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Abstract

Presently, DC motors are widely used in industry for drive systems. These machines
are normally operated with power converters with controllers to regulate the speed.
Unfortunately, the DC motor speed control behaves as a constant power load in which this
load can affect to the system stability. Therefore, this research will study the stability analysis
of AC-DC power system feeding a speed controlled DC motor circuit. The mathematical
model for stability study is derived by using the co-operation between the DQ and generalized
state-space averaging methods. The time-invariant model can be achieved in which it is
suitable for stability analysis with the eigenvalue’s theorem. Finally, the effect of speed loop
bandwidth for the system stability is explained. The simulation and experimental results are
used to support the instability point predicted from the proposed technique. The results show
that the inductor and capacitor of DC-link filter including the bandwidth of the speed loop

control can significantly affect to the system stability.
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%AMINADT A ) YDIIIDT
Req=9.6465¢-5;

Leq=5.0531e-7;

Ceq=2e-9;

ru=3*w*Leq/pi;

Rdc=2.1754;

Ldc=39.053e-3;

RCdc=0.4937;

Cdc=220.46¢-6;

Lb=15e-3;
Cb=180e-6;
Ra=2.7828;
La=0.2155;
Rf=200/0.24;
Lf=136.5;
1£=0.24;
K=4.1000;
Kt=K;
Kv=K;
J=0.0109;

B=0.0027;

%AIAUATUMIUITANYATI0EN
%AINNUNUENITANY AT
%mnuy e sauyamoda
%A1 T,
% Nua MU luduntieniinesniea T
ATLUANT

[ ~ ) 9
%AANNIMTIE1119930 T4 IThnTzuaas

[ v
s%emnnudumuludaunulszgaasnsesluih
ATLUANT
%Ay Ilfnesnsedliihnszuanss

1 H o % o 7
%AANUH 995U aaruLUTAD

] Y v J
%mnuY I sudasdunuuinn

] 9 4 4
%AANVAIUNIUDISININDS

' ~ ° o o
%A NUHTE11995 01510005
%A NUATUMIUTUIY
%AIANUIHLEIN1ITAUIY
%ANNANTUE AU

1 ~ 4
%AAINVDINOINDS

° Y a1 1 o 1 - 14
%MUUAINAT Kt HAUNINUAIAINUDINDIADS

° Y a1 1 @ 1 - 14
%MUUAINAT Ky HAUNINUAININU0IUDIADS

1 4 4
%AV DIUDINDINDS

1 o a £ 4
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MImuIAMaIUTUMIauvesszuulusan 1
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VE 1=200; veusasuauiualdifiu 200 v dmsusei 1
TL 1=0.94; %A THAANIINAYBINBIADS U T UMFINOUT I 1
WmCommand_1=200; AAIN NG 150UV INBINBI TR 1

If 1=Vf 1/Rf: %AINTLUAAUINVOIBINDS FIMTUMITIUTT 1
Wm_1=WmCommand_1; %AINNUEITOUVBWBINDS FIMTUMFIUTIT 1
Ta_1=(TL_1+(B*Wm_1*2*pi/60))/(Kt*If 1); %mnsiaeI e SN TIMIOUTH 1

[ o Jd o 1 o 1 {
Va_1=(Ra*la_D+EKV¥If 1¥*Wm_1¥2%pi/60);  %A59aHe15 03 1m5umsnaueied 1
ILB 1=Ia_I; %mnszua lnarmuaunilenivessesudasiy
v
BIGH

st sk st s sfe s sfe s sfe s sfe s sfe s sfe s sk sfe s s s sk s st st st sk st sk s st sk st sk sk sk sk st sk sk sk sk st sk sk sk st st st st sk sk sk sk st sk sk sk sk sk sk sk kot sk kot koskokoskokokokokokokokokokok
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r=atand(w*Leq/Req);

Z=sqrt(Req"2-+(w*Leq)"2);

Vs=50*pi/(3*sqrt(3));

Vm=Vs;

Vm_1=Vm;

Vout_rms=1.6554*Vs;

