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COMMON-MODE VOLTAGE REDUCTION TECHNIQUE FOR TRANSFORMERLESS PV
INVERTER USING MULTILEVEL FLYING CAPACITOR INVERTER

Mr. Nopparuj Manachartsakul
Mr. Panot Truskajonmongkol
Mr. Panitan Suwannachuen
Ms. Praphaphorn Treenon

Dr. Sompob Polmai Advisor

Abstract

A paper presents common-mode voltage reduction technique for
transformerless PV inverter using multilevel inverter type flying capacitor. The
common-mode voltage contributes to the leakage current through the parasitic
capacitance in the solar cell, can harm humans. To remedy this, the common-mode
voltage is maintained . For this problem was fixed by using full-bridge neutral point
clamped inverter but it could not still maintain stably voltage at capacitor in the
circuit. This problem affect to the useful life of this capacitor. In order to avoid this
problem that happened to full-bridge neutral point clamped inverter and maintain
common-mode voltage stably, multilevel inverter type flying capacitor has to be
used. In this paper, simulations of the proposed system are carried out using PSIM.
The simulation results show that under normal operation, the common-mode
voltage can be maintained at a half of the DC bus voltage. To validate the proposed
technique, a 2 kW prototype inverter is designed and constructed for laboratory
experiments. The prototype inverter is controlled to operate in grid-connected
mode. The DC bus voltage is supplied by the programmable DC power supply. The
common-mode voltage is indirectly observed using mathematic operation of the
measured signals. The experimental results show that the observed common-mode
voltage is maintained at a half of the DC bus voltage and have a good agreement

with those the simulations.
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(A) WSIRUATUVTDDN AD 1F (9) BSIAUAIUYNBEN AD O

SUM 2.15 frpgnenisadnessiunssdiusuueanuneaniuy

L | k2

4.3 TahlazTaldsvnai9sdunesinastianalsdiniundines

N

o

» ussiunnasoNaindfdusiariiivuins Jeannsathgunsnididnnsedndi
uLswuIINE s usueeniigetuld

- Tigunmvesguaiuvesussiursendisinuningsiiniulngifissledlned
andrdusagiviauiiaindauien

« suusesdulnirdhumeen asdl dv/dt Fdazaniywiieatu EMC

« flusefulnzanasans (Common Mode Voltage) 9zdr8annadeyeyiasuniu

Joide

- dosldinAvUssaluasasdununn

« Wasnnldgunsalaindrindsduauannvilddedddduanainndiunuunaiuly

iy (ANLUWYeR Y0 99Tanaq)

2.5 Lwﬂ'ﬁﬂm'sﬁﬁmﬁagLﬁue‘hw%'u‘ﬁunaﬁma%wmsﬁzﬁu

= L3

Tunsafredygramupunisinuvesgunsalaindidludunesinesvans
AUty annsalilatumaianisienganwuuiig Junalefildsunsiauuaztanldly
Bunesneslngvinly idefuvansuuy Ssaunsautwmuanuiivessindiaslddslusud 2.16

W daflanalvyvesneaiadindengiadu (Multilevel Sinusoidal Pulse Width Modulation,
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SPWM) adaiapipesinaulnga (Space Vector Control, SVO) wazdafiaiadiaaiingisueiindsa

Tty (Multilevel Selective Harmonic Elimination) 1umu (4]

Multilevel
Modulation
|
Fundamental High Switching
Switching Frequency Frequency PWM
| |
Space Vector Selective Harmonic Space Vector Sinusoidal
Control Elimination Control PWM

JUT 2.16 gUuUuNsaedyMAIUANMSEING

nndedunafianisasndyyinuniuauaindinds Adunldlunisadng
wsestulwinsunesnvesdunesineinatssziu awsaldldiumedanisfienganuuusie
u,m'mm‘iﬂﬁﬁﬂuﬁmﬂﬂfflunﬁa%’wﬁmmm%’uLﬂmmﬂﬁqﬂ Av Anulafianaleyvesneaiadin
ﬁaﬂ@JLa%’u (Multilevel Sinusoidal Pulse Width Modulation, SPWM) [4] Seiidnefy 2 wuu s
wpdafiduidagduuvuideumaunies (Phase-shifted Pulse Width Modulation) ¥3ei3enii
PSPWM wazmaileiisuidagduuuuideusyiuuades (Level-shifted Pulse Width Modulation)
IPDPWM [4-6]

