHAABHAHBHAHBHAABBAAABHAABHAHABHHABHAHABHHHBHAH

//

/7 1. TsunsuusmMIdumesSua ePWMI Timer 20 kHz (50 us)
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/I dmsuimuauussauaduaznszua liihinga

/2. a5 IFYRIUOIANA PWM LU unipolar A0 T19a ePWM2 1y ePWM3

I HBERHHBHAHBHHHBHAHBHHHBHHHBHHHRHHBRHHBRHH BB HHBRHAAA
#include "DSP28x_Project.h"  // Tvian Headerfile 110 Examples Include File

#include "Solar F.h" // Tvian Solar Library (SPLL, Data-Logger, Sine Analyzer)

#include <math.h> // Tviaa Math Library

i/ fuamiugiudmsyluTasneu Insames TMS320F28335

/

a a Jo J d o 4
// Wams1Fausuaes sWa (Interrupt Enable) tazilensuou q vealisiunsy

#define EPWM1_INT ENABLE 1 // Enable EPWM1 Timer Interrupt

#define Ext INT ENABLE 1 // Enable External Interrupt

#define Flash_boot ENABLE 1 / ﬂum1@1ﬁﬁuﬁﬂ1ﬂillﬂﬁ ua91u Flash memory

i szmnilerduntouen (afFuiuguitedly Headerfile)

extern void InitSysCtrl(void); // ﬂﬁﬁ)"ff/umwuﬂmﬁ}u@uﬂlm CPU

extern void InitPieCtrl(void); // Handuns AIUAN Peripheral Interrupt Expansion
extern void InitPieVectTable(void); / Handumsng Peripheral Interrupt Expansion
extern void InitFlash(void); // Wqﬁ%’umiﬁuﬁﬂiﬂmﬂmaﬂu Flash memory

extern unsigned int RamfuncsLoadStart;
extern unsigned int RamfuncsLoadEnd;
extern unsigned int RamfuncsRunStart;
#if Ext INT ENABLE ) aRFuBwAD I WAMBuEN T3 19t
extern volatile Uint16 Program_mode;
extern volatile float32 C_limit;
extern interrupt void xint1_isr(void);
extern interrupt void xint2_isr(void);
extern void xint_initial(void);
#endif
i symailafFumety (esdufiafaduemazedhy idi)
void Gpio_setup(void); / fafsufmuaniive Input / Output

void ePWMI1 _setup(void); /4 AFusinuaad My ePWMI1 Timer
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void ePWM2_setup(void); / ManFusmuamamsy ePWM2
void ePWM3_setup(void); / ManFuUsUAmId T ePWM3
interrupt void epwm1_timer isr(void);  // #laf3uT115unTuUTmMIdUIN0T NG ePWMI INT

// szmaainalsuasmMruaninan

//

. o < 1 Aaa ~ 9 1
int16 Vadc_a0; /1 fdsinumaiaean lannmsulaseyfizes ADCINAO
. o < 1 Aaa ~ 9 1
int16 Vade_al; /1 fmdsinumaiaean lannmsulaueyfizes ADCINAIL
. % < 1 A ~ 9 a1
int16 Vade_a2; i dawalsinuamadaean lannmsulaueyfzes ADCINA2
float32 V_dc; /@ sUsIAUAT
float32 V_dc_pu; /1 @ S1TIAUAT (per unit)
. v [ a 9 a 9
float32 V_grid; / dwlsusaaunianulyugiivearseuilas
float32 V_grid pu;  // daudsusssunsadiuilguniivesndontlas (per unit)
float32 1_grid; /1 dnasnszuallihin lvadhnsadmilguglvesndentas
float32 I_grid_pu; / dwlsaszua Tihi Tvatnga (per unit)
float32 Igrid_ref; / dwlsaszua i lnainsadeds
float32 U_ref P; // 159AUN3AB19BY 1 (01AnavesdInIununszua lilihinsa)
float32 U_ref N; // 1599UN3AB DY 2 (o1ANAvesiInIununszua liiinga)

Uint16 LED Count = 0; // #3111 (counter) @145 uinua lvluaasgoiug LED

#define PI 3.141592654 )/ A

#define GRID FREQ 50.0  anudvednsaliih somz

#define ISR_FREQUENCY 200000  // A711A984 ISR 20 kHz

#define T_intigral 0.00001 /a1 lunssasdsufing (ntigral times)

#define Vdc_ref 100.0 / WSIAUAT (Vo) NApamsaauguliai 100 v

/ asiidmsumanasend (ADC scaling)

#define ADC_A_Fullscale 3.00 / usIAUIRMNAB AN AING (analog voltage full-scale)
#define ADC_A_Offset 1.50 / usa UL AN oA (analog voltage offset)
#define ADC_D Fullscale 4095.0 // madneawddiduaina (ADC digital full-scale)
#define ADC_D Offset  2048.0 // fadanaeddnsaina (ADC digital half-scale)
#define Gain_Vdc 66.6667 // ANNUYBIIITIFUIEDTUTIFUAT (200V/3V)

#define Gain_Verid 141.5094 // ANAUYDIIDTIFUIEDTUTIUNTA (150V 1ms/L.06V me)
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#define Gain_Igrid 9.4340  // Annuueddaasumesnszia 1iihnia (10Ams/1.06V me
#define Gain 30 (ADC_A Fullscale / ADC D Fullscale)

#define Gain_15 (ADC_A_Offset/ ADC_D_Offset)

#define Gain_Vdcl ((Gain_Vdc * ADC_A Fullscale) / ADC D Fullscale)

#define Gain_Vgridl (Gain_Vgrid * Gain_15)

#define Gain Igridl (Gain_Igrid * Gain_15)

/ a1 sumsasdyas PWM (20kHz)

#define PWM_CMPA_F 3750.0 // MUVBITYRYIM PWM = TBPRD
#define PWM_CMPA_H 1875.0 // AFINVOIT QY18 PWM = TBPRD/2
#define PWM_DB 300 /| 52020 UAY (Dead-band) 2us @20kHz

/1 dmasiszianTaseadedmsy SPLL Mnauauusauad uazdaniugunszud Iihinga
SPLL_1ph_F splll; // sgmadauilsdmiy SPLL

SPLL 1ph F NOTCH_COEFF spll notch coefl;

CNTL_VC_F cntl vc; Alsemaaanlsd s uaInIugUIIIAUAT

CNTL_CC F entl cc; Halsgmeaantlsdmsuinuqunszud lWvhinga

// T5un5u1an (Main function)

// >k sk sk sk sk sk sk sk skeoske sk sk skosk skosk skosk skosk skosk stk sk sk sk sk skeoske skeosk skeosk skeosk skeosk sk skeosk skeoske skeoske sk sk skeoskoskeoskoskeoskoskeosk stk stk skokostokokokokoekokoskokoskok

void main(void) {

// f‘immﬂ'wﬁugmmm TMS320F28335 (Initialize system control)

//

InitSysCtrl(); // Tvia@ PLL, WatchDog, enable Peripheral Clocks
#if Flash_boot ENABLE /ey ldiuiin la)sunsuaslu Flash memory

memcpy(&RamfuncsRunStart, &RamfuncsLoadStart, &RamfuncsLoadEnd —

&RamfuncsLoadStart);

InitFlash(); //TunnT1lsunsyaaly RAM (SARAM — L0)
#endif
#if (CPU_FRQ_150MHZ) // #3891 150 MHz SYSCLKOUT (Default)

#define ADC_MODCLK 0x3
#endif
#if (CPU_FRQ_100MHZ) // n591 100 MHz SYSCLKOUT
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#define ADC_MODCLK 0x2
#endif
/ imuadyananiimdmsumsuilauena
// HSPCLK = SYSCLKOUT/(2*ADC_MODCLK) = 25 MHz
EALLOW;
SysCtrlRegs.HISPCP.all = ADC_MODCLK;
EDIS;

Gpio_setup(); // FMUANTNAYDINBUNAADIENS (GPIO Initialize)

o a v 4 . .
[ MUAUADUINDTINA Peripheral Interrupt Expansion (PIE)

//

DINT; // wq@mﬁﬁmumm§uma§§'wﬁf?wm (Disable CPU interrupts)
InitPieCtrl(); /! ﬁ'llﬁ?l} U PIE control registers
/l WEJ@mTﬁNWH"’UEN PIE interrupts !,Lazmaﬂginterrupts flags
/! ‘wqwmiﬁmumm CPU interrupt flags Lmzmaﬂgintermpts flags
IER = 0x0000; IFR = 0x0000;
/1 34U PIE vector table dmiuT1sunsuusnsdunessnd
// mgtym“lﬁ’ Interrupt service routines (ISR) ﬁuﬁmmﬁ'mﬁﬂSumaﬁwﬁmm Priority
InitPieVectTable();
#if EPWM1_INT ENABLE J/ GudY cPWMI timer ISR tiaifindumessnd
EALLOW;
PieVectTable. EPWMI1 _INT = &epwml _timer _isr;
EDIS;
#endif
#if Ext_ INT _ENABLE /7 5udu XINT1 / XINT2 ISR tijofindumes sng
EALLOW;
PieVectTable. XINT1 = &xintl _isr;
PieVectTable. XINT2 = &xint2_isr;
EDIS;
#endif

)/ fvuaausududm sy Tugaiiay (Device Peripherals)
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/!
// TugamsuiJasonA (Initialize ADC module)
TnitAdc(); /] Tﬁa@fiu?m?fuﬁugmmmmmﬂmmuﬁ
// MAUATYQIUUIAN (ADC clock) HAz3zaziIa luNIFNAI9819 (Sampling Time)
AdcRegs. ADCTRL3.bit. ADCCLKPS = 0x1; // FCLK = HSPCLK/2 = 12.5 MHz
// FCLK = HSPCLK/1 @1%31 ADCCLKPS = 0000b
// FCLK = HSPCLK/(2*ADCCLKPS) @1%31 ADCCLKPS = xxxxb
AdcRegs. ADCTRL1.bit.CPS=0;  // ADCCLK = FCLK/(CPS+1) = 12.5 MHz [80ns]
// fvuanuia lumsuaaaend (Conversion rate) 1.25 MSPS
AdcRegs. ADCTRL1.bit. ACQ PS = 0x8; // Sampling rate = 1/((2+8)*80ns) = 1.25 MHz
// Sequential: Sampling rate = 1/[(2+ACQ_PS)*[(1/ADCCLK) in ns]]
/! S/H clock (1 ADC cycle) = (2 + ACQ_PS) ADC clock
// Simultaneous: Sampling rate = 1/[(3+ACQ_PS)*[(1/ADCCLK) in ns]]
/! S/H clock (1 ADC cycle) = (3 + ACQ_PS) ADC clock
/I Acquisition window (s) = (ACQ _PS + 1) ADC clock
/ fmuadnyuzyoImsulauena
AdcRegs. ADCTRL3.bit.SMODE _SEL =0; /180035115 %NA29819UUD Sequential
AdcRegs ADCTRL1bit.SEQ CASC=1;  //taonTvuanmsuilawenaui Cascaded
AdcRegs. ADCTRL1.bit. CONT RUN=0; // 14qwmmﬂamuﬁuw@imﬁm
// ImuarosdyanadmiumMsuauona (ADC channel select configuration )
AdcRegs. ADCMAXCONV.all = 0x0001; /1 UIUFOIT YD = 1 + 1 =2 ¥4
AdcRegs. ADCCHSELSEQ1.bit. CONV00 = 0x0; // ADCINAO as 1st. of SEQ
AdcRegs. ADCCHSELSEQ! bit. CONVO01 = 0x1; // ADCINAI as 2nd. of SEQ
AdcRegs. ADCCHSELSEQ! bit. CONV02 = 0x2; // ADCINAI as 3nd. of SEQ
i fmualdisunsudavenfdledanin ePWM SOCA trigger
AdcRegs. ADCTRL2.bit. EPWM_SOCA SEQI =1; //auanali SOCA 51 SEQI
AdcRegs. ADCTRL2.bitINT ENA SEQI = 0; /1 laioynna SEQI interrupt

/1 Tugams a3 19dgyq 1 ePWM (Initialize EPWM module)
EALLOW;
SysCtrlRegs.PCLKCRO0.bit. TBCLKSYNC = 0; // Stop all the EPWM TB clocks
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EDIS;

ePWM1 setup(); // THanAISUAUE MY cPWMI Timer (50 ps)

ePWM2 setup();  // TrnanA 5 udud Ty cPWM2 (unipolar PWM output)

ePWM3_setup();  // TrnanA s udud MY cPWM3 (unipolar PWM output)

EALLOW;

SysCtrlRegs.PCLKCRO0.bit. TBCLKSYNC = 1; // Start all EPWM TB clocks synced

EDIS;

