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Appendix A - Arial Bundle Conductor Data and Impedance Calculations 

 

Cable data 

Table A.01 shows the cable data of 50 ABC. 

Conductor Formation 
A(mm2) 

 
R(Ω/km) D1 (mm) D2(mm) 

t (mm) 

 

Phase 
Hard drawn Aluminum 

 
50 0.61 8.2 11.5 1.65 

Neutral 
Aluminum Alloy 

 
35 0.98 7.2 11 1.9 

Table A.01: Cable data 

A-Nominal cross section area 

R-DC conductor resistance measured at 30C 

D1-Nominal diameter Without Insulation 

D2- Nominal diameter With Insulation 

t-Insulating sheath thickness 

Insulation Material- XLPE - Cross Link Poly Ethylene  

Span Length between Nodes 

Table A.02 shows the span length details of considered feeder.. 

 Node 1-2 Node 2-3 Node 3-4 Node 4-5 Node 5-6 Node6-7 Node7-8 

Length(m) 29 32 20 57 38 45 34 

Table A.02:- Span length 
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Calculation of Primitive impedance matrix for considered feeder  

Primitive impedance matrix can be calculated using following equations. 

 

�̂�𝑖𝑖 = 𝑟𝑖 +
𝜇0𝜔

8
+ 𝑗𝜔

𝜇0

2𝜋
∗ 𝑙𝑛 (

658.9

𝐷𝑖𝑖√𝑓 𝜌⁄
) 

 

�̂�𝑖𝑗 =
𝜇0𝜔

8
+ 𝑗𝜔

𝜇0

2𝜋
∗ 𝑙𝑛 (

658.9

𝐷𝑖𝑗√𝑓 𝜌⁄
) 

 

 

Self-impedance calculation for Phase conductors (Zaa) was done using Matlab 7.6 

(R2008a) including ground effect. Following is the code used for calculation. 

 

format short g 

Ra=0.61; 

f=50; 

p=100; 

R_Ground=9.869*10^-4*50*10^-3; 

% constant k, assuming permiability of free space in H/m % 

u=4*pi*10^-7; 

k = 2*10^-7;  

w=2*pi*f; 

ZRa=(Ra/1000)+R_Ground; 

Daa=0.758*4.1*10^-3; 

ZXa=k*w*log((658.9)/(Daa*sqrt(f/p))); 

Zaa=complex(ZRa,ZXa); 

 

Zbb and Zcc can be calculated similar manner. 

 

Self-impedance calculation for Neutral conductors (Znn) was done using Matlab 7.6 

(R2008a) including ground effect. Following is the code used for calculation. 

format short g 

Rn=0.98; 

f=50; 

p=100; 

R_Ground=9.869*10^-4*50*10^-3; 
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% constant k, assuming permiability of free space in H/m 

k = 2*10^-7   ;  

w=2*pi*f; 

ZRn=(Rn/1000)+R_Ground; 

Dnn=0.758*3.6*10^-3; 

ZXn=k*w*log((658.9)/(Dnn*sqrt(f/p))); 

Znn=complex(ZRn,ZXn); 
 

Mutual-impedance calculation for Phase conductors (Zab) was done using Matlab 

7.6 (R2008a) including ground effect. Following is the code used for calculation. 

Dab=0.019485572 

f=50; 

p=100; 

R_Ground=9.869*10^-4*50*10^-3; 

% constant k, assuming permiability of free space in H/m 

k = 2*10^-7   ;  

w=2*pi*f; 

ZRab =R_Ground; 

ZXab =k*w*log((658.9)/(Dab*sqrt(f/p))); 

Zab=complex(ZRab,ZXab); 

 

Other phase to phase mutual impedance components can be calculated similar 

manner. 

 

Mutual-impedance calculation for Phase to neutral (Zan) was done using Matlab 7.6 

(R2008a) including ground effect. Following is the code used for calculation. 

GMDn=0.01125; 

f=50; 

p=100; 

R_Ground=9.869*10^-4*50*10^-3; 

% constant k, assuming permiability of free space in H/m 

k = 2*10^-7   ;  

w=2*pi*f; 

ZRpn=R_Ground; 

%Dij=((11.5+11)/2)*10^-3; 

ZXpn=k*w*log((658.9)/(GMDn*sqrt(f/p))); 

Zan=complex(ZRpn,ZXpn); 

 

Other phase to neutral mutual impedance components can be calculated similar 

manner. Following is the calculated impedance matrix (Ω/m) for considered 

conductors. 
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[
 
 
 
 

   

0.00065934 +  0.00079237𝑖

4.9345𝑒 − 005 +  0.00067703𝑖

4.9345𝑒 − 005 +  0.00067703𝑖

4.9345𝑒 − 005 +  0.00071154𝑖

    

4.9345𝑒 − 005 +  0.00067703𝑖

0.00065934 +  0.00079237𝑖

4.9345𝑒 − 005 +  0.00067703𝑖

4.9345𝑒 − 005 +  0.00071154𝑖

    

4.9345𝑒 − 005 +  0.00067703𝑖

4.9345𝑒 − 005 +  0.00067703𝑖

0.00065934 +  0.00079237𝑖

4.9345𝑒 − 005 +  0.00071154𝑖

    

4.9345𝑒 − 005 +  0.00071154𝑖

4.9345𝑒 − 005 +  0.00071154𝑖

4.9345𝑒 − 005 +  0.00071154𝑖

0.0010293 +  0.00080054𝑖 ]
 
 
 
 

 
 

 

 

 

Calculation of self-reactance of phase “a” for considered feeder  

Self-reactance calculation for Phase conductors (Zaa) was done using Matlab 7.6 

(R2008a). Following is the code used for calculation. 

k = 2*10^-7;  

w=2*pi*f; 

Daa=0.758*4.1*10^-3; 

Xaa=k*w*log(1/(Daa));      (Ω/m) 

 

 

Calculation of total reactance calculation for term �̅�𝒂𝒂 + �̅�𝒈𝒈 − �̅�𝒈𝒂 − �̅�𝒂𝒈 

 

(�̅�𝑎𝑎 + 𝑧�̅�𝑔 − 𝑧�̅�𝑎 − 𝑧�̅�𝑔) = 𝜔
𝜇0

2𝜋
∗ 𝑙𝑛 (

658.9

𝐷𝑎𝑎√𝑓 𝜌⁄
) 

 

Total-reactance calculation for above considered terms was done using Matlab 

7.6 (R2008a). Following is the code used for calculation. 

 

f=50; 

p=100; 

k = 2*10^-7;  

w=2*pi*f; 

Daa=0.758*4.1*10^-3; 

Xa=k*w*log((658.9)/(Daa*sqrt(f/p))); 
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Appendix B - Load Flow Calculation 

 

Power flow analysis was implemented based on the customized forward-backward 

iterative technique using Matlab 7.6 (R2008a). Following is the code used for 

implementation. Measured data are stored in the excel tables and retrieve during 

program execution. 

 

 

 Apparent power for each node relevant to corresponding phase for measured 

time intervals are stored in the ‘Data input node power 2016.12.18.xls’. 

 

 Voltage values for each node relevant to corresponding phase for measured 

time intervals are stored in the Actual voltage profile 2016.12.18.xls’. 

 

 Measured current of starting span for corresponding phase for measured time 

intervals are stored in the ‘Actual currents span 2016.12.18.xls'. 

 

 Current for each node relevant to corresponding phase for measured time 

intervals are stored in the ‘Actual node current 2016.12.18.xls. 

