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23 nyufilaienay (Phase Locked Loop: PLL)
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£ r |
X, = Xcos{wl - Z) = Xsin{i) (2.25)

2.5.1 mauwdsstin (Park Transformation)
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Abstract

This article presents a .mn_uic phuse wrid connected imverter
which is uses current control lechnique n the dg svnchronous reference
frame. The control technigue can be rediced a steady stawe error of
current o zero. The load current feed-tforward compensation pan
eliminated the DX bus oscilladon. The synehronization of single phase
verter using 90 shified of original signal for wransfonmation with
o f sigmals. The experimental can he done with dscsorson digital
signal conwroller and 1 kW inductor filter inverer with switching
frequency /& AHz. The results show that the line current has 1.8 %
THDI and 94 % efficiency. The urid connecting and siep load was
testing to show transient response,
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Abstract

This paper preseored  full bridue  single-phase mverter  for
connected ta the electrical distributed system with Proportional plis Resonant
Controlter, The sine current reference signal is generate from multiply sigoal
of curremt reference and unit sine of phase-locked loop. An experiniental
svstein consisis of single-phase iverer. control upit, low-pass tilter and
isolated mmnsionuer. The TMSI20F280% comroller unit generates pulse
width modulation {(PWM) for unipolar switching scheme. The current and
voltage signal from sensers are comverted to digital signal and contral. The
simudition and expediment progrnn are made by Matlab Simudink and Real-
time Finbedded Coder. The results shown that the output velage of inverter is

36 volts: The transformer step ap voliage W 220 volis, 30 Hz at 1350 Wans,
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Tlsunsu
O — — R . 7
/f Program 1 LCD display
/f Desceription : Exampic for LCD display mode 4 bit
/f Frequency :7.3738 MHz at PLL 4x
¢/ Filename dlede
# C compiler 1 C30 Compiler by Microchip Technology
e N it

#nclude<p30f401 1.h>  // Header file for dsPIC30F2016

#include"math k"

ff-— - e R

FOSC(CSW FSCM OFF & XT PLL16);
FWDT(WDT OFF);
_FBORPOR(PWRT OFF & MCLR_EN);

FGS(CODE PROT OFF);

#define PLI 16 HPOOM
fidefine FOSC 6000000

#define FCY  I"OSC*PL1/4

#define twopi  6.2831835307

#define preiod 600

T - ) [ T

fdefine Vref 5.0
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#idefine flimit_higher 0.0000454//f W 3@V A Erral 131N AAN Y Vmag fmunz runeu
1ﬁmmiﬁmam Vde0.00006692

#define ﬂimit:_lower ,().0000454,»,'5-15'] QWMB&ﬁW En‘ﬂ"ll.l]ﬂ’f!ﬂﬁh 111 Vmag

int Kp PLI=143;

intKi PLL-3: # Vref 5-1023 1#8 muan1 15 36ui138va n1aiafis 5.02V ; Vofset
RATER ﬂ?awﬁamauﬁm@ 184 (Peak to peak)uoadnay i la

int Err PLL; 4ATErr PLL hiiAu 4 63 4 ke 1ogauminu
0.069309626114-0.069809626 3600471-6.282866 339.98047

float cos_theta,sin theta:

float Vsin.Vcos;

float Pro_Vac PLL.Int Vac PLL.:

float w;

float theta=0;

int Veon.Veonl,;

int Result=0:

int Vdc;

int Isin,Icos;

int Id;

int Valpha, Vbetha;

float dSum,dExcess.dOut:

extern unsigned int ADResult ANO ADRcesultAN1 ADResultAN2, ADResultAN3, ADRcsultAN4:
float dErr,U2:

float Vsd:

void Park TRANSFORM(void);

void Phase lock loop{veid);

void Pl(void);

void InversePark (void);

voud Setup(void);

interrupt  ))  PWMInterrupt(void);

void _ attribute  ((
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int main{void})
{
ADC Init();
Sctup(); / Imtialize PWM

while(1);

void Phase lock loop(void)

1
1

Veos = ((ADResultANG/ 1023 Vref)-2.05;
Vsin = ((ADResultAN /1023 )% Vref)-2.03;
Isin = ADResultAN2-426:
[cos = ADResultAN3-426;

Err_PLL = 0.-((-Vcos*sin thetal-(Vsin*cos_theta));

Int Vac PLL = Int_Vac PLI.+(Ki PLL*Err Pl *preiod);
Pro Vac PLL = Kp PLIL*LCrr PLL;
w=Int Vac PLI. - Pro Vac PLL ;
w = ((w<=twopi*flimit_higher} 7 w:(twopi*flimit highcr));i/ﬁ'muﬂﬂ’.ﬂué
w = {(w==twop*flimit lower) 7 w: (lwopi*ﬂimil_]ower)):f/ﬁ'lﬂuﬂﬂ'ﬂua
theta = theta 4 (w¥preiod);
if (theta<=0.)
{theta += twopi;!}
ifitheta >= twopi)
ttheta -= twopi;}
cos_theta = cosfltheta);
sin_theta = sinfltheta);