/7 AuSududmiy SPLL

SPLL Iph F init(GRID FREQ,((float)(1.0/ISR_FREQUENCY)),&spll1);

SPLL 1Iph F notch coeff update(((float)(1.0/ISR_FREQUENCY)),(float)(2*PI*GRID FR
EQ*2),(float)0.00001,(float)0.1,&spll1);

/ AUSHAUFMSUAINIANITIAUAT

CNTL_VC_F_init(&entl_vc); I/ Twaﬂm@mé}'uﬁm%ﬁamuﬂmiq AUAD
entl_ve.Kp = (0.75); A AUNUTAAIUVOIAINIVAVLIIAUAT
entl ve.Ki = (0.375); A AUNUDUNNTAVDIAINTLAVUITIAUAT
entl_ve.Ti= (T _intigral); JnasuinfailFlumsd
cntl_ve.Umax = (C_limit); // BADIANAYDIAIAIUANLTIAUAT

i musududmsudaniugunszud tiliinga

CNTL_CC F_init(&entl_cc); /1 Tnaasisududmiudmniugunszualifhnga
entl_ce.Kp = (100.0); / awnudadanuesdiniuaunszud Iviinga
entl_ce.Ki = (1.0); / Aunudunniavesdintuaunszud lviinga
entl_ce.Ti = (T_intigral); /nasufindai 1l unssiam

/1 WM aIHUe UINBSSNA (Enable Interrupt)

//

#if Ext_ INT _ENABLE /denmslFnuduaesSnanieuen:
xint_initial(); // XINT1 9191 GPIO13
#endif // XINT2 191 GPIO14

#f EPWMI1_INT ENABLE
IER |- M_INT3; // UANABUADS SNG INT3 d1MFU ePWMI — 6 INT
#endif




187

#if Ext INT ENABLE

IER |= M_INTI; // OUANABUIADS SN INT4 (XINTI) 1Az INTS (XINT2)
#endif
// Enable Peripheral Interrupt Expansion [PIE]
PieCtrlRegs.PIEIER3.bit.INTx1 = EPWMI1 _INT ENABLE;

// 0UaNABUIABS SN PIE Nguil 3 INTId W51 EPWMI INT
PieCtrlRegs.PIEIER 1.bit.INTx4 = Ext INT _ENABLE;

// oUIABIIABS S NG PIE Ngufl 1 INT4 § 15U XINTI
PieCtrlRegs.PIEIER 1.bit.INTx5 = Ext INT ENABLE;

/1 oUYIABIIABS T NG PIE ngufi 1 INT5 d1115U XINT2
EINT; // Enable global Interrupt
ERTM; // Enable higher priority real-time debug event
for (;;)1 /! Q‘]Jﬂ”l’iﬁWﬂ‘IJWﬁﬂ (Background loop)

a a do  do .
// TUsuASUUTMIOUNDTTNATINIUAINAIVIAI1VOS ePWMx Timer

}

/ st sfe sk st sk sk sk sie sk sk sfe sk sk sk sfe sk st sk sk sk st sk sk steoske st sk ste sk sk sk sk she sk sk sk sk sk st st sk sk st st sk sk st sk sk sfe sk st sk sk sk st sk steoskeostok skeosteoskokoskeoskokokok skokosk

a a Jo Jd o { g
/! T'ﬂmmumﬂﬁaumaiswmazﬂqwuﬁﬁ%’nﬁumq

Jd o a a 5 J Y a J J
/ HanguTsunsuusmsoumessna ePWMI1 INT (ﬁ?ﬂlﬂﬂ%?ﬂﬁ]iﬂulﬁﬂﬁlﬁﬂi)

//

interrupt void epwm1_timer isr(void){
// srumasaead 1dninmsuauend
Vadc_a0 = AdcMirror. ADCRESULTO;
Vadc_al = AdcMirror. ADCRESULT1 — ADC D _Offset;
Vadc_a2 = AdcMirror. ADCRESULT2 — ADC D _Offset;
// m%ummw%’auﬁm%’u mmﬂamuﬁﬁauﬁ'ﬂ"lﬂ (ADC sequencer reset)
AdcRegs. ADCTRL2.bit.RST SEQ1=1; // S1a SEQI ﬂﬁ“]Jijf o muzéu&'u (intial state)
I/

if (Program_mode ==0) { /7 TsunsuTvuarganismauved lsunsy
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7 @ <3| a
// naesioanadyaaduung S1.S2 S3 uay S4 1iuasin “LOW”

EALLOW;
GpioCtrlRegs. GPAMUX1.bit. GP1IO2 = 0; /1 1la ePWM2A (S1)
GpioCtrlRegs. GPAMUX1.bit. GPIO3 = 0; // 1la ePWM2B (S2)
GpioCtrlRegs.GPAMUX1.bit. GPIO4 = 0; // A ePWM3A (S3)
GpioCtrlRegs. GPAMUX 1.bit.GPIOS = 0; // A ePWM3B (S4)
GpioCtrlRegs.GPADIR bit.GPIO2 = 1; // fviua GPIO2 1luane1dne
GpioDataRegs. GPACLEAR .bit.GPIO2 = 1; // \nAu101ANA GPIO2
GpioCtrlRegs. GPADIR bit. GPIO3 = I // faviua GPIO3 iiluvneana
GpioDataRegs. GPACLEAR bit.GPIO3 = 1; // 1nAB191ANA GPIO3
GpioCtrlRegs.GPADIR bit. GPIO4 = 1; // fviua GPIO4 luane1dne
GpioDataRegs. GPACLEAR bit.GPIO4 = 1; // 15101 NA GPIO4
GpioCtrlRegs.GPADIR bit. GPIOS = I; // fviua GPIOS oA
GpioDataRegs. GPACLEAR bit.GPIOS5 = 1; // 13101 NA GPIOS

EDIS;

/1 IueraednIve LED Asgwsumn 0.5 311
LED Countt+;

if (LED_Count == 10000){

GpioDataRegs. GPATOGGLE.bit. GPIO12 = 1; // LED 4
GpioDataRegs. GPATOGGLE.bit. GPIO31 = 1; // LED 2
GpioDataRegs. GPBTOGGLE.bit. GPIO34 = 1; // LED 3
LED Count=0;
H
else if (Program_mode ==1) { // TdsunsuTnuaniiau

i nlasmaineai laninmsulasendilunssiunaznszua i

V_dc = (Gain_Vdcl * Vadc_a0); /1 USIAUAT
V_grid = (Gain_Vgridl * Vade al);  //usasunsamuilgugivesnsdoniaq
I grid = (Gain_Igridl * Vadc a2); / aszua i lnahasa

/ funanssdutazaszua Wi lumag p.u. (per unit)
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V_dc_pu=Vadc a0/ ADC_D Fullscale; // L15IAUAT (p.u.)
V_grid pu= Vadc al/ADC_D_Offset; // 153eunsasuilyugiivesniionias (p.u.)
I grid pu=Vadc a2/ADC D Offset; // NILW Uh/\h?hﬁulﬁmﬁlsllm?ﬂ (p.u.)
// 5on 149711 SPLL 910 Solar library
spll1.AC_input=V_grid pu; !/l ﬁ@ﬂ%ﬂﬂ@iﬁﬁﬂ SPLL
SPLL_1ph F _FUNC(&splll); // Run SPLL Macro
// LE’JW‘{V!G]EU?N SPLL A9 .theta[2],cos[2],sin[2] ¥1a float32 [-1,1]

//Gon 1HUAINILANUTINURT

cntl_ve.Vref = (Vdc_ref); // EQJ‘LWM 1: USIAUAT
entl_ve.Vibk = (V_dc); // DBUNA 2: UTIUATB19D4
CNTL_VC F FUNC(&cntl ve); /1 FuilanFudnunuus IR uRT

[

// 1 RWAVDIAINIVAVUTIAUAT Ao Out ¥iia float32

Igrid_ref=cntl ve.Out*spllLsin[1];  / fvdanszua lihn lvawhnTaseds

/Genldanudinuqunszud lilihinga

entl_cc.Verid = (V_grid); 4 ouna 1: usaaunsaaulgugiivdeonta
entl_cc.Iref = (Igrid_ref); 1 8ume 2: nazua it lnahinsadhds
entl_ce.Ifbk = (I_grid); / 8umne 3: nszua ihitlnaidhnga
CNTL_CC_F FUNC(&cntl_cc); // L‘éuﬂqﬁ%’uﬁaﬂauqu aszualiihn3a

/1 dnavesianaununszia lilihinga Aie Out wiia float32
/aldeunasan U ref Puaz U ref N diumsiufioudieuiioadhs Yy 19 PWM
U ref P=PWM CMPA H — (cntl _cc.Out * 18.75);

U ref N=PWM_CMPA H + (cntl_cc.Out * 18.75);
/lSeuifieunsaduniadreduiiead edaya s PWM wiia Unipolar

if (U_ref P>PWM _CMPA_F) { U_ref P=(PWM_CMPA_F):}

if (U _ref P<0){ U ref P=0;}

if (U _ref N>PWM_CMPA_F){ U_ref N =(PWM_CMPA_F);}

if (U ref N<0){U ref N=0;}

EPwm2Regs.CMPA half. CMPA = U _ref P; // OWAN ePWM2A, cPWM2B
EPwm3Regs.CMPA half. CMPA =U ref N; // OWAN ePWM3A, cPWM3B

/1 IueraadnIng LED nsgwsumn 0.25 i
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LED Countt++;

if (LED_Count == 5000){

GpioDataRegs. GPATOGGLE.bit. GPIO12 = 1; // LED 4
GpioDataRegs. GPATOGGLE.bit. GPIO31 = 1; // LED 2
GpioDataRegs. GPBTOGGLE.bit.GPIO34 = 1; // LED 3
LED Count=0;

}

// §uq@ﬂ15ﬁwmmaﬂﬂigmmu?miﬁugﬁa§§’wﬁggazgﬂ§a§ Interrupt flag
EPwml1Regs. ETCLR.bit.INT = 1;
PieCtrlRegs.PIEACK.all = PIEACK_GROUP3;

}

Y o ) ~ a 4
// WaAFUMHUANHINVYBIVIDUNA/ABIANA (GPIO setup)

//

void Gpio_setup(void){
EALLOW;
// ﬁmmwﬂ’wﬁmawﬁuwm/gmﬁwﬁ (GPIO multiplex configuration)
GpioCtrlRegs. GPAMUX1.all =0; // GPIO15 — GPIO0 ﬁmﬁ’w‘ﬁgﬂu General Purpose I/O
GpioCtrlRegs. GPAMUX2.all = 0; // GPIO31 — GPIO16 ﬁmﬁ’w‘ﬁgﬂu General Purpose I/O
GpioCtrlRegs. GPBMUX1.all = 0; // GP1047 — GP1032 ﬁWﬁﬁW‘ﬁLﬂu General Purpose 1/0
GpioCtrlRegs. GPBMUX2.all = 0; // GP1063 — GP1048 ﬁWﬁﬁW‘ﬁLﬂu General Purpose I/0
GpioCtrlRegs. GPCMUX1.all = 0; // GPIO79 — GP1064 ﬁWﬁﬁW‘ﬁLﬂu General Purpose /0
GpioCtrlRegs. GPCMUX2.all = 0; // GPIO87 — GPIO80 ﬁmﬁ’w‘ﬁgﬂu General Purpose I/O

/1 M UATIANIY0IVIBUNA/1D NG (GPIO Direction) tazillaldaiu ePwM

GpioCtrIRegs.GPADIR .all = 0; // fviua 1y GPIO31 — GPIOO 1HIuduna
GpioCtrlRegs.GPBDIR .all = 0; // fvualy GPIO63 — GPIO32 1Hu1auneA
GpioCtrlRegs.GPCDIR .all = 0; // fviua 1y GPIOS7 — GPIO64 1T U3 UNA

GpioCtrlRegs. GPAMUX1.bit.GPIO2 = 1;  //(al¥aiu ePWM2A
GpioCtrlRegs. GPAMUX1.bitGPIO3 = 1;  //1ial¥au ePwWM2B
GpioCtrlRegs. GPAMUX1.bit.GPIO4 = 1;  //ial¥a1u ePWM3A
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GpioCtrlRegs. GPAMUX1.bit.GPIOS = 1;  //al¥au ePWM3B

9
a ) @ J @
/1181991 pull-up resistor MTVVUDIEWALAZ YT PWM 19 4 A1

GpioCtrlRegs. GPAPUD.bit. GPIO2 = 0; // Enable pull-up on GPIO2 [ePWM2A]
GpioCtrlRegs. GPAPUD.bit. GPIO3 = 0; // Enable pull-up on GPIO3 [ePWM2B]
GpioCtrlRegs. GPAPUD.bit. GP104 = 0; // Enable pull-up on GPIO4 [ePWM3A]
GpioCtrlRegs. GPAPUD.bit. GPIOS5 = 0; // Enable pull-up on GPIO5 [ePWM3B]

