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ABSTRACT

This thesis presents the study and design of Harmonics compensation system which
occurs in the electrical system. The Harmonics compensation system is controlled by a
computer. In analysis, the electrical signal is analyzed by using the Fast Fourier Transform
(FFT) in order to find the harmonics in system. The next step is to calculate the switching angle
of Pulse Width Modulation (PWM) that corresponds with the harmonics. The harmonics are
compensated by harmonic filters. This system consists of a computer which works as controller,
processor, analyzer and database unit together with a microcontroller at which A/D converter is
used for sampling the electrical signals via a parallel port of the computer. The harmonic filters
(IGBT Module) are controlled by PWM signal from the microcontroller .The data of
measurement such as voltages, currents, the total harmonic distortion etc., can be saved as
database in order to use in analysis. The harmonics compensation increases high efficiency of
the electrical system and decreases the damage of the system that may happen with electrical

devices.
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#include "stdafx.h"
#include "Demo.h"
#include "DemoDlg.h"
#include "Fourier.h"
#include <iostream.h>
#include <conio.h>
#include <math.h>

#include "Smapledlg.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS FILE[]= FILE_;

#endif

#define CHECKPOINTER(p) CheckPointer(p,#p)
#define BITS PER_WORD (sizeof{unsigned) * 8)

#define pwrite 0x378

#define pread 0x379

#define preadl 0x37A

long m_input,Num;

long m_num;

float Realln[1024]; /* array of input's real samples */

float Imagln[1024];

float Real[1024], wave[1024] ; /* array of input's real samples */
float Imag[1024];

UINT ADC(LPVOID pParam)
{

int buff;

int bits;

PROGRESSTHREAD *pPro = (PROGRESSTHREAD*)pParam;
HWND hWnd = pPro ->hWnd;
delete pPro;

for(int i =0;i<=1023; i++)
{
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buff=0;

m_input = 0;

bits = 0;

for(int t4 = 0; t4<=m_num; t4++)
{
_asm{nop}

}

/lclear bit
bits = 0xff;

_outp(pread,bits);

bits = 0x04;

_outp(pread],bits);

/istart ADC
bits = 0x01;

_outp(pwrite,bits);

/Iwait ADC
for(int 2 = 0; 12<16000; t2++)
{

_asm{nop}

}

//Read 4-4 low bit
buff=_inp(pread)&0xf0;

m_input|= buff;

buff =_inp(pread1)&0x0f;

m_input|= buff;

/f clear
bits = 0x04;
_outp(preadl,bits);

// trick for 2 hi bit

bits = 0x02;
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_outp(pwrite,bits);

//wait
for(int t3 = 0; t3<=16000; t3++)
{
_asm{nop}

}

//read 2 hi bit
buff =_inp(pread1)&0x03;
buff<<=8;

m_input [= buff;

/lread +- flag
buff=_inp(pread1)&0x04;
if (buff!=0)

{

m_input = -1*(m_input);

//trick for end adc
bits = 0x00;

_outp(pwrite,bits);

Real[i] = (m_input*0.0048);///—> ADC 12 bit((m_input*0.0024402)-4.9963);// 1LSB = 0.0024402
Imag[i] =0;
it
}
::PostMessage(hWnd,YWM DRAW_MESSAGE,(WPARAM)0,(LPARAM)0);
return 0 ;
}
i
// CDemoDlg dialog

CDemoDIg::CDemoDIlg(CWnd* pParent /*=NULL*/)
: CDialog(CDemoDlg::IDD, pParent)



/1{{AFX_DATA_INIT(CDemoDlg)

m_cbShowElement5 = FALSE;

m_ti=_T(");

/Y }AFX_DATA_INIT

// Note that Loadlcon does not require a subsequent Destroylcon in Win32
m_hIcon = AfxGetApp()->LoadIcon(IDR_MAINFRAME);
m_num = 13800,//44395;

Num = 1024;

m_bStartStop = FALSE;

m_num?2 = 3000;

m_Rmin =-5;

m_Rmax =5;

}
void CDemoDlg::DoDataExchange(CDataExchange* pDX)
{
DDX_Text(pDX,IDC_EDIT2,m_num);
DDV _MinMaxInt(pDX,m_num,1,500000);
DDX_Text(pDX,IDC_EDIT4,m_num2);
DDV _MinMaxInt(pDX,m_num,0,500000);
CDialog::DoDataExchange(pDX);

//{{AFX_DATA_MAP(CDemoDlg)

DDX_Control(pDX, IDC_DATA, m_cbData);

DDX_Control(pDX, IDC_SHOW_PAN, m_cbShowPan);

DDX_Control(pDX, IDC_SHOW_ZOOM, m_cbShowZoom);
DDX_Control(pDX, IDC_SHOW_CURSOR, m_cbShowCursor);
DDX_Control(pDX, IDC_CHECK_SHOW_ELEMENT4, m_cbShowElementd);
DDX_Control(pDX, IDC_CHECK_SHOW_ELEMENTS3, m_cbShowElement3);
DDX_Control(pDX, IDC_CHECK_SHOW_ELEMENT2, m_cbShowElement2);
DDX_Control(pDX, IDC_CHECK_SHOW_ELEMENTI, m_cbShowElement1);
DDX_Control(pDX, IDC_NTGRAPHCTRL1, m_Graph);

DDX_Control(pDX, IDC_NTGRAPHCTRL2, m_Graph2);

DDX_Check(pDX, IDC_CHECK_SHOW_ELEMENTS, m_cbShowElement5);
DDX_Text(pDX, IDC_STATICTIME, m_ti);

DDX_Control(pDX, IDC_NTGRAPHCTRL3, m_Graph3);

//}}AFX_DATA_MAP



}
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BEGIN_MESSAGE_MAP(CDemoDlg, CDialog)

"

H{{AFX_MSG_MAP(CDemoDlg)

ON_WM_PAINT()

ON_WM_QUERYDRAGICON()
ON_BN_CLICKED(IDC_CHECK_SHOW_ELEMENT]I, OnCheckShowElement 1)
ON_ BN CLICKED(IDC CHECK_SHOW_ELEMENT2, OnCheckShowElement2)
ON_BN_CLICKED(IDC_CHECK_SHOW_ELEMENTS3, OnCheckShowElement3)
ON BN CLICKED(IDC CHECK_SHOW_ELEMENT4, OnCheckShowElement4)
ON_BN_CLICKEI(IDC_BUTTON_PLOT, OnButtonPlot)
ON_BN_CLICKED(IDC BUTTON_CLEAR, OnButtonClear)
ON_BN_CLICKED(IDC_BUTTON_COPY, OnButtonCopy)

