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##4070225521 : MAJOR POWER ELECTRONICS

KEYWORD :CONTROL STABILITY / LOW LIGHT INTENSITY / OUTPUT IMPEDANCE/
QUASI-BOOST
KANIT CHAIWATTANA : AN ELECTRONIC DIMMING BALLAST FOR
FLUORESCENT LAMPS.THESISADVISOR : YOUTHANA KULVITIT. Ph.D. 148
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Control stability in low light intensity range and power factor correction circuit of a
single-stage high-power-factor electronic dimming ballast with frequency control was studied.
Ballast V-I characteristic as well as lamp V-I characteristic were derived using fundamental
frequency approximation analytical technique. Dynamic output impedance of the ballast and
differential sensitivity of lamp current with respect to control frequency at the operating point
were calculated. The effect of lamp’s negative dynamic resistance was included in the
calculations. Four operation modes of a quasi-boost power factor correction circuit were
presented. The effects of dimming operation on the different performance characteristics were

investigated using computer simulation. The theoretical calculations were verified

experimentally.
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f1) Charge Pump Power Factor Correction Circuit (CPPFC)
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9) Simplified Boost Converter
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Ta511n matlab

a J o o
NIANUIN V.1 TﬂﬁllﬂﬁﬂﬂﬂﬂWflm@iﬁ’lWiﬂ ballast line

Vdc=350;

fs=20000;

L=1.4e-3;

C=8.2¢-9;

Ws=2*pi*fs;

Wo=1/sqrt(L*C);

Wn=Ws/Wo;

Vs=sqrt(2)*Vdc/pi;

R=1:10:50000;

IBo=(Vs./R);

Wx=(Ws*L)./R;
IB=IBo./sqrt((1-Wn"2)"2+(Wx).A2);
VB=Vs./sqrt((1-Wn"2)"2+(Wx)."2);
plot(IB,VB,'k-')

hold on
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a Jd o @ .
MAaNUIN 1.2 T15unsunouNInNesd11sy Lamp line

1=0:0.01:0.6; %Fluorescent Lamp dc model

A0=39;

A1=99.9;
A2=1.58;

A3=40;

A4=59;
B2=-A2*(D);
Bd=-A4*(D);
E2=exp(B2);
E4=exp(B4);
S0=9900./(100+100*(1*1000/4)."5);
S1=A1.*E2;
S2=A3.*E4;
V=A0+S1-S2-S0;
plot(I,V,'k-")

hold on

a J o o @ & 4
NANUIN V.3 T]JﬁLlﬂ3lJﬂ’E—JNW'J!@]f]'iffnﬁ'ﬁUﬂ'J'liJgl}'lu‘ﬂ'luwaﬁﬁﬁ']u@@ﬂmﬂﬂﬂaa']ﬁﬁ

[=0.1:5:1200; %I in milliamperes
A0=39;

A1=99.9;

A2=1.58;

A3=40;

A4=59;

B2=-A2*(1/1000);
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B4=-A4*(1/1000);
E2=exp(B2);

Ed=exp(B4);
S0=9900./(100+100%*(1/4).75);
S1=A1.*E2;

S2=A3.*E4;
V=A0+S1-S2-S0; %Calculated Lamp Voltage by curve fitting
R=V./(1./1000);

Vdcx=350;
Vsx=sqrt(2)*Vdcx/pi;
Lx=1.5¢e-3;

Cx=9e-9;
fOx=sqrt(1/(Lx*Cx))/(2*pi);
ROx=sqrt(Lx/Cx);
bx=((R0x./R)."2)-2;
ex=(1-(Vsx./V)."2);
hx=0.5*(-bx+sqrt(bx."2-4*cx)); Y%fnx= (fsx/f0x) 2
fsx=f0x*sqrt(fnx);
wsx=2*pi*fsx;
Rux=((wsx*Lx)."2)./R;
Rdx=(1-fnx)."2;
Rx=Rux./Rdx;
semilogy(I/1000,Rx,'g*-");
hold on

Vdcy=280;
Vsy=sqrt(2)*Vdcy/pi;
Ly=1.5e-3;