1l ﬁmummﬁwm"lﬂuﬁmﬁmuz LED2 (GPIO31) LED3 (GPIO34) uag LED4 (GPIO12)
GpioCtrlRegs.GPADIR.bit. GPIO12 = 1;

GpioDataRegs.GPASET.bit. GPIO12 = 1;

GpioCtrlRegs.GPADIR.bit. GPIO31 = 1;

GpioDataRegs. GPASET.bit. GPIO31 = 1;

GpioCtrlRegs. GPBDIR.bit. GP1034 = 1;

GpioDataRegs. GPBCLEAR.bit.GPIO34 = 1;

EDIS;

/ HanFuimuan 1§15y ePWM1 Timer

//

void ePWM1 _setup(void){

/! ﬁmum‘famwmmﬁm 20 kHz (50 ps) %ﬁ@‘sﬁ’u — 89 (up — down Timer based)
// TBCLK = SYSCLKOUT/(HSPCLKDIV*CLKDIV)

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

// Phase = (TBPHS/2*TBPRD)*360 deg

EPwmIlRegs. TBCTL.bit. HSPCLKDIV =TB DIVI1; //HSPCLKDIV =/1

EPwm1Regs.TBCTL.bit. CLKDIV = TB_DIV1; // CLKDIV =/1
EPwmI1Regs.TBPRD = PWM_CMPA F; // MYUANIUIAT = 7500 TBCLK
EPwmIlRegs. TBPHS.half. TBPHS = 0; /! ﬁmumﬂﬁﬁu&’u =0 TBCLK
EPwm1Regs. TBCTR = 0x0000; // 1A @8F time — base counter

EPwmIlRegs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN;

qgj oA @ a J Jd o a A 9
// A UNGINUMIFIA 105 Tugdyanauiiniazyulasudy
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EPwmIRegs. TBCTL.bit.PHSEN = TB_DISABLE;  // Yamsdan Ins ludile

EPwml1Regs. TBCTL.bit.PRDLD = TB_SHADOW; // 11ia@ Period Shadow Register

EPwmIlRegs. TBCTL.bit.SYNCOSEL = TB_CTR_ZERO;

// fmualii Ivaa CMPA Shadow registers lﬁ’é) CTR =ZERO

EPwmI1Regs.CMPCTL.bit SHDWAMODE = CC_SHADOW;

EPwmIlRegs.CMPCTL.bit LOADAMODE = CC_CTR_ZERO;
EPwmIlRegs.CMPCTL.bit LOADBMODE = CC_CTR_ZERO;

0 o s . . '
// HUATNHAUZIDIANA (Action Qualifier) Y04 ePWM tiioliman/ouiioy CTR

EPwm1Regs.CMPA half. CMPA = PWM_CMPA_H; // fviua CMPA 50% duty cycle

EPwmIRegs. AQCTLA bit.CAU = AQ_SET; // AlaeAnn ePWMI
EPwmI1Regs. AQCTLA.bit. CAD = AQ CLEAR; // ﬁJmmﬁwm ePWMI1
/ SuAME T UINDT SHA cPWMI timer
#if EPWM1_INT_ENABLE
// WlamslFaudunesSna ePWMI timer
EPwml1Regs.ETSEL.bit.INTEN = 1;
/ ﬁ11’iu¢ﬂﬁ}ﬁﬂﬁﬂluﬂ1u1mﬂ§ﬂ@§ (Interrupt trigger) \ilo CTR = TBPRD
EPwmIRegs.ETSEL bit INTSEL = ET CTR_PRD;
EPwmlRegs.ETPS.bit.INTPRD = ET 1ST;
#endif
/1 fuamdmsumsad udyamningvoaninlauend (SOCA Trigger)
EPwm1Regs.ETSEL.bit.SOCAEN = 1;  //11lan13 19911 EPWMI SOCA Trigger
/1 smualdifadyananm3ndg (SOCA trigger) 1ilo CTRU = ZERO
EPwmIRegs.ETSEL.bit.SOCASEL = ET_CTR_ZERO;
EPwmI1Regs.ETPS.bit. SOCAPRD = ET 1ST;

J/ HaFumuamd sy ePWM2

void ePWM2_setup(void){

// SviuadyaauEn 20 kHz (50 ps) ¥HAIY — a3 (up — down Timer based)

// TBCLK = SYSCLKOUT/(HSPCLKDIV*CLKDIV)
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// TBPRD = (1/2)*[SYSCLKOUT/(Fpwm*HSPCLKDIV*CLKDIV)]
// Phase = (TBPHS/2*TBPRD)*360 deg

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

EPwm2Regs. TBCTL.bit. CLKDIV = TB_DIV1; // CLKDIV =/1
EPwm2Regs.TBPRD = PWM_CMPA F; // M UAAIUNAT = 7500 TBCLK
EPwm2Regs. TBPHS.half. TBPHS = 0; // ﬁmumﬂm’?u@fm =0 TBCLK
EPwm2Regs.TBCTR = 0x0000; // 1983 time — base counter

EPwm2Regs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN;

/I gﬁﬁuﬁ'mﬁ’umﬁGTNfﬁﬂﬁ“lwﬁﬁ’ﬂgqﬂmmﬁmuamgmwxlmémgfu

EPwm2Regs. TBCTL.bit.PHSEN = TB_DISABLE;  // Uam3%ad 1as e
EPwm2Regs. TBCTL.bit. PRDLD = TB_SHADOW; // 11aa Period Shadow Register
EPwm2Regs. TBCTL.bit. SYNCOSEL = TB_SYNC IN;

// fmual¥ Ivan CMPA Shadow registers Lﬁ’ﬁ] CTR =ZERO

EPwm2Regs. CMPCTL.bit. SHDWAMODE = CC_SHADOW;

EPwm2Regs. CMPCTL.bit. LOADAMODE = CC_CTR_ZERO;
EPwm2Regs.CMPCTL.bit LOADBMODE = CC_CTR ZERO;

/1 SUAAIAEITUTZOZIUN1Y (Dead-band) 2 uS
EPwm2Regs.DBCTL.bit.OUT _MODE =DB FULL ENABLE; // 1A 1% Dead-band
EPwm2Regs.DBCTL.bit.POLSEL = DB_ACTV_HIC; //@onTviua

EPwm2Regs.DBCTL.bit.IN MODE = DBA_ALL: / B UAT Y0190

EPwm2Regs. DBRED = PWM_DB;

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

//Falling edge delay (sec.) = (1/TBCLK)* DBFED (s)
/1 MUARNBUZIBIANA (Action Qualifier) Vo4 ePWM iHefimsifSouifioy CTR
EPwm2Regs.CMPA half. CMPA = PWM_CMPA_H; // %A CMPA 50% duty cycle
EPwm2Regs. AQCTLA.bit. CAU = AQ_SET; // L?Jmmﬁwm ePWM?2
EPwm2Regs. AQCTLA.bit. CAD = AQ_CLEAR; // L?Jmmﬁwm ePWM?2

// TanFusmuaa1d sy ePWM3
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//

void ePWM3_setup(void){

// Mviuadya i 20 kHz (50 ps) ¥iiat1 - ag (up — down Timer based)
// TBCLK = SYSCLKOUT/(HSPCLKDIV*CLKDIV)

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

// Phase = (TBPHS/2*TBPRD)*360 deg

EPwm3Regs. TBCTL.bit. HSPCLKDIV = TB_DIV1; //HSPCLKDIV =/1
EPwm3Regs.TBCTL.bit. CLKDIV = TB_DIV1; // CLKDIV =/1

EPwm3Regs. TBPRD = PWM_CMPA_F; // MrUAAIUNAT = 7500 TBCLK

EPwm3Regs. TBPHS. half TBPHS = 0; / fmualasudu = 0 TBCLK
EPwm3Regs.TBCTR = 0x0000; // 183 time — base counter
EPwm3Regs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN;
 famRoiuns g Tas luddyanamninuazylaE i

EPwm3Regs. TBCTL.bit.PHSEN = TB_DISABLE;  // Uam3%ad Ias ludile
EPwm3Regs. TBCTL.bit.PRDLD = TB_ SHADOW; // 111 Period Shadow Register
EPwm3Regs. TBCTL.bit. SYNCOSEL = TB_SYNC IN;

// fmualy Ivan CMPA Shadow registers &ﬁ’rﬂ CTR =ZERO
EPwm3Regs.CMPCTL.bit.SHDWAMODE = CC_SHADOW;

EPwm3Regs. CMPCTL.bit. LOADAMODE = CC_CTR_ZERO;

EPwm3Regs. CMPCTL.bit. LOADBMODE = CC_CTR_ZERO;

/7 SMuARIReIMUsZezI A8 (Dead-band) 2 us

EPwm3Regs.DBCTL.bit. OUT _MODE =DB FULL ENABLE; // 1A% Dead-band
EPwm3Regs.DBCTL.bit. POLSEL = DB ACTV_HIC; // 1aen Tnua

EPwm3Regs.DBCTL.bit.IN_MODE = DBA_ALL; // S muadyans1909

EPwm3Regs.DBRED = PWM_DB;

//Rising edge delay (sec.) = (1/TBCLK)* DBRED (s)
EPwm3Regs.DBFED = PWM_DB;

//Falling edge delay (sec.) = (1/TBCLK)* DBFED (s)
/1 MUARNBUZIOIANA (Action Qualifier) U049 ePWM iilefimanfiouifioy CTR
EPwm3Regs.CMPA half. CMPA = PWM_CMPA_H; // f1%ua CMPA 50% duty cycle
EPwm3Regs. AQCTLA.bit.CAU = AQ SET; // Alaednn ePWM3
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EPwm3Regs. AQCTLA.bit.CAD = AQ CLEAR; /7 Alaednn ePWM3

I HBRBHARAAAAA AR RBHHAAAAAA AR RBBHAANAAAAA AR R BHHAARAHHHA
/! Ext_Interrupt.c

a Jo
/ Tdsunsudumessnan1guon

/!
a 4 o

/1. @309 1 (GP1013) TilsunsuTviua 0 nganshiiau
a 4 a o

/2. @39 2 (GPI014) TsunsuTviua 115umMsinau

B HBHBHBHHBHBH BB H AU B HBHBHBHHBHAH B HBH BB H AR RS HRH

#include "DSP2833x Device.h" // Tviam DSP2833x Headerfile File

#include "DSP2833x Examples.h" // Tviaa DSP2833x Examples Include File

Jd v a a Jo d ' A
/ Usemarangu T‘]Jillﬂillﬂiﬂ'lﬁ@umﬂiiv\l@]ﬂ'lﬂu@ﬂ LAagATIPNN

. . . . . v a a o 4

interrupt void xint1_isr(void); A NNTUTYSUNTUUTMIOUADTTNA XINTI

. . . . . d v a a o 4

interrupt void xint2_isr(void); A NN FUTYSUNTUUTMIOUADTTNA XINT2
U dou A a Ju &

void xint_initial(void); // HanFuT ALY B UADI SNANBUDN

volatile Uint16 Program_mode, C_limit;

/ anFusuduvesdume S ndnmenen

void xint_initial(void) {
Program_mode = 0; C_limit =10.0;  // lsunsuInuanganisnia
// fuAv GPIO13 tag GPIO14 WunAineadunadmsuaing 1 uay 2
EALLOW;
GpioCtrlRegs. GPAMUX1.bit.GPIO13 = 0;
GpioCtrlRegs.GPADIR.bit. GPIO13 = 0;
GpioCtrlRegs. GPAQSEL1.bit.GPIO13 = 2;
GpioCtrlRegs. GPAMUX1.bit. GPIO14 = 0;
GpioCtrlRegs.GPADIR.bit. GP1O14 = 0;
GpioCtrlRegs. GPAQSEL1.bit. GPIO14 = 2;
GpioCtrlRegs. GPACTRL.bit. QUALPRD1 = 0xFF;
EDIS;