ON BN CLICKED(IDC_SHOW CURSOR, OnShowCursor)

ON BN CLICKED(IDC_SHOW ZOOM, OnShowZoom)

ON BN CLICKED(IDC_SHOW_PAN, OnShowPan)

ON BN _CLICKED(IDC_FFT, OnFft)

ON BN CLICKED(IDC Sampling, OnSampling)

ON_BN_CLICKED(IDC_Start, OnStart)

ON_WM_TIMER()

ON BN _CLICKED(IDC_CHECK_SHOW_ELEMENTS, OnCheckShowElements)
ON_BN_CLICKED(IDC_DATA, OnDatashow)

ON_BN_CLICKED(IDC_HW, OnHw)

ON_BN_CLICKED(IDC Draw, OnDraw)
ON_MESSAGE(YWM_DRAW_MESSAGE,OnDraw)

//}}AFX_MSG_MAP

END_MESSAGE_MAP()

BEGIN_EVENTSINK_MAP(CDemoDlg, CDialog)

//{{AFX_EVENTSINK_MAP(CDemoDIg)

ON_EVENT(CDemoDlg, IDC_ NTGRAPHCTRLI, 1 /* CursorEvent */,

OnCursorEventNtgraphetrll, VTS_R8 VTS_R8)

/I}}AFX_EVENTSINK_MAP

END _EVENTSINK_MAP()

I T T

/I CDemoDIg message handlers



BOOL CDemoDlg::OnlnitDialog()

{

1
/"

CDialog::OnlnitDialog();

// Set the icon for this dialog. The framework does this automatically
// when the application’s main window is not a dialog
Setlcon(m_hIcon, TRUE); // Set big icon

Setlcon(m_hlcon, FALSE); // Set small icon

// TODO: Add extra initialization here
GetDlgltem(IDC_Sample)->GetWindowRect(&m_RectSample);
ScreenToClient(&m_RectSample);

m_cbShowElement].SetCheck(1);
m_cbShowElement2.SetCheck(1);
m_cbShowElement3.SetCheck(1);

m_cbShowElement4.SetCheck(1);

// Customize Graph

m_Graph.SetBackColor (RGB(0,0,0));
m_Graph.SetAxisColor (RGB(0,255,0));
m_Graph.SetLabelColor (RGB(128,128,255));
m_Graph.SetGridColor(RGB(192,192,192));
m_Graph.SetShowGrid (TRUE),
m_Graph.SetCursorColor (RGB(255,0,0));

m_Graph.SetGraphTitle("Signal");
m_Graph.SetXLabel ("Time(Sec)");

m_Graph.SetYLabel("Current(A)");

/f Customize Graph

m_Graph2.SetBackColor (RGB(0,0,0));
m_Graph2.SetAxisColor (RGB(0,255,0));
m_Graph2.SetLabelColor (RGB(128,128,255));

m_Graph2.SetGridColo(RGB(192,192,192));
m_Graph2.SetShowGrid (TRUE),
m_Graph2.SetCursorColor (RGB(255,0,0));
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m_Graph2.SetGraphTitle("Harmomic Analysis");
m_Graph2.SetXLabel ("Harmonic");
m_Graph2.SetYLabel("Spectrum”);

m_Graph.SetRange(0.,Num*0.02/128,-5,5.);
m_Graph2.SetRange(0.,Num,0,10.);

m_Graph3.SetBackColor (RGB(0,0,0));
m_Graph3.SetAxisColor (RGB(0,255,0));
m_Graph3.SetLabelColor (RGB(128,128,255));

m_Graph3.SetGridColor(RGB(192,192,192));
m_Graph3.SetShowGrid (TRUE);
m_Graph3.SetCursorColor (RGB(255,0,0));

m_Graph3.SetGraphTitle("Harmonic Wave");
m_Graph3.SetXLabel ("Time(Sec)");
m_Graph3.SetYLabel("Current(A)");

// Set the number of elements to be plotted.
m_Graph.SetElementCount (4);
m_Graph2.SetElementCount (4);
m_Graph3.SetElementCount (4);

SetDlgltemText(IDC_EDIT1,"Enter Delay") ;
pThread = NULL;

_outp(pwrite,0x00);
/I Allocate space for Elements with 2000 points.
if ( 'm_Graph.CreateElement(2000) ) {
AfxMessageBox("Error allocating graph element”) ;
return FALSE;
}
if ('m_Graph2.CreateElement(2000) ) {
AfxMessageBox("Error allocating graph element”) ;
return FALSE;
}
if (!m_Graph3.CreateElement(2000) ) {



AfxMessageBox("Error allocating graph element”) ;
return FALSE;
}
SetTimer(ID_CLOCK_TIMER, 1000, NULL);

return TRUE; // return TRUE unless you set the focus to a control

// 1f you add a minimize button to your dialog, you will need the code below
/I to draw the icon. For MFC applications using the document/view model,

// this is automatically done for you by the framework.

void CDemoDIg::OnPaint()

{
if (Islconic())

{
CPaintDC dc(this); // device context for painting

SendMessage(WM_ICONERASEBKGND, (WPARAM) de.GetSafeHdc(), 0);

// Center icon in client rectangle

int cxIcon = GetSystemMetrics(SM_CXICON);
int cylcon = GetSystemMetrics(SM_CYICON);
CRect rect;

GetClientRect(&rect);

int x = (rect. Width() - exIcon + 1)/ 2;

int y = (rect.Height() - cylcon + 1) / 2;

// Draw the icon

de.Drawlcon(x, y, m_hlcon);

else

CDialog::OnPaint();

// The system calls this to obtain the cursor to display while the user drags

/! the minimized window.
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HCURSOR CDemoDlg::OnQueryDraglcon()

{
return (HCURSOR) m_hlcon;

void CDemoDlg::OnButtonPlot()
{

Vi
// Customize Graph Elements

/I Change the plot color of the Element 0

m_Graph.SetElementColor (0,RGB(255,0,0));
m_Graph.SetElementLinewidth(0,1);

m_Graph.SetElementLinetype(0,0);

// Load Data int the Graph Elements

!

for (inti=0;i<Num ; i++)/Num
{
double sigma = 150;
double pi = 3.14;
// double x0 = 1000.;
double x = i*0.02/128;// (double)i;
Realli)
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=0*sin(2*pi/128*i)+30*sin(3*2*pi/128*i)+0*sin(5*2*pi/128*i)+0*sin(7*2*pi/128*iH+0*sin(11 *2*pi/128*i)

+0*sin(9*2*pi/128*1);
Imag[i] =0;
double y = Reall[il;
m_Graph.SetXY Value(x,y,i,0);

