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Analysis of a Compact Fluoresceny Lamp
Mefragh Company, Winter 2009, Tehran, Iran

o\

o\

R R R I I R I I e I i e e e e I b b e b S I I e e b I b b e b b I I I I b I e S S R e e I e e b e e b b b b I b g

close all;
clc; clear all

SPICE 3 okl cuwd & oledbl opusles
freqg = 50;
cfllampt = load('cfllamp-time.txt'");
cfllampv load('cfllamp-v.txt");
cfllampi = load('cfllamp—-i.txt");

SPICE Ll g 5),S5 cleMbl Gis

cfllampshv = [];
cfllampshi = [];
cfllamptdiff = diff(cfllampt);
cfllampsht = [cfllampt(l); cfllampt (find(cfllamptdiff ~= 0) + 1)1;
for count = 1 : length(cfllampsht)
I = find(cfllampt == cfllampsht (count));
cfllampshv = [cfllampshv; mean(cfllampv(I))];
cfllampshi = [cfllampshi; mean(cfllampi (I))];
end

MATLAB 5 bl alol Job oy

nnn = 1 : length(cfllampshv)-1;
period = mean(diff (find(cfllampshv (nnn)<0 & cfllampshv (nnn+l)>0)));
timestep = 1 / (freg * period);

Oy 9 5y zee JSD paw
figure; S%subplot(2,1,1)
plot (cfllampsht,cfllampshv); axis([0.1 0.3 1.2*min(cfllampshv)
1.2*max (cfllampshv)])

cfllampvfft fft (cfllampshv) ;
cfllampifft = fft (cfllampshi);

Ol goe S5 2 39290 o Sige)ln S5

harmn = 7;
harmonics = zeros (harmn, length (cfllampifft));
harmonicst = zeros (harmn, length(cfllampifft));
harmonicstabs = zeros (harmn, length(cfllampifft));
mainhrmc = zeros(l,length(cfllampifft));
for n = 1 : harmn
harmonics(n,10*(2*n - 1) + 1) = cfllampifft (10*(2*n - 1) + 1);
% harmonics (n,10* (2*n - 1)+1 + 1) = cfllampifft (10*(2*n - 1)+1 + 1);

harmonics (n,10* (2*n - 1)-1 + 1) = cfllampifft (10*(2*n - 1)-1 + 1);
harmonics (n, length(cfllampifft)+1l - 10*(2*n - 1)) =

cfllampifft (length(cfllampifft)+1l - 10*(2*n - 1));

% harmonics (n, length(cfllampifft)+1l - 10*(2*n - 1)-1) =

cfllampifft (length(cfllampifft)+l - 10*(2*n - 1)-1);

\Al
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% harmonics (n, length(cfllampifft)+1l - 10*(2*n - 1)+1) =
cfllampifft (length(cfllampifft)+l - 10*(2*n - 1)+1);
harmonicst (n,:) = ifft (harmonics(n, :));
harmonicstabs(n, :) = abs (harmonicst(n, :));
mainhrmc = mainhrmc + harmonicst (n, :);
end

by e Sge)ln w3
subplot (2,1,2)
plot (cfllampsht,cfllampshi);
hold on
plot (cfllampsht,mainhrmc, 'r")
axis([0.1 0.3 1.2*min(cfllampshi) 1.2*max(cfllampshi)]);grid

figure

plot (harmonicst (1, :) /max (harmonicst(1l,:)));
hold on

plot (harmonicst (2, :) /max (harmonicst(l,:)),'r")
hold on

plot (harmonicst (3, :) /max (harmonicst(1l,:)),'g")
hold on

plot (harmonicst (4, :) /max (harmonicst(l,:)), 'm")
hold on

plot (harmonicst (5, :) /max (harmonicst(1l,:)),'k")
hold on

plot ((cfllampshv/max (cfllampshv)), 'c")

hold on

plot ((cfllampshi) /max ((cfllampshi)), 'k")
axis ([0 500 -1.2 1.2]);9rid

[cfllampvfftl, newcfllampvfft] =
harmonicplotter (cfllampvfft, freq, length(cfllampshv));
[cfllampifftl, newcfllampifft] =
harmonicplotter (cfllampifft, freglength(cfllampshi)) ;
% Calculate Phase lag temp!!

o Sgeyle 5l G 2 5B pns

pwhrmc = cos (abs (asin (harmonicst(:,1) ./ (max(harmonicstabs'))')));
harmsin = harmonicst(:,1) ./ (max(harmonicst'))"';

harmang = asin (harmsin) ;

harmphase = harmang;

newfreqrange = freq * ([0 1l:floor (length (harminpfftl)/2)1]1)/10;

diffharm = (diff (harmonicst'))"';
for count = 1 : length (harmang)
if harmonicst (count,1l) > 0 && diffharm(count,1l) < O
harmphase (count) = harmphase (count) + pi/2;
end
if harmonicst (count,1l) < 0 && diffharm(count,1l) < O
harmphase (count) = pi - harmphase (count) ;
end
end
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%************************************************************************

* *

NumofHrmc = harmn;

NumofLamp = 20;

NoHauses = 1000;

%$NoTStep = 10000;

NoTStep = length(cfllampshv) ;

freq = 50;

timestep = 0.2/length(cfllampshv);

b Sige)l zex il ol (gose sl dlid i 4 b oY iy yas

Lamps = zeros (NumofHrmc, NoTStep, NumofLamp) ;
Hauses = zeros (2,NoTStep, NoHauses) ;
%$pwrange = [0.8:0.01:0.9 ; 0.75:0.01:0.85 ; 0.7:0.01:0.8 ; 0.65:0.01:0.75

; 0.6:0.01:0.7];
%$amprange = 2 * [0.9:0.01:1 ; 0.7:0.01:0.8 ; 0.5:0.01:0.6 ; 0.4:0.01:0.5
; 0.25:0.01:0.357];

