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Appendix A: PV array datasheet 
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Appendix B: Simulink model -Transformerless inverter 
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Appendix C: Simulink model-DAB inverter (load at grid side) 
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Appendix D: Simulink model-DAB inverter (load at PV array side) 
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Appendix E: MATLAB code for the mathematical model of the TAB  

clear all 
clc 
syms n t  
syms V_h % comment out when plotting household side voltage 

  
%no of Fourier terms 

  
N=30; 

  
%winding resistances 

  
R_pv=10e-3; 
R_h=10e-3; 
R_g=10e-3; 

  
%leakage inductances 

  
f=20000; 
L_pv=25e-6; 
L_h=25e-6; 
L_g=25e-6; 

  
%phase shifts 

  
delta_pv=30; 
delta_g=60; 
delta_h=70; 

  
RL_g=10; 
RL_h=10; 
C_g=1e-3; 
C_h=1e-3; 

  
V_pv=420; 
% V_h=350; %uncomment when plotting currents 
V_g=350; 

  
%Hz to rad/s 

  
Ws=2*pi*f; 
%W=(2*n+1)*Ws; 

  
%delta pi transformation 

  
Zpvh=((R_pv+j*Ws*L_pv)*(R_h+j*Ws*L_h)+(R_pv+j*Ws*L_pv)*(R_g+j*Ws*L_g

)+(R_h+j*Ws*L_h)*(R_g+j*Ws*L_g))/(R_g+j*Ws*L_g); 
Zpvg=((R_pv+j*Ws*L_pv)*(R_h+j*Ws*L_h)+(R_pv+j*Ws*L_pv)*(R_g+j*Ws*L_g

)+(R_h+j*Ws*L_h)*(R_g+j*Ws*L_g))/(R_h+j*Ws*L_h); 
Zgh=((R_pv+j*Ws*L_pv)*(R_h+j*Ws*L_h)+(R_pv+j*Ws*L_pv)*(R_g+j*Ws*L_g)

+(R_h+j*Ws*L_h)*(R_g+j*Ws*L_g))/(R_pv+j*Ws*L_pv); 

  
Rpvh=real(Zpvh); 
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Rpvg=real(Zpvg); 
Rgh=real(Zgh); 

  
Lpvh=imag(Zpvh)/Ws; 
Lpvg=imag(Zpvg)/Ws; 
Lgh=imag(Zgh)/Ws; 

  
%deg to rad transformation 

  
d_pv=delta_pv*pi/180; 
d_h=delta_h*pi/180; 
d_g=delta_g*pi/180; 

  
%mathermatical model 

  
Zn_pvh=(sqrt(Rpvh^2+((2*n+1)*Ws*Lpvh)^2)); 
Psin_pvh=(atan(((2*n+1)*Ws*Lpvh)/Rpvh)); 
Zn_gh=(sqrt(Rgh^2+((2*n+1)*Ws*Lgh)^2)); 
Psin_gh=(atan(((2*n+1)*Ws*Lgh)/Rgh)); 
Zn_pvg=(sqrt(Rpvg^2+((2*n+1)*Ws*Lpvg)^2)); 
Psin_pvg=(atan(((2*n+1)*Ws*Lpvg)/Rpvg)); 

  

  

  
IL_pvh_tot=((1/(2*n+1))*((((V_pv)/Zn_pvh)*sin((2*n+1)*(Ws*t-d_pv)-

Psin_pvh))-(((V_h)/(Zn_pvh))*sin((2*n+1)*(Ws*t-d_h)-Psin_pvh)))); 
IL_pvh=(4/pi)*symsum(IL_pvh_tot, n, 0, N); 

  
IL_pvg_tot=((1/(2*n+1))*((((V_pv)/Zn_pvg)*sin((2*n+1)*(Ws*t-d_pv)-

Psin_pvg))-(((V_g)/(Zn_pvg))*sin((2*n+1)*(Ws*t-d_g)-Psin_pvg)))); 
IL_pvg=(4/pi)*symsum(IL_pvg_tot, n, 0, N); 

  
IL_gh_tot=-((1/(2*n+1))*((((V_h)/Zn_gh)*sin((2*n+1)*(Ws*t-d_h)-

Psin_gh))-(((V_g)/(Zn_gh))*sin((2*n+1)*(Ws*t-d_g)-Psin_gh)))); 
IL_gh=(4/pi)*symsum(IL_gh_tot, n, 0, N); 

  
%transformer output and input currents 

  
IL_pv=(IL_pvg+IL_pvh); 
IL_h=(IL_pvh+IL_gh); 
IL_g=(IL_pvg-IL_gh); 

  
IL_pv_sW_tot=(1/(2*n+1))*sin((2*n+1)*(Ws*t-d_pv)); 
IL_pv_sW=(4/pi)*symsum(IL_pv_sW_tot, n, 0, N); 

  
IL_h_sW_tot=(1/(2*n+1))*sin((2*n+1)*(Ws*t-d_h)); 
IL_h_sW=(4/pi)*symsum(IL_h_sW_tot, n, 0, N); 

  
IL_g_sW_tot=(1/(2*n+1))*sin((2*n+1)*(Ws*t-d_g)); 
IL_g_sW=(4/pi)*symsum(IL_g_sW_tot, n, 0, N); 

  
%converter output and input currents 

  
IL_pv_out=IL_pv_sW*IL_pv; 
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IL_h_out=IL_h_sW*IL_h; 
IL_g_out=IL_g_sW*IL_g; 

  
I_h_simp_tot=(1/(2*n+1)^2)*((V_pv*cos((2*n+1)*(d_pv-

d_h)+Psin_pvh)/(Zn_pvh))-

(V_h*(((cos(Psin_pvh))/(Zn_pvh))+((cos(Psin_gh))/(Zn_gh))))+(V_g*cos

((2*n+1)*(d_g-d_h)+Psin_gh)/(Zn_gh))); 
I_h_simp=(8/(pi^2))*symsum(I_h_simp_tot, n, 0, N); 

  
I_g_simp_tot=(1/(2*n+1)^2)*((V_pv*cos((2*n+1)*(d_pv-

d_g)+Psin_pvg)/(Zn_pvg))-

(V_g*(((cos(Psin_pvg))/(Zn_pvg))+((cos(Psin_gh))/(Zn_gh))))+(V_h*cos

((2*n+1)*(d_h-d_g)+Psin_gh)/(Zn_gh))); 
I_g_simp=(8/(pi^2))*symsum(I_g_simp_tot, n, 0, N); 

  
% fplot(IL_pv,[0,0.0002])  %uncomment to plot currents 
% hold all 
%  

  
%household side and grid side voltages 

  
V_h_c = -((V_h)/(RL_h*C_h))+(1/C_h)*IL_h_out;           %comment out 

when plotting currents 
V_h_csimplfd = -((V_h)/(RL_h*C_h))+(1/C_h)*I_h_simp;     %comment 

out when plotting currents 
%  
% V_g_c = -((V_g)/(RL_g*C_g))+(1/C_g)*IL_g_out; 
% V_g_csimplfd = -((V_g)/(RL_g*C_g))+(1/C_g)*I_g_simp; 
%  
%  
opts = odeset('MaxStep',50e-8); 
F = matlabFunction(V_h_c,'vars',{'t','V_h'}); 
[t,V_h] = ode113(F,[0 0.2],0,opts); 

  

  
plot(t,V_h) 
hold all 
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Appendix F: Simulink model -TAB inverter 

 