2.5.1 wmailafduidagduwuunarewivzyindoua (Phase-shifted Multi-

wIDLIUNIT

carrier PWM Scheme)

wadafduidagiduiuunatenvzaiiadeua (Phase-shifted Multi-carrier
PWM Schere) ZssloannilaziSunin PSPWM fianwzrasnsindsadygamivesuuidoua
Juyawhgfuaudwiuvesdyarammeild Imeﬂ,ugﬂﬁ 2.17 uansagnauaunain PSPWM

PldBunedimaiuuy 5 sz (m=5) duluduwvesdygammeildfaviadiu (m — 1) = 4

'
Qs =

dyaym Jamadildanmsdunada PsPwM Wldnu fnavilkautvesnsiauvesgunsod
= &

&ingrinae ( Device Switching Frequency, fu ger ) HAINUANLRVRIE Y IUINYE (Carrier

Frequency, fo)
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sUN 2.17 ﬁuasmmaﬁﬂﬁﬁuLﬁag@mmmﬁaumamL‘%fmf’

AoscndRsagildannmetia PSPWM (5]

- ST flonguatu

s, = Vi Ko 0<m, <1 (2.15)
- SnsndduIuhsereaRdy g vEuaeARd Yy NLeg Y

me = fer! fm (2.16)
- ANUATRINITYIUTBIgUNsalaingrds(Frequency Switching Device)

fswdev = for (2.17)
« AUENMIATINTIVR98UNBIMBS (Switching Frequency Of Inverter)

fsw,ine = (m — D fow,dev (2.18)

s =

Fawseduduvieenilavesduiiesines FCl sxilensuadndusingfidusivgsie

Y

Usngiuviianseuq ersueinddudiui (m — )my = 4m; Fvildamsansessnsue

'
o

a o w v aa ¢ s o o ¥ a @ W ¢ o

Undddusinladne Tne@idunesinesilunuvaua Tdygudrdadudyginuwuules tun
Wisufsuiudygrumuvdendaifedygrumiveuuuidoumainuiy 4 dyana udnhuue
YoIdy I N IMETIUIU (m — 1) = 4 Fygyro Fwwdasdygraliyudouadiu g, =

360°/(m — 1) = 90° [6]
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] =3 =

2.5.2 walaNAULDagduhuuna1enIvestanlaousysu (Levelshifted Pulse

U

Width Modulation)
mﬁﬁﬂﬁﬁmﬁagﬁmL.Luwmawmmﬁmﬁauixﬁu (Level-shifted Pulse Width

8

Modulation) &esioaniiaziiondt IPDPWM fdnwaizaasmsinidoauinassninedyqioun-

1383 Very — Verg \UMUUBUWERY (in-phase) Tnelugud 2.18 wansfiatnsvaanaila IPDPWM

iy va

ldounesimesiu 5 seu (m=5) Mduduuresdygrauases MdFavidu m— 1) = 4
dyaa Menuantivewnada IPDPWM amnsthluldauiinavilianudvesnisaindsaes
8uesined ( Switching Frequency Of Inverter, fy, imy ) WITUAMUATRE Y ILLALT DS

(Carrier Frequency, f.)

Vert
Verz
Vers

Vera

=i ) 1 a au a & P ) = ¢
E‘U‘Vl 2.18 WQ‘QUWQLWWU@WWULUEgL@ﬂJLLUULa@u33WULLﬂL‘§Uﬁ

AuaNURfqvesgULuURAUagduaeITdoussAy (Level-shifted Multi-

3
Vo =

carrier PWM Scheme) awnsnagulassil [5]

- 8n5Nsflongadu

my,=Vp/Vy(m—1) dleo<m, <1 (2.19)
» dnsnduduuhssrieuddygunmzuaseuiidygayagy

s

« MNudveINTINUTasgUnsalaindids(Frequency Switching Device)

e (2.21)

fsw,dev = m—1
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« Mufinsedndevesduesines (Switching Frequency Of Inverter)
fsw,inv = fer (2.22)

a =

Fausausurieaniilavesduniasiwes FC zflensueiinUsingidusuasie

U

v o

UsInQiuuinuseuqesueidnduduil m; feinldamnsansessnsuedndrdudlide Tned

2/ a

suedweiidunvvana ddyyrudrdadudygyraled dunuisuiisufudygyio

o

& w =5

anumRsdaifedyaanimziuuidousyiiuiiuiu 4 Syain udihnavesdunaiadildly
AuANMTYIuresgunsalaindidilundazia Tnedrwiussdudygrauasvinilaain