/ Writedata(y,"data.txt","a");//data name type

VMaxmin();

//Element 1

SetDlgltemText(IDC_EDIT1,"Simulate DATA") ;

m_Graph.SetRange(0,(Num*0.02)/256,-100,100);//m_Vmin,m_Vmax);



m_Graph.Invalidate ();

}
void CDemoDIlg::OnButtonClear()
{
m_Graph.ClearGraph ();
m_Graph2.ClearGraph ();
m_Graph3.ClearGraph ();
SetDlgltemText(IDC_EDIT1,"Clear !!!") ;
SetDIgltemText(IDC_EDIT3,"Clear !!!") ;
}
void CDemoDIlg::OnCheckShowElement1()
{
ShowElement(0, m_cbShowElement1.GetCheck());
}
void CDemoDlg::0nCheckShowElement2()
{
ShowElement(1, m_cbShowElement2.GetCheck());
}
void CDemoDlg::OnCheckShowElement3()
{

ShowElement(2, m_cbShowElement3.GetCheck());
}
void CDemoDlg::OnCheckShowElement4()
{
ShowElement(3, m_cbShowElement4.GetCheck());
}
void CDemoDlg::ShowElement(const int nElement, const BOOL bShow)

{

m_Graph.ShowElement(nElement, bShow);
m_Graph2.ShowElement(nElement, bShow);
m_Graph3.ShowElement(nElement, bShow);

}

void CDemoDlg::OnButtonCopy() {m_Graph.Copy2Clipboard();}

void CDemoDIg::OnCursorEventNtgraphetrl1(double x, double y)

{
TRACE( "X%3.3f, Y%3.3f\n", x, y ); / gibt die Koordinaten korrekt aus.
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void CDemoDlg::OnShowCursor()

{

}

m_Graph.SetZoomMode(FALSE);
m_cbShowZoom.SetCheck(0);
m_Graph.SetCursorMode(m_cbShowCursor.GetCheck());

m_Graph2.SetZoomMode(FALSE);
m_cbShowZoom.SetCheck(0);
m_Graph2.SetCursorMode(m_cbShowCursor.GetCheck());

m_Graph3.SetZoomMode(FALSE);
m_cbShowZoom.SetCheck(0);
m_Graph3.SetCursorMode(m_cbShowCursor.GetCheck());

void CDemoDlg::OnShowZoom()

{

}

m_Graph.SetCursorMode(FALSE);
m_cbShowCursor.SetCheck(0);
m_Graph.SetZoomMode(m_cbShowZoom.GetCheck());

m_Graph2.SetCursorMode(FALSE);
m_cbShowCursor.SetCheck(0);
m_Graph2.SetZoomMode(m_cbShowZoom.GetCheck());

m_Graph3.SetCursorMode(FALSE);
m_cbShowCursor.SetCheck(0);

m_Graph3.SetZoomMode(m_cbShowZoom.GetCheck());

void CDemoDlg::OnShowPan()

{

m_Graph.SetZoomMode(FALSE);
m_cbShowCursor.SetCheck(0);
m_Graph.SetCursorMode(FALSE);
m_cbShowCursor.SetCheck(0);
m_Graph.SetPanMode(m_cbShowPan.GetCheck());
m_Graph2.SetZoomMode(FALSE);
m_cbShowCursor.SetCheck(0);



}

m_Graph2.SetCursorMode(FALSE);
m_cbShowCursor.SetCheck(0);
m_Graph2.SetPanMode(m_cbShowPan.GetCheck());
m_Graph3.SetZoomMode(FALSE);
m_cbShowCursor.SetCheck(0);
m_Graph3.SetCursorMode(FALSE);
m_cbShowCursor.SetCheck(0);
m_Graph3.SetPanMode(m_cbShowPan.GetCheck());

static void CheckPointer ( void *p, char *name )

{

if (p==NULL)

{

I sprintf{tempstr, "Error in fit_double(): %s == NULL\n", name);

// OKBox(tempstr, "Error!");

exit(1);

}

void WINAPI fft_float (

unsigned NumSamples,

int

float
float
float

float

InverseTransform,
*Realln,

*Imagln,
*RealOut,
*ImagOut )

unsigned NumBits; /* Number of bits needed to store indices */

unsigned i, j, k, n;

unsigned BlockSize, BlockEnd;

double angle_numerator = 2.0 * DDC_PI;

double tr, ti; /* temp real, temp imaginary */

if ( IsPowerOfTwo(NumSamples) )

{

/I sprintf (

"
I

tempstr,

"Error in fR(): NumSamples=%u is not power of two\n",
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I NumSamples );
i OKBox(tempstr, "Error!");
exit(1);
}
if ( InverseTransform )

angle_numerator = -angle_numerator;

CHECKPOINTER ( Realln );
CHECKPOINTER ( RealOut );
CHECKPOINTER ( ImagOut );

NumBits = NumberOfBitsNeeded ( NumSamples );
/.
** Do simultaneous data copy and bit-reversal ordering into outputs...
*
for ( i=0; i < NumSamples; i++)
{
j = ReverseBits ( i, NumBits );
RealOut[j] = Realln[i];
ImagOut(j] = (Imagln = NULL) ? (float)0.0 : Imaglnl[il;

*
** Do the FFT itself...
b
BlockEnd = 1;
for ( BlockSize = 2; BlockSize <= NumSamples; BlockSize <<=1)
{
double delta_angle = angle_numerator / (double)BlockSize;
double sm2 = sin ( -2 * delta_angle );
double sm1 = sin ( -delta_angle );
double cm2 = cos ( -2 * delta_angle );
double cm1 = cos ( -delta_angle );
double w=2 * cml;
double ar{3], ai[3];
//double temp;

for (i=0; i < NumSamples; i += BlockSize )



ar[2] = cm2;
ar{1] = cml;

ai[2] = sm2;
ai[1] = sml;
for ( j=i, n=0; n < BlockEnd; j++, n++)
{
ar{0] = w*ar{1] - ar2];
ar2] = ar(1];
ar{1] = ar{0};

ai[0] = w*ai[1] - ai[2];
ai[2] = ai[l];
ai[1] = ai[0];

k =j + BlockEnd;
tr = ar[0]*RealOut[k] - ai[0]*ImagOut[k];
ti = ar[0]*ImagOut[k] + ai[0]*RealOut[k];

RealOut[k] = RealOut[j] - (float)tr;
ImagOut[k] = ImagOut[j] - (float)ti;

RealOut[j] += (float)tr;
ImagOut[j] += (float)ti;

BlockEnd = BlockSize;

/*

** Need to normalize if inverse transform...
*/

if ( InverseTransform )