Cy=9e-9;



f0y=sqrt(1/(Ly*Cy))/(2*pi);

ROy=sqrt(Ly/Cy);
by=((R0Y./R)."2)-2;

cy=(1-(Vsy./V)."2);

fny=0.5*(-by+sqrt(by."2-4*cy)); %fny= (fsy/f0y) 2

fsy=f0y*sqrt(fny);
wsy=2*pi*fsy;
Ruy=((wsy*Ly)."2)./R;
Rdy=(1-fny)."2;
Ry=Ruy./Rdy;
semilogy(I/1000,Ry,'c*-");
hold on

Vdcz=230;
Vsz=sqrt(2)*Vdez/pi;
Lz=1.5¢-3;

Cz=9¢-9;

f0z=sqrt(1/(Lz*Cz))/(2*pi);

ROz=sqrt(Lz/Cz);
bz=((R0z./R)."2)-2;
cz=(1-(Vsz./V)."2);

fhz=0.5*(-bz+sqrt(bz.”2-4*cz)); Y%inz= (fsz/f0z)"2

fsz=f0z*sqrt(fnz);
wsz=2*pi*fsz;
Ruz=((wsz*Lz)."2)./R;
Rdz=(1-fnz)."2;

Rz=Ruz./Rdz;

semilogy (I/1000,Rz,'m*-");

hold on
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[=0.1:5:1200; %I in milliamperes
A0=39;

A1=99.9;

A2=1.58;

A3=40;

A4=59;

B2=-A2*(1/1000);
B4=-A4*(1/1000);

E2=exp(B2);

E4=exp(B4);
S0=9900./(100+100*(1/4).75);
S1=A1.*E2;

S2=A3.*E4;

V=A0+S1-S2-S0; %Calculated Lamp Voltage by curve fitting
DV=gradient(V);
DI=gradient(1/1000);
RL=-(DV./DD);
plot(I/1000,-RL,'r+-")

hold on
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1=0.01:0.001:0.8; %I in milliamperes
A0=39;

A1=99.9;

A2=1.58;

A3=40;

A4=59;

B2=-A2*(]);
Bd=-A4*(D);
E2=exp(B2);
E4=exp(B4);
S0=9900./(100+100*(1*1000/4)."5);
S1=A1.*E2;
S2=A3.*E4;
V=A0+S1-S2-S0;
Vdc=350;

L=1.4e-3;

C=8.2¢-9;

R=V./;
Vs=(sqrt(2)*Vdc)/(pi);
al=(L*(1))."2;
b1=2*L*C*V."2;
c1=(L*C*V)."2;
A=-((al-bl)./(2*cl));
B=((al-bl)./(2*c1))."2;
D=(V.2-Vs"2)./(cl);

f1=(1/(2*pi))*sqrt(A+sqrt(B-D));



plot(f1,1,'r*-")

hold on

Vdc2=280;

R2=V /I,
Vs2=(sqrt(2)*Vdc2)/(pi);
al2=(L*(1))."2;
b12=2*L*C*V."2;
c12=(L*C*V)."2;
A2=-((al2-b12)./(2*cl));
B2=((al2-b12)./(2*¢c12)).~2;
D2=(V."2-Vs272)./(c12);
f1=(1/(2*pi)) *sqrt(A2+sqrt(B2-D2));
plot(f12,1,'r*-")

hold on

Vdc3=230;

R3=V /I,
Vs3=(sqrt(2)*Vdc3)/(pi);
A13=(L*(1))."2;
b13=2*L*C*V."2;
c13=(L*C*V)."2;
A3=-((al3-b13)./(2*c13));
B3=((al3-b13)./(2*c13))."2;
D3=(V."2-Vs"2)./(c13);
£13=(1/(2*pi))*sqrt(A3+sqrt(B3-D3));
plot(f13,1,'r*-")

hold on
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1=0.01:0.001:0.8; %I in milliamperes
A0=39;

A1=99.9;

A2=1.58;

A3=40;

A4=59;