A I a 4 I a o
// 1 a09nv1 GPIO13 Wlualagued XINTI tay GPIO14 1nluaiasued XINT2
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EALLOW;
GpiolntRegs. GPIOXINT1SEL.bit. GPIOSEL = 13;
GpiolntRegs. GPIOXINT2SEL.bit. GPIOSEL = 14;
EDIS;
XlIntruptRegs. XINT1CR.bit. POLARITY = 1;
XlIntruptRegs. XINT2CR.bit. POLARITY = 1;
XintruptRegs XINTICR.bit ENABLE = 1;  // 1Tlams1¥aiudunessnd XINTI
XIntruptRegs. XINT2CR.bit. ENABLE = 1;  //11lamslsausumessng XINT2
}
/7 HansuTsunsuusmIsumesSud XINTI
interrupt void xintl_isr(void) {
Program_mode = 1;
EALLOW;
GpioCtrlRegs. GPAMUX1.bit.GPIO2 = 1; //alams1Fau ePWM2A
GpioCtrlRegs. GPAMUX 1 bit.GPIO3 = 1;  // 1lams 141 ePwM2B
GpioCtrlRegs. GPAMUX1.bit.GPIO4 = 1;  //1ams 19911 ePWM3A
GpioCtrlRegs. GPAMUX 1 .bit.GPIOS = 1;  // 1lam3 191 ePWM3B
EDIS;
EPwm2Regs. AQCTLA.bit. CAU = AQ_SET;
EPwm2Regs. AQCTLA.bit. CAD = AQ. CLEAR;
EPwm3Regs. AQCTLA.bit. CAU = AQ_SET;
EPwm3Regs.AQCTLA.bit. CAD = AQ_CLEAR;
/I §uq¢1msﬁmummTﬂmﬂsu‘u?miSumaﬁwﬁuazmﬁﬁ interrupt flag
PieCtrlRegs.PIEACK.all = PIEACK_GROUPI;
}
/7 HansuTUsunIuusmIsumes S ned XINT2
interrupt void xint2_isr(void){
Program_mode = 0;
/I §uq¢1msﬁmummTﬂmﬂsu‘u?miSumaﬁwﬁuazmﬁﬁ interrupt flag

PieCtrlRegs.PIEACK.all = PIEACK_GROUPI;
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V14 A9 V1 desaturation detection 18 Ao viaesds (VH)

Top view
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A2 fveNdar UMD HCPL-4506
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A% 4 I d v a
wues danszua il LEM wes HX 05-NP  iduiues Sanseua Inihaiia
4 4 a { Y] o’z’ o
ﬂiwﬂgmimaaaauummﬂﬂ (open loop hall-effect current sensor) ﬁmmaam”lﬁmﬁmuﬂpm
1 o - Y ]
aszua 1A% 10& uazdu q wwwes Janszua IfwuesHilszneudienans 2 aufiuen
o A 9 Qd‘d a o o [ d' 1 [ d'
poNIINNUAD 2WIsI Ul gugiinTivaadalgugiisiuau 2 gadmsudonaenuszuu Wi
9 o 9 a A 1 o dy aA 4
doamsianszua Wih wazasesdunasgindudivveserdnauas lidesddvessues
@ s s v v W | { {
Janszud Wil Taowuesianszuda Tduues HX 05-NP Ts1edrdansed@masuiuaas
Tugii 0.3 (n) Taelinanua 8 11 G5 IwazBoARl
Y Y
1 fe 1 ll@esds —15V 13 fenll@esdd +15V
A 4 A 4
V2 A0 VINT1I9 (GND) P4 Ao VUDIANA
A a d'
¥1 5 uaz 7 Ao larsvedvaadnlgugivai 1

v
a =

1610z 8 Ao Uarevesvaalnlgugivai 2

G

CSl1
+v 3
o 8 —o0
oL 4
3 o
o—
5 | 2 o
o B 1
6 -V —O
HX 05-NP
www_ lem com
(M) (V)

[

51l 2.3 iwes Jansvua lfhwues HX 05-NP 31519284 (n) Fovwazdadnual (v)

“luﬂmsimﬂa’mﬂgugﬁﬁ”q 2 qgﬂﬁuaqLc}fm«mﬁﬂﬂizua"lﬂﬂwfuuﬁa‘lﬁ';ﬂu 2 n3difio
M3novAalIAlguluUVOYNTHIAZIUDVUIUY Fimsaelunsazuuuiudnszualiih
Ugugiififa (primary nominal current: | ) Failumiifaveanszualvihit lnaruvaain
Ugugiluaouzedds uasiifidonainou o nazua llflnlgugd (primary current measuring

{ 4 @ o 1 1 v {
range: | o, ) gegaimwyesamsons19ia laluaniuziinguanaaiuaiuaisei a3
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wdomsianszua linlgugi (A) | o 15 30
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fduaaunInoa (Digital Signal Controller: DSC) 11937 TMS320F28335 Fudurdanurive
a o 1 = @ 4 . . A A & A
UTHN Texas Instruments FUAYINY LAZUDIA Docking station mmm“lugﬂ‘w 4.2 93U USB
] 9 I

JTAG emulation §115UiFoNAONUADUNADT AIUYANAD TINTINDTAITFOUADAI ) 1FU

s a ¢ { ° {
WoSAIOAT VIBUNALAUIRYA (GPIO) Nanunsa Tsunsuldauniesmuanihnla

INSTRUMENTS

Texas

A s s ] s . .
g‘]J‘VI 4.2 ﬂﬁﬂhllliﬂiﬂ’ﬂuj‘ﬂﬁamﬂi TMS320F28335 ((618) LasuoIa Docklng station (U731)



208

AuautiandAgvesueialulasnouInsames TMS320F28335 Experimental Kits

3.1

1.

10.
11.
11.
12.

wiheilszuanadyanuainea 32 o 1es TMS320F28335 seasumslszinanaa
11U floating point unit 19¢ fixed point unit

FaNUUIRNMBUNG (On-chip oscillator) 30 MHz. ANM3 lumIlszurana 150
MHz. (150 MIPS) %30 6.67 ns. Aevilaseudayaianniin
MieANNszneudIe
- 1AM RAM 68 Ala'lud (68K bytes on-chip RAM)
- HU2IANNYTLNN Flash 512 Ala'lud (512K bytes on-chip Flash memory)
- 1A NU§152nN SRAM 256 1 1alud (256K bytes on-chip SRAM memory)
woiaFouds XDS100 JTAG Emulator taznoia¥euse RS232 uuuLen (isolated
RS232) #5011 50N TNIVVNAIT (real-time in system programming)
WS Analog to Digital converter 111 12 Ta anui lumsduingaga 12.5 MSPS
(80 ns Conversion Rate) 911U 16 ¥D9
ePWM 12 channel (6 Tuga) fiiinnmazideagedmsumsadiedayaia PWM
Enhanced capture modules 311794 6 4@
Enhanced QEP (Quadrature Encoder Pulse) modules 914U 2 *A
Enhanced controller area network (eCAN) modules PIUIU 2 LA
Serial communications interface modules 31U 3 ¥ (SCI-A, SCI-B, SCI-C)
Serial peripheral interface (SPI) module U 1 %A (SPI-A)
MdunaLazioIAnad i Laen Tsunsulfausiuau 100

) v A o 4
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GPIOS5 uag GPIOS4 iiateuse 141aeq (Power supply) TulasasuInsamesszisuiany

° A A Y X A A s Y A ] ° A
g Tnuamsinungen 1 Falulunuineidnwusi ldinenls Tnuanisiiau 2 Tnuade

Tviua Jump to SARAM 1182 Ivua Jump to Flash 1@ Jump to SARAM Ao 11uAn151H191u

= Y =X ' o L4 &£ o a . =
ﬂﬁWNWiﬂHﬂﬂ\‘lﬁuﬂﬂﬂ'ﬂﬂJ‘ml‘lﬂIﬂﬁlﬂi\iﬂ181uﬁu3ﬁi‘gi}lﬂﬂlu'ﬁ/\7ﬂ1 (single-access RAM)
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(-] % o i . . 2
mimzdmsuldaudiunssiassaniunisel (simulation) M3lszuranadoyatUUIAINGa
4 Ia
(Real Time Data eXchange) Uad13ALLIT ’E]‘L!Qﬂ (Hardware in loop) Tviua Jump to Flash fo
Tnuamsthaun lsdmsunsaruauuuuLeniae) (Standalone embedded control application)

Feamnsn Ivaa Idsunsuaauquiiuiin 1A lunuitennudunas (Flash memory)

1 O000

_‘ONNON

20 (D
1 1 2 3 4
U 0000

a d

71/#1 4.3 a%ad SW1 uaz sw2 vumsalulasnouInsaaes TMS320F28335

M99 4.1 Tnuamsiauuesmsalulasaou Insamos TMS320F28335

PIN | §uvieii 4 | dwndaii 3 | dwmadedi 2 | §unndsdi 1 Tnuamsiiau
mode Boot-3 Boot-2 Boot-1 Boot-0 (Boot mode)
(GPIO87) (GPIOS86) (GPIOS85) (GPIO84)

1111 ON ON ON ON Jump to Flash

1110 ON ON ON OFF SCI-A boot

1101 ON ON OFF ON SPI-A boot (default mode)

1100 ON ON OFF OFF | I"C-A boot

1011 ON OFF ON ON eCAN-A boot

1010 ON OFF ON OFF McBSP-A boot

1001 ON OFF OFF ON Jump to XINTX x16

1000 ON OFF OFF OFF Jump to XINTX x32

0111 OFF ON ON ON Jump to OTP

0110 OFF ON ON OFF Parallel GPIO I/O boot

0101 OFF ON OFF ON Parallel XINTF boot

0100 OFF ON OFF OFF Jump to SARAM

0011 OFF OFF ON ON Branch to check boot mode
0010 OFF OFF ON OFF Branch to Flash, skip ADC CAL
0001 OFF OFF OFF ON Branch to SARAM, skip ADCCAL
0000 OFF OFF OFF OFF Branch to SCI, skip ADC CAL
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w a

3.2 AYIUNIWNINALIZVUAIVAN (Clock and System Control)

mialulasaeuInsames TMS320F28335 14 external crystal 30MHz (DU
Ty uIWn1 azll PLL based clock Register Lﬂuﬁaﬁmmxﬁaa%'né?mumuwmmﬁmgmﬁwm
(SYSCLKOUT) 150 MHz “lﬁ’ﬁmzuuﬂizmawauam“lugﬂﬁ 1.4 uaﬂmﬂﬁyﬂﬁﬂ
1y TasnouTnsames TMS320F28335 fafl Tugaiirpiinerdestussuudyaaminmie

I. Watchdog Timer Module in11finosdaszuia 8 bits inthiindadyanaiad
Oscilator clock (OSCLK) dwsuilesiumsinudanatnvesnitedssuiana wazmssie
MMV NN

2. CPU Timer fio 211U yana111Wn (counter) 1A 32 bits §1u2u 3 3@ laun

- CPU Timer 0 arunsaldldnnuenndindu

- CPU Timer 1 13014 lannuonnaniu

- CPU Timer 2 11139019 lamwizaunine1dsany DSP/BIOS™

- ]
CLKIN DIV DIVSEL | SYSCLKOUT = F28335 @
—P > > = -
30 MHz bits bits 150 MHz = CPU &=
TINRNTNN
x10 /2

51 04 szuudgapaunimuesmsalulnsaouiniames TMS320F28335

d d d
L3 0RuUNA /101Ana veamialulnsnoulnsaaos TMS320F28335
s s a ¢ o
msaluTasnouInsames TMS320F28335 Hv1ouna / vie1ananavua 1001 lu
usazvienusoden 1Usunsuldnunieiruaniinn lauana1aiy (Multiplexed GPIO Pins)
Y A 4 . A A = Y A a
A18T019DT MUX (MUX Control Register) AIMA13199 4.2 NUAAIDINUINUOINIDUNA/
Lmﬁwmmxmﬁt%miaiu@aﬁu,ﬁy (Peripheral Frames) 4 “Igﬂﬁ’é] PFO PF1 PF2 uag PF3
4 o ] o w J
1. PFO (peripheral frame 0) Ysznoudieidamos nauaumitiaiutagniieauiial
A ax J 9y a Jou JIA = . .
PIE o i%ﬁmmﬂ’mﬂuﬂTﬂ%ﬂHﬂHL@]@i‘iWﬁWVl’ﬂ’ﬂ (PIE interrupt control register)
A Aax J 1 o . .
Flash 790 59am0svidlen U mnas (flash wait state register)
s 4 '
XINTF 9 %’%mmmmuﬂm%mamﬂuaﬂ (external interface register)
3 A 1 ] o .
DMA 0 S9e1A03AILUANMIANADNUI8A1INE1 1ABATT (direct memory access)

4 [
CSM  flo 33ea0inIUANANLaDANY (code seurity module keys register)
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as 4 v d = .
ADC iﬁmmamaawﬁmmmmﬂammgﬂ (ADC result register)
4 o 1 o w Y
2. PF1 (peripheral frame 1) 1/5znoudie33maosaiuqumsiiauuaziizenusiail
4 g '
eCAN 7o 59 mmmmuﬂm%mauuu CAN (enhanced controller area network)
J o
ePWM 10 32e1ADIAIUANNISES 119Gy 1 PWM (enhanced pluse width modulator)
J v o
¢CAP 719 SVA1A0IAIUANNITATIVIATYQ I (enhanced capture module register)
A Aax J 1Y (3 v J
¢QEP 1D 39100 IAIUANMIATINILLAMIuasdyanandad