{

double denom = (double)NumSamples;
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for ( i=0; i < NumSamples; i++)
{
RealOut[i] /= (float)denom;
ImagOutl[i] /= (float)denom;

}
int IsPowerOfTwo ( unsigned x )
{
if(x<2)
retum FALSE;

if (x & (x-1)) // Thanks to "byang' for this cute trick!

return FALSE;

return TRUE;
}
unsigned NumberOfBitsNeeded ( unsigned PowerOfTwo )

{
unsigned i;

if ( PowerOfTwo <2)

{
//sprintf{tempstr, ">>> Error in fimisc.c: argument %d to NumberOfBitsNeeded is too

small.\n", PowerOfTwo);
/I OKBox(tempstr, "Error!");

/1 exit(1);
}

for (i=0; ; i++)
{
if ( PowerOfTwo & (1 <<1i))

return 1;
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unsigned ReverseBits (unsigned index, unsigned NumBits )
{

unsigned i, rev;

for ( i=rev=0; i < NumBits; i++)
{
rev = (rev << 1) | (index & 1);

index >>= 1;

return rev;

double WINAPI Index_to_frequency ( unsigned NumSamples, unsigned Index )

{
if ( Index >= NumSamples )
return 0.0;
else if ( Index <= NumSamples/2 )

return (double)Index / (double)NumSamples;

return -(double)(NumSamples-Index) / (double)NumSamples;
}
void CDemoDlg::OnFft()

{
// TODO: Add your control notification handler code here

// Load Data int the Graph Elements
"

”*it*‘*t*tﬁ

m_Graph2.SetElementColor (2,RGB(0,0,255));
m_Graph2.SetElementLinewidth(2,1);
m_Graph2.SetElementLinetype(2,0);
fit_float ( Num,0 , Real, Imag, RealOut, ImagQOut );
for (int f=0;f<Num;f++)
{
a[f] = sqrt((RealOut[f]*RealOut[f])}+(ImagOut[f]*ImagOut[{]));
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}
for (int y=0;y<Nun/2;y++)
{

bly]l =0;
}
for (int g=0;g<Num/2;g++)
{

blg] = algl;

for(int i=0;i<(Num/2);i++)

double y = (b[i}/512);

double x = I/(Num/128) ;
m_Graph2.SetXY Value(x,y,i,2);

//Writedata(y,"ana.txt","a");//data name type

double m_thd = 0.0;
double m_buff=0.0;

for (int 0=2*(Num/128);0<Num/2;)

{
m_thd = m_thd+(b[o]*blo]);
o+=Num/128 ;

}

CString m_Thd;

m_buff = 100*sqrt(m_thd/(b[Num/128]*b[Num/128])) ;
m_Thd.Format("THD = %.3f %%",m_buff);

SetDIgltemText(IDC_EDIT1,m_Thd) ;

m_Thd.Format(" %.3f " (b[Num/128)/512));
SetDlgltemText(IDC_N1,m_Thd) ;

m_Thd.Format(" %.3f ",b[3*(Num/128)})/512);
SetDlgltemText(IDC_N3,m_Thd) ;

m_Thd.Format(" %.3f ",b[5*(Num/128))/51 2);
SetDlgltemText(IDC_N5,m_Thd) ;
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m_Thd.Format(" %.3f ",b[7*(Num/128)}/512);
SetDlgltemText(IDC_N7,m_Thd) ;

m_Thd.Format(" %.3f ",b[11*(Num/128)]/512);
SetDlgitemText(IDC_N11,m_Thd);

m_Thd.Format(" %.3f ",b[13*(Num/128)}/512);
SetDlgltemText(IDC_N12,m_Thd) ;

//Redraw the Control]

m_Graph2.SetRange(0,(Nun/2)/(Num/128),0,m_Vmax);

m_Graph2.Invalidate ();
OnHw();

H

void CDemoDlg:: ADRW()

{
BeginWaitCursor();

//delaytime = Num
for(int t = 0; t<m_num; t++)
{
_asm{nop}
}
//Read signal
_outp(0x378,0xfTff);

int bits = 0;

long buff;

/Iset a2d
bits = 0x0b; //esl clkl dil
_outp(pwrite,bits);
bits = 0x03; //csO
_outp(pwrite,bits);
bits = 0x01; //dil start clk
_outp(pwrite,bits);

bits = 0x03;

//(Num/128)
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_outp(pwrite,bits);
bits = 0x01; //dil sgl
_outp(pwrite,bits);
bits = 0x03;
_outp(pwrite,bits);
bits = 0x00; //di0 = odd
_outp(pwrite,bits);
bits = 0x02;
_outp(pwrite,bits);
bits = 0x1; //dil msbf
_outp{pwrite,bits);
bits = 0x03;
_outp(pwrite,bits);
W T
bits = 0x01; //clkO =start clk
_outp(pwrite,bits);
m_input = 0;
for (int i=1;i<14;i++)
{
buff =_inp(pread)&0x080;
buff <<=6 ;

buff >>=i ;

m_input|= buff;
bits = 0x03;
_outp(pwrite,bits);
bits = 0x01;
_outp(pwrite,bits);
}
m_input &= OxOfff;
/" m_data[a] = m_input/50;
bits = 0x0b;
_outp(pwrite,bits);
EndWaitCursor();
}
void CDemoDlg::OnSampling()
{
UpdateData();



m_num = m_num;
DWORD ExitCode;
ifl(pThread != NULL)
{
::GetExitCodeThread(pThread->m_hThread, & ExitCode);
if(ExitCode == STILL_ACTIVE)
return;
}
/! StartAuto = true;
PROGRESSTHREAD *progThread = new PROGRESSTHREAD;
progThread ->hWnd = this ->m_hWnd;
pThread = AfxBeginThread(ADC,progThread, THREAD PRIORITY_NORMAL);
}
void CDemoDlg::VMaxmin()
{
m_Vmax = 0;
m_Vmin = 0;
m_Vmin = Real[0];
for (int i=1;i<Num;i++)
{
if (Real[i] >= m_Vmax)
{
m_Vmax = Realli];
}
if (Real[i] <= m_Vmin)
{
m_Vmin = Real[i];

}
CString m_Volt;
m_Volt.Format("Max = %.3f \r\nMin = %.3f",m_Vmax,m_Vmin);
SetDlgltemText(IDC_EDIT3,m_Volt) ;
//AfxMessageBox(m_Volt);
}
void CDemoDlg::OnStart()
{
// TODO: Add your control notification handler code here



}

m_bStartStop = TRUE;

if (m_bStartStop)