B2=-A2*(I);
B4=-A4*(1),
E2=exp(B2);
E4=exp(B4);
S0=9900./(100+100*(1*1000/4).A5);
S1=A1.*E2;
S2=A3.*E4;
V=A0+S1-S2-S0;
Vdc=350;

L=1.4e-3;

C=8.2¢-9;

R=V./;
Vs=(sqrt(2)*Vdc)/(pi);
al=(L*(1))."2;
b1=2*L*C*V."2;
cl=(L*C*V).~2;
A=-((al-bl)./(2*cl));
B=((al-b1)./(2*c1))."2;
D=(V.2-Vs"2)./(cl);



f1=(1/(2*pi))*sqrt(A+sqrt(B-D));

w=2%pi*fl;
Df=gradient(f1);
DI=gradient(I);
DR=gradient(R);
Dw=gradient(w);
S=(DL./Df).*(f1./1);
Al=(1-(L*C*(w."2)));
A11=2*¥w. N 2*L*C;
All11=A1.*%Al1,
B1=(1-(L*C*(w."2)))."2;
A2=w.*DR.*B1./(R.*Dw);
A3=(w.*L)."2;
A33=(A3./(R."2));
AT=A111-A2-A33;
BT=B1+A33;
S1=AT./BT;
plot(I,S1,'go")

hold on

Vdc2=280;

R2=V /I,
Vs2=(sqrt(2)*Vdc2)/(pi);
al2=(L*(I)).~2;
b12=2*L*C*V."2;
c12=(L*C*V)."2;
A2=-((al2-b12)./(2*c12));
B2=((al2-b12)./(2*c12))./2;

D2=(V."2-Vs2)./(c12);
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F2=(1/(2*pi))*sqrt(A2-+sqrt(B2-D2));

W2=2*pi*f2;
Df2=gradient(f2);
DI2=gradient(I);
DR2=gradient(R);
Dw2=gradient(w2);
S2=(DI2./Df2).*(£2./1);
A12=(1-(L*C*(w2./2)));
A112=2*%w2."2*L*C;
Al112=A12.%A112;
B12=(1-(L*C*(w2.2)))./2;

A22=w.*DR2.*B12./(R2.*Dw?2)

A32=(W2.%L).2;
A332=(A32./(R2."2));
AT2=A1112-A22-A332;
BT2=B12+A332;
S12=AT2./BT2;
plot(I,S12,'go")

hold on

Vdc3=230;

R3=V /I,
Vs3=(sqrt(2)*Vdc3)/(pi);
al3=(L*(I)).~2;
b13=2*L*C*V."2;
c13=(L*C*V)."2;
A3=-((al3-b13)./(2*c13));
B3=((al3-b13)./(2*c13))./2;

D3=(V."2-Vs372)./(c13);
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f13=(1/(2*pi))*sqrt(A3+sqrt(B3-D3));
w3=2*pi*fl;

Df3=gradient(f13);
DI3=gradient(I);
DR3=gradient(R3);
Dw3=gradient(w3);
S3=(DI13./Df3).*(f13./1);
A13=(1-(L*C*(w.3"2)));
A113=2*w3."2*L*C;
Al1113=A1.*¥Al1;
B13=(1-(L*C*(w3./2)))."2;
A23=w3.*DR3.*B13./(R3.*Dw3);
A33=(w3.*L)."2;
A333=(A33./(R3.72));
AT3=A1113-A23-A333;
BT3=B13+A333;

S13=AT3./BT3;

plot(I,S13,'go")

hold on

a 4 v o 1 - [
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Vb=350; % Vb = dc output voltage in volts
Im=0.4; % Im in Amperes

C=10e-9; % C in Farad

=40e3; % f in Hertz

T=1/f; % T=period

Teta=[1.5708 1.0472 0.7854 0.62832 0.5236 0.4488 0.3927 0.34907 0.31416 0.20944 ..
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0.15708 0.10472 0.06283 0.03927 0.03142 0.02094 0.01571 0.00628 0.00314];% Angle in radian
Ix=[0.4 0.346 0.28284 0.23511 0.2 0.17355 0.15307 0.13681 0.12361 0.08316 0.06257 ...
0.04181 0.02512 0.0157 0.01256 0.00838 0.00628 0.00251 0.00126]; %input current in Ampere
Ttn=[0.0469 0.2525 0.3839 0.4665 0.5241 0.567 0.6005 0.6274 0.65 0.7222 ...