P Total 1=(TI 1*Wm_1*2*pi/60)+(Ia_1"2*Ra)+(Kv*If 1¥(Wm_1%2%pi/60)"2*Ia_1/2)+2*a_I;
Q Total 1=0 ;

eaVbus=1000;

ealampda=1000;

es=1e-10;

k=0;
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while eaVbus>=es & ealampda>=es
if k~=0
du= Vs*cosd(r-lampda(k))/Z - 2*Vbus(k)*cosd(r)/Z;
DU=Vbus(k)*Vs*sind(r-lampda(k))/Z;
dv= Vs*sind(r-lampda(k))/Z - 2*Vbus(k)*sind(r)/Z;
DV=-Vbus(k)*Vs*cosd(r-lampda(k))/Z;

U= Vbus(k)*Vs*cosd(r-lampda(k))/Z - Vbus(k)*2*cosd(r)/Z - P_Total 1/3;
V= Vbus(k)*Vs*sind(r-lampda(k))/Z - Vbus(k)"2*sind(r)/Z - Q_Total 1;
Vbus(k+1)= Vbus(k)- (U*DV-V*DU)/(du*DV-DU*dv);

lampda(k+1)= lampda(k)- (V*du-U*dv)/(du*DV-DU*dv);

eaVbus=abs((Vbus(k+1)-Vbus(k))/Vbus(k+1))*100 ;

ealampda=abs((lampda(k+1)-lampda(k))/lampda(k-+1))*100;

V_busl=Vbus(k+1);
Ldegree=lampda(k-+1);

else
Vbus(k+1)=220%pi/(3*sqrt(3));

lampda(k-+1)=0.0001;

end
k=k+1;
end
lampda_1=Ldegree; %Mo UYN A #l&nnmsiunams lnavesigs luih
Vdc 1=V _bus1*3*sqrt(3)/pi; %R0 V,, #1&nmssunans lnavesrda lnih

oA
FINN 1
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d=Va 1/Vde 1; %migsnsnihiluanzeddrdmiudaed 1

Idc 1=d*ILB 1; wanszuai lnarusamionivessesnsedluih
NIZUANT

Xw_1= d/Ki; %A X,

Sd=(sqrt(3/2))*(2*sqrt(3))/pi; %f1 S,

Sq=0*(sqrt(3/2))*(2*sqrt(3))/pi; %A Sq

Vbusd 1=(Vdc 1-(d*RCdc*ILB_1)+H(ru*Rdc*RCdc*Idc 1))/Sd; AU iTaUUInNUA

Isq_1=(w*Vbusd_1+Sq*Idc_1/Ceq)*Ceq; %ﬁ1ﬂ3$£tﬁ‘ﬁ1ﬁ’d@@ﬂmﬂ

UHAITIBUULNUAD

Isd_1=((Vbusd_1/Leq)-(w*Isq_1)-(sqrt(3/2)*Vm/Leq*cosd(lampda_1)))*(-Leqg/Req);
%ﬂ'"lﬂﬁgll,ﬁﬁllﬁﬁ@@ﬂﬁnﬂ
HHAIDIBUUUNUA
Vbusq 1=Leq*(-w*Isd 1-Req*Isq_1/Leq+sqrt(3/2)*Vm/Leq*sind(lampda_1));

%AMTIAUNTFVULAUA
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Vf 2=200; veamzesuanuiualdiiiu 200 V dmiusei 2
Tl 2=1.5; % THAANIINAYBIBIADS TN UM FINAUTIE 2
WmCommand_2=200; YA IG5 0LUD BN AT 2

If 2=Vf 2/Rf, % AINTLUAAUINYOINDIADS FIMTUMITIUTT 2
Wm_2=WmCommand 2; AN NUIEITOUVBINBINDS FIMTUMTIINUFIA 2
Ta_2=(T1 2+(B*Wm_2*2*pi/60))/(Kt*If 2); 0N LA SIS TN T UM TN 2