TuIUsEAUTRMsunlAluduneineifoanuuy Judu (m — 1) = 4 seiy

= i 2 )
M3190 2.2 nrsmandienguanlagliiSnisnauausiie (6]

Adlangian IPDPWM PSPWM
m s
2 I/CT' cr
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s a @

NTATNULTIAUVI0DNVDIDUNBDI DI NANETEAUTIE S TR UL I U R uUsyR ol Aneadi
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COMMON-MODE VOLTAGE REDUCTION TECHNIQUE FOR TRANSFORMERLESS PV

INVERTER USING MULTILEVEL FLYING CAPACITOR INVERTER

= 1 a 2 - & 3 = d4
uNge uzndana dun afavenuna’ s gassadiu’ dszams a3

a A 4 = d (v =t ar
ﬂ]ﬂlﬁ]?ﬂ?ﬂ‘iiiﬂﬂﬂ] AUSIMINTINMITAT 'ﬁi‘l'IU‘I&!.TIFITHT?IHW‘S%QDNMg?ﬂﬂﬂﬂﬁuﬂﬁ1‘iﬂ1ﬂﬂ'§=lld

1 98 AADINFI 1 MANTATI NFUNNUTIUAT 10520 TNTFAWN 02-329-8000 Ao 3925 Email: phatara08@gmail.com

U L
Unnaeo
4 Ll
unanuiniuaveamatiansAIguUTIRL Tuasmues
a a A 1
PV Bunefineisiarounaszun iy 3uiamlalaeld
a d & q a e w a o
maiinisagaiuuuudewrauaFoidmiuduneiimeivats e
a 2 a o Ay vo °
yhaawoennhaaes luumanuilldsiaeemsiauveszuy
o ] ° <
Tael¥Tilsunsu PSIM - Samanissrasanaasliifiudinieldnis
o A & ' o Vet 1 A4 A4 4
Wmfugie useauTvuaiwmusosnu dianainaTaniia
o A W ¥ A P A g
Vo UATIE 14 (leasvmeunnugndnveamaiiniiivauo
g ¥t 9 4 ¥ E | ¥
ldinsesnuuuuazafauniesdunuuin Fawanisnanesaaly
g @ " o Vet 1 A o A& & o A
WUIsau Tnuaswgninniiininedi Ansamilaveassdud s
) ) P’ o ' e R UE A A
faunzaeandoanunamstasuilueded vinkadniila matiadi
o o ar & | ' o o
e unsadnansziai lwai lmasudnnnlszquisvoanng
Toansiwad 18
GRS

o ' a ¢ ¢ ¥ 9
l!ﬁ\lﬂuT‘ﬁUﬂ‘S’lh, fJ‘u!'J?J?Lﬂﬂﬁ!lﬂﬂ1i'ﬁhﬂl!ﬂﬂ4,

a ¢ s @ A 2 a 7
DUIDIINDIU ﬁ'lﬂi:ﬁ'lﬁfuﬂﬂaTUﬂﬁﬂ'lﬂJ'l"D’mBi

Abstract

A paper presents common-mode voltage reduction technique
for transformerless PV inverter using unipolar PSPWM technique for
multilevel inverter type flying capacitor. In this paper, simulations of
the proposed system are carried out using PSIM. The simulation results
show that under normal operation, the common-mode voltage can be
maintained at a half of the DC bus voltage. The experimental results
show that the observed common-mode voltage is maintained at a half of
the DC bus voltage and have a good agreement with those the
simulations.The common-mode voltage contributes to the leakage
current through the parasitic capacitance in the solar cell were

eliminated.

Keywords: common-mode voltage, transformerless inverter, flying-capacitor
multilevel inverter
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#include "DSP28x_Projecth”  // Device Headerfile and Examples Include File
#include "math.h"

#define T 4166 //period of carrier f = 18k

#define As 1458 //Amplitude of sine (Ma = 0.7)

#define Td2 2083 //period of carrier divide by 2 (Amplitude of carrier)
#define DBF 150 //Dead time fall

#define DBR 150 //Dead time rise

#define ENO_on GpioDataRegs.GPASET.bit.GPIO15

#define ENO_off GpioDataRegs.GPACLEAR.bit.GPIO15
#define EN1_on GpioDataRegs.GPASET bit.GPIO24

#define EN1_off GpioDataRegs.GPACLEAR.bit.GPIO24
#define EN2_on GpioDataRegs.GPASET.bit.GPIO26

#define EN2_off GpioDataRegs.GPACLEAR.bit.GPIO26
#define EN_on GpioDataRegs.GPASET.bit.GPIO12