 

All above data are included in the Compact Disc provided with dissertation.  
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Load Flow Program 

 

 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Input parameters for radial feeder without spurs-Number of poles and span 

lengths 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

Node connected measured apparent power extraction-extraction from excel 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

for Load_sheet=2; 

exl = actxserver('excel.application'); 

exlWkbk = exl.Workbooks; 

exlFile = exlWkbk.Open([docroot '/techdoc/matlab_external/examples/Data 

input  node power 2016.12.18.xls']); 

exlSheet1 = exlFile.Sheets.Item(Load_sheet); 

robj = exlSheet1.Columns.End(4);       % Find the end of the column 

numrows = robj.row;                    % And determine what row it is 

dat_range = ['A2:H' num2str(numrows)]; % Read to the last row 

rngObj = exlSheet1.Range(dat_range); 

exlData = rngObj.Value; 

L_V=str2double(exlData); 

 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Source & Node measured Voltage extraction 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

for Voltage_sheet=1; 

exl = actxserver('excel.application'); 

exlWkbk = exl.Workbooks; 

exlFile = exlWkbk.Open([docroot '/techdoc/matlab_external/examples/Actual 

voltage profile  2016.12.18.xls']); 

exlSheet1 = exlFile.Sheets.Item(Voltage_sheet); 

robj = exlSheet1.Columns.End(4);       % Find the end of the column 

numrows = robj.row;                    % And determine what row it is 

dat_range = ['A2:R' num2str(numrows)]; % Read to the last row 

rngObj = exlSheet1.Range(dat_range); 

exlData = rngObj.Value; 

V_V=cell2mat(exlData); 

 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Measured span current  extraction 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

for span_current_sheet=1; 

exl = actxserver('excel.application'); 

exlWkbk = exl.Workbooks; 

exlFile = exlWkbk.Open([docroot '/techdoc/matlab_external/examples/Actual  

currents span 2016.12.18.xls']); 

exlSheet1 = exlFile.Sheets.Item(span_current_sheet); 

robj = exlSheet1.Columns.End(4);       % Find the end of the column 

numrows = robj.row;                    % And determine what row it is 

dat_range = ['A2:D' num2str(numrows)]; % Read to the last row 

rngObj = exlSheet1.Range(dat_range); 

exlData = rngObj.Value; 

SC_X=cell2mat(exlData); 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Measured node current  extraction 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
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for node_current_sheet=1; 

exl = actxserver('excel.application'); 

exlWkbk = exl.Workbooks; 

exlFile = exlWkbk.Open([docroot '/techdoc/matlab_external/examples/Actual 

node current 2016.12.18.xls']); 

exlSheet1 = exlFile.Sheets.Item(node_current_sheet); 

robj = exlSheet1.Columns.End(4);       % Find the end of the column 

numrows = robj.row;                    % And determine what row it is 

dat_range = ['A2:N' num2str(numrows)]; % Read to the last row 

rngObj = exlSheet1.Range(dat_range); 

exlData = rngObj.Value; 

NC_X=cell2mat(exlData); 

 

end 

 

for Loop=1:96; 

 

x=8; 

Spanmatrix=[29 32 20 57 38 45 34]; 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Node connected measured apparent power extraction 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

Load_row_index=Loop; 

 

Load_matrix(1,1)=0; 

Load_matrix(2,1)=0; 

Load_matrix(3,1)=0; 

 

Load_matrix(1,2)=L_V(Load_row_index,2); 

Load_matrix(2,2)=0; 

Load_matrix(3,2)=0; 

 

Load_matrix(1,3)=0; 

Load_matrix(2,3)=L_V(Load_row_index,3); 

Load_matrix(3,3)=0; 

 

Load_matrix(1,4)=0; 

Load_matrix(2,4)=L_V(Load_row_index,4); 

Load_matrix(3,4)=0; 

 

Load_matrix(1,5)=L_V(Load_row_index,5); 

Load_matrix(2,5)=0; 

Load_matrix(3,5)=0; 

 

Load_matrix(1,6)=0; 

Load_matrix(2,6)=0; 

Load_matrix(3,6)=0; 

 

Load_matrix(1,7)=L_V(Load_row_index,7); 

Load_matrix(2,7)=0; 

Load_matrix(3,7)=0; 

 

Load_matrix(1,8)=0; 

Load_matrix(2,8)=0; 

Load_matrix(3,8)=0; 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Source voltage definition 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

Voltage_row_index=Loop; 
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Node_voltage_matrix=zeros(3,8); 

 

[B,Y] =(pol2cart(0,V_V(Voltage_row_index,1))); 

Node_voltage_matrix(1,1)=complex(B,Y); 

 

[K,L] =(pol2cart(-2*pi/3,V_V(Voltage_row_index,2))); 

Node_voltage_matrix(2,1)=complex(K,L); 

 

[M,N] =(pol2cart(2*pi/3,V_V(Voltage_row_index,3))); 

Node_voltage_matrix(3,1)=complex(M,N); 

Node_voltage_matrix(4,1)=complex(0,0); 

 

%%%%%%%%Actual voltage extraction for one minute instant 

 

Voltage_row_index=Loop; 

 

Act_Node_voltage_matrix=zeros(3,8); 

 

Act_Node_voltage_matrix(1,1)=V_V(Voltage_row_index,1); 

Act_Node_voltage_matrix(2,1)=V_V(Voltage_row_index,2); 

Act_Node_voltage_matrix(3,1)=V_V(Voltage_row_index,3); 

 

Act_Node_voltage_matrix(1,2)=V_V(Voltage_row_index,4); 

Act_Node_voltage_matrix(2,2)=0; 

Act_Node_voltage_matrix(3,2)=0; 

 

Act_Node_voltage_matrix(1,3)=0; 

Act_Node_voltage_matrix(2,3)=V_V(Voltage_row_index,6); 

Act_Node_voltage_matrix(3,3)=0; 

 

Act_Node_voltage_matrix(1,4)=0; 

Act_Node_voltage_matrix(2,4)=V_V(Voltage_row_index,8); 

Act_Node_voltage_matrix(3,4)=0; 

 

Act_Node_voltage_matrix(1,5)=V_V(Voltage_row_index,10); 

Act_Node_voltage_matrix(2,5)=0; 

Act_Node_voltage_matrix(3,5)=0; 

 

Act_Node_voltage_matrix(1,6)=V_V(Voltage_row_index,12); 

Act_Node_voltage_matrix(2,6)=V_V(Voltage_row_index,13); 

Act_Node_voltage_matrix(3,6)=V_V(Voltage_row_index,14); 

 

Act_Node_voltage_matrix(1,7)=V_V(Voltage_row_index,15); 

Act_Node_voltage_matrix(2,7)=0; 

Act_Node_voltage_matrix(3,7)=0; 

 

Act_Node_voltage_matrix(1,8)=V_V(Voltage_row_index,16); 

Act_Node_voltage_matrix(2,8)=V_V(Voltage_row_index,17); 

Act_Node_voltage_matrix(3,8)=V_V(Voltage_row_index,18); 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Measured span current  extraction 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

sp_current_row_index=Loop; 

 

Ac_span_current_matrix(1,1)=SC_X(sp_current_row_index,1); 

Ac_span_current_matrix(2,1)=SC_X(sp_current_row_index,2); 

Ac_span_current_matrix(3,1)=SC_X(sp_current_row_index,3); 

Ac_span_current_matrix(4,1)=SC_X(sp_current_row_index,4); 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Measured node current  extraction 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 



 

 Page 82 
 

node_current_row_index=Loop; 

 

Act_Node_current_matrix=zeros(3,8); 

 

Act_Node_current_matrix(1,1)=0; 