$powerfact = [0.0969; -0.1418; 0.2007; -0.2165; 0.1900];
$harmphase = [0.3067; -2.0756; 0.8360; -2.7008; -0.3547];
Scurrentamp = [0.3210; 0.2933; 0.2706; 0.2394; 0.2026];
currentamp = (max (harmonicst'))"';

b by (25 @ g (Blal Ojgo 4 Sigeyla 56 s
for count = 1 : NumofLamp
% powerfact = floor (100 * rand(5,1)) .* (pwrange(:,3) -
pwrange(:,1)) /100 + pwrange(:,1);
% currentamp = floor (100 * rand(5,1)) .* (amprange(:,3) -
amprange (:,1)) /100 + amprange(:,1);
for countl = 1 : NumofHrmc
for n = 1 : NoTStep
Lamps (countl,n, count)= currentamp (countl) *
sin(2*pi*timestep* (n—-1) *freg* (2*countl-1) + harmphase (countl));
end
end

end

Lampsum = zeros (NumofHrmc,NoTStep) ;
for count = 1 : NumofLamp

Lampsum = Lampsum + Lamps(:, :,count);
end

S zgo JS oy

n =1 : NoTStep;

figure

plot (timestep*n,

sum (Lampsum/2)+20* (cfllampshv (1:length (sum(Lampsum))) /484) ")

hold on

plot (timestep*n, sum(Lampsum/2), 'r')

hold on

plot (timestep*n, 20* (cfllampshv (l:length (sum(Lampsum)))/484)"', 'k")

hold on

plot (timestep*n, 40* (cfllampshv (l:length (sum(Lampsum)))/484)"', 'g'); grid
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lampsumfft =

(fft (sum(Lampsum/2)+20* (cfllampshv (1l:length (sum(Lampsum)))/484)"'))";
[lampsumfftl, newlampsumfft] = harmonicplotter (lampsumfft, freq,NoTStep);
lampsumfft = (fft (sum(Lampsum/2)))";

[lampsumfftl, newlampsumfft] = harmonicplotter (lampsumfft, freq,NoTStep);
lampsumfft = (£ft (20* (cfllampshv (1:length (sum(Lampsum)))/484)"'))"';
[lampsumfftl, newlampsumfft] = harmonicplotter (lampsumfft, freq,NoTStep);
lampsumfft = (fft (40* (cfllampshv (1:length (sum(Lampsum)))/484)"))";
[lampsumfftl, newlampsumfft] = harmonicplotter (lampsumfft, freq,NoTStep);

PR i R e e i R R e R R R R e R R R o e e o

* %

iphase = 360 * (416 - 337) * timestep / 0.02
pw = cos (iphase*pi/180)

o 8 05> 3 b g S 5

function [harminpfftl, newharminpfft] =
harmonicplotter (harminpfft, freq, siglength) ;

harminpfftl = harminpfft;

$zeromaker = zeros(length (harminpfftl),1);

$n = 1 : freq: freq * (floor (length (harminpfftl)/freq));
%$zeromaker (peakfinder (harminpfftl)) = 1;

%$stem (zeromaker)

$harminpfftl = zeromaker .* harminpfftl;

harminpfftl = (length (harminpfftl)-1) * harminpfftl (2:end)/

length (harminpfftl);

if mod(length (harminpfftl),2) == 0

temp = harminpfftl;

harminpfftl = [temp (length (temp)/2+1:end); 0;
temp (1:1length (temp) /2)1;
else

temp = harminpfftl;

harminpfftl = [temp(ceil (length (temp)/2)+1:end);

temp (ceil (length (temp) /2)); temp(l:floor (length (temp)/2))]1;

end

freqrange = freq * ([l:length(harminpfftl)]-

ceil (length (harminpfftl)/2))/ (10000 * length (harminpfftl)/siglength);
figure

plot (freqrange, abs (harminpfftl) /length (harminpfftl))
axis([fregrange (1) freqgrange (end)

1.2*min (abs (harminpfftl) /length (harminpfftl))

1.2*max (abs (harminpfftl)/length (harminpfftl))]); grid

newfreqrange = freq * ([0 l:floor(length (harminpfftl)/2)1]1)/10;
newharminpfft = zeros(l, length (newfregrange));

Yo



WA C i)

(w)ui/lgf/'lu’/n/utjb
Erie (pdige &S b

mididx = ceil (length (harminpfftl) /2);

for count = 1 : mididx

newharminpfft (count) = abs(harminpfftl (mididx + count - 1)) +
abs (harminpfftl (mididx - count + 1));
end
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Analysis of a Compact Fluoresceny Lamp
Mefragh Company, Winter 2009, Tehran, Iran

o\
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close all;
clc; clear all

freqg = 60;

ge2t = load('ge2-time.txt');
ge2v = load('ge2v.txt');
ge2i = load('ge2i.txt'");

ge2shv = [];
ge2shi = [1;
ge2tdiff = diff (ge2t);
ge2sht = [ge2t (1); ge2t (find(ge2tdiff ~= 0) + 1)1;
for count =1 length(geZsht)
I = find(ge2t == ge2sht (count));
ge2shv = [geZShv, mean (ge2v (I))];
ge2shi = [ge2shi; mean(ge2i(I))];

end

nnn = 1 : length(ge2shv)-1;
timestep = 1 / (freq * mean (diff (find(ge2shv (nnn)<0 &
ge2shv (nnn+1)>0))));

figure; subplot(2,1,1)

plot (ge2sht,ge2shv); axis([0.1 0.3 1.2*min(ge2shv) 1.2*max(ge2shv)])
subplot (2,1,2)

plot (ge2sht,ge2shi); axis([0.1 0.3 1.2*min(ge2shi) 1.2*max(ge2shi)])
hold on

ge2vfft fft (ge2shv);
ge2ifft = fft (ge2shi);

harmn = 7;
harmonics = zeros (harmn, length (ge2ifft));
harmonicst = zeros (harmn, length (ge2ifft));
harmonicstabs = zeros (harmn, length (ge2ifft));
mainhrmc = zeros(l,length(ge2ifft));
for n = 1 : harmn
harmonics (n,12* (2*n - 1) + 1) = ge2ifft(12*(2*n - 1) + 1);
% harmonics (n,12* (2*n - 1)+1 + 1) = ge2ifft (12*(2*n - 1)+1 + 1);

harmonics(n,12*(2*n - 1)-1 + 1) = ge2ifft (12*(2*n - 1)-1 + 1);
harmonics (n, length (ge2ifft)+1 - 12*(2*n - 1)) =
ge2ifft (length(ge2ifft)+1 - 12*(2*n - 1));