(enhanced quadrature encorder module and register)

De

@

4 o 1 o
3. PF2 (peripheral frame 2) ﬂﬁxﬂ@ﬂﬁ?ﬂ%iﬁl@@iﬂ311f’:!llﬂ”liﬂ]\?”lﬂl!ﬂ%ﬁﬂ')ﬂﬂ31uﬂ1ﬂﬂu

J o a
SYS  flo S9eA05 52 UUAIUANIAY A 1M UINN (systems control register)

X

J 4 1 4
SCI D 3IdA0TAIVANMIIFOUADTOA1501N5Y (serial communication interface)

A Aax J s A 1 . . .
SPI A9 FINADIAIUANNDIALTOUADDUNTY (serial port interface register)
A Aax 4 aA
ADC  fD JIAADIADIUSUALMIAIUANLDAY (ADC status, result, and controller)
4 o .
2C  f0 39AADIAIUANNTH NI 12C (12C control register)
A A A Y o a o o . .
XINT A9 JAADTNNYIVDNNUBULADTTWANYUDN (external interrupt register)

E4
v A

4. PF3 (Peripheral Frame 3) 132nousgidanesaiugumshiauiaziiisnnusidadl
McBSP 78 Multichannel Buffered Serial Port Register

¢PWM f® Enhanced Pluse Width Modulator module and Register

A1519% 9.2 91 GPIO voIm3a lulasaou Insames TMS320F28335

PFO /PF1/PF2/PF3 pin PFO /PF1/PF2/PF3
V33D-ISO 1 51 V33D-ISO
ISO-RX-RS232 2 52 ISO-TX-RS232
GND_ISO 6 56 GND_ISO
ADCIN-BO 7 57 ADCIN-AO
GND 8 58 GND
ADCIN-B1 9 59 ADCIN-A1
GND 10 60 GND
ADCIN- B2 11 61 ADCIN-A2
GND 12 62 GND
ADCIN-B 3 13 63 ADCIN-A3
GND 14 64 GND
ADCIN- B4 15 65 ADCIN-A4
ADCIN-B5 17 67 ADCIN-AS
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GPIO-58 / MCLKR-A / XD21 (EMIF) 18 68 GPIO-59 / MFSR-A / XD20 (EMIF)
ADCIN-B6 19 69 ADCIN-A6
GPIO-60 / MCLKR-B / XD19 (EMIF) 20 70 GPIO-61 / MFSR-B / XD18 (EMIF)
ADCIN-B7 21 71 ADCIN-A7
GPIO-62 / SCIRX-C / XD17 (EMIF) 22 72 GPIO-63 / SCITX-C / XD16 (EMIF)
GPIO-00 / EPWM-1A 23 73 GPIO-01 / EPWM-1B / MFSR-B
GPIO-02 / EPWM-2A 24 74 GPIO-03 / EPWM-2B / MCLKR-B
GPIO-04 / EPWM-3A 25 75 GPIO-05/EPWM-3B/MFSR-A/ECAP-1
GPIO-06 / EPWM-4A / SYNCI/ SYNCO 26 76 GPIO-07/EPWM-4B/MCLKR-A/ECAP-2
GND 27 77 +5Vin
GPIO-08/EPWM-5A/CANTX-B/ADCSOC-A 28 78 GPIO-09/EPWM-5B/SCITX-B/ECAP-3
GPIO-10/EPWM-6A/CANRX-B/ADCSOC-B 29 79 GPIO-11/EPWM-6B/SCIRX-B/ECAP-4
GPIO-48 / ECAP5 / XD31 (EMIF) 30 80 GPIO-49 / ECAP6 / XD30 (EMIF)
GPIO-84 31 81 GPIO-85
GPIO-86 32 82 +5V in
GPIO-12/TZ-1/ CANTX-B/ MDX-B 33 83 GPIO-13 /TZ-2 /CANRX-B /MDR-B
GPIO-15/TZ-4 / SCIRX-B / MFSX-B 34 84 GPIO-14 /TZ-3 /SCITX-B /MCLKX-B
GPIO-24 / ECAP-1 / EQEPA-2 / MDX-B 35 85 GPIO-25 /ECAP-2 /EQEPB-2 /MDR-B
GPIO-26/ECAP-3/EQEPI-2/MCLKX-B 36 86 GPI10-27 /ECAP-4 /EQEPS-2 /MFSX-B
GND 37 87 +5V in
GPIO-16 /SPISIMO-A /CANTX-B /TZ-5 38 88 GPIO-17 /SPISOMI-A /CANRX-B /TZ-6
GPIO-18 / SPICLK-A / SCITX-B 39 89 GPIO-19 / SPISTE-A / SCIRX-B
GPIO-20 /EQEPA-1 /MDX-A /CANTX-B 40 90 GPIO-21/EQEPB-1/MDR-A/CANRX-B
GPIO-22/EQEPS-1/MCLKX-A/SCITX-B 41 91 GPIO-23 /EQEPI-1 /MFSX-A /SCIRX-B
GPIO-87 42 92 +5V in
GPIO-28 / SCIRX-A / Resv / TZ5 43 93 GPIO-29 / SCITX-A / Resv / TZ6
GPIO-30 / CANRX-A 44 94 GPIO-31/ CANTX-A
GPIO-32 /1I2CSDA /SYNCI/ADCSOCA 45 95 GPIO-33 /12CSCL /SYNCO /ADCSOCB
GPIO-34 / ECAP1 / XREADY (EMIF) 46 96 +5Vin
GND 47 97 TDI
TCK 48 98 TDO
TMS 49 99 TRSTn
EMU1 50 | | 100 EMUO

A n 9 A ~ n 9 A 1
wuoma: 1 bildszyluaseasin bildiyeudela
v A s A Y @ o Y A A
HHUAST VIR0 INNEIVRINUNMI MM UANTINYI GPIO UDd TMS320F28335 Niaaa
H ° H I~ an a
Tugdd 0.5 msTdsunsudenldaunTesmuaniinvesw GPIo 1HunAtneadunanie

o ° o a o ] 4 . . .
IDIANA ﬁ’uJ’]iﬂﬂ'lllﬁlg]j')ﬂﬂ'ﬁﬂ'lWuﬂﬂﬁclfl'l\‘lﬂ']ﬁﬂ']\ﬂuw'lugt%ﬁ!ﬁﬂi GPIO Direction Register
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(GPxDIR) usazananninouuazioutoyanlunirennuiildlasassinsiianes
GPIO DATA Register (GPxDAT) #39n3231M19800/1133a1n05 GPXSET, GPXCLEAR, 1Ay
GPXxTOGGLE atneadunanioanaluniyl A uaz B (GPIOO - GPIO63) Hiflanduns
N304dUUBUNA (input qualtification) AIUANAIWIIMADS GPXCTRL 1ag GPxQSELI
uaﬂmﬂfhuu@iazmETQmamaLTJﬂ“l%’qmﬁas?l’mmuwgé’wma“lu (Internal pullup Resister) 110

[ o A Y == 4
ﬂﬂﬁzﬂﬂlﬁﬂﬂu‘ﬂ"ﬂflﬂN"Iuif‘l]'ﬁmf’)ﬁ GPxPUD

General-Purpose Input/Qutput Peripheral Frames

GPIO Direction Register
GPADIR [GPIOO — GPIO31]
GPCDIR [GP1064 — GPIO87]

(0 input, 1 output )
GPBDIR [GPI032 — GPIO63]

GPIO DATA Register
GPADAT [GPIOO0 — GPIO31]
GPBDAT [GPIO32 — GPIO63]
GPCDAT [GPIO64 — GPIO87]

GPIO
T

MUX Control Register

GPAMUX]1 [GPIOO0 — GPIO15] GPAMUX2 [GPIO16 — GPIO31]

IIJ‘—

| (o T lT,

(0 = ignore, 1 = set bits)

1o

GPxSET

GPxCLEAR (0 = ignore, 1 = clear bits)

GPxTOGGLE (0 = ignore, 1 = toggle bits)

GPBMUXI [GPIO32 — GPIO47] GPBMUX2 [GPIO48 — GPIO63]
GPCMUXI1 [GPIO64 — GPIO79] GPCMUX2 [GPIO80 — GPIO87]

(Only GPIOO — GPIO63)
GPACTRL [GPIOO0 — GPIO31]

Input
GPAQSELI [GPIOO0 — GPIOI15]

GPBCTRL [GPIO32 — GPIO63]
GPBQSELI [GPIO32 — GPIO47]  GPBQSEL2 [GPIO48 — GPIO63]

Qualtificati GPAQSEL2 [GPIO16 — GPIO31]
ualtification

Internal Pullup Register
(0 enable, 1 disable )
GPAPUD [GPIOO - GPIO31] [ —
GPBPUD [GPIO32 — GPI063]
GPCPUD [GPIO64 — GPIO87]

GPIOx pin

517 4.5 UHUAS AR NNEITIAUNMIMHUAKTIINUT GPIO Y03 TMS320F28335

U

14 enhanced PWM modules
Y [ A o Q" <] A Y 1Y
Tugamsadndaanaiduagdy (Pluse Width Modulus: PWM) 1o 15 1umsdun
adg a Jdo o J 4 ~
nasoannsoindias nmsalulnsnoulnsames TMS320F28335 iTuga  enhanced
PWM $1U2U 6 %A A0 cPWM3 ePWM2 cPWM3 ePWM4 cPWM5 Az cPWM6 ARz YA
FY ¢ ¥ s A Y o A 4 o A
aunsoaiue1anala 2 1AnaNdoAnanInUAD 11ANA cPWMxA LAz cPWMxB HUAD
Y
amnsoadndynna PWM ldiaiue 12 dyana uaazagal Tnuanmsiuvesdynaulnn
Y 4
Nariua 3 Truane 1MuAn13HUTY (Count Up mode) 1HuANI511AY (Count Down mode)
4 1
uaz Tnuamstiuiu-a9 (Count Up-Down mode) #952UUFYQIQIUINN (Time Based

Counter) ¥041uga cPWM vzfianymzatzli 1.6 msadudyg i PWM voaluga cPWM
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[ a

yJas = =1 4 4 v 9 A
i]%sl“If’J‘ﬁﬂTilfﬂiEl“]JL‘I/lEJ“]JLﬂWL!Lﬂ’E)i (Counter Compare) UDIFYYIUUIWNT TBCLK NUUVDYANID

1 A J A 9 A Y v 1 . . 9 o

A lusedmos CMPA 1az CMPB LW@ﬁﬁNNfJuuléUcl“l’iﬂiJﬁ’Ju Action Qualifier @1MIUNIT
o [ Iy a 1 [ = = [ A 9
ﬂTﬁuﬂgﬂLLUUﬁﬂJﬂJﬂﬂ! PWM Glﬁhﬁ@%mmﬂﬁNﬂl.ll,l,a33Jﬂ’J13JﬂGUENﬁiyiU01m@IHJﬂ¢IENﬂT§

A o A 9 [ a J9 Yo a Jo o . A A
‘ﬁ'5'fJﬂ']ﬁﬂ?ﬁuﬂlWﬂﬁﬁWQﬁfQﬂJWﬂlﬂﬁﬂGﬁiﬁﬂU@umﬂﬁﬁWﬁ (Interrupt trigger) @niJN’f]uhlGUWiﬂ

=

g 9 [ a s A M BIQ' A o
MANITUAN ) Llazﬂﬁﬁ'ﬂ\iﬁi}l}i},ﬂmﬂ'iﬂlﬂﬂﬁlW@ﬁﬂﬁl‘iNﬂﬁLlﬂaﬂlmﬂjﬂ ﬂ\‘lzﬂﬂ 3.7

PCLKCRI1.EPWMXENCLK =1

HISPCP Register i TBCTRL Register TBCTRL Register
SYSCLKOUT HSPCLK | HSPCLK b~ HSPCLKDIV CLKDIV TBCLK
150 MHz bits 150 MHz bits bits 75 MHz
000b (/1) 01b (/2) 00b (/1)

TBCLK = SYSCLKOUT / (HSPCLKDIV x CLKDIV)

JUN 9.6 LRUAMTEDUFYRIVUINNIVEI NgA cPWM

U

Compare A Register Compare B Register Interrupt Expansion

EPWMxINT ‘:I
Shadowed Shadowed > PIE
Event
CMPA CMPB .
»| Trigger ADC Trigger

and EPWMxSOCA |

TBCTR Register CTR = ZERO | » ADC
- = Interrupt EPWMxSOCB N

16 Bits CTR = PRD — »  module

TBCLK CTR | Counter >
—» Time-Based > c M CTR = CMPA
R CAEA

ompare EPWMxA
Counter CTR=cMPB _ [ ®| Dead [*] PwM [ >
g EPWMxB

Action [ Band i chopper Trip »  GPIO

TBPRD N

Qualifier Zone MUX

Elaohed EPWMxTZINT TZ1 - TZ6
Period Register PIE I: <€

51/#1 4.7 unuawIiamesuazmIhauvedTuga ePWM Y99 TMS320F28335

{ Q o 0’ .