Act_Node_current_matrix(2,1)=0; 

Act_Node_current_matrix(3,1)=0; 

 

Act_Node_current_matrix(1,2)=NC_X(node_current_row_index,3); 

Act_Node_current_matrix(2,2)=0; 

Act_Node_current_matrix(3,2)=0; 

 

Act_Node_current_matrix(1,3)=0; 

Act_Node_current_matrix(2,3)=NC_X(node_current_row_index,6); 

Act_Node_current_matrix(3,3)=0; 

 

Act_Node_current_matrix(1,4)=0; 

Act_Node_current_matrix(2,4)=NC_X(node_current_row_index,9); 

Act_Node_current_matrix(3,4)=0; 

 

Act_Node_current_matrix(1,5)=NC_X(node_current_row_index,12); 

Act_Node_current_matrix(2,5)=0; 

Act_Node_current_matrix(3,5)=0; 

 

Act_Node_current_matrix(1,6)=0; 

Act_Node_current_matrix(2,6)=0; 

Act_Node_current_matrix(3,6)=0; 

 

Act_Node_current_matrix(1,7)=NC_X(node_current_row_index,14); 

Act_Node_current_matrix(2,7)=0; 

Act_Node_current_matrix(3,7)=0; 

 

Act_Node_current_matrix(1,8)=0; 

Act_Node_current_matrix(2,8)=0; 

Act_Node_current_matrix(3,8)=0; 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Impedence 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

%Grounding resistance at trnasfomer neutral bushing and feeder end. 

Z_Grounding=63; 

 

%earth resistance per m ,Rd  = 9.869*10^-4*f*10^-3 

Z_Ground=9.869*10^-4*50*10^-3; 

 

% PER METER IMPEDENCE AT MIDDLE SPAN 

%MImpedence=[0.000641+0.000087i 0 0 0;0 0.000641+0.000087i 0 0;0 0 

0.000641+0.000087i 0;0 0 0 0.000641+0.000087i]; 

MImpedence=[0.00065934 + 0.00079237i 4.9345e-005 + 0.00067703i 4.9345e-005 + 

0.00067703i  4.9345e-005 + 0.00071154i;4.9345e-005 + 0.00067703i     

0.00065934 + 0.00079237i  4.9345e-005 + 0.00067703i  4.9345e-005 + 

0.00071154i;4.9345e-005 + 0.00067703i 4.9345e-005 + 0.00067703i  0.00065934 

+ 0.00079237i  4.9345e-005 + 0.00071154i;4.9345e-005 + 0.00071154i 4.9345e-

005 + 0.00071154i 4.9345e-005 + 0.00071154i 0.0010293 + 0.00080054i]; 

 

% PER METER IMPEDENCE AT END SPAN(GROUNDED NEUTRAL END) 

%EImpedence=[0.000641+0.000087i 0 0 0;0 0.000641+0.000087i 0 0;0 0 

0.000641+0.000087i 0;0 0 0 0.000641+0.000087i]; 

EImpedence=[0.00065934 + 0.00079237i 4.9345e-005 + 0.00067703i 4.9345e-005 + 

0.00067703i  4.9345e-005 + 0.00071154i;4.9345e-005 + 0.00067703i     

0.00065934 + 0.00079237i  4.9345e-005 + 0.00067703i  4.9345e-005 + 

0.00071154i;4.9345e-005 + 0.00067703i 4.9345e-005 + 0.00067703i  0.00065934 
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+ 0.00079237i  4.9345e-005 + 0.00071154i;4.9345e-005 + 0.00071154i 4.9345e-

005 + 0.00071154i 4.9345e-005 + 0.00071154i 0.0010293 + 0.00080054i]; 

Espan=Spanmatrix(1,x-1)*EImpedence; 

 

% PER METER IMPEDENCE AT START SPAN(GROUNDED NEUTRAL END) 

%SImpedence=[0.000641+0.000087i 0 0 0;0 0.000641+0.000087i 0 0;0 0 

0.000641+0.000087i 0;0 0 0 0.000641+0.000087i]; 

SImpedence=[0.00065934 + 0.00079237i 4.9345e-005 + 0.00067703i 4.9345e-005 + 

0.00067703i  4.9345e-005 + 0.00071154i;4.9345e-005 + 0.00067703i     

0.00065934 + 0.00079237i  4.9345e-005 + 0.00067703i  4.9345e-005 + 

0.00071154i;4.9345e-005 + 0.00067703i 4.9345e-005 + 0.00067703i  0.00065934 

+ 0.00079237i  4.9345e-005 + 0.00071154i;4.9345e-005 + 0.00071154i 4.9345e-

005 + 0.00071154i 4.9345e-005 + 0.00071154i 0.0010293 + 0.00080054i]; 

Sspan=Spanmatrix(1,1)*SImpedence; 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Source voltage based intial Current calculation   for entire nodes 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

for i=1:x 

 

% Phase current calculation 

 

Node_current_a=zeros(1,1); 

Node_current_b=zeros(1,1); 

Node_current_c=zeros(1,1); 

Node_current_a=conj(Load_matrix(1,i)/Node_voltage_matrix(1,1)); 

Node_current_b=conj(Load_matrix(2,i)/Node_voltage_matrix(2,1)); 

Node_current_c=conj(Load_matrix(3,i)/Node_voltage_matrix(3,1)); 

Node_current_unbalance=(Node_current_a+Node_current_b+Node_current_c); 

 

Node_current_matrix(1,i)=Node_current_a; 

Node_current_matrix(2,i)=Node_current_b; 

Node_current_matrix(3,i)=Node_current_c; 

Node_current_matrix(4,i)=Node_current_unbalance; 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Node based  Impedence calculation for unbalance current division 

calculation-Node to source through ground path/neutral conductor  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%%%% Node to source through ground path %%%%%%%%%%% 

 

if i==x 

Z_back_i=zeros(1,1); 

Z_back_i=0; 

Z_back_i=(2*Z_Grounding) + Z_Ground; 

 

elseif i==x-1 

 

Z_back_i=zeros(1,1); 

Z_back_i=0; 

Z_back_i=Espan(4,4) + (2*Z_Grounding) + Z_Ground; 

 

else 

 

Z_back=zeros(1,1); 

zT_back_i=zeros(1,1); 

Z_back_i=zeros(1,1); 

Z_back=0; 

zT_back_i=0; 

Z_back_i=0; 

for j=i:x-2 

zT_back_i=Spanmatrix(1,j)*MImpedence(4,4); 

Z_back=Z_back+zT_back_i; 
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end 

 

Z_back_i=Z_back+Espan(4,4) + (2*Z_Grounding) + Z_Ground; 

end 

 

%%%% Node to source through neutral conductor %%%%%%%%%%% 

 

if i==1 

z_front_i=0; 

 

elseif  i==x 

z_front=zeros(1,1); 

zT_front_i=zeros(1,1); 

z_front_i=zeros(1,1); 

z_front=0; 

zT_front_i=0; 

z_front_i=0; 

for k=1:i-2 

zT_front_i=Spanmatrix(1,k)*MImpedence(4,4); 

z_front=z_front+zT_front_i; 

end 

z_front_i=z_front+Espan(4,4); 

 

else 

 

z_front=zeros(1,1); 

zT_front_i=zeros(1,1); 

z_front_i=zeros(1,1); 

z_front=0; 

zT_front_i=0; 

z_front_i=0; 

for k=1:i-1 

zT_front_i=Spanmatrix(1,k)*MImpedence(4,4); 

z_front=z_front+zT_front_i; 

end 

z_front_i=z_front; 

end 

 

Return_path_impedence_matrix(1,i)=Z_back_i; 