% harmonics (n, length (ge2ifft)+1l - 12*(2*n - 1)-1) =

ge2ifft (length(ge2ifft)+1 - 12*(2*n - 1)-1);

% harmonics (n, length (ge2ifft)+1 - 12*(2*n - 1)+1) =

ge2ifft (length(ge2ifft)+1 - 12*(2*n - 1)+1);
harmonicst (n, :) = ifft (harmonics(n, :));
harmonicstabs(n, :) = abs (harmonicst(n, :));
mainhrmc = mainhrmc + harmonicst (n, :);

end
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subplot (2,1,2)

plot (ge2sht,ge2shi)

hold on

plot (ge2sht,mainhrmc, 'r'")

axis([0.1 0.3 1.2*min(ge2shi) 1l.2*max(ge2shi)])

figure

plot (harmonicst (1, :) /max (harmonicst (1l,:)));
hold on

plot (harmonicst (2, :) /max (harmonicst(1l,:)),'r")
hold on

plot (harmonicst (3, :) /max (harmonicst(1l,:)),'g")
hold on

plot (harmonicst (4, :) /max(harmonicst(l,:)),'m")
hold on

plot (harmonicst (5, :) /max (harmonicst(1l,:)),'k")
hold on

plot ((ge2shv/max (ge2shv)), 'c")

hold on

plot ((ge2shi) /max ( (ge2shi)), 'k")
axis ([0 500 -1.2 1.21])

ge2vfft = (length(ge2vfft)-1) * ge2vfft(2:end)/ length(ge2vfft);
ge2ifft = (length(ge2ifft)-1) * ge2ifft(2:end)/ length(ge2ifft);
if mod(length(ge2vfft),2) == 0

temp = ge2vift;

ge2vfft = [temp (length (temp)/2+1:end); 0; temp(l:length(temp)/2)];

temp = ge2ifft;

ge2ifft = [temp (length (temp)/2+1:end); 0; temp(l:length (temp)/2)];
else

temp = ge2vift;

ge2vfft = [temp(ceil (length(temp)/2)+1l:end);

temp (ceil (length (temp) /2)); temp(l:floor (length (temp)/2))]1;
temp = ge2ifft;
ge2ifft = [temp(ceil (length(temp)/2)+1l:end);
temp (ceil (length (temp) /2)); temp(l:floor (length (temp)/2))]1;
end
fregrange = freq * ([l:length(ge2vfft)]-ceil (length (ge2vfft)/2))/12;
figure; subplot(2,1,1)
plot (freqrange, abs (ge2vfft) /length (ge2vift))
axis ([fregrange (1) freqrange (end) 1.2*min (abs(ge2vfft)/length (ge2vfft))
1.2*max (abs (ge2vfft) /length (ge2vfft))])
subplot (2,1,2)
plot (fregrange, abs (ge2ifft) /length (ge2ifft))
axis ([fregrange (1) freqrange (end) 1.2*min (abs(ge2ifft)/length (ge2ifft))
1.2*max (abs (ge2ifft) /length (ge2ifft))])

newfreqrange = freq * ([0 l:floor (length(ge2vfft)/2)1]1)/10;

newge2vfft = zeros(l, length(newfregrange));
newge2ifft = zeros(l,length(newfreqrange));
mididx = ceil (length (ge2vfft)/2);
for count = 1 : mididx
newge2vfft (count) = abs(ge2vfft (mididx + count - 1)) +

abs (ge2vfft (mididx - count + 1));
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newge2ifft (count) = abs(ge2ifft (mididx + count - 1)) +

abs (ge2ifft (mididx - count + 1));

end
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* K

NumofHrmc = harmn;

NumofLamp = 20;

NoHauses = 1000;

$NoTStep = 10000;

NoTStep = length(cfllampshv) ;

freq = 50;

timestep = 0.2/length(cfllampshv);

Lamps = zeros (NumofHrmc, NoTStep, NumofLamp) ;
Hauses = zeros (2,NoTStep, NoHauses) ;
%$pwrange = [0.8:0.01:0.9 ; 0.75:0.01:0.85 ; 0.7:0.01:0.8 ; 0.65:0.01:0.75

; 0.6:0.01:0.7];
%$amprange = 2 * [0.9:0.01:1 ; 0.7:0.01:0.8 ; 0.5:0.01:0.6 ; 0.4:0.01:0.5
; 0.25:0.01:0.357;