Anudvesdyana PWM amnsomvualadie3idines TBPRD (ePWM  Period
. - R 4 Aa o 1 1 '

Register) Fuiluidaaosvuna 16 Ja 1uneaA1 TBPRD z0d 11429 00000 — 65535 Tawil

o 1Y Jd o [ a A d | o a
ANUANRUTAUTTDUdYIuUIRNT 150 MHz  uazsadaesdSugadyyiauiinn

v 4
HSPCLKDIV 1a CLKDIV @agumsi (3.1) uaz (3.2) dminTvuamsdunuuiuay uay
Y] dzl =) o w [ a ] o 9 A
TnuaMITUUDVIUNIT0aINUAINY anbuzNIALYIdyY I PWM  929ni1muanlesd
A A A o 9 A 9 @ @ A a [~ [ A [

dmesAbou q Ahmihiud lvdaudasdyana PWM @y uieilu 3 d@aufe dauusn

An PWM Dead Band ﬁmffﬁﬁmumwmaumﬂmmﬁmmwm PWM daufidosfio PWM
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Chopper Hvithiismuagiuuudyana PWM ludnums Chopper tazdufiaufio PWM
Tripzone ihnthiigaelunmsastsaeunszualifluiu Tuga ePWM  udasyaansn
Falas luFuugunandenduld (time-based synchronisation) faglfi 4.8 shlfannsasa
naimsiinuvesTugandazya'ld netaununimaainisniaiuvesldsunsuusnig

a Jo ] o 4 @ { 1 o
dumessna wazselumstmuameadwdayara PWM alinlauanaranu’la

TBPRD = X fsvscucour A1)
2| fop (HSPCLKDIV x CLKDIV)

TBPRD = fsvsctour -1 (1.2)
foum (HSPCLKDIV x CLKDIV)

Tagi  fo, fio anwdvesdamna PWM fidesnsadie (Hz)
fsvscLkout Ao mmﬁ'ﬁzuuﬁ’ﬂgﬂymmﬁm 150 MHz
HSPCLKDIV #io da1lfuqannuisigadayasiunitni (high speed clock scalar)
CLKDIV Ao dlsugudynauIWn (clock scalar)

waz  TBPRD AD MGITATOIAITUT YU

Ext. Syncln
(Optional) .
A
TBCTL Register ERV TS PRD
PHSEN ’—I_
>
Phase pre——— r ﬂ—l_\_' ’_I—,_,_LL\_'
i ZRO >
TBPHS )
CTR = ZERO Foro————
CTR=CMPB o il syNcOSEL || [omwnre® A
Disable |-o EPWMIB PRD
EPWMxSYNCO ,l_,_LLL’ ’_,_l_,_L\
~ .
. EPWMxSYNCI 7RO >
TBCTL Register WMXSYNC >
120
PHSEN I
EPWM2A A
TBPHS [¢ : P PRD
CTR = ZERO O
CTR=CMPB bo i syNCOsEL || [mownran®
Disable o EPWM2B 7RO >
<—°>
EPWMxSYNCO 240
A\ 4

{ a J v a
U7 .8 uwunmmsgalas lugdyarannimuesiuga ePWM

U
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4.5 Analog to Digital Converter
TMS320F28335 1 lugadmsumanavenameludiginiiniuaziven 12 bits
@ < . .
amm’mmmmﬂmmnﬁqqqﬂ (maximum conversion rate) 12.5 MHz (12.5 MSPS)
[ < ! @ 1 a o
AT udyamuemaeniiuseau 0V 09 3.0V (hiriu 3.3 V) tiudelinnuaziden
iy 0.732 mV/ bits  addaea (wadnt) 11dnnnmsulaveydvelnnuduiuiai
[ 9y [
aumsi (1.3) Tugadmiumsuilaueyaves TMS320F28335 Hiianua 3 Truamssinaui
Y J I o o w 051’
NﬁllNﬁWUﬂ‘lel@g]}LLﬂ Twmmﬂﬁa Sequencer mode HuTnuamsiauuuusauTuy (Sequence)
! o3| o o v o 1
Truafiaeeno Sampling mode (U Tnuamshnuuuuimuasouna lumsdnaleds uag
' 3 . 2 :
TvuaNe Ao Start - Stop mode HuTvuamsiinumuiEumMsulastoayaudivga ¥
asatdenlddlrenisdinuaaiiiamesniungunisulauend 1dun ADCTRLL
ADCTRL2 wtaz ADCTRL3 Tnuamsiiauunuil 1 uaz 2 @ mnsniauaeiiioany
1 ~ () 1 A ] [ a 9 Y
(Cascaded Sequencer) d@uTnuaf 3 liinuunuaeiiosnulagazsodyanuninmes 14
A o o =) 1 R A 9 a a 4] 4 .
sudrwumsutlavenasevlvi datdonlalullsunsnusnsoumosswg (Interrrupt service
. J A 1 S J 4
routines:  ISR) wosaouanioAgueIueia lulainoulnsaimes TMS320F28335
Y
. . % [~
Experimental Kits INavua 16 0 LL‘INL”]J“L!W’E){WI;@] A 8 41 (ADCINAO — ADCINA7) L

W@ic)ﬁlslg'ﬂ B 8 91 (ADCINBO — ADCINB?7)

_ (Digital Values) x 3.0V

Vanalog - 4095 N.3)
1081 Vg Av dynnm (1399Y) ouraen (V)

.. 1 aa v oA
uaz  Digital Values flo mavaoawadnsf ldonmsulasend

msutasendves TMS320F28335 1/52N0UAIY Analog input Multiplexers 2 A
(MUX A 112 MUX B) tiagnu285n10819 (Sample/Hold : S/H) 2 ¥4 i l¥ienunsandas
a2y Y an N S qg/’ 1 [ a o w 1 A [
pNd 14 2 35msfie msuaseyAnsiazsosdyaradunanndraunsulasaeiieaiy

1 9
(Cascaded Sequencer ADC) 243171 1.9 nazmsuilaveydnivaz 2 vesdygrandouiuly

= v v d' =) ad o v
IAUAYINU (Dual Sequencer ADC) Aeg1n .10 ﬂ1§LL1Jaﬂlﬂﬂ“ﬂGlU'J‘ﬁﬂTiuiﬂa"lﬂUﬂJﬂQﬂ"li

U

'
~ o a =

ulauend SEQ1 Mi5un11 Sequencer  ABIMMUATIMIUGIgALAzIRONTOIT YA IUBUNAT
1

©°

doenisutladenafleidaines MAX CONVI uaz3iaines ADCCHSELSEQI -

o v @ { a3 Qy [ 4
ADCCHSELSEQ4 énuaiay Wﬁ\?ﬂ’]ﬂ“ﬁﬂigﬂﬁl‘!ﬂ'l'illﬂa\‘llﬂualﬁiﬂﬁu naansveansulas
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yAvzgniiuiin131u33ames ADCRESULTO - ADCRESULTIS — a@aumiutaeyaly

v Y
ABmsfiaes szlidauvesmsudauend 2 gafio SEQI uaz SEQ2 autiudeamuaiiIu

i
a =

' o 4 o o

gagavesrosdgaruounaindesnsulaueyd 13 1u33maes MAX_CONVI d1m51 SEQI

) [ A [] ] a ~ 9 =S 9 A 4
ez MAX_CONV2 d1%51 SEQ2 1aenweddaamdunaiiaeinisnlasenaaleivames

o { < Qy v
ADCCHSELSEQI — ADCCHSELSEQ4 #aa0niinszuiumsulasionaiasody wadwived
=) =] Y A 4 o [

msutlaseyRazgniiuiinli11u53ames ADCRESULTO -~ ADCRESULT7 d1151 SEQI 1@z
ADCRESULTS — ADCRESULTIS 145U SEQ2 nizuaumisuilavenfazisuduiied
@ a J @ vy a 2 o w = = <
dyanamininesindaliisumlasenanudunisulaaueyd SEQ1 uaz SEQ2 deoruiluy
o a 7= o 'z 4 9 & o
dyuNInNesNNNAITaNIIT (Software) T1)sunsuNnas vy Tasimuaaiunalunis
FnA19619 (Sampling Time) 130dQIUNTNADTNUININMTIAADUIADT SNANTOIHANTE

1 [ a 4 ]
AN 9 ﬂ%‘ﬂﬁﬂtjﬂlﬂmﬂiﬂlﬂ@iﬂ18U6ﬂN1‘H"’Iﬂ GPIO

ADCINAO RESULTO
ADCINA1 —»|
. RESULTI1
L d
ADCINA7 —> \ RESULT2
12 bit A/D Result ([ RESULT3 |
AVRI/4 , RESULT3
, MUX. (> RESULT4]
ADCINBO Converter RESULT4
ADCINBI —» MUX SOC {EOC S
B B SEQI
ADCINB7 —»/ RESULTI15
: Auto - Sequencer

MAX_CONVI

Ch Sel (CONV00)

Ch Sel (CONV01)

Ch Sel (CONV02)
[

Software Ch Sel (CONV15
EPWMxSOCA

EPWMxSOCB > Start SEQI Trigger

External pin

307 1.9 urnunMMILlauenAnLY Cascaded Sequencer ADC UBI TMS320F28335



ADCINAO —»]
ADCINA1 —>

ADCINA7 —»

ADCINBO —»|
ADCINB1 —»|

ADCINB7 —»

Software
EPWMxSOCA

MUX

12 bit A/D

Converter

—»| MUX

A

| Sequencer Arbiter |

SOCx / EOCx

A

SEQ2

—

8

Result
MUX

I
...EE

&
=

Result
MUX

2. EIE
E...EE

X

3 >

Auto - Sequencer

Auto - Sequencer

| MAX_CONV1 | | MAX CONV2 |
Ch Sel (CONV00) Ch Sel (CONV(0)
Ch Sel (CONV01) Ch Sel (CONV01)
Ch Sel (CONV(02) Ch Sel (CONV(02)
H .
[ ] (]
[ ch Sel (cONVO7) | [ Ch Sel (CONV07) |
> Start SEQI Trigger Start SEQ2 Trigger <H

Software

<

EPWMxSOCB

Extemnal pin

307 .10 urunMMIL1/auenAL Dual Sequencer ADC ¥4 TMS320F28335

U

M3t muamua1 U EaRI0819 (Sampling Window) 1@r1153am0s ACQ PS

=\

U0 .11 Aeszuudyarauiiniveslugamsulavendnldyywuing 125 MHz

o a

AUUIUUIWNN

g 9

lumsan

(Y]
Y]

I < 1 as =) A o
(ADCCLK) 1Hunnuisigaga  uaazdisnisulauonaszidiuiu
A29619 (SH Clock) ¥3aa1lumsuilasiond S (Acquisition window) tazyiaarlums
@ A v K 1 aa an J (4 =
onannIvduNnAAIneaadlusvmaesnadnivednisuiladend ADCRESULTx  (Cl
AMSUYoIdYY I ADCINAX Loy C2 dIMIUFed 18 ADCINBX) 4anany a3 4.
A =2 Aq ¥ = . . as
12 18z 4.13 Nuaaadarun a1l lunisnlasey)d (ADC Conversion Time) Y9AITNT
9
wilaaenAniias 1 uaz 2 Foadyanuduna aua1aL

PCLKCRO.ADCENCLK = 1 ADCCLK = FCLK/(CPS+1)

HISPCP Register i ADCTRL3 Register ADCTRLI Register
HSPCIK | HSPCIK i~ ADCCLKPS | FCLK CPS ADCCLK
—) » ;
150 MHz bits 150 MHz bits 12.5 MHz bit 12.5 MHz
000b (/1) 0110b 0b ADCTRLI1 Register

Sampling window

4.17 MSPs

ACQ PS
bits

HSPCLK = SYSCLKOUT / (2 x HISPCP)  FCLK = HSPCLK / (2 x ADCCLKPS)

0001b
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U .11 szvudyaanwn Tuganisuilaauend vea TMS320F28335