Id = fabs({Icos*cos_theta)+(Isin*sin thetal);
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void PI(void})

Vde =(10-ADRecsultAN4);

tl Vde = 10)
Vde = 1053

ifl Vde <= -10)
1WVde —10;¢
U2-Vde*30

dErr = fabs(dSum )+({U2+1d)/3); #

it (dErr > 20}
dQut - 20;
¢

clse if (dErr <= -20){

dOut — -20;
i

clsed

dOut — dErr;

4
i

dExcess = diarr - dOut:

dSum = (dSum + {((-U2-Id )/ 100}-(dExcess/ 1000)/1.01;

void InversePark (void)

]
1

Valpha =(3051dSum)*sin_theta;
Vbetha — -Valpha;

Veon - Valpha*64;  /#uilaaniatn 10bit il 16bit



Yeonl = Vbetha*64:

casm ("mov.w #655,w4");
Casm_ ("mov.w Veon,wi");
asm_ {("mpy  wd*wSA"); HQLS*Q0
asm__ {("mov.w ACCAH, wi"); 700

asm  ("add.ww4 wl.w0");

asm ("mov w{O.PDC1");

_asm_ {"mov.aw HO35,wd"); F20KIz T2 736
_asm_ {"mov.w _Vconl,wi");
Casm ("mpy  wdFw3 A" HQ15*0Q0

asm__ ("mov.w ACCAH.w1"); /00

Casm (Maddowwd wl,w0")

_asm_ ("mov w0, PDC2");

t
{

void  attribute  {{ interrupt_ )} PWMInterrupt{void)
{

Phasc_lock loop();

PI();

InversePark();

IECObits. ADIE = 1

#include "p30fxxxx.h"
ffinclude"math.h"

#include<adcl0.h>

#define FOSC 6000000



106

#define PIL 16

Hdefine I'cy FOSC*PIT /4
unsigned int ADResultANO - 0;
unsigned int ADResultAN]1 - 0
unsigned int ADResultANZ  O:
unsigned int ADResultAN3 = (;

unsigned it ADResultANd - (1

void __attnbute  ((  interrupt )} ADClnterrupt{void);
void ADC Init(void)

]
T

ADCON Ibits. FORM = 0;
ADCONIbits.SSRC - 7;
ADCONIbits. ASAM - 1.
ADCONIbits. SIMSAM = (1
ADCON2-0x04 14;
ADCON3=0x |F87:
ADCHS - 0x0025;

ADCSSL = 0x00FF;

ADPCFG = OxFFO0:

[FS0bus. ADIF - 0:

ADCON]bits-.ADON = 1

i

void _ attribute  {( interrupt_ )} ADClnterrupt{void)

H
t

ADResultANO = ADCBUFO;
ADResultANT = ADCBUFI;
ADResultAN2 — ADCBUF2;
ADResultAN3 - ADCBUF3;

ADResultAN4 - ADCBUF4;
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IFSObits. ADIF — 0,

#include "p30Fxxxx.h"

#include "math.h"”

#define PLL 16 #XC PLL
fidefine FOSC 6000000

#dcfine FCY  FOSC*PL1/M4

#dctine FPWM 20000 420 kHz

Jm==r e s e e e ——wm e fost PWMoe——— s Lmmmoso—— oo
void Setup(void)

!

PTPER = (FCY/FPWM)/1.8:

OVDCON = 0x0000; ¢/ Diisable all PWM outputs.
DTCONT = 0x000T:;

PWMCON! - 0x0077: + l:nable PWM output pins and enable complementary mode
PTMi{ = 0x0000;

PDC1  =PTPER:

PDC2 =PTPER:

IFS2bits. PWMIF - 0:

IEC2bits PWMIT: = 1; /t Enable PWM Interrupts
QOVDCON = 0x3F00;

PTCONDits.PTMOD = 2:

PTCONDits PTCKPS - 0;

PTCONDits. PTEN - 1: /7 Start PWM
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7.4 GngnsauTaniios
-Control systems Laboratory with Real time control

-Power Electronics and Drives Laboratory with Matlab/Simulink
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Department of Energy Technology, Aalborg University, Watoauatn Ussmeaauanin Tu

. o &
wangasassia i
1. Power Electronics for Renewable Energy Systems - in theory and practice 5217314
Tufl 3-5 WAL W.F. 2554
2.Micro grids in -theory and practice szwingiun 17-19 WHBNIAN W.E 2554
3.Photovoltaic Power Systems - in theory and practice FEWINTUN 23-26 W BNI8 N

W.f.2554
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