Return_path_impedence_matrix(2,i)=z_front_i; 

 

%%%% Impedence ratio calculation between two paths %%%%%%%%%%% 

 

Node_current_n=Node_current_unbalance*(Z_back_i/(z_front_i+Z_back_i)); 

Node_current_g=Node_current_unbalance*(z_front_i/(z_front_i+Z_back_i)); 

Z_back_i=0; 

z_front_i=0; 

 

Node_current_matrix(5,i)=Node_current_n; 

Node_current_matrix(6,i)=Node_current_g; 

 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% span current matrix  -for Ground and Neutral seperatly considering 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

for i=1:x 

spani_jNCR_l=zeros(1,1); 

spani_jGCR_l=zeros(1,1); 

span_current_matrix(5,1)=0;   %%no ground current flow between first 

node(source)  ,only neutral current 

span_current_matrix(5,2)=0;   %%no ground current flow between  second node 

node(source),only neutral current 
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for k=i:x 

spani_jNCR_l=spani_jNCR_l+Node_current_matrix(5,k); 

end 

span_current_matrix(4,i)=spani_jNCR_l; 

 

if (i>1) 

for k=2:i 

spani_jGCR_l=spani_jGCR_l+Node_current_matrix(6,k); 

end 

 

span_current_matrix(5,i+1)=spani_jGCR_l; 

end 

 

spani_jNCR_l=0; 

spani_jGCR_l=0; 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% span current matrix  -for phase currents 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

for i=1:x 

 

spani_jacT=zeros(1,1); 

spani_jacT=0; 

for k=i:x 

spani_jacT=spani_jacT+Node_current_matrix(1,k); 

end 

span_current_matrix(1,i)=spani_jacT; 

 

spani_jbcT=zeros(1,1); 

spani_jbcT=0; 

for k=i:x 

spani_jbcT=spani_jbcT+Node_current_matrix(2,k); 

end 

span_current_matrix(2,i)=spani_jbcT; 

 

spani_jccT=zeros(1,1); 

spani_jccT=0; 

for k=i:x 

spani_jccT=spani_jccT+Node_current_matrix(3,k); 

end 

span_current_matrix(3,i)=spani_jccT; 

 

end 

 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% span current matrix  -for Resultant Neutral current 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

for k=1:x 

span_current_matrix(6,k)=span_current_matrix(4,k)-span_current_matrix(5,k); 

end  

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Node VOLTAGE  MATRIX 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

for i=2:x-1 

SPAN_i_IMPEDENCE=zeros(4,4); 

SPAN_i_IMPEDENCE=Spanmatrix(1,i-1)*MImpedence; 

Direct_span_current_matrix=(-1)*span_current_matrix(6,i); 

Span_drop_matrix(:,i)=SPAN_i_IMPEDENCE*[span_current_matrix(1,i);span_curren

t_matrix(2,i);span_current_matrix(3,i);Direct_span_current_matrix]; 
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Phase_drop_matrix(:,i)=[Span_drop_matrix(1,i)-

Span_drop_matrix(4,i);Span_drop_matrix(2,i)-

Span_drop_matrix(4,i);Span_drop_matrix(3,i)-Span_drop_matrix(4,i)]; 

 

Node_voltage_matrix(4,i)=Node_voltage_matrix(4,i-1)-Span_drop_matrix(4,i); 

Node_voltage_matrix(1,i)=Node_voltage_matrix(1,i-1)-Phase_drop_matrix(1,i); 

Node_voltage_matrix(2,i)=Node_voltage_matrix(2,i-1)-Phase_drop_matrix(2,i); 

Node_voltage_matrix(3,i)=Node_voltage_matrix(3,i-1)-Phase_drop_matrix(3,i); 

end 

 

SPAN_E_IMPEDENCE=Spanmatrix(1,x-1)*EImpedence; 

Direct_span_current_matrix_x=(-1)*span_current_matrix(6,x); 

Span_drop_matrix(:,x)=SPAN_E_IMPEDENCE*[span_current_matrix(1,x);span_curren

t_matrix(2,x);span_current_matrix(3,x);Direct_span_current_matrix_x]; 

 

Phase_drop_matrix(:,x)=[Span_drop_matrix(1,x)-

Span_drop_matrix(4,x);Span_drop_matrix(2,x)-

Span_drop_matrix(4,x);Span_drop_matrix(3,x)-Span_drop_matrix(4,x)]; 

 

Node_voltage_matrix(4,x)=Span_drop_matrix(4,x-1)-Span_drop_matrix(4,x); 

Node_voltage_matrix(1,x)=Node_voltage_matrix(1,x-1)-Phase_drop_matrix(1,x); 

Node_voltage_matrix(2,x)=Node_voltage_matrix(2,x-1)-Phase_drop_matrix(2,x); 

Node_voltage_matrix(3,x)=Node_voltage_matrix(3,x-1)-Phase_drop_matrix(3,x); 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Calulated_Node_Power_matrix 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

%%P=VI* 

 

A=conj([Node_current_matrix(1,:);Node_current_matrix(2,:);Node_current_matri

x(3,:)]); 

B=[Node_voltage_matrix(1,:);Node_voltage_matrix(2,:);Node_voltage_matrix(3,:

)]; 

 

for i=1:3 

for j=1:x 

Calulated_Node_Power_matrix(i,j)=B(i,j)*A(i,j); 

end 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Node_Power_mismatch_matrix 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

Node_Power_mismatch_matrix=Load_matrix- 

[Calulated_Node_Power_matrix(1,:);Calulated_Node_Power_matrix(2,:);Calulated

_Node_Power_matrix(3,:)]; 

 

max(abs(Node_Power_mismatch_matrix(:))); 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Iteration process 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

while(max(abs(Node_Power_mismatch_matrix(:)))>0.0001) 

 

for i=1:x 

 

% Phase current calculation 

 

Node_current_a=zeros(1,1); 

Node_current_b=zeros(1,1); 
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Node_current_c=zeros(1,1); 

Node_current_a=conj(Load_matrix(1,i)/Node_voltage_matrix(1,i)); 

Node_current_b=conj(Load_matrix(2,i)/Node_voltage_matrix(2,i)); 

Node_current_c=conj(Load_matrix(3,i)/Node_voltage_matrix(3,i)); 

Node_current_unbalance=(Node_current_a+Node_current_b+Node_current_c); 

 

Node_current_matrix(1,i)=Node_current_a; 

Node_current_matrix(2,i)=Node_current_b; 

Node_current_matrix(3,i)=Node_current_c; 

Node_current_matrix(4,i)=Node_current_unbalance; 

 

%%%% Impedence ratio calculation %%%%%%%%%%% 

 

if i==x 

Z_back_i=zeros(1,1); 

Z_back_i=0; 

Z_back_i=(2*Z_Grounding) + Z_Ground; 

 

elseif i==x-1 

 

Z_back_i=zeros(1,1); 

Z_back_i=0; 

Z_back_i=Espan(4,4) + (2*Z_Grounding) + Z_Ground; 

 

else 

 

Z_back=zeros(1,1); 

zT_back_i=zeros(1,1); 

Z_back_i=zeros(1,1); 

Z_back=0; 

zT_back_i=0; 

Z_back_i=0; 

for j=i:x-2 

zT_back_i=Spanmatrix(1,j)*MImpedence(4,4); 

Z_back=Z_back+zT_back_i; 

end 

 

Z_back_i=Z_back+Espan(4,4) + (2*Z_Grounding) + Z_Ground; 

end 

 

if i==1 

z_front_i=0; 

