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APICHAI SUYAPAN : LARGE SIGNAL STABILITY ANALYSIS OF AC-DC
POWER SYSTEMS FEEDING CONSTANT POWER LOADS. THESIS

ADVISOR : ASSOC. PROF. KONGPAN AREERAK, Ph.D., 193 PP.

STABILITY ANALYSIS/ICONTROL THEORY/POWER ELECTRONICS/

MODELING AND SIMULATION.

The thesis presents the large signal stability analysis of AC-DC power systems
feeding a controlled buck converters behaving as a constant power load. The small
signal stability analysis is firstly used via the linearized model with Eigenvalue
theorem. After that the large signal stability analysis called phase-plane analysis is
applied to analyze the stability via the phase portrait of the dominant state variables.
Moreover, The Lyapunov function derived from Takagi-Sugeno is used to determine
region of asymptotic stability (RAS). The studied system is started with the simple
system having 2 state variables. The 6x6 system is then analyzed. Finally, the full
10x10 systems is studied in which the AC-DC power systems feeding a controlled
buck converter is considered as the proposed power system. The analytical results
show that the stability analysis using the linearized model with Eigenvalue theorem
cannot provide an accurate result for both small-signal and large-signal condition.
Otherwise, the phase-plane analysis can provide an accurate result with a good
oscillation prediction of DC-link filter. However, the phase-plane technique requires
a lot of computation time in which various initial values for this analysis can be used.
Hence, the thesis also presents the Lyapunov function based on Takagi-Sugeno to

determine RAS. The useful informations of RAS is that any CPLs immediately



changed within RAS will not affect to the system stability. All stability results are

verified by the intensive simulation of MATLAB and SIMULINK.
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% MUUARINITIINDSVDITLUY
Vs=120;
rL=0.1;
L=50e-3;
C=500e-6;
Pcpl=10;
% f119% Vomin 11nitew lvvesnsiedesnmuvuiFuduiiiuveausiuuazueses
Vomin=sqrt((L*Pcpl)/(C*rL));
% MHUAVDIVAVDL IL ??m%’umimfhﬁnm‘ﬁqmmﬂﬁaﬁcﬁm?\ﬂﬂ,umﬁiwmﬁmﬁ
D3 nLDUFAduUnY
1L=0:0.1:100;
% manniigaveslandueuerlissvudinadiadesamuvuiFadumiy
Px=((-1/2).*rL.*(IL."2))+(Vs.*IL)+(Pcpl. *log(abs(Vomin)))-(IL.*Vomin); % Mansudnena
Vx= ((rL/L).*Px)+((1/(2*L)).*(((-rL.*IL)-Vomin +Vs)."2))
H(1/2*C)).*(((Pepl./Vomin)-IL) A2)): % WanFuideruel
MaxVx=max(max(Vx));
% adradunsm Tased eadnvenvavesnsTiedesmmuuuiFududiiu
n=I;
m=1;
CheckBoundary=0;
for IL=-30:0.1:30
for Vo=-300:1:300
Px=((-1/2).*rL.*(IL."2))*+(Vs.*IL)+(Pcpl.*log(abs(Vo)))-(IL.*Vo);
Vx=((rL/L).*Px)+((1/(2*L)).*(((-rL.*IL)-Vo+Vs)."2))
+((1/(2*C)).*((Pcpl./Vo)IL)."2));
if Vx==NaN
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Vx=10000000000;

end

if Vx<=MaxVx && Vx>0
CheckBoundary=CheckBoundary—+1;
IL_RAS(n,m)=IL;
Vo RAS(n,m)=Vo;
m=m+1;

end

end

end

[IL,Vo]=meshgrid(IL_RAS,Vo RAS);
Px=((-1/2).*rL.*(IL.A2))+(Vs.*IL)+(Pcpl.*log(abs(Vo)))-(IL.*Vo);
Vx=((rL/L).*Px)+((1/(2*L)).*(((-rL.*IL)-Vo+Vs).”2))+((1/(2*C)).*(((Pcpl./Vo)IL). 2));
figure(1)