Va 2=(Ra*la_2)+(KV¥If 2¥Wm 2%2%pi/60);  %A5Iane15a0s m5umsmnaueied 2
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ILB_2=Ia 2; %nseuan lnarmuaunlenivesisesudasiu
v
HUULAN
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mssums lnaveasda ihdmsumahanvesszuuluged 2
s e et otk et ok ks st ok ksl skt ot ok ks skt ot ok ks sk ko sk sk ok
r=atand(w*Leq/Req);
Z=sqrt(Req"2-+(w*Leq)"2);
Vs=50*pi/(3*sqrt(3));
Vm=Vs;
Vm_2=Vm;
Vout rms=1.6554*Vs;
P Total 2=(T1 2*Wm_2*2*pi/60)+(Ia_2"2*Ra)+H(Kv*If 2*(Wm_2*2*pi/60)"2*la_2"2)+2*]a 2;
Q Total 2=0 ;
eaVbus=1000;
ealampda=1000;
es=le-10;
k=0;
while eaVbus>=es & ealampda>=es
if k~=0

du= Vs*cosd(r-lampda(k))/Z - 2*Vbus(k)*cosd(r)/Z;

DU=Vbus(k)*Vs*sind(r-lampda(k))/Z;

dv= Vs*sind(r-lampda(k))/Z - 2*Vbus(k)*sind(r)/Z;

DV=-Vbus(k)*Vs*cosd(r-lampda(k))/Z;

U= Vbus(k)*Vs*cosd(r-lampda(k))/Z - Vbus(k)*2*cosd(r)/Z - P_Total 1/3;
V= Vbus(k)*Vs*sind(r-lampda(k))/Z - Vbus(k)*2*sind(r)/Z - Q Total 1;
Vbus(k+1)= Vbus(k)- (U*DV-V*DU)/(du*DV-DU*dv);

lampda(k+1)= lampda(k)- (V*du-U*dv)/(du*DV-DU*dv);
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eaVbus=abs((Vbus(k+1)-Vbus(k))/Vbus(k+1))*100 ;
ealampda=abs((lampda(k+1)-lampda(k))/lampda(k+1))*100;

V_busl=Vbus(k+1);
Ldegree=lampda(k+1);

else
Vbus(k+1)=220*pi/(3*sqrt(3));
lampda(k+1)=0.0001;

end
k=k+1;
end
lampda_2=Ldegree:; %mnoUYN A Hl&nnmsfunams lravesigs lWih
Vde 2=V_bus2*3*sqrt(3)/pi; %non V,. it ldanmssiamms lraveatda llih

1 d'
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d=Va_2/Vdc_2; % iginsmihiluannzegiadms i 2

Idc 2 =d*ILB 2; wanszuai lvarus o nivessesnsedluih
NTLUANT

Xw 2= d/Ki; %A X,

Sd=(sqrt(3/2))*(2*sqrt(3))/pi; %A1 S,

Sq=0*(sqrt(3/2))*(2*sqrt(3))/pi; %A Sq

Vbusd 2=(Vdc_2-(d*RCdc*ILB_2)+(ru*Rdc*RCde*Ide 2))/Sd;  %MUsIaUNLauULnua
Isq 2=(w*Vbusd 2+Sq*Idc_2/Ceq)*Ceq; %mnszuai lvasenain

HUAIDGUULUAUAD
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Isd 2=((Vbusd 2/Leq)-(w*Isq_2)-(sqrt(3/2)*Vm/Leq*cosd(lampda_2)))*(-Leq/Req);
%mnszuei lasenan
HHANDIBUULNUA

Vbusq 2=Leq*(-w*Isd_2-Req*Isq_2/Leq+sqrt(3/2)*Vm/Leq*sind(lampda_2));

%AMTIAUNTFVULAUA
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#include <Keypad.h> //ﬁmgﬁllamw?ﬁamﬂuﬁmﬁ
#include<avr/io.h> //ﬁn%’flamw?ﬁm%uw@

int EN=11; Jimuadanls EN=11 duduausiuiudu
float duty_cycle = 0; simuadands duty cycle=0 ituduaunadion

ﬁ********************************************************************************

simuadavnnudluiimiiielfueiahlannanuneaves 1s
N********************************************************************************
char keys [ROWS] [COLS] = {