{
m_cbData.EnableWindow(FALSE),
SetTimer(Sampling TIMER,m_num2,NULL);
H
else
{
m_cbData.EnableWindow(TRUE);
KillTimer(1);
}

void CDemoDlg::OnTimer{UINT nIDEvent)

{

// TODO: Add your message handler code here and/or call default
UpdateData();

CTime curTime = CTime::GetCurrentTime();

switch (nIDEvent)

{

case Sampling TIMER:
OnSampling() ;
Sleep(1000);
OnFft();

break;

case ID_CLOCK_TIMER:

//AftnIDEvent == Sampling TIMER)

m_ti.Format("%d:%d:%d", curTime.GetHour(),
curTime.GetMinute(),

curTime.GetSecond());

break;

}
UpdateData(FALSE),
CDialog::OnTimer(n[DEvent);
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void CDemoDlg::OnCheckShowElement5()
{
// TODO: Add your control notification handler code here
UpdateData();
if (m_cbShowElement5 == FALSE)
{
m_Graph.SetYLabel("Current(A)");//.);

jelse

m_Graph.SetYLabel("Volt(V)");

}
void CDemoDlg::OnDatashow()

{
// TODO: Add your control notification handler code here
m_dlg.DoModal();

void CDemoDlg::Writedata(double m_DATA, CString nam, CString typ)
{

FILE *fp;

CString str;

// TODO: Add your control notification handler code here

if(!(fp = fopen(nam,typ)))

{
str.Format("Cannot open data.txt file!");
::SetWindowText(::GetDlgltem(m_hWnd,IDC_EDIT]1 ),str);
return;

}

else{
/I UpdateData();
CString m_nu;

m_nu.Format("%.2f",m_DATA);
fputs(m_nu, fp);
str.Format(",");
fputs(str, fp);

fclose(fp);
}
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}
void CDemoDlg::OnHw()
{
// TODO: Add your control notification handler code here

m_Graph3.SetElementColor (3,RGB(100,200,0));
m_Graph3.SetElementLinewidth(3,1);
m_Graph3.SetElementLinetype(3,0);

for(int f= 1; f<(Num-1);f++)
{ double x = £*0.02/128;
double pi = 3.14;
wavelf] =
(b[3*(Num/128))/512)*sin(3*2*pi/128*f+
(b[5*(Num/128)]/512)*sin(5*2*pi/128*f)}+
(b[7*(Num/128))/512)*sin(7*2*pi/128*f)+
(b[9*(Num/128))/512)*sin(9*2*pi/128*f)+
(b[11*(Num/128))/512)*sin(11*2*pi/128*f)+
(b[13*(Num/128)}/512)*sin(13*2*pi/128*fH
(b[2*(Num/128)}/512)*sin(2*2*pi/128*f)+
(b[15*(Num/128)]/512)*sin(15*2*pi/128*f);
double y = wavel[f];
m_Graph3.SetXY Value(x,y,f,3);

1
m_Graph3.SetRange(0,(Num*0.02)/256,-m_Vmax,m_Vmax);
m_Graph3.Invalidate ();

}
void CDemoDlg::OnDraw()
{
// TODO: Add your control notification handler code here
m_Graph.SetElementColor (0,RGB(0,0,255));
m_Graph.SetElementLinewidth(0,1);

m_Graph.SetElementLinetype(0,0);

m_Graph.SetElementColor (1,RGB(255,255,0));

m_Graph.SetElementLinewidth(1,1);
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m_Graph.SetElementLinetype(1,2);
m_Graph.SetRange(0,(Num*0.02)/128,m_Rmin,m_Rmax);

for (int w=0;w<(Num-1);w++)

{
double y = Real[w];
double x = w*0.02/128 ;
m_Graph.SetXY Value(x,y,w,0);

} // Redraw the Control
/I SetDlgltemText(IDC_EDIT1,"Real DATA") ;
VMaxmin();
CString m_nu;
m_nu.Format(" Delay = %d ",m_num);

SetDlgltemText(IDC_EDIT6,m_nu) ;

m_Graph.Invalidate ();
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Harmonics reduction system using active filter
based on computer unit

V.Tipsuwanpom, Member, IEEE, W.Thueksathit, and W.Sawaengsinkasikit

Abstraci~This paper preseats the harmonics analysis and
compensation which occured in the clectrical system. We wee the
electrical signal analysis based oa FFT techuique in order to
calenlste harmonics that occurred in the electrical system. The
harmoaics sre compensated by using sctive harmonic fiters. This
system comsists of s computer which works as coatroller,

processer, analysis, mouitor and dstabase wait together with a
microcontrolier which has A/D converter is used for sampling the
electrical signals via a parallel port of the computer, The active
harmouie filters (IGBT Module) are coatrolied by PWM (Pulse
Width Modulation) signal from the microcontrofler. The FWM

data (Switching angle) is pregrammed by computer. The data
such as voltages, curreats, the total harmonic distortion efc., can
be saved as database for analysia The harmeosics compeasation
imcrease high efficieacy of the electrical system and decrease the
damage and incorrect operation that may happea with electrical
devices.

Keywords-Harmonks compensation, palsewidth moduistion
(PWM), single-phase fullbridge inverter

1. INTRODUCTION

N the present, the electrical works or users have realized to
the importance of the electrical quality since in electrical
systems especially the process of production of industries,
which use high technology devices. The characteristic of these
devices is sensitive to the changes of current and voltage. If
the size and shape of signals are distorted, it may damage the
devices and make the functional failure. This problem needs to
be protected and solved. The main reason of signal distortion
is the harmonics of clectrical systems. Most of that are non-
linear device which oscillate harmonics such as converter,
non-linear devices, harmonic current is applied to the
electrical system itself but if non-linear devices have wide
sysiem.

In this paper ,we present the development of harmonics
reduction system by using active filter based on computer
unit, which within the medium and small building. This
system arc used  computer which work with 2
microcontrollers.The  information received from  first
microcontroller can be show in data monitoring record to

V. Tipsawanporn and W. Thocksathit are with Department of Industrial
Instrumentation Faculty of Engineering, King Monglnt's Institute of

W. Sawacngzinkasikit is with Department of Electrical Engineering,
Faculty of Engineering, Kasem Bundit University, Bangkok, Thailsnd

0-7803-9114-4/05/$20. 00 ©2005 IEFE. 1

database system .Harmonic reduction system base on the FFT

technique in order to evaluate the occuring barmonics in the

system and control active harmonic filter to compensate the

harmonics by PWM signal from second micricintroller. PWM

data can program by computer and it can be select harmonics

to compensation.
ac source

&
[]

PC

noniineey load

Mico

a )
Mw
i~

Fig. 1. Hardware comfiguration system.