$powerfact = [0.0969; -0.1418; 0.2007; -0.2165; 0.1900];
$harmphase = [0.3067; -2.0756; 0.8360; -2.7008; -0.3547];
Scurrentamp = [0.3210; 0.2933; 0.2706; 0.2394; 0.2026];
harmphasemat = [harmphase'-1;harmphase'+1]"';
currentamp = (max (harmonicst'))';
for count = 1 : NumofLamp
% powerfact = floor (100 * rand(5,1)) .* (pwrange(:,3) -
pwrange (:,1)) /100 + pwrange(:,1);
% currentamp = floor (100 * rand(5,1)) .* (amprange(:,3) -
amprange (:,1)) /100 + amprange(:,1);

harmphasel = floor (100 * rand(harmn,1l)) .* (harmphasemat(:,2) -

harmphasemat (:,1)) /100 + harmphasemat (:,1);

for countl = 1 : NumofHrmc
for n = 1 : NoTStep
Lamps (countl,n, count)= currentamp (countl) *
sin(2*pi*timestep* (n—-1) *freg* (2*countl-1) + harmphase (countl));
% Lamps (countl, n,count)= currentamp (countl) *
sin(2*pi*timestep* (n-1) *freg* (2*countl-1) + harmphasel (countl));
end
end

end

Lampsum = zeros (NumofHrmc,NoTStep) ;
for count = 1 : NumofLamp

Lampsum = Lampsum + Lamps(:, :,count);
end

n =1 : NoTStep;

figure

plot (timestep*n,

sum (Lampsum/2) +20* (cf1llampshv (1:length (sum(Lampsum)))/484) '+
10*2.5*sin (2*pi*timestep* (n-1) *freqg - 2.1))

hold on

plot (timestep*n, sum(Lampsum/2), 'r')

va
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hold on

plot (timestep*n, 20* (cfllampshv (1:length (sum(Lampsum)))/484)', 'k'")
hold on

plot (timestep*n,10*2.5*sin (2*pi*timestep* (n-1)*freq - 2.1),'y")

hold on

plot (timestep*n, 40* (cfllampshv (1:length (sum(Lampsum)))/484)', 'g');
grid; axis ([0 0.04 -30 301)

lampsumfft =
(fft (sum(Lampsum/2)+20* (cfllampshv (1l:length (sum(Lampsum)))/484)"'))";
[lampsumfftl, newlampsumfft] = harmonicplotter (lampsumfft, freq,NoTStep);

lampsumfft = (fft (sum(Lampsum/2)))";

[lampsumfftl, newlampsumfft] = harmonicplotter (lampsumfft, freq,NoTStep);
lampsumfft = (£ft (20* (cfllampshv (1:length (sum(Lampsum)))/484)"))"';
[lampsumfftl, newlampsumfft] = harmonicplotter (lampsumfft, freq,NoTStep);
lampsumfft = (£ft (40* (cfllampshv (1l:length (sum(Lampsum)))/484)"))";
[lampsumfftl, newlampsumfft] = harmonicplotter (lampsumfft, freq,NoTStep);
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* %

iphase = 360 * (416 - 337) * timestep / 0.02
pw = cos (iphase*pi/180)

[)

% Calculate Phase lag temp!!

harmonicst (:,1)
pwhrmc = cos (abs (asin (harmonicst (:,1) ./ (max(harmonicstabs'))"')))

iphase = 360 * (418 - 236) * timestep / 0.02
pw = cos (iphase*pi/180)
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close all;
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clc; clear all
NumofHrmc = 5;
NumofLamp = 20;
NoHauses = 1000;
$NoTStep = 10000;
NoTStep = 4000;
freqg = 50;
timestep = 9.9998e-006;
Lamps = zeros (NumofHrmc,NoTStep, NumofLamp) ;
Hauses = zeros(2,NoTStep,NoHauses) ;
$pwrange = [0.8:0.01:0.9 ; 0.75:0.01:0.85 ; 0.7:0.01:0.8
; 0.6:0.01:0.77;
%$amprange = 2 * [0.9:0.01:1 ; 0.7:0.01:0.8 ; 0.5:0.01:0.6
; 0.25:0.01:0.357;
powerfact = [0.0969; -0.1418; 0.2007; -0.2165; 0.1900];
harmphase = [0.3067; -2.0756; 0.8360; -2.7008; -0.3547];
currentamp = [0.3210; 0.2933; 0.2706; 0.2394; 0.2026];
for count =1 Numo fLamp
% powerfact = floor (100 * rand(5,1)) .* (pwrange(:,3)
pwrange(:,1)) /100 + pwrange(:,1);
% currentamp = floor (100 * rand(5,1)) .* (amprange(:,3
amprange (:,1)) /100 + amprange(:,1);
for countl =1 NumofHrmc
for n =1 NoTStep
Lamps (countl,n, count)= currentamp (countl) *

sin(2*pi*timestep*n*freg*countl + harmphase (countl));

end
end
end
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clc;close all

HarmCoeff = 0.9;

PCHarm = [1.171 .972 .644 .386 .222];
CFLHarm = [.2 .182 .162 .138 .1127];
TVHarm = [.781 .648 .423 .258 .149];
PCPhase = [14.9 200.5 34.9 229.2 45.8];
n=1~:15;

PCPhase (n) = PCPhase(n) + 20 * n;

PCPhaseRad = PCPhase * pi/180;

PR e e R R I e I o

Motorpower = 2000;
CFLNum = O0;

PCNum = 0;
TVNum = 30;
IncanNum = 90;

MotorNum = 30;

MotorCurr = Motorpower / 220;

%**************************************

NumofHrmc = 5;
NoTStep = 4000;
freq = 50;

timestep = 9.9998e-006;
n =1 : NoTStep;
NetV = 220*sqgrt (2)* sin(2*pi*timestep*n*freq);

Eddy = [1;

Hys = [];
Ipeak = [];
NetPower = [];

for cflnumber = 0 : 120

CFLNum = cflnumber;

IncanNum = 120 - cflnumber;

PhaseRnd = -10 + 20 * rand (1, PCNum+TVNum+CFLNum) ;
PhaseRndRad = PhaseRnd * pi/180;