0.76318 0.8089 0.8549 0.8862 0.897 0.9175 0.9287 0.9551 0.9682]; %Tfn=normalized Tf by T
W=2*pi*f; % W in radian per second
An=asin(Ix/Im); %An delay angle
A=sin(An);
plot(A, Tfn,'k*-")
hold on

marun .7 Tilsunsunesiamesanuduiuissnhenssuariudamiionihtusanvne

%file name QBgain

Vb=350; % Vb = dc output voltage in volts

Im=0.4; % Im in Amperes

C=10e-9; % C in Farad

=40e3; % f in Hertz

T=1/f; % T=period

Vs=[350.04 348.843 340.534 331.023 320.136 311.0 302.746 294.439 288.625 266.774 ...
252.836 237.479 220.854 207.374 206.1 203.7 202.73 199.2 194.2]; % Vs= dc input voltage

Teta=[1.5708 1.0472 0.7854 0.62832 0.5236 0.4488 0.3927 0.34907 0.31416 0.20944 ...

0.15708 0.10472 0.06283 0.03927 0.03142 0.02094 0.01571 0.00628 0.003141;% Angle in radian
1x=[0.4'0.346 0.28284 0.23511 0.2 0.17355 0.15307 0.13681 0.12361 0.08316  0.06257 ...
0.04181 0.02512 0.0157 0.01256 0.00838 0.00628 0.00251 0.00126]; %input current in Ampere
Ttn=[0.0469 0.2525 0.3839 0.4665 0.5241 0.567 0.6005 0.6274 0.65 0.7222 ...

0.76318 0.8089 0.8549 0.8862 0.897 0.9175 0.9287 0.9551 0.9682]; %Tfn=normalized Tf by T
Mcal=Vb./Vs; %Voltage gain obtained from Orcad circuit simulation

W=2*pi*f; % W in radian per second
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Vemn=Im./(W*C*Vs); % Normalize capacitor peak voltage

An=asin(Ix/Im); %An delay angle

A=sin(An);

M=1+Vcemn.*cos(An). *Tfn-pi*Vemn. *sin(An). *(Tfn.A2)-(Vemn/(2*pi)). *(sin((2 *pi*Tfn)+An)-sin
(An));

plot(Ix,M,'k*-',Ix,Mcal,'g+-")

hold on

[

a 4 v o = o
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%Input parameters are VB, Im, Ix, C, W

Vs=198; %dc input voltage in volt

Pout=32; %Ballast output power in watt

eff=0.95; %Converter efficiency

Vs=198; %dc input voltage in volt

Pout=32; %Ballast output power in watt

eff=0.95; %Converter efficiency

Vb=350; % Vb = dc output voltage in volts

Im=0.8; % Im = peak sinusoidal inverter current in Amperes
Pin=Pout/eff; % Pin = input power in watt

Ix=Pin/Vs;% Ix= average input current

Theta=asin(Ix/Im);

Tx=0:0.005:1;
Tfxn=(cos(Theta)-cos((2*pi*Tx)+Theta))/(2*pi*sin(Theta));
Ttn=0.719; % T{n =T1/T at the given Ix and Im

C=10e-9; % C in Farad

1=1:0.05:10;

=1*10e3; % f in Hertz
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T=1./f, % T=period

W=2*pi*f; % W in radian per second
Vemn=Im./(W*C*Vs); % Normalize capacitor peak voltage
An=Theta; %simplify the symbol of the delay angle
M=1+Vcmn*cos(An)*Tfn-pi*Vemn*sin(An) * (T 2)-(Vemn/(2*pi)) *(sin((2*pi* Tfn)+An)-sin(An));
Vout=M*Vs; %output voltage

plot(f,Vout,'k*-',f,Vb,'k+-")

xlabel('frequency")

ylabel('output voltage')

title("Output voltage vs. frequency')

grid on

hold on
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