#define EN_off GpioDataRegs.GPACLEAR.bit.GPIO12
#define sw GpioDataRegs.GPBDAT.bit.GPIO34

// Prototype statements for functions found within this file.
void spi_fifo_init(void);

void spi_init(void);

interrupt void adc_isr(void);

interrupt void cpu_timer2_isr(void);

void scia_echoback_init(void);

void scia_fifo_init(void);

// Global variables used in this example:

Uintlé rdata;

Uint16 n=0;

Uint16 D_out0=0,0 out1=0,0 out2=0;

Uint16 A0=0,A1=0,A2=0,A3=0,80=0,B1=0,82=0,83=0,B4=0,85=0);
Uint16 vsinA=0,vsinB=0,vsinC=0;

Uint16é vmA=0,vmB=0,vmC=0;

int m=0;

float V2 _A=0,Q1_A=0,Q1 1 A=0;
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float Offset_Vs_A=0,0ffset Vs B=0,0ffset Vs C=0;

float Offset_is_A=0,0ffset_is_B=0,0ffset _is C=0;

float Offset_iL_A=0,0ffset_iL_B=0,0ffset iL_C=0;

float va=0,vb=0,vc=0,vdc_bus=0,isa=0,isb=0,isc=0,iLa=0,iLb=0,iLc=0:
float vds=0,vgs=0,vd=0,vg=0;

float theta=0,theta 1=0;

float Er_P=0,Er=0,Er_I=0,Er_|_old=0,0megal=0,0mega2=0;
float theta5=0,theta_a=0,theta_b=0,theta c=0;

float isds=0,isqs=0,iLds=0,iLgs=0;

float isd=0,isg=0,iLd=0,iLg=0;

float Q1_isd=0,Q2_isd=0,isd_2=0;

float Q1_isg=0,Q2_isq=0,isq_2=0;

float Q1_iLd=0,Q2 _iLd=0,iLd 5=0;

float Q1_iLg=0,Q2 iLg=0,iLq_5=0;

float vdb_star=0,vq5_star=0;

float isds2=0,isqs2=0;

float vd_star=80;  //<-----— vdc Bus cmd

float k=54

float g=1:

float isha=0,ishb=0,ishc=0,vaFfb=0,vbFfb=0,vcFfb=0;
float vdbs_star=0,vg5s_star=0,vaFff=0,vbFff=0,vcFff=0;
float VAFa_star=0,vAFb_star=0,vAFc_star=0;

float er_vd=0,erp=0,eri=0,delta_iq_star=0;

float kp=0.05,ki=0.000005;

Uintlé count=0;

Uint16 data([3];

//float a=0.b=0,v=0;

float v d=0; //pu of dc bus

void main(void)
{
er_vd=0,erp=0,eri=0,delta_ig_star=0;
v_d=1/vd star;
// Step 1. Initialize System Control;



// PLL, WatchDog, enable Peripheral Clocks

// This example function is found in the DSP2833x_SysCtrl.c file.
InitSysCtrl();

InitSciaGpio();