 

elseif  i==x 

z_front=zeros(1,1); 

zT_front_i=zeros(1,1); 

z_front_i=zeros(1,1); 

z_front=0; 

zT_front_i=0; 

z_front_i=0; 

for k=1:i-2 

zT_front_i=Spanmatrix(1,k)*MImpedence(4,4); 

z_front=z_front+zT_front_i; 

end 

z_front_i=z_front+Espan(4,4); 

 

else 

 

z_front=zeros(1,1); 

zT_front_i=zeros(1,1); 

z_front_i=zeros(1,1); 

z_front=0; 

zT_front_i=0; 

z_front_i=0; 
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for k=1:i-1 

zT_front_i=Spanmatrix(1,k)*MImpedence(4,4); 

z_front=z_front+zT_front_i; 

end 

z_front_i=z_front; 

end 

 

Node_current_n=Node_current_unbalance*(Z_back_i/(z_front_i+Z_back_i)); 

Node_current_g=Node_current_unbalance*(z_front_i/(z_front_i+Z_back_i)); 

Z_back_i=0; 

z_front_i=0; 

 

Node_current_matrix(5,i)=Node_current_n; 

Node_current_matrix(6,i)=Node_current_g; 

 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% span current matrix  -for Ground and Neutral seperatly considering 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

for i=1:x 

spani_jNCR_l=zeros(1,1); 

spani_jGCR_l=zeros(1,1); 

span_current_matrix(5,1)=0;   %%no ground current flow between source and 

first node ,only neutral current 

span_current_matrix(5,2)=0;   %%no ground current flow between  first node 

and second node ,only neutral current 

for k=i:x 

spani_jNCR_l=spani_jNCR_l+Node_current_matrix(5,k); 

end 

span_current_matrix(4,i)=spani_jNCR_l; 

 

if (i>1) 

for k=2:i 

spani_jGCR_l=spani_jGCR_l+Node_current_matrix(6,k); 

end 

 

span_current_matrix(5,i+1)=spani_jGCR_l; 

end 

 

spani_jNCR_l=0; 

spani_jGCR_l=0; 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% span current matrix  -for phase currents 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

for i=1:x 

 

spani_jacT=zeros(1,1); 

spani_jacT=0; 

for k=i:x 

spani_jacT=spani_jacT+Node_current_matrix(1,k); 

end 

span_current_matrix(1,i)=spani_jacT; 

 

spani_jbcT=zeros(1,1); 

spani_jbcT=0; 

for k=i:x 

spani_jbcT=spani_jbcT+Node_current_matrix(2,k); 

end 

span_current_matrix(2,i)=spani_jbcT; 
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spani_jccT=zeros(1,1); 

spani_jccT=0; 

for k=i:x 

spani_jccT=spani_jccT+Node_current_matrix(3,k); 

end 

span_current_matrix(3,i)=spani_jccT; 

 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% span current matrix  -for Resultant Neutral current 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

for k=1:x 

span_current_matrix(6,k)=span_current_matrix(4,k)-span_current_matrix(5,k); 

end  

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Node VOLTAGE  MATRIX 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

for i=2:x-1 

SPAN_i_IMPEDENCE=zeros(4,4); 

SPAN_i_IMPEDENCE=Spanmatrix(1,i-1)*MImpedence; 

Direct_span_current_matrix=(-1)*span_current_matrix(6,i); 

Span_drop_matrix(:,i)=SPAN_i_IMPEDENCE*[span_current_matrix(1,i);span_curren

t_matrix(2,i);span_current_matrix(3,i);Direct_span_current_matrix]; 

 

Phase_drop_matrix(:,i)=[Span_drop_matrix(1,i)-

Span_drop_matrix(4,i);Span_drop_matrix(2,i)-

Span_drop_matrix(4,i);Span_drop_matrix(3,i)-Span_drop_matrix(4,i)]; 

 

Node_voltage_matrix(4,i)=Node_voltage_matrix(4,i-1)-Span_drop_matrix(4,i); 

Node_voltage_matrix(1,i)=Node_voltage_matrix(1,i-1)-Phase_drop_matrix(1,i); 

Node_voltage_matrix(2,i)=Node_voltage_matrix(2,i-1)-Phase_drop_matrix(2,i); 

Node_voltage_matrix(3,i)=Node_voltage_matrix(3,i-1)-Phase_drop_matrix(3,i); 

end 

 

SPAN_E_IMPEDENCE=Spanmatrix(1,x-1)*EImpedence; 

Direct_span_current_matrix_x=(-1)*span_current_matrix(6,x); 

Span_drop_matrix(:,x)=SPAN_E_IMPEDENCE*[span_current_matrix(1,x);span_curren

t_matrix(2,x);span_current_matrix(3,x);Direct_span_current_matrix_x]; 

 

Phase_drop_matrix(:,x)=[Span_drop_matrix(1,x)-

Span_drop_matrix(4,x);Span_drop_matrix(2,x)-

Span_drop_matrix(4,x);Span_drop_matrix(3,x)-Span_drop_matrix(4,x)]; 

 

Node_voltage_matrix(4,x)=Span_drop_matrix(4,x-1)-Span_drop_matrix(4,x); 

Node_voltage_matrix(1,x)=Node_voltage_matrix(1,x-1)-Phase_drop_matrix(1,x); 

Node_voltage_matrix(2,x)=Node_voltage_matrix(2,x-1)-Phase_drop_matrix(2,x); 

Node_voltage_matrix(3,x)=Node_voltage_matrix(3,x-1)-Phase_drop_matrix(3,x); 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Calulated_Node_Power_matrix 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%%P=VI* 

 

A=conj([Node_current_matrix(1,:);Node_current_matrix(2,:);Node_current_matri

x(3,:)]); 

B=[Node_voltage_matrix(1,:);Node_voltage_matrix(2,:);Node_voltage_matrix(3,:

)]; 

 

for i=1:3 

for j=1:x 

Calulated_Node_Power_matrix(i,j)=B(i,j)*A(i,j); 
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end 

end 

 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Node_Power_mismatch_matrix 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

Node_Power_mismatch_matrix=Load_matrix- 

[Calulated_Node_Power_matrix(1,:);Calulated_Node_Power_matrix(2,:);Calulated

_Node_Power_matrix(3,:)]; 

 

max(abs(Node_Power_mismatch_matrix(:))); 

 

end 

 

%Load_matrix; 

%Node_current_matrix; 

%span_current_matrix; 

%Node_voltage_matrix; 

%Calulated_Node_Power_matrix; 

% 

%Ac_span_current_matrix; 

 

Validation_Table(Loop,1)=abs(Node_voltage_matrix(1,2)); 

Validation_Table(Loop,2)=abs(Node_voltage_matrix(1,5)); 

Validation_Table(Loop,3)=abs(Node_voltage_matrix(1,7)); 

Validation_Table(Loop,4)=abs(Node_voltage_matrix(1,8)); 

Validation_Table(Loop,5)=abs(Node_voltage_matrix(2,3)); 

Validation_Table(Loop,6)=abs(Node_voltage_matrix(2,4)); 

Validation_Table(Loop,7)=abs(Node_voltage_matrix(2,8)); 

Validation_Table(Loop,8)=abs(Node_voltage_matrix(3,8)); 

 

Validation_Table(Loop,9)=abs(Node_current_matrix(1,2)); 

Validation_Table(Loop,10)=abs(Node_current_matrix(1,5)); 

Validation_Table(Loop,11)=abs(Node_current_matrix(1,7)); 

Validation_Table(Loop,12)=abs(Node_current_matrix(2,3)); 

Validation_Table(Loop,13)=abs(Node_current_matrix(2,4)); 