IL. HARDWARE CONFIGURATION

All system consist of data acquisition part and control part
show in Fig. 1 .The data acquisition consist of the first
microcontroller which have A/D ,that install in building for
sampling of electric signal ,then link to the computer with
parallel port. The control system consist of computer,work as
WMMhhmmofdanH-mmn

and PWM program.Second
microcontroller will generate PWM signal to control
harmonics filter by using data from computer. Hamonics filter
is active filter type (IGBT moduk). In this paper use
microchip microcontroller (PIC18F458).

1. SOFTWARE CONFIGURATION

The software is developed by Visual C+ Ver.6 program
and can be used on the windows 982000 operation system.
The function of software is electric signal monitor,Spectrum
graph from harmonic analysis, communication software,
ngmPWMmdl-hmmwﬁlu-omml.Anﬁmﬂmu
inside the computer.Program in microcontroller consist of
Thmwmmmmm

"Fig. 2shows control System fowchart of harmonics
reduction system .The first,we sampling data from signal of



system and then monitoring signal on computer.We analyze
the harmonics.The next,we calculate PWM data from program
PWM_Finally,we sent PWM signal to control filter.

Control filter

Fig. 2 The control system flowchart
B. Electric signal and harmonic analysis monitoring

Monitoring software can be shown electric signal and
harmonic analysis in the graph format .Another values such as
total harmonic distortion(THD) to show in monitor also.Show
in Figs. 34.

30 i PN e D B UL D4 T

Fig 3. Electric signal monitor.
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C. Communication software

The communication software in this paper is interfacing
between and Microcontrollers by via parallel port .
Using address 0379H and 037AH for receive data of clectric
signal from first microcontroller and address 0378H is used
for controll first microcontroller and sent data to second
microcontroller for generate PWM signal show in table |.

TABLE|
PARALLEL PORT COMMUNICATION ADRESS
Address | B0 | Bint | Bi2 | Bios | Bt | Bies | s [ Bi?
078H | Bitd-3 use for control rB"”“"f"“’““‘""
iher
Bit 4-7 use for receive data
o * | from microcostrotier
BitD-3 use for receive data
VAR | o -
D. Harmonics analysis

Harmonic analysis program in this paper use FFT method.
This method can sharply convert the measured signals from
A/D converter in microcontroller on the time domain to the
frequency domain. Diagram is show in Fig. 5. The signals are
represented with spectrum lines and these lines indicate the
occurring harmonics in the measured system. .

We can calculate total harmonic distortion (THD) from (1)
and (2).

THD, ()

THD,

@

where
THDis Total Harmonic Distortion.
I, is n® harmonic cument.
V, is n* harmonic vohtage.

This program analyzes the harmonics and sent data of
harmonics to program PWM in order to calculate PWM data
(switching angle).The computer will sent the properly PWM
data to microcontroller in order to generate PWM signal for
active filter lo compensating harmonics in electrical system.
Function of harmonic analysis,program PWM and control
filter can be direct and automatic control.
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Fig. 5. Harmonic analysis diagram.

E. Program PWM

A PWM waveform consist of a series of positive and
negative pulses of constances amplitude but with variable
switching instance as depiced in Fig. 6.(as in a power
electronic PWM full bridge inverter)

Fig. 6. PWM waveform.

A method to generate PWM in this paper call programmed
or optimal PWM. Owing to the symmetries in the PWM
waveform of Fig. 6,only odd harmonics exist. As summing
that the PWM waveform is choppes n time per half a cycle,the
Fourier coefficient of odd harmonics are given by

=%§[mskq —coska, +...+(-1)" coska,] 0)

Where k=135,...

E is amplitude of square wave .

@ is switching angle .

Amplitude of any n harmonics can be set by solving a
system of n nonlincar equation obtained from setting (3) equal
to prespecified values. In the harmonics eliminate program
PWM methode,the fundamental component is set to a required
amplitude and n-1 low-order harmonics are set to zero but in
this paper n-1 low-order harmonics are set to required
amplitude.In this method can select harmonic to
compensation.From (3) the nonlinear equation system of
PWM waveform can be written ad follows:
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CoN;) - CON) .. 0088 = o

c0536;) ~0053%) ... eosoa.)-—h o

cosin) ~oosnc;) +...coslna,) =
where h is amplitude of harmonics.

In this paper,The prognm PWM in computer using
algokrithm ODDSOL in [3] ,ussully usc in the nonlincar
system equation solving to modifies PWM signal of sine-
fundamental for PWM signal of sinc-fundamental and
harmonics .The final results of n nonlinear equation system are
switching angle ,and take this data to generate PWM signal by
microcontroller. In Fig. 7,show the example of generated
PWM signal .

| BB
Wl
| ‘
[ 'I
I " I

t] » L L] L] b B -~ E E I ]

f r =r
]
|1t l

-
!
I
bl
|

Fig 7. Example of PWM signal(s) PWM signal & 0 = 3 from
microcontroller. (b) PWM signal of sine 50 Hz ampitude at 0.5 per unit
(c) PWM signal of sine 50 Hz amplitode at 0.5 per wit and 9*harmonic
amplitude 81 0.4 per unit .

The harmonics signal generating is to put the PWM signal
of sine-fundamental at S| and PWM signal of sine-
fundamental and harmonics at S3 follow as the Fig. 8. The
amplitude of sine-fundamental in PWM signal at SI must
equal the ampplitude of sinc-fundamental in PWM signal at
$3 and the amplitude of harmonics in PWM signal at 83 is set
1o required.The signal at S2 is 180 degree out of phase with
the signal at S1 and the signal at 54 is 180 degree out of phase
with the signal at S3 also. The waveform output of full bridge
inverter is the PWM signal of desired harmonics as shown in
Fig. %(c)-
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In Figs. 11(a)and(b),show the current before and after the
signal are compensated the harmonics,respectively.in Figs.
ll(cﬂwuﬁwymdwmd

decrease from 10 % to 1.167 %.

o

Tiemin (a)
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A Fig, 10, Voltagesigaal {a) Before the signal will be compensatod.(b) Afex
i A the signal was compensated. (c) Frequency spectrum of signal before it will be
compensated.(d) Frequency spectrum of sigal after it was compensated.

Fig. 9. Waveform of full bridge inveter . (a) PWM signal of sine-fundamental
at Sl . (b) PWM signal of sinc-fundemental snd Harmonic at $3. (c) Line-to-
fine voltage.(d) Frequency spectrum of (c).