I Initial GPIO ~ //

EALLOW,

GpioCtrlRegs.GPAMUX1.bit.GPIO12 = 0; // PIN 10 is GPIO
GpioCtrlRegs.GPADIR bit.GPIO12 = 1; //GPIO 10 is output
GpioCtrlRegs.GPAMUX1.bit.GPIO15 = 0; // PIN 15 is GPIO
GpioCtriRegs.GPADIR.bit.GPIO15 = 1; //GPIO 15 is output
GpioCtrlRegs.GPAMUX2.bit.GPIO24 = 0; // PIN 24 is GPIO
GpioCtrlRegs.GPADIR bit.GPIO24 = 1; //GPIO 24 is output
GpioCtrlRegs.GPAMUX2.bit.GPIO26 = 0; // PIN 26 is GPIO
GpioCtrlRegs.GPADIR.bit.GPIO26 = 1; //GPIO 26 is output
GpioCtrlRegs.GPAPUD.bit.GPIOO = 0; // Enable pullup on GPIOO
GpioCtrlRegs.GPAPUD.bit.GPIO1 = 0; // Enable pullup on GPIO1
GpioCtrlRegs.GPAPUD.bit.GPIO2 = 0; // Enable pullup on GPIO2
GpioCtriRegs.GPAPUD.bit.GPIO3 = 0; // Enable pullup on GPIO3
GpioCtrlRegs. GPAPUD.bit.GPIO4 = 0; // Enable pullup on GPIO4
GpioCtrlRegs.GPAPUD.bit.GPIO5 = 0; // Enable pullup on GPIO5
GpioCtrlRegs.GPAPUD.bit.GPIO6 = 0; // Enable pullup on GPIO6
GpioCtrlRegs.GPAPUD.bit.GPIO7 = 0; // Enable pullup on GPIO7
GpioCtrlRegs.GPAPUD.bit.GPIO8 = 0; // Enable pullup on GPIO8
GpioCtrlRegs.GPAPUD.bit.GPIO9 = 0; // Enable pullup on GPIO9
GpioCtrlRegs.GPAPUD.bit.GPIO10 = 0; // Enable pullup on GPIO10
GpioCtrlRegs.GPAPUD.bit.GPIO11 = 0; // Enable pullup on GPIO11
GpioCtrlRegs.GPAMUX1.bit.GPIOO = 1; // GPIOO = PWM1A
GpioCtrlRegs.GPAMUX1.bit.GPIO1 = 1; // GPIO1 = PWM1B
GpioCtrlRegs.GPAMUX1.bit.GPIO2 = 1; // GPIO2 = PWM2A
GpioCtrlRegs.GPAMUX1.bit.GPIO3 = 1; // GPIO3 = PWM2B
GpioCtrlRegs.GPAMUX1.bit.GPIO4 = 1; // GPIO4 = PWM3A
GpioCtr(Regs.GPAMUX1.bit.GPIO5 = 1; // GPIO5 = PWM3B
GpioCtrlRegs.GPAMUX1.bit.GPIO6 = 1; // GPIOO = PWMAA
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GpioCtrlRegs.GPAMUX1.bit.GPIO7 = 1; // GPIO1 = PWM4B
GpioCtrlRegs.GPAMUX1.bit.GPIO8 = 1; // GPIO2 = PWM5A
GpioCtrlRegs.GPAMUX1.bit.GPIO9 = 1; // GPIO3 = PWM5B
GpioCtrlRegs.GPAMUX1.bit.GPIO10 = 1; // GPIO4 = PWM6A
GpioCtrlRegs.GPAMUX1.bit.GPIO11 = 1; // GPIO5 = PWM6B
GpioCtrlRegs.GPBPUD.bit.GPIO34 = 0; // Enable pullup on GPIO34
GpioCtrlRegs.GPBMUX1.bit.GPIO34 = 0; // GPIO34 = GPIO34
GpioCtrlRegs.GPBDIR.bit.GPIO34 = 0; // GPIO34 = input
EDIS;
EALLOW,
#if (CPU_FRQ 150MHZ)  // Default - 150 MHz SYSCLKOUT
#define ADC_MODCLK 0x3 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK2 = 150/(2%3) =
25.0 MHz
#endif
#if (CPU_FRQ 100MHZ)
#define ADC_MODCLK 0x2 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK2 = 100/(2*2) =
25.0 MHz
#endif
// Specific clock setting for this example:
// Define ADCCLK clock frequency ( less than or equal to 25 MHz )
// Assuming InitSysCtrl() has set SYSCLKOUT to 150 MHz
SysCtrlRegs.HISPCP.all = ADC_MODCLK; 1 HSPCLK =
SYSCLKOUT/ADC_MODCLK
EDIS;
// Step 2. Initialize GPIO:
InitSpiaGpio();
DINT;
InitPieCtrl();
// Disable CPU interrupts and clear all CPU interrupt flags:
IER = 0x0000;
IFR = 0x0000;
InitPieVectTable();



registers

TSS bit =0
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// Interrupts that are used in this example are re-mapped to

// ISR functions found within this file.

EALLOW; // This is needed to write to EALLOW protected register
PieVectTable ADCINT = &adc_isr;

PieVectTable.TINT2 = &cpu_timer2_isr;

EDIS;  // This is needed to disable write to EALLOW protected

InitCpuTimers();
ConfigCpuTimer(&C puTimer2, 150, 100);
CpuTimer2Regs. TCR.all = 0x4001; // Use write-only instruction to set

//SPI initial
spi_fifo_init();  // Initialize the Spi FIFO
spi_init(); // init SPI

InitAdc(); // init the ADC

// Step 5. User specific code, enable interrupts:
// Enable ADCINT in PIE
PieCtrlRegs.PIEIERL.bit.INTx6 = 1;

IER |= M_INT1; // Enable CPU Interrupt 1

IER |= M _INT14;
EINT; // Enable Global interrupt INTM
ERTM; // Enable Global realtime interrupt DBGM

// Configure ADC

AdcRegs. ADCTRL3.bit. ADCCLKPS = 0xO0;