 

Validation_Table(Loop,14)=abs(Ac_span_current_matrix(1,1)); 

Validation_Table(Loop,15)=abs(Ac_span_current_matrix(2,1)); 

Validation_Table(Loop,16)=abs(Ac_span_current_matrix(3,1)); 

Validation_Table(Loop,17)=abs(Ac_span_current_matrix(4,1)); 

 

end 

 

%%% node Voltage comparison 

 

Node_2VRME=[V_V(:,4)     Validation_Table(:,1)  V_V(:,5)]; 

Node_3VYME=[V_V(:,6)     Validation_Table(:,5)  V_V(:,7)]; 

Node_4VYME=[V_V(:,8)     Validation_Table(:,6)  V_V(:,9)]; 

Node_5VRME=[V_V(:,10)    Validation_Table(:,2)  V_V(:,11)]; 

Node_7VRME=[V_V(:,15)    Validation_Table(:,3)]; 

Node_8VRME=[V_V(:,16)    Validation_Table(:,4)]; 

Node_8VYME=[V_V(:,17)    Validation_Table(:,7)]; 

Node_8VBME=[V_V(:,18)    Validation_Table(:,8)]; 

 

%%% node current comparison 

 

Node_2CRME=[NC_X(:,3)     Validation_Table(:,9)]; 

Node_3CYME=[NC_X(:,6)      Validation_Table(:,12)]; 

Node_4CYME=[NC_X(:,9)     Validation_Table(:,13)]; 

Node_5CRME=[NC_X(:,12)    Validation_Table(:,10)]; 

Node_7CRME=[NC_X(:,14)    Validation_Table(:,11)]; 
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Node_Power_mismatch_matrix; 

 

Voltage_Errors=[(Node_2VRME(:,2)-Node_2VRME(:,1))     (Node_3VYME(:,2)-

Node_3VYME(:,1))   (Node_4VYME(:,2)-Node_4VYME(:,1))  (Node_5VRME(:,2)-

Node_5VRME(:,1))  (Node_7VRME(:,2)-Node_7VRME(:,1))   (Node_8VRME(:,2)-

Node_8VRME(:,1))  (Node_8VYME(:,2)-Node_8VYME(:,1)) (Node_8VBME(:,2)-

Node_8VBME(:,1))]; 

numel(Voltage_Errors) 

flatA = Voltage_Errors(:); 

count_v_errors=sum(flatA > -0.5 & flatA < 0.5); 

Percentage_confidence_V=(count_v_errors/numel(Voltage_Errors))*100; 

 

Voltage_Errors=[(Node_2VRME(:,2)-Node_2VRME(:,1))     (Node_3VYME(:,2)-

Node_3VYME(:,1))   (Node_4VYME(:,2)-Node_4VYME(:,1))  (Node_5VRME(:,2)-

Node_5VRME(:,1))  (Node_7VRME(:,2)-Node_7VRME(:,1))   (Node_8VRME(:,2)-

Node_8VRME(:,1))  (Node_8VYME(:,2)-Node_8VYME(:,1)) (Node_8VBME(:,2)-

Node_8VBME(:,1))]; 

numel(Voltage_Errors) 

flatA = Voltage_Errors(:); 

count_v_errors=sum(flatA < -0.5 ); 

Percentage_confidence_V=(count_v_errors/numel(Voltage_Errors))*100; 

 

Voltage_Errors=[(Node_2VRME(:,2)-Node_2VRME(:,1))     (Node_3VYME(:,2)-

Node_3VYME(:,1))   (Node_4VYME(:,2)-Node_4VYME(:,1))  (Node_5VRME(:,2)-

Node_5VRME(:,1))  (Node_7VRME(:,2)-Node_7VRME(:,1))   (Node_8VRME(:,2)-

Node_8VRME(:,1))  (Node_8VYME(:,2)-Node_8VYME(:,1)) (Node_8VBME(:,2)-

Node_8VBME(:,1))]; 

numel(Voltage_Errors) 

flatA = Voltage_Errors(:); 

count_v_errors=sum(flatA > +0.5 ); 

Percentage_confidence_V=(count_v_errors/numel(Voltage_Errors))*100; 

 

Current_Errors=[(Node_2CRME(:,2)-Node_2CRME(:,1))   (Node_3CYME(:,2)-

Node_3CYME(:,1))  (Node_4CYME(:,2)-Node_4CYME(:,1))  (Node_5CRME(:,2)-

Node_5CRME(:,1)) (Node_7CRME(:,2)-Node_7CRME(:,1))]; 

numel(Current_Errors); 

flatB = Current_Errors(:); 

count_c_errors=sum(flatB  > -0.2 & flatB  < 0.2); 

Percentage_confidence_c=(count_c_errors/numel(Current_Errors))*100;  



 

 Page 92 
 

 

Appendix C - Consumer Connection Pattern Generation  

 

Consumer connection pattern generation algorithm. 
 

 
syms C1 C2 Ph_c_L Ph_b_L Ph_a_L Acum_Perm_2 

data_2= [C1, C2]; 

if (0<(rem(numel(data_2),3))) 

for i=numel(data_2)+1:(numel(data_2)+3-rem(numel(data_2),3)); 

data_2(1,i)=0; 

end 

end 

%%%%%% creating permutation matrix (All possible arrangements of load among 

phases %%%%%%% 

P_2=perms(data_2); 

%%%%%% NUmber of load elements in permutation matrix %%%%%% 

numel(P_2); 

%%%%%% size of  permutation matrix %%%%%% 

size(P_2); 

for z=1:size(P_2,1); 

%%%%%Accumilation of loads related to "phase a" in  permutaion matrix at zth 

permutation %%%% 

Ph_a_L=zeros(1,1); 

k=1; 

while (k<(numel(data_2))) 

Ph_a_L=Ph_a_L+P_2(z,k); 

k=k+3; 

end 

%%%%%Accumilation of loads related to "phase a" in  permutaion matrix at zth 

permutation %%%% 

Ph_b_L=zeros(1,1); 

j=2; 

while (j<(numel(data_2))) 

Ph_b_L=Ph_b_L+P_2(z,j); 

j=j+3; 

end 

%%%%%Accumilation of loads related to "phase c" in  permutaion matrix at zth 

permutation %%%% 

Ph_c_L=zeros(1,1); 

l=3; 

while (l<=(numel(data_2))) 

Ph_c_L=Ph_c_L+P_2(z,l); 

l=l+3; 

end 

Acum_Perm_2(z,1)=Ph_a_L; 

Acum_Perm_2(z,2)=Ph_b_L; 

Acum_Perm_2(z,3)=Ph_c_L; 

end 

syms C3 C4 Ph_c_L Ph_b_L Ph_a_L Acum_Perm_3 

data_3=[C3,C4]; 

if (0<(rem(numel(data_3),3))) 

for i=numel(data_3)+1:(numel(data_3)+3-rem(numel(data_3),3)); 

data_3(1,i)=0; 

end 

end 

%%%%%% creating permutation matrix (All possible arrangements of load among 

phases %%%%%%% 

P_3=perms(data_3); 

%%%%%% NUmber of load elements in permutation matrix %%%%%% 
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numel(P_3); 

%%%%%% size of  permutation matrix %%%%%% 

size(P_3); 

for z=1:size(P_3,1); 

%%%%%Accumilation of loads related to "phase a" in  permutaion matrix at zth 

permutation %%%% 

Ph_a_L=zeros(1,1); 

k=1; 

while (k<(numel(data_3))) 