mesh(IL,Vo,Vx)

figure(2)

contour(IL,Vo,Vx,1)
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% FVUAATNNTIINDS VOITL UL
=50;
Req=0.1;
Leq=24e-6;
Ceq=2e-9;
rL=0.1;
Ldc=7.5e-3;
Cdc=1000e-6;
rc=0.5;
ru=(3*Leq*2*pi*f)/pi;
Vs=532.5532;
Pcpl=10000;
% fuanalfianuvesssuy a gala il Rediigaduia
Vdceq=(Vs+(sqrt((Vs*2)-(4*1*(ru+rL)*Pcpleq))))/2;
Idceq=Pcpl/Vdceq;
% ufeanmamas naauduiiemaladiude]uel
CheckCondition=0;
x2min=0;
x2max=0;
while CheckCondition==

fx2min=1/(x2max+Vdceq);

fx2max=1/(x2min+Vdceq);

Al1=[(-(rutrL+rc)/Ldc) (-((1/Ldc)+(((re*Pepl)/(Ldc*Vdeeq))*fx2max)));

(1/Cdc) ((Pcpl/(Cdc*Vdeeq)) *fx2max)];
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A2=[(-(rut+rL+rc)/Ldc) (-((1/Lde)+H((re*Pepl)/(Lde*Vdceq))*fx2min)));
(1/Cdc) ((Pcpl/(Cdc*Vdeeq))*fx2min)];
setlmis([]);
M=Imivar(1,[2 1]);
Imiterm([-1 1 1 M],1,1); % M>0
Imiterm([1 1 1 0],1); %1
Imiterm([2 1 1 M],1,A1,'s"); % (A1YM + M(A1) <0
Imiterm([3 1 1 M],1,A2.'s"); % (A2")M + M(A2) <0
Imis=getlmis
[tmin,xfeas]=feasp(Imis);
M=dec2mat(Imis,xfeas,M);
M_Transpose=M';
if M==M_ Transpose
CheckTranspose=1;
else
CheckTranspose=0;
end
if tmin<=0 && CheckTranspose==
MatrixM=M;
x2_min=x2min;
X2 _max=x2max;
CheckCondition=0;
x2min=x2min-0.1;
x2max=x2max+0.1;
else
CheckCondition=1;
end
end
M=MatrixM;

x2min=x2_min;
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% ﬁ?ﬂ?ﬂlﬂ"ﬁl@ﬂﬂl@ﬁl@ﬂﬂ1§ﬁ!ﬁaﬂﬁﬂTW!LUUL%QL&}uﬁTﬁU
a=M(1,1);
b=M(1,2);
c=M(2,1);
d=M(2,2);
x1min=(-b*x2min)/a;
Vxmin=(a*(x1min”2))+((b+c)*x1min*x2)+(d*(x2min"2));
% adrudunsm Tasede ieadvenvavesnsiadesmuuuuiFuduiiiy
n=1;
m=1;
CheckBoundary=0;
for x1=-30:0.1:30
for x1=-300:1:300
Vx=(a*(x1/2))+((b+c)*x1*x2)+(d*(x2"2));
if Vx<=Vxmin
CheckBoundary=CheckBoundary+1;
x1_RAS(n,m)=x1+Idceq;
X2 RAS(n,m)= x2+Vdceq;
m=m+1;
end
end
n=n+1;
m=1;
end
[Idc,Vdc]=meshgrid(x] RAS.x2 RAS);
Vx=(a.*(Idc."2))+((b+c).*Idc.*Vdc)+(d.*(Vdc."2));
figure(1)
mesh(Idc,Vde,Vx)
figure(2)

contour(Idc,Vde,Vx,1)
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% MUUAMMS NS YITT LY

Vs=230;

=50;

Req=0.1;

Leq=24e-6;

Ceq=2e-9;

rL=0.1;

Ldc=7.5e-3;

Cdc=1000e-6;

rc=0.5;

L=25e-3;

C=1250e-6;

R=5;

Kpv=0.2;

Kiv=32;

Kpi=0.0744;