FirstHarm = zeros (l,NoTStep);
ThirdHarm = zeros (1l,NoTStep);
FifthHarm = zeros (1l,NoTStep);
SeventhHarm = zeros (1l,NoTStep);
NinthHarm = zeros(l,NoTStep);

for count = 1 : PCNum
for n 1 : NoTStep

Y
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FirstHarm(n) = FirstHarm(n) + PCHarm(l)*
sin(2*pi*timestep*n*freqg*l + PCPhaseRad(l) + 1*PhaseRndRad(count));
ThirdHarm(n) = ThirdHarm(n) + PCHarm(2) *
sin(2*pi*timestep*n*freg*3 + PCPhaseRad(2) + 3*PhaseRndRad (count));
FifthHarm(n) = FifthHarm(n) + PCHarm(3) *
sin(2*pi*timestep*n*freg*5 + PCPhaseRad(3) + 5*PhaseRndRad(count));
SeventhHarm (n) = SeventhHarm(n) + PCHarm(4) *
sin(2*pi*timestep*n*freqg*7 + PCPhaseRad(4) + 7*PhaseRndRad(count));
NinthHarm(n) = NinthHarm(n) + PCHarm(5)*
sin(2*pi*timestep*n*freg*9 + PCPhaseRad(5) + 9*PhaseRndRad (count));
end
end

for count = PCNum + 1 : PCNum + TVNum
for n = 1 : NoTStep

FirstHarm(n) = FirstHarm(n) + TVHarm(l)*
sin(2*pi*timestep*n*freg*l + PCPhaseRad(l) + 1*PhaseRndRad (count));
ThirdHarm(n) = ThirdHarm(n) + TVHarm(2) *
sin(2*pi*timestep*n*freg*3 + PCPhaseRad(2) + 3*PhaseRndRad(count));
FifthHarm(n) = FifthHarm(n) + TVHarm(3)*
sin(2*pi*timestep*n*freg*5 + PCPhaseRad(3) + 5*PhaseRndRad (count));
SeventhHarm (n) = SeventhHarm(n) + TVHarm(4) *
sin(2*pi*timestep*n*freg*7 + PCPhaseRad(4) + 7*PhaseRndRad (count));
NinthHarm(n) = NinthHarm(n) + TVHarm(5) *
sin(2*pi*timestep*n*freg*9 + PCPhaseRad (5) + 9*PhaseRndRad (count));

end
end

for count = PCNum + TVNum +1 : PCNum + TVNum + CFLNum
for n = 1 : NoTStep

FirstHarm(n) = FirstHarm(n) + CFLHarm(1l)*
sin(2*pi*timestep*n*freg*l + PCPhaseRad(l) + 1*PhaseRndRad(count));
ThirdHarm(n) = ThirdHarm(n) + CFLHarm(2)*
sin(2*pi*timestep*n*freg*3 + PCPhaseRad(2) + 3*PhaseRndRad (count));
FifthHarm(n) = FifthHarm(n) + CFLHarm(3)*
sin(2*pi*timestep*n*freq*5 + PCPhaseRad(3) + 5*PhaseRndRad (count)) ;
SeventhHarm (n) = SeventhHarm(n) + CFLHarm(4)*
sin(2*pi*timestep*n*freqg*7 + PCPhaseRad(4) + 7*PhaseRndRad(count));
NinthHarm (n) = NinthHarm(n) + CFLHarm(5)*
sin(2*pi*timestep*n*freg*9 + PCPhaseRad(5) + 9*PhaseRndRad (count));

end
end

FirstHarm = HarmCoeff * FirstHarm;
ThirdHarm HarmCoeff * ThirdHarm;
FifthHarm = HarmCoeff * FifthHarm;
SeventhHarm = HarmCoeff * SeventhHarm;
NinthHarm = HarmCoeff * NinthHarm;

n =1 : NoTStep;

FirstHarm(n) = FirstHarm(n) + IncanNum * 0.4545%*
sin(2*pi*timestep*n*freg*l);
FirstHarm(n) = FirstHarm(n) + MotorNum * MotorCurr*

sin(2*pi*timestep*n*freg*l - 0.3142);
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Eddy = [Eddy (max(FirstHarm))"2*5072 + (max(ThirdHarm))"2*150"2 +
(max (FifthHarm) ) ~2*25072 + (max(SeventhHarm))"2*350"2 +

(

(max (NinthHarm) ) *2*450"27;
Hys =
(

[Hys (max (FirstHarm))”*1.6*50 + (max(ThirdHarm))"1.6*150 +

(max (FifthHarm))"1.6*250 + (max(SeventhHarm))”1.6*350 +

(max (NinthHarm))"1.6%*4507;

Ipeak = [Ipeak max(FirstHarm + ThirdHarm + FifthHarm + SeventhHarm +
NinthHarm) ];

NetPower = [NetPower sum (NetV.* (FirstHarm + ThirdHarm + FifthHarm +
SeventhHarm + NinthHarm))];

%$TotalHarm = [TotalHarm ];