Ph_a_L=Ph_a_L+P_3(z,k); 

k=k+3; 

end 

%%%%%Accumilation of loads related to "phase a" in  permutaion matrix at zth 

permutation %%%% 

Ph_b_L=zeros(1,1); 

j=2; 

while (j<(numel(data_3))) 

Ph_b_L=Ph_b_L+P_3(z,j); 

j=j+3; 

end 

%%%%%Accumilation of loads related to "phase c" in  permutaion matrix at zth 

permutation %%%% 

Ph_c_L=zeros(1,1); 

l=3; 

while (l<=(numel(data_3))) 

Ph_c_L=Ph_c_L+P_3(z,l); 

l=l+3; 

end 

Acum_Perm_3(z,1)=Ph_a_L; 

Acum_Perm_3(z,2)=Ph_b_L; 

Acum_Perm_3(z,3)=Ph_c_L; 

end 

syms C5 C6 Ph_c_L Ph_b_L Ph_a_L Acum_Perm_4 

data_4=[C5 C6]; 

if (0<(rem(numel(data_4),3))) 

for i=numel(data_4)+1:(numel(data_4)+3-rem(numel(data_4),3)); 

data_4(1,i)=0; 

end 

end 

%%%%%% creating permutation matrix (All possible arrangements of load among 

phases %%%%%%% 

P_4=perms(data_4); 

%%%%%% NUmber of load elements in permutation matrix %%%%%% 

numel(P_4); 

%%%%%% size of  permutation matrix %%%%%% 

size(P_4); 

for z=1:size(P_4,1); 

%%%%%Accumilation of loads related to "phase a" in  permutaion matrix at zth 

permutation %%%% 

Ph_a_L=zeros(1,1); 

k=1; 

while (k<(numel(data_4))) 

Ph_a_L=Ph_a_L+P_4(z,k); 

k=k+3; 

end 

%%%%%Accumilation of loads related to "phase B" in  permutaion matrix at zth 

permutation %%%% 

Ph_b_L=zeros(1,1); 

j=2; 

while (j<(numel(data_4))) 

Ph_b_L=Ph_b_L+P_4(z,j); 

j=j+3; 

end 
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%%%%%Accumilation of loads related to "phase c" in  permutaion matrix at zth 

permutation %%%% 

Ph_c_L=zeros(1,1); 

l=3; 

while (l<=(numel(data_4))) 

Ph_c_L=Ph_c_L+P_4(z,l); 

l=l+3; 

end 

Acum_Perm_4(z,1)=Ph_a_L; 

Acum_Perm_4(z,2)=Ph_b_L; 

Acum_Perm_4(z,3)=Ph_c_L; 

end 

syms C7 C8 Ph_c_L Ph_b_L Ph_a_L Acum_Perm_5 

data_5=[C7 C8]; 

if (0<(rem(numel(data_5),3))) 

for i=numel(data_5)+1:(numel(data_5)+3-rem(numel(data_5),3)); 

data_5(1,i)=0; 

end 

end 

%%%%%% creating permutation matrix (All possible arrangements of load among 

phases %%%%%%% 

P_5=perms(data_5); 

%%%%%% NUmber of load elements in permutation matrix %%%%%% 

numel(P_5); 

%%%%%% size of  permutation matrix %%%%%% 

size(P_5); 

for z=1:size(P_5,1); 

%%%%%Accumilation of loads related to "phase a" in  permutaion matrix at zth 

permutation %%%% 

Ph_a_L=zeros(1,1); 

k=1; 

while (k<(numel(data_5))) 

Ph_a_L=Ph_a_L+P_5(z,k); 

k=k+3; 

end 

%%%%%Accumilation of loads related to "phase B" in  permutaion matrix at zth 

permutation %%%% 

Ph_b_L=zeros(1,1); 

j=2; 

while (j<(numel(data_5))) 

Ph_b_L=Ph_b_L+P_5(z,j); 

j=j+3; 

end 

%%%%%Accumilation of loads related to "phase c" in  permutaion matrix at zth 

permutation %%%% 

Ph_c_L=zeros(1,1); 

l=3; 

while (l<=(numel(data_5))) 

Ph_c_L=Ph_c_L+P_5(z,l); 

l=l+3; 

end 

Acum_Perm_5(z,1)=Ph_a_L; 

Acum_Perm_5(z,2)=Ph_b_L; 

Acum_Perm_5(z,3)=Ph_c_L; 

end 

syms C9  Ph_c_L Ph_b_L Ph_a_L Acum_Perm_7 

data_7=[C9]; 

if (0<(rem(numel(data_7),3))) 

for i=numel(data_7)+1:(numel(data_7)+3-rem(numel(data_7),3)); 

data_7(1,i)=0; 

end 

end 

%%%%%% creating permutation matrix (All possible arrangements of load among 

phases %%%%%%% 
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P_7=perms(data_7); 

%%%%%% NUmber of load elements in permutation matrix %%%%%% 

numel(P_7); 

%%%%%% size of  permutation matrix %%%%%% 

size(P_7); 

for z=1:size(P_7,1); 

%%%%%Accumilation of loads related to "phase a" in  permutaion matrix at zth 

permutation %%%% 

Ph_a_L=zeros(1,1); 

k=1; 

while (k<(numel(data_7))) 

Ph_a_L=Ph_a_L+P_7(z,k); 

k=k+3; 

end 

%%%%%Accumilation of loads related to "phase B" in  permutaion matrix at zth 

permutation %%%% 

Ph_b_L=zeros(1,1); 

j=2; 

while (j<(numel(data_7))) 

Ph_b_L=Ph_b_L+P_7(z,j); 

j=j+3; 

end 

%%%%%Accumilation of loads related to "phase c" in  permutaion matrix at zth 

permutation %%%% 

Ph_c_L=zeros(1,1); 

l=3; 

while (l<=(numel(data_7))) 

Ph_c_L=Ph_c_L+P_7(z,l); 

l=l+3; 

end 

Acum_Perm_7(z,1)=Ph_a_L; 

Acum_Perm_7(z,2)=Ph_b_L; 

Acum_Perm_7(z,3)=Ph_c_L; 

end 

S2=Acum_Perm_2; 

S3=Acum_Perm_3; 

S4=Acum_Perm_4; 

S5=Acum_Perm_5; 

S7=Acum_Perm_7; 

syms C Load_matrix 

[p7,p5,p4,p3,p2] = 

ndgrid(1:size(S7,1),1:size(S5,1),1:size(S4,1),1:size(S3,1),1:size(S2,1)); 

Combination= [S2(p2,:),S3(p3,:),S4(p4,:),S5(p5,:),S7(p7,:)];” 
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Appendix D - Characteristic Curve Generation 

 

Following code used to generate characteristic curves for nine consumers in the 

considered node.Input data stored in the excel workbooks and retrieve during 

program execution. 

 Total individual consumptions of consumers for the period of characteristic 

curve generation  are stored in the ‘Individual consumption CC generation 

period.xlsx'. 

 

 Active and reactive power consumptions of consumers for the period of 

characteristic curve generation are stored in the ‘Consumers data.xlsx'. 