Kii=29.7398;

ru=(3*Leq*2*pi*f)/pi;

Pcpl=15000;

Pload=Pcpl;

VoCommand=sqrt(Pload*R);

Ptotal=Pload;

Z=sqrt(Req"2+(2*pi*f*Leq)"2);
Gamma=atand((2*pi*f*Leq)/Req);

% fmuamneuisuduIazmAIAmAnAeuggaiiveniyld

Vbus(1)=230;
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Lambda(1)=0;
ea_Vbus=100;
ea_Lambda=100;
es=le-6;
k=1;
% furayumsaewaszn il dunassenaziaus e fhnszuaadudonts
MUIUTIA AUV UL T U
while 1
f1=(Vbus(k)*Vs*cosd(Gamma-Lambda(k)))/Z-(((Vbus(k)"2)*cosd(Gamma))/Z)-Ptotal/3;
2=(Vbus(k)*Vs*sind(Gamma-Lambda(k)))/Z-(((Vbus(k)*2)*sind(Gamma))/Z);
f1_Vbus=(Vs*cosd(Gamma-Lambda(k)))/Z-(((2*Vbus(k))*cosd(Gamma))/Z);
f1_Lambda=(Vbus(k)*Vs*sind(Gamma-Lambda(k)))/Z;
f2_Vbus=(Vs*sind(Gamma-Lambda(k)))/Z-(((2*Vbus(k))*sind(Gamma))/Z);
f2_Lambda=-(Vbus(k)*Vs*cosd(Gamma-Lambda(k)))/Z;
Vbus(k+1)=Vbus(k)-(((f2_Lambda*f1)-(f1_Lambda*f2))/((fl_Vbus*f2 Lambda)
-(f1_Lambda*f2 Vbus)));
Lambda(k+1)=Lambda(k)-(((f1_Vbus*f2)-(f2_ Vbus*f1))/((fl_Vbus*f2 Lambda)
-(f1_Lambda*f2_ Vbus)));
Pload=(VoCommand”2)/R;
Ploss=(ru+rL)*(Idc"2);
Ptotal=Pload+Ploss;
ea_Vbus=abs((Vbus(k+1)-Vbus(k))/Vbus(k+1))*100;
ea_Lambda=abs((Lambda(k+1)-Lambda(k))/Lambda(k-+1))*100;
if ea_Vbus<=es&&ea Lambda<=es
Lambda degree=Lambda(k);
Lambda radius=Lambda(k)*(pi/180);
Vbusd=Vbus(k);
Break
end

k=k+1;
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end

% fnama luan1zaaiIma 9
Idc=(VsVbus*cosd(Lambda)+i*Vbus*sind(Lambda))/(Z*cosd(Gamma)+i*(Z*sind(Gamma)));
Idc=(abs(Idc)*sqrt(3))/(sqrt(3/2)*2*sqrt(3)/pi);

Edc1=(3*sqrt(3)*sqrt(2)*Vbus(k+1))/pi;

Vdc=Edc1-(ru+rL)*Idc;

IL=Vo/R;

Vo=VoCommand;

Xv=IL/Kiv;

Xi=Vo/(Kii*Vdc);
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Abstract

Constant power loads when connected to the system
via a DC-link filter can directly degrade the system
stability. Thetefore, the stability analysis is very
important for such system. This paper presents three
different approaches for the stability analysis. These are
lincarization technique, phase-plane analysis, and
Lyapunov’s direct method. The linearization method is
based on the linear control theory using the small-signal
model, while the phase-plane and Lyapunov's direct
methods are based on the nonlinear control theory via
the large signal model. The intensive time-domain
simulation using MATLAB is used to verify the
instability results predicted from alt three methods. The
resulis show that the proposed method can correctly
predict the unstable point due to the constant power load.

Keywords: Nonlinear stability analysis, phase-plane
analysis, Lyapunov's direct tnethod, constant power
loads
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Abstract

This paper presents the application of adaptive tabu search to
estimate a region of asympiotic stability for simple DC power systems
with an ideal constant power load. The resulting estimated region from
the proposed technique is compared with these from the direct method
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