~o || UL OUUUUOHEL

| | | | |
Channel Select X CONV00 X CONVO1 X
| | | | |
|

S/H Clock

s a1
| | |
| |

«—g—pe—L1— c1——>

|

| |

| |

| | | | |
ADC st Triggerﬂ | o o

31 .12 nailFlunsuwasenFuuuiiag 1 veadayaudune

ADCCLK

ADC St Trigger ’_‘

31 .13 nailFlunsudasenduuuiias 2 veadaaudune

| | | | | | | |

Channel Select X convoo X convol X ! | | |
| [ | | [ [ [ [

| | | | | [ | [

| T [

S/H Clock I | |
| | |

. | —

T SE——cCi—> L

< = C2 t > | | |

| | | [ | |

| | | | | |

| | | | |

| [ |

T :
|

a

ad = = 1 o A Aq v
aﬁmmﬂaqmummmﬂaz 1ag 2 “]5@\‘]ﬁﬂlﬂﬂﬂlﬁ]u‘l"lﬁ%gN%?QL?ﬁWﬂi“ﬁiHﬂWﬁLlﬂﬁﬁL@u

g 9 q

9
t%

A (9 iy 1+ ACQ_PS (ADCLK) iloufuiiaereddsng uarzidmuiudyaiu
WM UM ENAI9819 (S/H Clock) UANANAUAIANNITN (4.50) AL (1.5v) MURIAD uaLl

@ < v v 1 . ' v o : o w
@@IﬁW!ﬁ?iuﬂWi“ﬁﬂﬂ’J@ﬂ’N (sample time) !,mﬂmdﬂumﬁumiﬁ (3.40) Ua (3.4%) Muaal

1
[(2 + ACQ_PS) x (1/ ADCCLK)]

Sample Rate = (4. 4n)
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1

Sample Rate = 4
pierae [(3 + ACQ_PS) x (1/ ADCCLK)] (-40)

S/H = 2 + ACQ_PS (ADCCLK) (1.50)

S/H = 3 + ACQ_PS (ADCCLK) (1.50)

A Y 3 [ l
Taohl  SampleRate o A5 15V0INTHNA0E1 (H2)

A

ADCCLK  fio dyanauiiinivesszuy ADC (Hz)

1.6 Interrupt Systems

TMS320F28335 1¥0us0nudwA0s sWANAN (F28335 Core Interrrupt) 16 @ tjaiilu

)}

dumesSwin lueunsalusunsnlfan'ld (Non-Maskable Interrupt) 2 %@ fio RS tag NMI

&

= [ 9

Falldraunnud i gega (High Priority) Wnthiingauazisanisiianuues CPU  uaz

dumessnanamnsnTusuninl¥anld (Maskable Interrupt) 14 3@ uaaslugalii 9. 14
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Watchdog Timer R
RS
Reset pin active ———>
NMI
, IFR IER INTM
Interrupt Expansion
|~ " "PIEIFRI PIEIER1 | > o
I ] ] 7 U
IINTL1= 1 —T1"> | INTI1
| » > |
[INT1.2—[ o——F"4>{|INTI | | w2 | [
: . . ' > [o] >
| . - : INT3
: PIEIFR2 PIEIER | INT4
:lNTz.l/——> | s 7| [ T
IINT2. 20— INT2 | > >
| . e : pig | INT6 o] [TTTTTTT]
: ,El. /.__> : INT7 1 E‘ > 7] | _~» E F28335 E
|I_N_T%8_ ______ —_ Y __ | N )' > = =
: — (o] > = CPU =
________ e LLLLLLLL!
: PIEIFR12 PIEIER 12 : v (o] >
INT12.1[ 1 F—F">] | J R
| d
INT12.2 o}—F —>{|INT12, INT10
| ° * 7] » > ]
| . . | INTI1 [o]
Nt2s>fob——T) | — [ "
TINT1/ XINT13 TN [0 N
TINT2 > >
INT14 Lol

Interrupt Flag Interrupt Enable Interrupt Global

Register Register Enable

v d

51/#1 114 ununmszuudumesSwdves lulasnouInsames TMS320F28335
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51U 9.1 TaJ5un 33 UN-SCAN-IT Graph Digitizing

M3 19911 1151058 UN-SCAN-IT Graph Digitizing lumsilszumamdoyanndunsimou
A 9 9 Aa dz v 1 dy
s muTeenasYoyammzvoiduan Tiunouasee lil
1) denjUamatidunsvidesmsdszunumdoya
2.) Mviuaana 9N uiavedn3I1 (Origin) unUAIIH (Axis) @nans 1N (Scale)
uazidenduns 1l (Curve) Ndoamstszanamdoya
1 4 J J
3) msdszmamdoyaveuduni sevusezudasmdoyamveudunsviuu

[

A Y Y A & 1o A o
Eﬂﬂ'lWﬁiE)L’t)ﬂﬁﬁeU’E]HﬁmWT%‘Uf)\i@WﬁﬂE]’E]ﬂiJ']L‘lJuﬂf)Llﬂ‘U (X, y) NEIVITDOUN

U

00 (Export) Tugluuy1Wa Microsoft Excel H3oannsonaeadlunsvla
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1000 800 400 1ag 200 W/m? @i laninmsdszanmmdoyavesnsividulfeguanyuz v

unsiidgne TUsunsunsvad lnwes Fagaiiuiin131uWd “Hanwha260_digitizer.mat”
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%
y < 1
% Tilsunsulszmnanarienaenidunsvuazilszinuaidoya

S AaA A ]
% YALDNWNUDILLANNINA Hanwha Solar IU SF260

%
% TnaadoyaiduIdnadnyusiilda1n UN-SCAN-IT Graph Digitizing
load ('Hanwha260_digitizer.mat') ;
% 561 1000 W/m: Aduau (11,v1) Tu'ld Hanwha260_digitizer.mat
Vpvl =0: 1e-4 : V1(length (11) ) ;
Ipvl =interpl (V1, I1, Vpv1, 'pchip) ; % ﬂi:mmm%’ay‘aiﬁ’azﬁﬂﬂumﬁu
forn=1:length (Ipv1) % ﬁ’umfgmﬁuﬁﬁ
I PV(n) = Ipvl(n); V_PV(n)=Vpvl(n); P_PV(n)=V_PV(n).*I PV(n);
end
n= find (P_PV =max (P_PV));
% naeadu Idanszuauazusafu ilih
figure (1); plot(V_PV,I PV,'d, V. PV(n), I PV(n), 'bo"); axis ([0500 10]);
set (gca, 'Ygrid', 'on', Xgrid', 'on', 'xtick', 0:10:50, 'ytick', 0:2.5:10);
text (5, 1 PV(1) + 0.3, '1,000 W/m"2');
% naoadu Inanszuanazus iy lwih
figure (2); plot(V_PV,P_PV.'d");
Vmp(1) =V_PV(n); Imp(1) =1 PV(n); Pmp(1) =P_PV(n); clear V.PV I PV P PV n;
% ﬁﬁzﬁu 800 W/m’: fjé”uﬁu (12,v2) Tulvld Hanwha260_digitizer.mat
Vpv2 =0: 1e-4 : V2(length (12) ) ;
Ipv2 = interpl (V1, 11, Vpv2, 'pchip’) ; % ﬂizmmm%’auﬁaiﬁ’az@mmﬂfu
forn=1: length (Ipv2) % ﬁ’umfgmguﬁﬁ
I PV(n) = Ipv2(n); V_PV(n)=Vpv2(n); P_PV(n)=V_PV(n).*I PV(n);
end
n= find (P_PV ==max (P_PV));
% naeadu Idanszuauazusadu Iuih
figure (1); plot(V_PV,1 PV,'g", V_PV(n), I PV(n),'go"); axis ([0500 10]);
set (gca, "Ygrid', 'on', 'Xgrid', 'on', 'xtick’, 0:10:50, 'ytick', 0:2.5:10);
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text (5, 1 PV(1) + 0.3, '800 W/m"2');
% naoadu Inanszuanazusadu lih
figure (2); plot(V_PV,P_PV.,'g);
Vmp(2) =V _PV(n); Imp(2) =1 PV(n); Pmp(2) =P_PV(n); clear V. PV I PV P PV n;
% T35 400 W/m® : §5udy (13,v3) 111§ Hanwha260_digitizer.mat
Vpv3 =0: le-4 : V3(length (13) ) ;
Ipv3 = interpl (V3, I3, Vpv3, 'pchip) ; % ﬂizu1mﬁ1%’ay‘a1ﬁ’azﬁﬂﬂmﬂﬁu
forn=1: length (Ipv3) % ﬁ’um@m%uﬁﬁ
I PV(n) = Ipv3(n); V_PV(n)=Vpv3(n); P_PV(n)=V_PV(n).*I PV(n);
end
n= find (P_PV =max (P_PV));
% naeadu Idanszuauazusafu i
figure (1); plot(V_PV,1 PV,'t, V_PV(n), I PV(n), 'ro'); axis ([0 500 10]) ;
set (gca, "Ygrid', 'on', 'Xgrid', 'on', 'xtick’, 0:10:50, 'ytick', 0:2.5:10);
text (5, 1 PV(1) + 0.3, '400 W/m"2');
% naoadu Inanszuanazusadu i
figure (2); plot(V_PV,P_PV.'r);
Vmp(3) =V _PV(n); Imp(3) =1 PV(n); Pmp(3) =P _PV(n); clear V. PV I PV P PV n;
% T35/ 200 W/m’: g8UAD (14,v4) 1 IWd Hanwha260 digitizer.mat
Vpvd = 0: 1e-4 : V1(length (14) ) ;
Ipv4 = interpl (V4, 14, Vpv4, 'pchip) ; % ﬂizmmmé{’fau“aclﬁ’azgﬁaﬂmﬂfu
forn=1: length (Ipv4) % ﬁ’um@mﬁuﬁﬁ
I PV(n) = Ipv4d(n); V_PV(n)=Vpvd(n); P PV(n)=V PV(n).*I PV(n);
end
n= find (P_PV ==max (P_PV));
% naeadu Idanszuauazusadu Iuih
figure (1); plot(V_PV,I PV,'m', V_PV(n), I PV(n), 'mo'); axis ([0 500 10]);
set (gca, "Ygrid', 'on', 'Xgrid', 'on', 'xtick’, 0:10:50, 'ytick', 0:2.5:10);
text (5, 1_PV(1) + 0.3, '1,000 W/m"2');
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% naoadu Inanszuanazusadu lih

figure (2); plot(V_PV,P_PV.,'m');

Vmp(4) =V _PV(n); Imp(4) =1 PV(n); Pmp(4) =P_PV(n); clear V. PV 1 PV P PV n;
% Usuuasmsudainadoyansivl

figure (1); xlabel ('PV Voltages (V)'); ylabel ('PV Currents ( A )");

title ('I-V curve - Hanwha SF260/x-tra Digitizer From datasheet');

figure (2); xlabel ('PV Voltages ( 'V )'); ylabel ('PV Power ( W )"); axis ([0 50 0 300]);

set (gea, "Ygrid', 'on', 'Xgrid', 'on', 'xtick’, 0:10:50, 'ytick', 0:100:300);

title ('P-V curve - Hanwha SF260/x-tra Digitizer From datasheet");
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Study on Sliding-Mode Based MPPT for PV Array
and Supplying Power to AC Grid

Wirote Sangtungtong, Thaworn Hinsui
School of electrical engineering, Institute of engineering
Suranaree of university technology (SUT)
111, University avenue, Muang district, Nakhon ratchasima,
30000, Thailand, cewirote@sut.ac.th, thaworn hinsui@ gmail.com

Abstract—This paper aims to study the recent work regarding
the maximum power point tracker (MPPT) based on a sliding-
maode manner for a PV array. Such a MPPT accompanies a
perturbation and observation algorithm as well as a boost
converter. Moreover, it needs a siraight sliding-line and some
adjustments on its location until a PV characteristic curve and
this sliding line cross each other at the maximum power point
(MPP}). The switching pattern of the boost converter is influenced
by this straight line so that the PV operating point is compelled to
move along an instant PV curve and onto the sliding line
Thereby the PV array will generate the maximum power. An
easier explanation for convergence towards the sliding line is
provided. Through the boost converter and the single-phase
inverter, power delivery from a PV array to an AC grid under
the above MPPT will be also considered.

