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clear all 

clc 

  

%Superconducting generator 

  

Us=3300/sqrt(3)/1.00;    %Phase Voltage  

U1=2628.7/sqrt(2); 

  

p=11;                    %Number of pole pairs 

f_m=9.65/60;             %Mechanical Frequency 

f=f_m*p;                 %Electrical Frequency                                         

Pm=10e6;                 %Given Mechanical Power 

t=40;                    %Time taken to reach nominal speed 

  

  

fi0=pi/2-0.274;          %Phase of voltage u_a at t=0 

w_m=2*pi*f/p;            %Mechanical speed (rad/s) 

w=2*pi*f;                %Electrical Speed (rad/s) 

  

T=Pm/w_m;                %Nominal torque calculated from power  

J=5.0083e7*1.2;          %Calculating inertia from calculated torque and 

time taken to reach nominal speed  

  

sl=(T/2-T)/2;            %Slope for the reduction of mechanical torque 

  

om0=w_m;                 %Mechanical Speed at t=0 

oms=om0*p;               %Stator frequency at t=0 

  

  

pmat_new=  [0 -p 0 0 0; 

            p 0 0 0 0;  

            0 0 0 0 0;  

            0 0 0 0 0;  

            0 0 0 0 0] 

  

Rs=0.061*1.089; 

Rf=0.02;                    %From Kalsi 

  

R_1d=3.04709e-6;            %Test d-axis damper winding resistance 

R_1q=3.04709e-6;            %Test q-axis damper winding resistance  

  

T_mech=3*3031^2*Rs/w_m; 
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Rmat=[Rs 0 0 0 0; 

     0 Rs 0 0 0 ;  

     0 0 Rf 0 0;  

     0 0 0 R_1d 0;  

     0 0 0 0 R_1q];        %The resistance matrix for simulink 

  

Ld=0.0259; 

Lq=0.0259;%0.24*1.089/w; 

L_1d=1.7145e-7*(2*p)^2;%(3.39463e-5+2.67902e-5)/2;%2.58623e-5  Distributed 

anc concentrated winding average inductance 

L_1q=1.7145e-7*(2*p)^2;%(3.39463e-5+2.67902e-5)/2; 

  

Lf=93.138; %103.63; %54.8806; %121.57; %Field Inductance 

Msf=0.9581*pi/4*sqrt(3/2);%*1.5*pi/4;%1.15;%0.63714/1.067*1.2; %Mutual 

inductance calculated from via COMSOL 

  

  

Mf_1d=1.6404e-5*2*p*2*p;%(0.03394+0.01056)/2; %Damper winding same number 

of turns as stator 

Mf_1q=1.6404e-5*2*p*2*p;%(0.03394+0.01056)/2; 

  

Ms_1d=2.0553e-6*2*p*sqrt(3/2);%(5.63101e-4+1.874e-4)/2; %Damper winding 

same number of turns as stator 

Ms_1q=2.0553e-6*2*p*sqrt(3/2);%(5.63101e-4+1.874e-4)/2; 

  

L_new=[Ld 0 Msf Ms_1d 0; %The inductance matrix for simulink 

       0 Lq 0 0 Ms_1q; 

       Msf 0 Lf Mf_1d 0; 

       Ms_1d 0 Mf_1d L_1d 0; 

       0 Ms_1q 0 0 L_1q]; 

    

pi_new=pi;  

i_f=Us*sqrt(3)/(pi_new*2*f*Msf); %Calculated initial  

                                   %excitation Field current from AC 

                                   %machines 

  

  

uf=i_f*Rf;       %Calculated excitation voltage 

  

%When machine is connected to the inifinite bus, 

%E=U=400 

E=3300/sqrt(3); 

Xd=(w)*Ld; 

  

emf=w_m*Msf*i_f/sqrt(2); 

  

T_po=(3*Us*E)/(w_m*Xd); %Pull out torque for the overall synchronous 

machine 

  

P_nom=w_m*T_po %Nominal power of the manchine- Can be reached if excitation 

voltage is increased 
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id=0; 

iq=-3031; 

  

  

%Imat=[0 3031 i_f 0 0]'; %Current matrix for initial loaded condition 

  

Imat=[id iq i_f 0 0]'; %Current matrix for initial condition 

psi0_new=L_new*Imat; %For generating initial conditions for the Synchronous 

generator 

  

ud=Rs*id-p*w_m*Ld*iq; 

uq=Rs*iq+(Msf*i_f+Ld*id)*p*w_m; 

  

  

iq_sc=(-Msf*i_f*p*w_m)/(Rs+Ld*p^2*w_m^2*Ld/Rs); 

id_sc=p*w_m*Ld*iq_sc/Rs; 

  

  

  

Q=-ud*iq; 

  

xd_tr=1.5*(w*Ld-((Msf^2)*(w)/Lf)); 

xd_sub=(3/2)*((w*Ld)-((L_1d*Msf^2-2*Msf*Ms_1d*Mf_1d-Lf*Ms_1d^2)*(w)/... 