AdcRegs. ADCTRL1.bit.CPS = 0x1;

AdcRegs ADCTRL1.bit. ACQ PS = 0x0;

//just make sure ADCCLK = 12.5MHz(not MAX) and ACQ PS = 0
//for 12.5 MSPS or 80 ns per sample

AdcRegs ADCTRL3.bit.SMODE_SEL = 0x1; // Setup simultaneous

sampling mode

mode

AdcRegs. ADCTRL1.bit.SEQ_CASC = 0x1; // Setup cascaded sequencer

AdcRegs. ADCMAXCONV.all = 0x0007; // Setup 16 conv's on SEQ1



SEQ1 conv.

SEQ1 conv.

SEQ1 conv.

SEQ1 conv.

SEQ1 conv.

SEQ1 conv.

Sequence
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AdcRegs ADCCHSELSEQ1.bit.CONVO0 = 0x0; // Setup ADCINAO as 1st
Voltage sensor A
AdcRegs. ADCCHSELSEQ1.bit.CONVO1 = 0x1; // Setup ADCINAL as 1st
Voltage sensor B
AdcRegs ADCCHSELSEQ1.bit.CONVO02 = 0x2; // Setup ADCINA2 as 1st
Voltage sensor C
AdcRegs ADCCHSELSEQ1.bit.CONV03 = 0x3; // Setup ADCINA3 as 1st
Current sensor A
AdcRegs ADCCHSELSEQ2.bit.CONVO04 = 0x4; // Setup ADCINA4G as 2nd
Current sensor B
AdcRegs. ADCCHSELSEQ2.bit. CONVO5 = 0x5; // Setup ADCINA5 as 2nd
Current sensor C

AdcRegs. ADCTRL1.bit. CONT_RUN = 0; // stop after reaching End of

//AdcRegs ADCTRL2.bit.EPWM_SOCA SEQ1 = 1;// Enable SOCA from

ePWM to start SEQ1

AdcRegs ADCTRL2.bit.INT_ENA_SEQ1 = 1; // Enable SEQ1 interrupt

(every EOS)X end-of-sequence)

//EPWM Module 1 config crl Shift 180 degree

EPwm1Regs. TBPRD = T; // Period = T TBCLK counts
EPwm1Regs. TBPHS.half. TBPHS = 0; // Set Phase register to zero
EPwm1Regs. TBCTL.bit. CTRMODE = TB_COUNT _UPDOWN; //

Symmetrical mode

EPwm1Regs TBCTL.bit.PHSEN = TB DISABLE; // Master module
EPwm1Regs. TBCTL.bit.PRDLD = TB_SHADOW;,
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EPwm1Regs. TBCTL.bit.SYNCOSEL = TB CTR_ZERO; // Sync down-

stream module

CTR=Zero

CTR=Zero

EPwm1Regs.CMPCTL.bit. SHDOWAMODE = CC_SHADOW;
EPwm1Regs.CMPCTL.bit. SHOWBMODE = CC_SHADOW;
EPwm1Regs.CMPCTL.bit. LOADAMODE = CC_CTR ZERO; // load on

EPwm1Regs.CMPCTL bit.LOADBMODE = CC_CTR_ZERO; // load on

EPwm1Regs AQCTLA.bit.CAU = AQ CLEAR; // set actions for EPWM1A
EPwm1Regs AQCTLAbIt.CBD = AQ SET ; //if (vref >

cn-> EPWM1A=logicO

EPwm1Regs.DBCTL.bit.OUT_MODE = DB _FULL ENABLE; // enable

Dead-band module

EPwm1Regs.DBCTL.bit.POLSEL = DB_ACTV_HIC; // Active Hi

complementary

EPwm1Regs.DBFED = DBF; // FED = 50 TBCLKs
EPwm1Regs.DBRED = DBR; // RED = 50 TBCLKs

// EPWM Module 2 config cr2 no Shift

EPwmZ2Regs. TBPRD = T; // Period = T TBCLK counts
EPwm2Regs. TBPHS.half. TBPHS = T; // Set Phase register to zero
EPwm2Regs. TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN; //

Symmetrical mode

CTR=Zero

CTR=Zero

EPwm2Regs. TBCTL.bit.PHSEN = TB _ENABLE; // Slave module
EPwmZ2Regs. TBCTL.bit.PRDLD = TB_ SHADOW;