IV.EXPERIMENT AND RESULT

In this paper, we use Orcad Pspice program to simulation
signal.We define the system which has voltage 50 Voits and
frequency 50 Hz and also has the 3* and the 5* harmonics
that have the voltage 15 and 5 Volts respectively. After that we
program PWM data of the harmonics and generate PWM
signal which is 180 degree out of phase to compensate signal
in system.

In Figs. 10(a)and(b),show the voltage signal before and
after the signal are compensated the harmonics,respectively.In
Figs. 10{c)and(d),show the frequency spectrum of signal
before and after the signal are compensated the
lmmmm\'ety According to the above figuresafter

compmmad the harmonicsthe THIXTotal
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Fig. 1. Current signal (x) Before the signal will be compensated (b) Afer the
signal was compensated. (c) Frequency spectrum of signal before it will be



V. CONCLUSIONS

In this paper we present the harmonic reduction system
using active filter to reduction total harmonic distortion value
by the computer which work with microcontroller and active
harmonic filter(IGBT module). The harmonic reduction system
program PWM and control active harmonic filter by analyze
siganl in system .The computer shows electric signal ,hamonic
analysis, function direct and automatic filter control. The results
present ability of the harmonics reduction that increase the
efficiency of electric system and can improve in the real
system(in the future).

VI.REFFERENCES

1]  Tain-Syh Luor® hﬂmﬁummh
spplications of passive and active h ic fikers™ } 3
and Quality of Power. 2000. Proceedings. Ninth | jonal
Conference on , Volume: | , 1-4 Oct. 2000 Page(s): 128 -133 vol.1

121 lepu.PDzhpl.nﬂ.lFLuduy Pmp-mni

Trans. M.Jml.ka. vulnw.m—)I&M- 1990.

{3] Dariusz Czarkowski, Member; David V. Chudnovsky; Gregory V.
Chudnovsky; and Ivan W. Sclesnick “Solving the Optimal PWM
Problem for Single-Phase Inverters™ [EEE TRANSACTIONS ON
CIRCUITS AND SYSTEMS—I: FUNDAMENTAL THEORY
AND APPLICATIONS, VOL. 49, NO. 4, APRIL 2002.

[4] Chen. Z: Blasbjerg. F.. Podersen, J K “A study of parallcl
operations of active and passive filers™Power Electromics
Specialists Conference. 2002. pesc 02. 2002 [EEE 33rd Anoual .
Volume: 2, 23-27 June 2002 Page(s): 1021 -1026 vol.2

(5 Wilson E. Kazibwe Musoke H. Sendaula. Electric Power QOuality
Comtrol Technigwes. New York:Van Nosteand Reinhold, 1993.

[6]  E.O.Brigham, “The Fast Fouricr transform™,Preatice- Hall. 1974.
171  L.H. Thomas, “Using A Comp to Solve Problems in Physics,
Application of digital Computer .” Boston. Mass. :Ginn, | 963.

[8] Acha. Enriquc “Power system harmonics: Computer modelling
and analysis™ Chichester : Jobn Wicley & Soms, <2001 .

IEEE

Vittaya Tipsawaapera He received the B. Ind. and
M. Eng. Degree in clectrical engincering from the
King Mongkut's Institute of Technology Ladkrabang
(KMITL), Thailand, in 1985 and 1989, respectively.
Sinco 1986, he has been instructor at the Department
JMMTMM'KMTL

He was A and A Profe
hlm-dlmm His research
and control system,

non-lincar dy and remote control.

ics in .

Weeraschal Theeksathit He received the B. sci
Dwuh#umumumms
Instituse T Ladicrsbang( KMITL ),
mmu.msmmnu:umw-
the Department of Industrial Instrument Technology
of KMITL.His rescarch imtcrests included power
\ ics and computer progs .

106

was born in Bangkok,
Thailand, on Apr 23,1972 He receive the

from South-East Asia University,
Bangkok, Thailend, in 1995.1n 2002 he receive the
m*h Kh.unun:h-h-at
Technology Ladkrsbang. Thailand. Since 1996, be has
besn instrucior st the Deparunent of Electrical
Engineering, Faculty of Engincering, Kasemn Bundit

X Thailand. He was Assistance

Profe: in 2004. His h of i included




107
Final Program & Digest Book

r o International Conference on
L

s Control, Nutomation and Systems

October, 22 — 25, 2003
Gyeongju TEMF Hotel, Gyeongju, Korea

|

1CANE




Tantaworrasilp Apicit, Benjanarasuth Taworn, Ngamwiwit Jonghkol and Komine Neorlyuki

Shape Design of Frame Structures for Vibration Suppression and Weight Reduction

Hase Miyshito and Ikeds Masao

Least Squares Based PID Control of an Electromagnetic Suspension System

Park Yonmook, Nam Myeong-Ryong, Seo In-Ho, Lee Sang-Hyun, Lim Jong-Toc and Tahk Min-Jea
Design and Development of an optimal Intelligent Fuzzy logic Controller for a laser tracking system
Lu Jia and Cannsdy James

An Improved Method to Construct T-S Fuzzy Model

Min HyungGi

Simulation of the Air Conditioning System Using Fuzzy Logic Control
Monghkolwongrojn Mongkol and Sarawit Wasin

FEO2 : Power Electronics Il

Programmable Ministep Drive

Thedmolee Sunhapiich, Pongswatd Sawai, Ukakimapurn Prapart and Kummeol Sart
Immune Algorithms Based 2-DOF Controller Design And Tuning For Power Stabilizer
Kim Dong Hwa

Harmonics Reduction in Load Control and Management System

sww Weerachai, Hemawanis Putsipong, Tipsswanpors Vittsys, Srisswan Komkrit snd Knipasich
The Effects of Y¥i-rays on Power Devices

Lho Young Hwan, Kim Ki Yup, Cho Kyoung Yun and Devarajan G.

Analysis and Design of Sliding Mode Control for a Single-Phase AC-DC Converter
Tipsuwanporn Vittays, Tarasantisuk Chanlit and Sawaengsinkasikit Winys

A Study on the SEU in the SRAM to proton Irradiation

Lhe Young Hwan, Lee Seok Won, Park Bo Kyun and Kim Bong Sun

FEO3 : Process Design and Optimization

Modelling of Time Delay Systems using Exponential Analysis Method

wal Zenta, Mizumoto Ikuro, Kumon Makoto and Torigoe Ippei
mmmumrumwwmmmmwmm.rmmum
Nakamurs Masatoshi, Zhang Yong, Bai On and Ikegami Yasuyuki

Optimal Energy Costs based on Improving Retort Process In Food Canning Manufacturing
wa Chaikla Amphawan, Masuchun Ruedee, Trisuwannawat Thanit and Julsereewong

Development of an irradiation strategy within a closed loop control system for the laser adjustment of
deformation

Hutserer Angeliks, Hagenah Hinnerk and Geiger Manfred
Optimal Design and Control of Heat Integrated Distiliation Column.