 

 

Program  for Characteristic Curve Generation  

 
%%%%%%%%%%%%%%%%Individual actual monthly consumption extraction %%%%%%%%%% 

format short g 

exl = actxserver('excel.application'); 

exlWkbk = exl.Workbooks; 

exlFile = exlWkbk.Open([docroot 

'/techdoc/matlab_external/examples/Individual consumption CC generation 

period.xlsx']); 

exlSheet1 = exlFile.Sheets.Item(1); 

robj = exlSheet1.Columns.End(4);       % Find the end of the column 

numrows = robj.row;                    % And determine what row it is 

rngObj = exlSheet1.Range('B2:B11'); 

exlData_C = rngObj.Value; 

Individual_consumption=cell2mat(exlData_C); 

 

%%%%%%%%%%%%%%%%%curve generation %%%%%%%%%%%%%%%% 

 

for f=1:9; 

exl = actxserver('excel.application'); 

exlWkbk = exl.Workbooks; 

exlFile = exlWkbk.Open([docroot '/techdoc/matlab_external/examples/Consumers 

data.xlsx']); 

exlSheet1 = exlFile.Sheets.Item(f); 

robj = exlSheet1.Columns.End(4);       % Find the end of the column 

numrows = robj.row;                    % And determine what row it is 

rngObj = exlSheet1.Range('A2885:U2980'); 

exlData = rngObj.Value; 

W_Active=cell2mat(exlData); 

 

rngObj = exlSheet1.Range('A2987:I3082'); 

exlData = rngObj.Value; 

H_Active=cell2mat(exlData); 

 

rngObj = exlSheet1.Range('A3088:U3183'); 

exlData = rngObj.Value; 

W_RActive=cell2mat(exlData); 

 

rngObj = exlSheet1.Range('A3190:I3285'); 

exlData = rngObj.Value; 

H_RActive=cell2mat(exlData); 
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size(W_Active); 

size(H_Active); 

size(W_RActive); 

size(H_RActive); 

 

 

 

%%%%  characteristic curve generation for working day active power 

x=0; 

Number_working_days=0; 

sort_Raw_Data =0; 

 

x=size(W_Active); 

Number_working_days=x (1,2); 

for T_i=1:96 

sort_Raw_Data = sortrows(transpose(W_Active(T_i,:))); 

 

 

for h=1:Number_working_days 

while (abs((max(sort_Raw_Data)-

median(sort_Raw_Data)))>25*iqr(sort_Raw_Data)) 

sort_Raw_Data(sort_Raw_Data == max(sort_Raw_Data)) = []; 

end 

while (abs((min(sort_Raw_Data)-

median(sort_Raw_Data)))>25*iqr(sort_Raw_Data)) 

sort_Raw_Data(sort_Raw_Data == min(sort_Raw_Data)) = []; 

end 

h=h+1; 

end 

[idx,C] = kmeans(sort_Raw_Data,1); 

Characteristic_point_active(T_i,1)=C; 

 

T_i=T_i+1; 

 

end 

 

%%%%  characteristic curve generation for working day  reactive power 

y=0; 

Number_working_days=0; 

sort_Raw_Data =0; 

 

y=size(W_RActive); 

Number_working_days=y (1,2); 

for T_i=1:96 

sort_Raw_Data = sortrows(transpose(W_RActive(T_i,:))); 

 

 

for h=1:Number_working_days 

 

while (abs((max(sort_Raw_Data)-

median(sort_Raw_Data)))>25*iqr(sort_Raw_Data)) 

sort_Raw_Data(sort_Raw_Data == max(sort_Raw_Data)) = []; 

end 

while (abs((min(sort_Raw_Data)-

median(sort_Raw_Data)))>25*iqr(sort_Raw_Data)) 

sort_Raw_Data(sort_Raw_Data == min(sort_Raw_Data)) = []; 

end 

 

h=h+1; 

end 

[idx,C] = kmeans(sort_Raw_Data,1); 
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Characteristic_point_Ractive(T_i,1)=C; 

 

T_i=T_i+1; 

 

end 

 

%%%%complex characteristic curve for working day 

 

 

complex_characteristic_w=complex(Characteristic_point_active,Characteristic_

point_Ractive); 

 

 

%%%%  characteristic curve generation for Holiday day active power 

x=0; 

Number_working_days=0; 

sort_Raw_Data =0; 

 

x=size(H_Active); 

Number_working_days=x (1,2); 

for T_i=1:96 

sort_Raw_Data = sortrows(transpose(H_Active(T_i,:))); 

 

 

for h=1:Number_working_days 

 

while (abs((max(sort_Raw_Data)-

median(sort_Raw_Data)))>25*iqr(sort_Raw_Data)) 

sort_Raw_Data(sort_Raw_Data == max(sort_Raw_Data)) = []; 

end 

while (abs((min(sort_Raw_Data)-

median(sort_Raw_Data)))>25*iqr(sort_Raw_Data)) 

sort_Raw_Data(sort_Raw_Data == min(sort_Raw_Data)) = []; 

end 

h=h+1; 

end 

[idx,C] = kmeans(sort_Raw_Data,1); 

Characteristic_point_H_active(T_i,1)=C; 

 

T_i=T_i+1; 

 

end 

 

%%%%  characteristic curve generation for working day  reactive power 

y=0; 

Number_working_days=0; 

sort_Raw_Data = 0; 

 

y=size(H_RActive); 

Number_working_days=y (1,2); 

for T_i=1:96 

sort_Raw_Data = sortrows(transpose(H_RActive(T_i,:))); 

 

 

for h=1:Number_working_days 

 

while (abs((max(sort_Raw_Data)-

median(sort_Raw_Data)))>25*iqr(sort_Raw_Data)) 

sort_Raw_Data(sort_Raw_Data == max(sort_Raw_Data)) = []; 

end 

while (abs((min(sort_Raw_Data)-

median(sort_Raw_Data)))>25*iqr(sort_Raw_Data)) 

sort_Raw_Data(sort_Raw_Data == min(sort_Raw_Data)) = []; 

end 
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h=h+1; 

end 

[idx,C] = kmeans(sort_Raw_Data,1); 

Characteristic_point_H_Ractive(T_i,1)=C; 

 

T_i=T_i+1; 

 

end 

complex_characteristic_H=complex(Characteristic_point_H_active,Characteristi

c_point_H_Ractive); 

 

 

%%%%complex characteristic curve 

 

 

Total_Charactristic_curve_Wmatrix(:,f)=[complex_characteristic_w]; 

Total_Charactristic_curve_Hmatrix(:,f)=[complex_characteristic_H]; 

end 

 

 

%%%%%%%%%End of charactristic curve generation %%%%%%%%%%%%%%%%%% 

 

 

%%%%%%%%%kWh calcualtion for 21- working day for nine consumers using 

characteristic curves%%%%%%%%%%%%%%%%%% 

 

Total_Charactristic_curve_Wmatrix_active=real(Total_Charactristic_curve_Wmat

rix); 

Calculated_units_W=((sum(Total_Charactristic_curve_Wmatrix_active)*0.25)/100

0)*21; 

 

Total_Charactristic_curve_Wmatrix_Ractive=imag(Total_Charactristic_curve_Wma

trix); 

 

%%%%%%%%%kWh calcualtion for Holiday day for nine consumers using 

characteristic curves%%%%%%%%%%%%%%%%%% 

 

 

Total_Charactristic_curve_Hmatrix_active=real(Total_Charactristic_curve_Hmat

rix); 

Calculated_units_H=((sum(Total_Charactristic_curve_Hmatrix_active)*0.25)/100

0)*9; 

 

Total_Charactristic_curve_Hmatrix_Ractive=imag(Total_Charactristic_curve_Hma

trix); 

 

%%%%%%%%%Total kWh calcualtion for Holiday day for nine consumers using 

characteristic curves%%%%%%%%%%%%%%%%%% 

 

 

Calculated_units_consumer=Calculated_units_W+Calculated_units_H; 

 

Calculated_units_consumer(1,10)=sum(Calculated_units_consumer(:)); 

 

 

Unit_difference=Individual_consumption-transpose(Calculated_units_consumer); 

 