EPwmM2Regs. TBCTL.bit. SYNCOSEL = TB_SYNC IN; // sync flow-through
EPwm2Regs. CMPCTL bit. SHDWAMODE = CC_SHADOW;
EPwWm2Regs.CMPCTL .bit.SHDWBMODE = CC_SHADOW;

EPwm2Regs. CMPCTL.bit. LOADAMODE = CC_CTR_ZERO; // load on

EPwm2Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO; // load on

EPwmZRegs AQCTLA.bIt.CAU = AQ CLEAR; // set actions for EPWM2A
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EPwmZRegs AQCTLA.bit.CBD = AQ SET;
EPwmM2Regs.DBCTL.bit. OUT_MODE = DB_FULL ENABLE; // enable

Dead-band module

EPwmZRegs.DBCTL.bit.POLSEL = DB_ACTV _HIC; // Active Hi

complementary

}

EPwm2Regs.DBFED = DBF; // FED = DBF TBCLKs
EPwmZRegs.DBRED = DBR; // RED = DBR TBCLKs
scia_fifo_init(); // Initialize the SCI FIFO

scia_echoback_init(); // Initalize SCI for echoback

! Infinite loops  //
for(;;)

{

}

interrupt void cpu_timer2_isr(void)

{

}

EALLOW;

CpuTimer2.InterruptCount++;
//EN_on=1;
//DELAY US(10);
//EN_off=1;
Achegs.ADCTRLZ.bit.SOC_SEQl;1 :

// The CPU acknowledges the interrupt.
EDIS;

interrupt void adc_isr(void)

{

EN _on=1;

//N-source

A0 = AdcRegs. ADCRESULTO>>4;
Al = AdcRegs. ADCRESULT2>>4;
A2 = AdcRegs. ADCRESULT4>>4;
//v-dc-bus



A3 = AdcRegs. ADCRESULT6>>4;
//i-Source

BO = AdcRegs. ADCRESULT1>>4;
B1 = AdcRegs. ADCRESULT3>>4;
B2 = AdcRegs. ADCRESULT5>>4;
//i-LOAD

B3 = AdcRegs. ADCRESULT7>>4;
B4 = AdcRegs ADCRESULT9>>4;
B5 = AdcRegs ADCRESULT11>>4;

if(n<200)

{ //vs
Offset_Vs_A = Offset Vs A+ (A0*7.326e-4);
//is
Offset_is_A = Offset_is A+(B0*7.326e-4);
//iL

Offset_iL_A = Offset_iL_A+(B3*7.326e-4);

N++;

Jelse if(n==200)

{ Offset_Vs_A = Offset Vs A*0.005; //1/200
//is
Offset_is_A = Offset_is_A*0.005;
//iL

Offset iL_A = Offset_iL_A*0.005;

N++;

lelse if(n>200)
{
va = 226.27417*(A0*7.326e-4) -
Offset_Vs_A),///226.27417%1.02794%(Volt0*7.326e-4) - Offset_A);
//226.27417=sqrt(2)*240/1.5
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vdc_bus=200%(A3*7.326e-4);
isa=10%((B0*7.326e-4) -Offset is A);
iLa=10%((B3*7.326e-4) -Offset iL_A );
//PLL
//if(data_rec[12]==1) //enable phase A
/N
Q1_A =va +(0.9761*Q1 1 _A); //make

V2 A= (0.9761%Q1 A)-QlL 1 A;
Ql 1 A=Ql A
Er = va*cos(theta_1) - V2_A*sin(theta 1);

//PI

Er_P = Er*le-4;//kp

Er | = Er_|_old + (Er*5e-4);//ki
Er_| old = Er_|;

Omegal = 0 ;//Er_P + Er_|;
Omega2 = Omegal+ 0.0314159;
theta = theta 1 + Omega2;
if(theta>=6.283185308)

{

theta = theta - 6.283185308;
}

theta 1 = theta;

//End PLL phase A

LIPLLIIIITIIIIIIII L1101 11100 71 11171171111117
//PI

Er P = Er *0.001; /7kp
Er I = Er | old + (Er*0.0005); //ki
Er_|_old = Er _|;

Omegal = Er P + Er |;
OmegaZ = Omegal+ 0.0314159;
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theta = theta 1 + Omega2;
if(theta>=6.283185308)
{

theta = theta - 6.283185308;

vmA=(sin(theta_a)*As)+Td2;

I

//Signal drive switch both right and left

EPwm1Regs.CMPA.half.CMPA =vmA; // adjust duty for output EPWM1A
EPwm1Regs.CMPB=vmA;