end

figure;plot (Eddy / Eddy(1l));grid
figure;plot (Hys / Hys(1l));grid
figure;plot (Ipeak/Ipeak (1)) ;grid
figure; plot (NetPower/NetPower (1)) ;grid
$figure;plot (TotalHarm)
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- - - 476 | 482
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R = R \
576.41 | 719.24 | 98.80 | 99.22 | 98.00| 1.866 ]| 1.361| 1654 | 7.61| 7.27 | 6.73
594.37 7 2 9 75 79 76 47 46 862 | 698 127
R - - Y
596.28 | 580.59 | 676.92 | 98.98 | 99.27 | 98.05| 2.004 | 1.308 | 1.769 | 8.56 | 7.40 | 7.84
4 3 2 27 94 39 37 47 56 553 772 | 227
R R R Y
617.14 | 558.57 | 721.02 | 99.30 | 99.13 | 98.16 | 2.011 | 1411 ]| 1.766 | 7.83 | 8.16 | 6.93
4 1 2 18 1 65 75 85 29 585 217 | 312
- : - ¥
622.19 | 582.89 | 704.60 | 99.25| 99.16 | 98.71 | 2.033 | 1.287 | 1.714 | 892 | 7.79 | 7.19
2 7 8 21 14 33 06 44 15 7771 206 | 729
R B - IA)
601.05| 596.46 | 721.63 | 99.19 | 99.25] 98.53 | 2.280 | 1.598 | 1.980 | 9.51| 7.29| 7.20
4 8 7 71 62 33 55 71 45 127 | 851 66
3 B r 5
585.40 | 743.85| 99.11 | 99.06 | 98.25 | 1.983 | 1.483 | 1.694 | 9.12| 8.43 | 7.64
631.4 3 3 9 41 76 66 33 13 451 872 | 285
¥ i N \s
646.34 734.31 | 98.97 | 98.97 | 98.111 2219|1469 1.937 | 9.81| 825| 7.39
31 593.51 3 22 54 55 2 98 17 386 | 045]| 061
3 i R A
630.38 | 610.36 | 743.26 | 99.18 | 98.64 | 98.26 | 2.207 | 1.662 | 1.997 | 9.24 | 8.12 | 6.69
1 1 1 48 89 91 2 03 06 791 802 | 482
R N - a
661.42 | 603.58 | 763.52 | 98.92 | 98.66 | 98.15] 2.043 | 1.689| 1.970| 8.81 | 8.48 | 6.93
6 2 7 23 57 12 85 59 75 139 | 961 414
- - - \s
648.06 | 597.98 | 723.38 | 98.80 | 98.82| 98.07 | 2.255 | 1.667 | 2.136 | 8.32 | 8.61 | 6.99
3 9 5 39 54 51 8 65 83 519 | 746 | 959
N R R M)
647.63 752.52 | 98.87 | 98.72 | 9793 | 2.075| 1.581 | 2.025| 8.36 | 7.72 | 7.22
4| 650.03 9 85 59 5 39 63 27 242 | 597 ] 011
- R - VY
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- - - 134 136
448.80 | 525.39 | 47469 | 7828 | 77.55| 76.45 | 4.245 | 4.327 | 4.003 | 150| 626 | 672
62 4 73 07 81 22 39| 894| 773 ] 1909 5 4
- B - 134131 v
427.91 448.66 | 76.86 | 76.01 | 75.65 | 4.341 | 4.258 | 4.276 | 146 | 508 | 298
85 | 499.45 81 21 64 63| 688| 862| 045] 6638 1 2
- - 18] 121] ¢
468.64 | 524.22 | 472.91| 77.35 76.01 | 4.326 | 4.304 | 4120 | 12.6 | 822 | 517
65 08 16 41| -76.38 3| 529| 278 8| 1169 5 5

- - - 121 114 ¢
453.13 | 510.24 | 467.24 | 79.63 | 77.20 [ 77.95 | 4.550 | 4.216 | 4.467 | 12.4 | 440 540
8 45 82 13| 74| 74| 96| 167| 852)|8782| 5| 8

: : : 123 127 ,
457.16 | 519.93 | 475.39 | 78.52 | 76.08 | 77.30 [ 4.245 | 4.071 | 3.983 | 12.8 | 747 | 387
39 38 57 17 02| 98| 224| 094| 155| 613| 9| 4

- - - 122 121 ¢
408.84 | 462.40 | 447.15| 76.68 | 74.32 [ 77.56 | 4.027 | 3.669 | 3.993 | 12.7 | 315 247
14 39 19] 37| 61| 58| 504| 237| s840[s686| 2| 5

] - - 108 124
396.72 | 465.05 | 436.31 | 77.14 | 76.68 | 77.28 | 3.722 | 3.843 | 3.728 | 12.1| 229 | 759

38 07 88 93 88| 93| 86| 861 264|2322| 7| 4
: : 113 132 4
453.29 | 492.43 | 435.90 77.00 | 75.28 | 3.501 | 3.811 | 3.623 | 14.3| 367 | 312
7 26 38 | -79.41 15| 48| 021 357| 246]5192| 1 7

: : : 110 122] 4
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- - - 18] 126 .
428.25 | 458.11 | 429.82 | 7535 73.97 | 76.40 | 3.584 | 3.711 | 3.700 | 13.8| 065 103
2 54 21 71 48 32 7| 853| 113 8636 9 7

. . . 9.86| 998 1y
488.15 | 534.37 | 478.65 | 77.38 | 76.77 | 77.18 | 3.580 | 3.553 | 3.720 | 11.4 | 799 914
06 9 05| e8| 96| 76| 467| 963]| o037[7040| 2| 1

: : : 936 | v
49224 | 529.56 | 479.91 | 78.44 | 77.45 | 76.14 | 3.222 [ 3.505 | 3.350 | 10.7 | 8.55 | 165
91 3 50| 03] 45| 41| e03| 105] 665 4636 | 613| 1
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L I, I PF, PF, PF, | v,HD [ V,HD [ V;HD | LHD [ LHD [ I,HD

- - : 560 | 560
387.21 | 323.65 | 351.20 | 96.27 | 96.02 | 94.66 | 2.116 | 1.857 [ 1.982 | 6.66 | 924 | 510
48 88 41 47| 05| 82| 719| 845]| 67[5352| 9| 2

: : : 660 | 595[ y
354.34 | 297.70 | 364.15 | 95.72 | 96.72 | 95.30 [ 2.102 | 1.925 | 1.974 | 6.89 [ 241 | 122

03 49 37 86 12 53 648 843 762 | 1771 9 3

- - - 8.49 v
319.99 | 257.11 | 354.06 | 95.92 | 97.93 | 96.26 | 2.057 | 1.934 | 1.863 | 6.24 | 022 | 6.21
81 22 41 32 8 85 957 971 831 | 4612 7] 735

- - - 721 644 ¢
342.30 | 302.16 | 361.46 | 95.12 | 97.11 | 95.31 | 1.955 | 1.892 | 1.848 | 6.66 [ 566 [ 761
94 66 8| 33| 88| 31| 27| 362 1984673 1| 9

- - - 6.88 | 574 | ,
359.37 | 285.00 | 373.06 | 94.16 | 96.10 | 96.19 | 1.841 | 1.852 | 1.867 | 6.65 | 456 [ 117
98 16 55 77 66| 34| 231| 497| 205|7164| 2| 6