Keyvwords—AC grid; boost converter; MPPT; single-phase
PWM inverter; sliding-mode; solar array;

L INTRODUCTION

The electricity being reformed from the solar energy grows
larger and higher all the time. Many dedicated MPPT
algorithms have been created for the purpose of manipulating
the solar-array at the best efficiency of electric energy
generation. A class of the MPPTs being known as the “perturb
and observe”™ (P&0) methodology has been widely adopted
and accepted [1]. It executes the increment value of duty cycle
or reference voltage via detecting the voltage and current at the
terminals of PV generator (ie., at the power stage input),
calculating the power and then secking the MPP iteratively.
The small values alleviate fluctuation of the PV operating point
in steady-state due to weak perturbations around the MPP
while the large values improve the dynamic behavior of
tracking the MPP i situations under quickly changing
irradiation conditions or load characteristics. Thus, there must
be a tradeoff in choosing such an increment value [1]. The
shding-mode concept has been recognized for controlling
switched-mode converter because it offers stability with fast
dynamics (typically superior to linear controllers) and in many
cases is simple to implement if the sliding surface is not
complicated. The earlier work reported a sliding-mode based
MPPT [2]. It presented two major advantages. With a proper
choice of the sliding surface, convergence to maximum power
against variations in radiation was accelerated. Stability was
analyzed by the stability-region method which is easy to
comprehend. Also it guaranteed stability all across the PV
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curve. Therefore it is worthwhile to attach the boost converter
with such an MPPT to the single-phase inverter connecting to
an AC grid.

Il.  THE CHARACTERISTICS OF SOLAR ARRAY

The solar cell is a semiconductor device with its internal
structure in type of p=n junction such that it is able to convert
the solar imadiance into electricity. The nonlinear
characteristics and the operating point of the solar array rely
upon insolation level, ambient temperature and electric load
connected to its terminals. The key specification of the
commercial solar array comprises the voltage and current at the
maximum power point (MPP) {Fm and Iw}, the open-circuit
voltage (Vm_j and the short-circuit current U_m). Each of the

photovoltaic (PV) characteristic=curves of current (i) against
voltage (v) contains a different MPP where a quantity of
maximum power (£ ) being the most power at a specific
condition is generated. Due to improper electric load, the
operating point and the MPP of the solar array often disagree.
Thus, without load regulation a solar array is not likely to hold
the best efficiency for energy conversion. A variation in one or
more surrounding factors causes both the operating point and
the MPP to shift from their corresponding standing-points onto
others. Whenever the insolation level rises as shown in Fig. 1
[3]. the characteristic-curve expands itself with increment of
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Fig. 1. The PV charactenistic curves at four different insolation levels.
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current range and nearly fixed voltage span. Either more
power or larger maximum one can be produced. Reversely, if
the insolation level falls, it contracts itself and either less
power or smaller maximum one will be supplied. An increase
in panel temperature makes the characteristic=curve shrink
with reduction in voltage span but current range almost not
changing. Its contraction also leads to both less power
generation and smaller peak power.

. THE SLIDING-MODE MPPT

Owing to the lack of some priori information and the
extremely precise PV medel, it is impractical to indicate
exactly the MPP on a PV curve and accurately predict the new
one on the other curve after the transition from a surrounding
condition to another. Herein such an MPP can be determined
by a searching and tracking strategy that combines the sliding-
maode technique with the perturbation and observation (P&O)
algorithm together [2]. The sliding-mode scheme desires one
shiding line (the shiding surface) intercepting a set of PV curves
as shown in Fig. 2 and the DC-DC boost converter wired up to
the solar array as shown in Fig. 3. A collection of distinct
MPPs at some insolation levels under constant temperature is
brought to computation on two coefficients of the sliding line.
These MPPs belong to the ordered pair of Uw A I’mp} bemng a
coordinate on each PV curve in the i—v plane. The linear
regression or least-square method is used to fit the most
suitable coefficients so that the sliding line deviates from these
MPPs with the minimum sum of squared distances being the
shortest ones between them and this straight line. The model of
KYOCERA KD135GX-LP solar-module accommeodates four
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Fig. 2. The straight sliding-line intercepting a set of PV curves at 25 c
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Fig. 3. The DC-DC boost converter with MPPT wired up to the solar array

distinctive MPPs at the four insolation levels under the same 25
C [3]- The sliding line in formof s(v,f) = ai—bv+ref = 0
witha, b = 0 possesses a = 1, b = 6.256 as well as ref =
103.5 and probably it could not pass through any MPP.
Conduction of and blocking current flow by semiconductor
switches in the boost converter will force any operating point
of PV array into where the above sliding line and the PV curve
at the instant surrounding factors cross each other. The P&O
algorithm serves updating a numeric amount of ref so that the
sliding line moves itself with a fixed positive slope. When the
ref is adjusted towards a correct value, such a crossing point
reaches at the MPP and then the operating point becomes the
MPP. Thereby, the maximum power will be extracted out of
the solar array [2].

The dynamic model of the boost converter 1s expressed as

dv L . ;
S =gl M,
% = %cv—o.sl;(1+sgn(sm @,

where v denotes the solar-array voltage (the input voltage),
r'm{v} stands for the solar-array current that depends upon v, i
represents the inductor current, v, 1s the output voltage (the
load voltage) that 15 assumed to be semi-constant, C“ means
the input capacitance, L is the inductance, sgnis) = 1 if s > 0
and sgn(s) = —1 if 5 < 0. The voltage v and the current 7 that
both are regarded as two state variables will be monitored and
then fed into the calculation element of the sliding line. When
the value of s is negative, the low switch Q, will be driven into
on-state whereas the high switch (Q, inhibits current flow. Both
the current i and s(v , i) are raised and the inductor keeps
% > 0 and v is normally
positive (v = 0). When the value of s becomes positive, the low
switch Q, will be left into off-state whereas the high switch Q,

carries current flow. The current i drops and s(v , i) also

di
increased energy because ?! =
t

declines because Ldl = l (v=v) < 0and v is usually
L o o

greater than v (v, > v). The stored energy is transferred to the
load. Consequently, s(v , i) is maintained in the sliding line
with a switching band around s = 0. To manifest a stipulation
of aftracting any operating point towards the sliding line, the
quadratic function will be chosen as

¥ =055 3).

Its derivative with respect to time gives

di g dv  dlref)

Vo= sla
dt dt dt

(4).
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The substitution from the first two equations into the last
equation and some arrangements yield

s b _o L s 9r)
V—s(al{t 0.5vﬂf|+sgn(s)]) fJCm (:m_{v) 0+ g7 )]
P"=t(—v——v— vsg!{s)——(a V)= ”+_d[r_ef)-}
E ¥ AR ¥ dt
= a ) B .
V= v(—q v, sgnis) + E(\J - 0.5v) — E(Iﬂ(l’) - i) +
d(ref )
dt
(v, - sgnsH L (v - 05v) — - (i) — ) +
s 5 v, — sgnfs T ¥ Sv.) c. (i, (v i
d(ref)
Tl) (5).

Whenever the derivative of I gets negative (V< 0), both I
and |s| will go down. ¥ <0 requires

B a b, ’ (J‘E‘f:’
EE'*_SBI'E")(E“_D'SU_ C—“{ipv(v}—:)+ )= 0

This suggests =0 fors<0

Aol AR il

d{re;}

a b
and ——(v—v)+ — (i (V)—1 >0 fors>0.In
L=+ =

general, the ref is varied much 5]0\-.-13:, cumparcd with faster

dref)
dt

variations of the state variables, L.e. = (). Then, these

ac,, v for s <0 and

signify § > i (v)-

i< :Pjv}+

ai" (v, —v) for 5 > 0 which both postulate two

stipulations for the convergence of the PV operating point so
long as they are satisfied. Besides, they establish the extent of
the stable region in the state-space as shown in Fig. 4.

Because the sliding line may not meet a PV curve at an
MPP, the ref has to be altered in some way for intersection of
them at a definite MPP. The P&O algorithm as shown in Fig. 5
[2] acquires the input power (P, = v-i) being equivalent to the
power emitted from the solar array. Iteratively it retains two
successive samples covering immediate and preceding ones
and treats updating the ref* with a decision on the trend of
variation in the input power at a fewer sampling rate than that
of the sliding-line calculation. On each occasion of iteration the
ref is added or subtracted with an infinitesimal number of
ds-dir. The ref goes up or decreases according to a difference
of these two consecutive samples. When the input power
grows, the whole sliding-line moves horizontally in the same
direction as it did just previously. However its movement

proceeds in the opposite direction if the input power recedes.
Therefore the PV operating point enters an MPP along the path
where the sliding line and the PV curve intersect. When the
insolation level changes with an abrupt step, the operating
point will trace the sliding line towards the new or latest MPP
as shown in Fig. 6.
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Fig. 4. The extent of the stable region in the state-space
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Fig. 6. the operating point tracing the sliding line towards the new MPP
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IV.  SMULATION RESULTS

The solar panel and its boost converter under tests are
associated with some important parameters as itemized in the
Table 1. The capability of achieving the maximum power from
the solar array will be examined at the four different insolation
levels. On start-up, all the state-variables are initiated at zeroes.
The input and output powers are enhanced to a steady-state
quantity within a finite time interval. The output power occurs
at the output side of the boost converter. In steady-state the
input power is identical to the maximum power and the output
power is barely distinguishable from it. During transient-state,
the input powers rather oscillate thanks to enforcing the PV
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Fig. 8. The input and output powers at the isolation level 750 \Wml
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operating point onto the sliding line and caused by discharging i ! 1
energy away from the input capacitor their spikes could exceed & 2
the steady-state ones whereas the output power escalates more @
smoothly without overshoot as shown in Fig. 7 to Fig. 10. Ata § @ ]
lower isolation level, the input and output powers will take iy 1
longer duration to draw into their steady-state quantities. When o 4
the insolation level is turned down or up (stepped down or up) up
stepwise suddenly, the input power reacts sharply by TR T T
momentarily changing to a new quantity while the output e
power responds somewhat sluggishly by virtue of the converter Fig. 9. The input and cutput powers at the isolation level 500 Wim'
dynamics as shown in Fig. 11 and Fig. 12. When the insolation )
level is reduced continually from the highest to the lowest one S R A
and subsequently it rises intermittently in a style of ramp until |
it 1s at the highest one again. the input power can follow i N .'\.I 1
regularly the maximum power and simultaneously the output % Fodfd ol - = =
power can also pursue the input one as shown in Fig. 13. £ BB P ]
Therefore the PV operating point always tracks an MPP. LA
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Later on the shiding-mode MPPT-based boost converter
interfacing with the solar panel and the single-phase full-bridge
inverter connected to grid will be joined together as shown in
Fig. 14. The feedback control of the single-phase PWM
inverter includes the inner loop of grid-current control and the
outer loop of DC bus-voltage control. Some essential
parameters listed in Table II are involved in the PWM inverter.
The current controller employs the Pl one with grid-voltage
compensation and the voltage controller utilizes the PI one
which its output is multiplied by the sine signal of phase angle
concerning grid-voltage. The phase-locked loop (PLL) senses
grid-voltage and evaluates such a sine signal for grid
synchronization. The current controller outputs the inverter-
voltage reference that is further modulated with a high-
frequency triangle carmer in order to attain four gate-drive
signals for each of the four switches in the PWM inverter [4].
When the insolation level is brought down, the amplitude of
the grid-current, the input power and the grid power will come
down to their one value on account of a decline in the

TABLE 1. SOME PARAMETERS OF THE BOOST CONVERTER AND SINGLE-
PHASE INVERTER
Parameter Value
Boost converter -
C. 100 pF
C.. 1 mF
L 200 pH
Single-phase inverter -
L, 5mH
Grid voltage 1 5sin(100R) WV
Switches MOSFET with default sething

Voltage controller -

K, 0.025

K, 0.025
Current controller -

K, 1000

K, 50
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Fig. 14. The boost converter interfacing with the single-phase inverter
connected to grid

Inverter

maximum power as shown in Fig. 15 and Fig. 16. After a brief
time elapses, the grid current becomes in phase with the grid
voltage. In other words, a unity power factor will appear at grid
and the energy from the solar array is absorbed into it.

V. CONCLUSION

In this article, the sliding-mode scheme that underlies the
MPPT is studied. The straight sliding-line intersecting with PV
curves has already found out. The sliding line will impose the
boost converter on the particular switching sequences until the

PV operating point approaches and converges on it. The P&O
algorithm tunes only one coefficient of the sliding line in order
to relocate this entire line to an appropriate location in the PV
characteristic plane so that an instantaneous PV curve and it
cross each other at the MPP. Thereby, the operating point
becomes the MPP and stays over there. Thus, the maximum
power can be obtained from the solar array. When the
msolation level varies dramatically or gradually, this situation
will change the MPP from an original position and places it
into the new point. Such a scheme allows the PV operating
point to track the MPP always. Finally, when the boost
converter with sliding-mode MPPT is interfaced with the
simple single-phase grid-connected inverter, the solar array can
potentially deliver electric energy to AC grid.
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