{1,121, 13', 'A'},

{4,'s', 6", 'B'},

{7,'8",'9",'C"},

X0, =
5
N********************************************************************************

o v Aa J 1 4 Y a J
//mmmma:izmwuaim!,azuﬂuwuwuuuum

N********************************************************************************

byte rowPins[ROWS] = {39,41,43,45};

ﬁ********************************************************************************

o T Aa 1 J 4 a o o
//ﬂ'l’(?f\‘lﬁﬂﬁ@§$°H'J'1\‘1°U@‘iﬂl,!ﬁZL!%}JHWNWLLUUWﬁﬂ

ﬁ********************************************************************************

byte colPins[COLS] = {47,49,51,53};

ﬁ********************************************************************************

Jasamdaudlunnw

N********************************************************************************

Keypad myKeypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, COLS );

ﬁ********************************************************************************
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ymsiszmaaiuals

N********************************************************************************

o Y A A a = I a
boolean valOnePresent = false; //mM¥iua 14 valOnePresent uwmmmyamﬂum
o Y A a = I Aa
boolean next = false; /mviuald next uwmmmuamﬂuwﬂ
o a I a
boolean final = false; /iviuald final fisaalayduiuia
. o I a
String num1, num2; /emuald numi, num2 Wulsaasa
o I A
float n1,n2,Vset; Jeuald nl,n2,Vset Wutaunadey
o I a
float ans; Jimualy ans u@anaiion
o I Y
char op; Jvua’ld op 1Wuaonys
o Y I A
float Vw = 0; /muuald vw = o Wuaanaiew

ﬁ********************************************************************************

//L%Hgiﬂqﬁsﬁ’ug’whmmm%ﬂ ardruio [void setup()] o muamigsnsniiii
ﬁ********************************************************************************
void setup(){

Serial.begin(9600);

led.begin(16,3);

pinMode(EN,OUTPUT);

TCCRIA = (1<<COM1A1)|(1<<COM1A1);

TCCRIA |= (1<<COMI1B1)|(1<<COM1B1);

TCCRIB = (1<<WGM13)|(0<<WGM12);

TCCRIA |= (0<<WGM11)[(0<<WGM10);

TCCRIB = (0<<CS12)|(0<<CS11)|(1<<CS10);

ICR1 = 800;

OCRI1A =0;

OCR1B =0;

TCNTO = 0;
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//***************>l<***>l<*******>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<***********************

/g ilasFuruseveIeiA ardruio [void loopOliiteruseudam g snsnihtamiia 13l
Masdumsaan
e s sk o o K R R o o o
void loop(){
char key = myKeypad.getKey();
if (key '=NO_KEY &&
(key=="1]lkey=="21key=="3'|key=="4'|key=="s'|key=="6 lkey=="7"|key=="8'|key=="9[key=="0' ey
— )
if (valOnePresent != true){
numl =numl + key;
int numLength = num1.length();
I
else if (valOnePresent == false && key !=NO_KEY && (key =='=")){
if (valOnePresent == false){
valOnePresent = true;
char charBuf[50];
num1.toCharArray(charBuf, 50) ;
Vw = atof(charBuf);
}
}
else if (key = NO_KEY && key == 'X"){
valOnePresent = false;
final = false;

—nn,

num1 ;
H
Vset = constrain(Vw,0,100);
duty cycle = Vset;
OCRIA = duty cycle*8;}
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Mathematical Model of AC-DC Power System Feeding a DC Motor Speed Control Circuit
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Abstract

Generally, the mathematical model of power
converters is time-varying due to the switching action.
The time-varying model is very complicated for the
system analysis and design. Therefore, this paper
presents how to derive the time-invariant model using
the combination between the DQ method and the
generalized state-space averaging method. The resulting
model is suitable and easy for the stability analysis and
design via the classical control theory. The proposed
model is validated by the intensive time-domain
simulation in MATLAB. The results show that the
proposed model can provide the correct responses in
both transient and steady-state.

Keywords: Mathematical model, DQ  method,
Generalized state-space averaging method, DC motor
speed control circuit
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