: : : 700 [ 573] s
348.77 | 287.99 | 333.48 | 95.49 | 97.70 | 96.62 | 2.058 | 1.825 | 1.889 | 6.36 | 533 | 238
25 87 14 22 75 2| 344| o025 2|o0514] 3| 2

- ; - 716 | 506 v
328.63 | 272.54 | 361.23 | 95.61 | 96.76 | 95.52 | 2.002 | 1.669 | 1.880 | 7.53 | 843 | 337
69 48 11 19 63 8| 81| 59| 2027192 7| 1

5 - - 6.60 | 551 | A
356.14 | 306.22 | 350.03 | 95.05 | 96.81 | 95.91 | 1.913 | 1.675| 1.930 | 6.24 | 361 | 376

33 81 33 28 04 99| 492| 681] 987 9449 2 8
- - - 6.49 N

336.64 | 306.54 | 345.72 | 94.76 | 97.89 | 96.47 | 1.965 | 1.723 | 1.950 | 6.61 | 571 | 5.48

36 99 21 35 07 54| 643| 49| 837 4262 5] 11

- - - 757 [ 509 .
352.07 | 276.16 | 339.48 | 94.85 | 96.76 [ 95.54 [ 2.003 | 1.739 | 1.811 [ 659 | 118 | 942
21 41 2 88 04| o5| 789| 539| s89fo3ae| 7| 1

: . . 6.60 | 551 \y
369.10 | 301.71 | 330.15 | 97.11 | 97.70 | 95.88 [ 1.916 | 1.778 | 1.815 | 6.27 | 468 | 346
59 7 71 62| 63| 64| 201]| o61| o09|7523| 1] 2

- - - 763 | 537 \y
362.13 | 249.14 | 332.88 | 95.46 | 96.37 | 95.27 | 1.922 | 1.653 | 1.832 | 7.46 [ 190 [ 659
86 4 07)] 57| 49| e8| 202| 853]| e42{0ar6| 7| 5
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I I, I; PF, PF, PF; VHD | V,HD | V;HD | I,HD | LLHD | GHD
R - N \
349.75 | 475.24 | 45013 | 97.13 | 97.74 | 97.31 | 2.720 | 2559 | 2.656 | 6.19 | 6.99 | 5.79
4 1 1 44 86 32 45 25 14 099 | 462 75
- = R Y
366.98 | 473.64 | 473.33 | 95.82 | 96.80 | 95.99 | 2.566 | 2.382 | 2.449 | 512 | 7.10| 5.24
9 6 4 67 66 47 97 13 72 889 | 993 | 576
' ) R Y
345.83 | 499.75 | 478.45| 97.37 | 98.48 | 96.08 | 2.656 | 2.541 | 2.719 | 6.78 | 6.98 | 5.21
9 6 2 19 65 3 06 87 62 413 | 643 | 011
N N - ¥
347.65 | 499.61 | 469.06 | 98.20 | 98.82 | 96.54 | 2.587 | 2.568 | 2.653 | 6.29 | 7.20 | 5.91
3 1 7 13 47 25 99 59 63| 021 361 384
- R - A
343.90 | 499.13 | 490.98 | 98.11 | 98.83 | 9549 | 2.595| 2429 | 2617 | 715 | 7.47 | 4.58
3 9 9 31 01 7 04 41 72 1 771 651
) ) 3 5
381.52 | 551.56 | 548.78 | 97.58 | 98.35 | 95.76 | 2.644 2566 | 6.11] 7.00 | 4.41
1 7 5 63 03 58 6| 2.483 39 096 | 441 565
L 3 N \
369.49 | 542.29 | 52513 | 97.05| 97.83 | 93.85| 2.595 | 2.586 | 2490 | 599 | 7.07 | 3.76
5 1 9 71 51 9 15 3 06| 822 02 8
K 3 R A
365.00 467.44 | 97.44 | 98.46 | 9513 | 2.573 | 2472 | 2510 | 6.32 | 7.46 | 5.24
81 517.71 6 57 1 89 42 13 18| 439 789 | 098
E R R a
514.20 | 491.23 | 97.57 | 97.90 | 95.09 | 2.725 | 2.645 | 2.747 | 6.63 | 7.20 | 5.58
343.42 6 3 03 75 13 84 86 34 107 | 405 | 721
- - = Ve
362.72 | 529.21 97.08 | 98.04 | 9419 | 2.679 | 2.527 | 2.855| 6.89 | 7.40 | 5.79
4 2| 537.46 04 14 3 45 1 52 453 | 281 85
N N N )
376.61 | 528.36 97.53 | 98.18 | 94.97 | 3.125 | 2.992 | 2.952 | 6.67 | 8.41 | 6.19
7 4| 507.69 72 45 17 13 59 18 8241 397 | 054
: = Z VY
362.43 | 582.79 | 516.68 | 97.87 | 97.81 | 94.77 | 3.235 | 2.984 | 3.112 | 7.52 | 7.51 | 5.99
4 8 5 73 33 03 72 51 21 843 | 936 | 583
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I 1, Iz PF, PF, PF; V/HD | V,HD | V:HD | JHD | LHD | LHD
- - 490 | 717
136.34 | 164.25 | 147.22 | 99.13 | 97.99 | 98.96 744 | 223 876
23 97 02 87 19 43 - - - | 6365 4 2
- 828 6.78| v
110.01 | 121.16 99.22 | 99.69 | 99.70 9.96 | 859 296
19 5] 144.01 488 17 995 - = -] 0382 1 9
- - 10.3 698 | v
136.96 | 122.98 | 131.55| 99.13 | 99.47 | 99.44 9032 | 7.93 921
74 1 06 44 53 214 - - = 3| 477 6
8.23 ¥
105.26 | 119.85 | 131.38 | 99.17 | 99.63 | 99.68 10.5] 309 | 7.31
13 82 37 887 985 768 - T - | 4124 2 721
882 7.01| ,
110.38 141.83 | 99.31 99.62 | 99.71 9.74 | 212 698
121 119.57 71 873 397 484 i i -] 3073 9 1
- - 696 657 | s
122.36 | 133.52 | 131.82 | 99.44 | 98.67 | 98.90 8.42 | 052 204
26 63 74 5 31 974 i - - | 4716 8 3
797 | 777
134.57 | 137.96 | 130.86 | 98.79 | 99.59 9.35 197 | 420
42 97 73 018 519 | 99.64 B B - | 3982 2 8
- 7.74 A
122.89 | 147.93 | 134.76 | 99.60 | 99.67 | 99.60 9.23 | 7.10 154
03 89 09| o034 35| 977 - - - | 0469 | 694 9
861 | 4
104.48 | 126.74 | 116.98 | 99.56 | 99.73 | 99.53 10.1] 7.68 019
5 32 65 923 871 135 - = -] 0275 | 595 7
- 818 | 868 .
114.29 | 116.71 125.50 | 99.54 | 99.70 | 99.55 9.81 295 843
22 97 05 05 145 631 B = - | 6916 8 7
- - 793 872 \y
109.12 | 117.62 | 132.33 | 99.58 | 99.68 | 99.34 9.13 | 007 930
97 98 08 64 74 703 - - - 872 5 6
- 139 152 11.7] v
132.55 | 138.87 | 147.09 | 99.29 | 99.12 | 99.01 0368 | 969 | 365
34 74 64 | 427 07| 433 - - - 51 51| o2
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I 1, Iz PF, PF, PF; V:HD | V,HD | V5HD | JHD | LLHD | sHD
573.26 | 357.24 | 419.92 | 99.37 | 99.51] 98.40 | 1.127 ] 1.086 | 1.510| 5.05| 8.05]| 10.0 )
5 5 2 85 83 72 7 5 97 411 19| 976
53555 | 343.68 | 403.86 | 98.37 | 99.40 ] 98.02 | 1.335] 1.162| 1.563 | 6.19 | 9.32 | 10.0 y
9 9 3 4 53 73 52 08 86 743 | 987 | 827
54295 | 318.47 | 444.07 | 98.73 | 99.18 | 98.63 | 1.427 | 1.159 | 1.569 | 6.94 | 10.8 | 10.2 ¥
2 9 8 09 16 05 32 16 24 808 | 358 | 766
566.79 43460 | 99.09 | 99.05] 9823 | 1416 ]| 1.166 | 1.513 | 6.67 | 10.5] 9.65 ¥
51 32942 5 74 68 46 42 54 41 119 98 | 086