Lee moonyong and Lee Kihong

FEO04 : Navigation Algorithms i

Orbit Determination System for the KOMPSAT-2 Using GPS Measurements Data
Lee Byoung-Sun, Kim Jae-Hoon and Yoon Jae-Cheol

108

i F E B §

§ 3

g §

¢

2319



109

ICCAS2003 mmwmnmmm

Harmonics Reduction in Load control and Management system

W .Thueksathit, V.Ti P.Hemawanit, S. Gulpanich, and K. Srisuwan
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand 10520.
E-mail : ktvittay@imitl.ac.th

mmmwmwmmmmmewmmﬁmmm
mhummwﬁdmhnmdh.m.m“mmhwmemth
mmwwmmm.mmwmmnx:n
muMmM.Tththwmﬂh‘hwwmwﬂHmdm.mmk
ﬁlm“muuw.mm.mmamm»wmm.mm.mm
dmﬁmw.mmumdumwmmumkquwmmm
Mmmwmmmmmdmmmwwmmm
compensation in order to increase high efficiency of electrical system.

Keywords : Harmonic analysis , Harmonic reduction system FFT .

1. INTRODUCTION Hamonics filter is passive filter typeThe induction of s*

and 7 are 1mH and 13smH,which a tuned at 20 30 ,

factory level are more interesting However,the most sysiems
do not consider to harmonics, that occur from non linear load
These harmonics result in the efficiency of the electrical
system is decreased Thus, the harmonics reduction have an
effect on the system that hes more efficiency and do not
damage to the other electrical devices.

In this paper ,we present the development of harmonics
reduction in losd control and mansgement system, which
within the medium and small building, by increasing harmonic
reduction system associate with the load control and
management system that these whole systems are used with
the computer which work as 12 bit AD , digital powermeter ,
pic and harmonics filter . The information received from
digital powermeter and 12 bit AD can be show in data
monitoring record to database system and forecast load
demand and harmonics analysis Demand forecast and load
shedding are used in load control system. Harmonic reduction

system base on the FFT technique in order 10 evaluate the @
occuring harmonics in the system and control filer to
eliminate the harmonics .
2. HARDWARE CONFIGURATION 1 Hamonic
AD [ noninea load

All system consist of data acquisition system and control Panllel port
system ,show in Fig.| . The data acquisition consist of the
wmmwmuwmwhm
for measurment of electric signal ,then link to the computer
,with RS-485 and perallel port,respectively The control system
consist of computer,work as supervisory systemThat is for

Fig. 2 Harmonic reduction system.
3. SOFTWARE CONFIGURATION
The software is developed by Visual C++ Ver.6 program

monitoring of signal ,harmonic filter control ,communication
Joad control,demand forecast,database and Harmonic analysis
.The load is controlled by PLC.

and can be used on the windows 98 operation system .The
function of software is electric signal monitor,Spectrum graph
from harmonic analysis, 12Bit A/D communication software
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and Harmonic filter control. All function is inside the
computer.

3.1 The control system flowchart

Measurement

Dy, cycing and
Automac control

Monitoring.
Communicate
and Database

Harmonic Analysis

Control Fitter

Fig. 3 The control system flowchart.

3.2 Electric signal and harmonic analysis monitoring

Monitoring software can be shown electric signal and
harmonic analysis in the graph format another values such as
total harmonic distortion(THD) to show in monitor.Show in
Figs2~3.

Fig. 4 show electric signal monitor.

St P

Fig. 5 Show Harmonic analysis monitor.

e

3.3 Communication software

The communication software in this paper is inerfacing
between computer, A/D and harmonic filter by via parallel
port .Using address 0379H and 037AH for receive data of
electric signal from 12Bit A/D and address 0378H is used for
sent data to 12Bit A/D and harmonic filter .show in table .

Table | Parallel port communication address

Address | Biwo | i | Bie2 | B3 Bt | Bits | Bins | Bi?
03784 | BhO-3 use forconrol A | BH47 ?gm

0379H | - - . - Bi“-"m-wm
o37an | B0 "ﬂﬁ';_“;;dwdm I e

4. HARMONIC ANALYSIS

Hnmmknmlyshminﬂﬁsupﬂuemmm
This method can sharply convert the measured signals from
A/D converter on the time domain to the frequency domain.
Diagnmisshowlnfigj.mﬁpubmnwumudwim

lines and these lines indicate the occurring
harmonics in the measured system .

We can calculate total harmonic distortion (THD) from

Eq(1) and Eq(2).

2L

THD, = |~ m
"I.ull
2V s
THD, = {|*2— 2
D, Vi @
where

THD is Total Harmonic Distortion.
1, is n*® harmonic current.
V, is n® harmonic voltage.
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This program analyzes the harmonics every 50 ms and
every time the Joad control system operate with the non-linear
loads. The computer will select filter for reduction harmonics
after it analyzes the harmonics. Function of harmonic analysis
and control filter can be direct and automatic control.

Elctrc Sigpal Spectrim graph

Time Doxein Froqueacy Domei

Fig.6 Harmonic analysis diagram.

8. EXPERIMENT AND RESULT
mmmmummmmm

linear load and the signal of current is shown In Fig. 7(a). It
can be seen that the signal is non-sinusoidal.The oea.l-ing
Mhmdm:mﬂneﬂ‘ 7,1, 13%f

operate is 23.40% . The results, after filter operate in system ,
are shown In the Figs. 7(c) and 7(d). Then ,the total harmonic
distortion (THD) of the current is 4.16%.
lnFlp.S(l)»S(b)nhnmedmumofvolnp
from system before filter operate. The total harmonic distortion
(THD) of voltage is 5.49% . In Figs.8(c)~8(d) show signal and
spectrum of voltage from system after filter operate.The total
harmonic distortion (THD) of voltage is 1.04%.

Fig. 9 show demand graph of load control system while
harmonic reduction system is operate.It can be seen that the
load control usually work by can control the demand in the
limitation of set point.

(a)

o R e

b o~

s

@
Fig. 7 show waveforms and spectrum of current.
(a) signal of current before filter operate.
(b) cusrent harmonics before filter operate.
(c) signal of current afier filter operate
(d) current harmonic after filter operate.

iy

(2)
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(b)

(c)

OIS Ay

L e -

.

(d)
Fig.8 show wave form and spectrum of voltage.
(a) signal of voltage before filter operate.
(b) voltage harmonics before filter operate.
(c) signal of volitage after filter operate .
(d) voltage harmonic after filter operate.
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