EPwmZ2Regs.CMPA.half.CMPA =vmA,; // adjust duty for output EPWM2A
EPwmZ2Regs.CMPB=vmA,;

EN off=1;

ENO on = 1;

SpiaRegs.SPITXBUF = D _out0;// Transmit data

while(SpiaRegs. SPIFFRX.bit.RXFFST I=1) { }// Wait until data is received
rdata = SpiaRegs.SPIRXBUF;// Check against sent data

ENO off = 1;

// Transmit data ch1 D2A

EN1_on = 1;

SpiaRegs.SPITXBUF = D_outl;// Transmit data
while(SpiaRegs.SPIFFRX.bit. RXFFST !=1) { }// Wait until data is received
rdata = SpiaRegs.SPIRXBUF;// Check against sent data

EN1 off = 1;

// Transmit data ch2 D2A

ENZ2 on = 1;

SpiaRegs.SPITXBUF = D_out2;// Transmit data
while(SpiaRegs.SPIFFRX.bit.RXFFST 1=1) { }// Wait until data is received
rdata = SpiaRegs.SPIRXBUF;// Check against sent data

EN2 off = 1;

RELAY Coff=1;
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/7 End interupt /////
AdcRegs ADCST.bit.INT_SEQ1 CLR = 1; // Clear INT SEQ1 bit
AdcRegs ADCST.bit.INT_SEQ2 CLR = 1; // Clear INT SEQ1 bit
PieCtrlRegs.PIEACK all = PIEACK_GROUP1; // Acknowledge interrupt to
PIE
}
void receive_array(int byte[],int size)
{
int j=0;
for(j=0;j<size;j++)
{
// Wait for inc character
while(SciaRegs.SCIFFRX.bit.RXFFST I=1) { } // wait for
XRDY =1 for empty state
// Get character
byte[j]= SciaRegs.SCIRXBUF.all;

}
// Test 1,5CIA DLB, 8-bit word, baud rate 0x000F, default, 1 STOP bit, no parity

void scia_echoback_init()
{
// Note: Clocks were turned on to the SCIA peripheral
// in the InitSysCtrl() function
SciaRegs.SCICCR.all =0x0007; // 1 stop bit, No loopback
// No parity,8 char bits,
// async mode, idle-line protocol
SciaRegs.SCICTL1.all =0x0003; // enable TX, RX, internal SCICLK,
// Disable RX ERR, SLEEP, TXWAKE
SciaRegs.SCICTL2.all =0x0003;
SciaRegs.SCICTL2.bit. TXINTENA =1;
SciaRegs.SCICTL2.bit.RXBKINTENA =1;
// Baud rate = LSPCLK/(SPIBRR+1)
#if (CPU_FRQ_150MHZ)
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/" 01 E7 hex = 487 dec for 9600

// 00 1D hex = 29 dec for 156250

SciaRegs. SCIHBAUD  =0x0000; // 937500 baud @LSPCLK = 37.5MHz.
SciaRegs.SCILBAUD  =0x0004;

#endif

#if (CPU_FRQ_100MHZ)
1/ 01 44 hex = 324 dec for 9600
SciaRegs.SCIHBAUD  =0x0001; // 9600 baud @LSPCLK = 20MHz.
SciaRegs.SCILBAUD  =0x0044;

#endif

SciaRegs.SCICTL1.all =0x0023; // Relinquish SCI from Reset
1

// Transmit a character from the SC

// Initalize the SC| FIFO

void scia_fifo_init()

{
SciaRegs.SCIFFTX.all=0xE040;
SciaRegs.SCIFFRX.all=0x204f;
SciaRegs.SCIFFCT.all=0x0;

}

void spi_init()
{

SpiaRegs.SPICCR.all = 0x000F; // Reset on, rising
edge, 16-bit char bits

SpiaRegs.SPICTL.all = 0x0006; // Enable master mode,

normal phase,

// enable talk, and SPI int disabled.

SpiaRegs.SPIBRR = 0x0000; // if SPIBRR is 3 to
127, Baud rate = LSPCLK/(SPIBRR+1) **LSPCLK = 37.5MHz//0,1,2//brr=9375000

SpiaRegs.SPICCR.all = 0x009F; // Relinquish SPI from
Reset

SpiaRegs.SPIPRI.bit.FREE = 1; // Set so breakpoints don't

disturb xmission
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}

void spi_fifo_init()

{
// Initialize SPI FIFO registers
SpiaRegs.SPIFFTX.all=0xE040;
SpiaRegs.SPIFFRX.all=0x204f:
SpiaRegs.SPIFFCT.all=0x0;
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