99.03 | 99.35| 98.22 1400 | 1.197 | 1.524 | 6.79 ]| 10.2 ] 10.3 A
580.85 | 357.15 | 445.17 18 5 09 84 91 32 93| 466 ] 539
603.25 | 363.48 | 469.47 | 99.39 | 99.47 | 99.17 | 1.405| 1.277 | 1.544 | 6.75| 9.70 | 9.73 4
4 1 3 54 44 08 74 45 43 119 | 601 242
599.85| 376.64 | 466.52 | 99.19 | 99.50| 98.91 ]| 1.366 | 1.127 | 1.677 | 7.13 | 9.55]| 10.1 \4
5 9 3 69 83 75 28 82 04| 937 51 616
613.72 | 376.90 | 460.79 | 99.49 | 99.48 | 98.72 ] 1.408 | 1.300 | 1.568 | 6.04 | 9.01 ] 9.70 A
4 3 9 14 46 86 72 89 61 24| 954 | 437
597.84 | 366.23 | 446.36 | 98.99 | 99.30 | 98.16 | 1.361 | 1.251 | 1.682 | 6.52 | 9.98 | 10.9 A
9 6 2 98 43 98 19 21 69 893 | 852 | 502
575.53 | 356.95 | 452.76 | 98.89 | 99.20 | 98.22 | 1.535]| 1.146| 1.690| 7.41| 10.5] 10.3 Ve
8 9 1 78 34 97 94 66 45| 504 | 943 | 874
557.19 | 342.15| 451.89 | 98.99 | 99.07 | 98.11] 1.369 | 1.263 | 1.696 | 7.15] 10.0 | 11.2 R
3 9 4 29 85 35 87 76 79 1] 337 ] 003
568.40 | 350.06 | 450.46 | 99.16 | 99.29 ]| 97.94 | 1.393 | 1.246 | 1.624 | 6.69 | 10.3 ]| 10.5 WY
3 4 4 56 62 73 39 61 62 498 | 739 | 947
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I 1, Iz PF, PF, PF; V/HD | V,HD | V:HD | JHD | LLHD | LHD

- - - 363 | 498
155.71 | 215.04 | 211.26 | 79.33 | 76.08 | 76.46 5.65| 329 550
41 72 07 6 95 78 - = - | 7986 1 7

- - - 300 619 v
144.05| 210.46 | 195.63 | 78.93 | 76.54 | 71.55 6.02 | 433 535
94 05 38 17 47 95 - E - | 4165 6 6

- - - 364 | 562 v
147.42 | 209.08 | 190.26 | 77.99 | 76.49| 71.88 5571 914 999
75 59 22 26 87 71 - i - | 5538 5 7

- - - 372 539 ¢
154.27 | 198.83 | 181.83 | 78.52 | 74.84 | 72.68 5,50 | 031 160
4 94 07 44 73 79 - T - | 3657 1 9

- - - 379 591 ,
147.02 | 165.95| 17246 | 78.78 | 74.19 | 72.99 5.62 | 609 533
43 51 68 1 04 71 5 a - | 3214 7 2

- - - 408 | 503 <
118.24 | 165.30 | 174.26 | 79.10| 75.00 | 73.57 6.60 | 419 362
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