(L_1d*Lf-Mf_1d^2))); 

  

%CONTROLLER 

  

f_pwm=1000; % Given value 

Ta=1/f_pwm; 

Teq=0.15/16;   %Assumed from page 86 

w_c=2*pi*f_pwm/20; 

  

tau_d=Ld/Rs; 

tau_q=Lq/Rs; 

tau_f=Lf/Rf; 

  

a_d=1/(w_c*Ta); 

a_q=4; 

a_w=4; 

a_f=a_d; 

  

Kp_d=tau_d*Rs/(a_d*Ta); 

Kp_q=tau_q*Rs/(a_q*Ta); 

Kp_w=2*J/(3*p*Ld*i_f*a_w*Teq); 

Kp_f=tau_f*Rf/(a_f*Ta); 

  

T_d=a_d^2*Ta; 

T_q=a_q^2*Ta; 

T_w=a_w^2*Teq; 
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T_f=a_f^2*Ta; 

  

  

sim('Finalmodel') 

%time = Torque.Time(2238:end)- Torque.Time(2238); 

figure(1) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(Torque1(:,1),Torque1(:,2),'LineWidth',lw);grid on;%title('Torque after 

a load change of 50% at 1s'); 

xlabel('Time [s]'); ylabel('Torque [Nm]') 

print('T4_SC_torque','-dpng','-r800'); 

  

figure(2) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(Fieldcurrent1(:,1),Fieldcurrent1(:,2),'LineWidth',1.5);grid 

on;%title('Field Current after a load change of 50% at 1s'); 

ylim([300 350]) 

xlabel('Time [s]'); ylabel('Field Current [A]') 

print('T4_SC_fieldcurrent','-dpng','-r800'); 

  

figure(3) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 
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alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(Phasecurrent1(:,1),Phasecurrent1(:,2),'LineWidth',1.5);grid 

on;%title('Phase Current after a load change of 50% at 1s'); 

%axis([0 5]) 

xlabel('Time [s]'); ylabel('Phase Current a [A]') 

print('T4_SC_phasea','-dpng','-r800'); 

  

figure(4) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(Angularspeed1(:,1),Angularspeed1(:,2),'LineWidth',1.5);grid 

on;%title('Phase Current after a load change of 50% at 1s'); 

ylim([1 1.1]) 

xlabel('Time [s]'); ylabel('Speed [rad/s]') 

print('T4_SC_angspeed','-dpng','-r800'); 

  

figure(5) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 
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set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(Tm1(:,1),Tm1(:,2),'LineWidth',1.5);grid on;%title('Phase Current after 

a load change of 50% at 1s'); 

%axis([0 5]) 

xlabel('Time [s]'); ylabel('Mechanical Torque [Nm]') 

print('T4_SC_Tm','-dpng','-r800'); 

  

figure(6) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(Currentd(:,1),Currentd(:,2),'LineWidth',1.5);grid on;%title('Phase 

Current after a load change of 50% at 1s'); 

xlabel('Time [s]'); ylabel('d-axis current [A]') 

print('T4_SC_d','-dpng','-r800'); 

  

figure(7) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 
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plot(Currentq(:,1),Currentq(:,2),'LineWidth',1.5);grid on;%title('Phase 

Current after a load change of 50% at 1s'); 

xlabel('Time [s]'); ylabel('q-axis current [A]') 

print('T4_SC_q','-dpng','-r800'); 

  

 

figure(4) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(Angularspeed1(:,1),Angularspeed1(:,2),'LineWidth',1.5);grid 

on;%title('Phase Current after a load change of 50% at 1s'); 

%axis([0 5 1 1.1]) 

xlabel('Time [s]'); ylabel('Speed [rad/s]') 

print('T4_50_angspeed_no_controller','-dpng','-r800'); 

  

figure(5) 

width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(Tm1(:,1),Tm1(:,2),'LineWidth',1.5);grid on;%title('Phase Current after 

a load change of 50% at 1s'); 

%axis([0 5]) 

xlabel('Time [s]'); ylabel('Mechanical Torque [Nm]') 

print('T4_50_Tm_no_controller','-dpng','-r800'); 

  

figure(6) 
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width = 3;     % Width in inches 

height = 3;    % Height in inches 

alw = 0.75;    % AxesLineWidth 

fsz = 11;      % Fontsize 

lw = 1.5;      % LineWidth 

msz = 8;       % MarkerSize 

pos = get(gcf, 'Position'); 

set(gcf, 'Position', [pos(1) pos(2) width*100, height*100]); %<- Set size 

set(gca, 'FontSize', fsz, 'LineWidth', alw); %<- Set properties 

set(gcf,'InvertHardcopy','on'); 

set(gcf,'PaperUnits', 'inches'); 

papersize = get(gcf, 'PaperSize'); 

left = (papersize(1)- width)/2; 

bottom = (papersize(2)- height)/2; 

myfiguresize = [left, bottom, width, height]; 

set(gcf,'PaperPosition', myfiguresize); 

plot(time,Q.Data(2223:end),'LineWidth',1.5);grid on 

xlabel('Time [s]'); ylabel('Q [VAr]') 

print('T4_50_q','-dpng','-r800'); 

 


