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Fig.1 Schematic diagram of typical system structure of transmission lines on same tower

Tower : 3H5 Tower Centre O[m]
Conductors ; chukar > Ground_Wires : 1/ 2" HighStrengthSteel
Connection X (from Y Connection X (from Y
Cond.# Phasing # tower centre) | (at tower) GW.# Phasing # tower centre) | (at tower)
1 -9.1[m] 66.6[m | 1 13 —16[m] 80[m]
2 -9.6[m] 54.4[m]
3 3 —10.1[m] 42.2[m]
Tower: 3H5 Tower Centre O[m ]
Conductors : chukar s > Ground_Wires: 1/ 2" HighStrengthSteel
. Connection X (from Y . Connection X (from Y
Cond # Phasing # tower centre) | (at tower) CW.# Phasing # tower centre) | (at tower)
4 9.1[m] 66.6[m | 1 14 16[m] 80[m ]
2 5 9.6(m] 54.4[m]
3 6 10.1[m] 42.2[m]
Tower : 3H6 Tower Centre O[m ]
Conductors : chukar e >
Cond Connection X (from Y
ond- Phasing # tower centre) | (at tower)
7 -8.6[m] 32.2[m]
8 -15.35[m] 23[m]
3 9 =7.15[m] 23[m]
Tower : 3H6 Tower Centre O[m ]
Conductors : chukar 2 >
Connection X (from Y
Cond # Phasing # tower centre) | (at tower)
10 8.6[m] 32.2[m]
11 15.35[m] 23[m]
3 12 7.15[m] 23[m]
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Fig.2 Interfaces of tower module for mixed-voltage four-loop transmission lines
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fprintf(fid, ‘Global_Consts =\n’);

fprintf (fid, * | \n’);

fprintf (fid, ‘CTm = %f{ \n’,CTm / 1000) ;% H. &4 1t
fprintf(fid, ‘CTn = %f \n’,CTn / 1000) ;

fprintf (fid, ‘PT = %f \n’,PT /1000) ;

fprintf(fid, ‘lengthl = %d  \n’,lengthl) ;% 4 B2k < i
fprintf(fid, ‘length2 = %d \n’,length2);

fprintf(fid, ‘length3 = %d \n’,length3) ;% MK 5L
fprintf(fid, ‘length4 = %d \n’,length4);

fprintf(fid, ‘lengthS = %d \n’,lengthS);

fprintf(fid, ‘Zm1 = %f \n’,Zml) ;% M M 5 58 1E )5 BLAT
fprintf(fid, ‘Phml = %f  \n’,Phml);% M W R G 1EJF M f
fprintf(fid, ‘Zm0 = %f \n’,Zm0) ;% M M 5 5e % )3 B oL
fprintf(fid, ‘Phm0 = %f  \n’,Phm0);% M M F= G %5 M f
fprintf(fid, ‘Phasem = %f \n’,Phasem) ;% M 3] ffj
fprintf(fid, ‘Zn1 = %f \n’,Zn1);% N W &5 S5
fprintf(fid, ‘Phnl = %f{ \n’,Phnl);

fprintf(fid, ‘Zn0 = %f \n’,Zn0);

fprintf (fid, ‘Phn0 = %f \n’,Phn0);

fprintf(fid, ‘Phasen = %f \n’,Phasen);

fprintf(fid, ‘rgd = %f \n’,rgd) ;% %30 LB

fprintf (fid, ‘tm1 = %d \n’,tmn (1)) ;% 282 17 Jy 2 )
S5

fprintf (fid, ‘tm2 = %d \n’,tmn(2));

fprintf(fid, ‘tnl = %d \n’,tmn(3));

fprintf(fid, ‘tn2 = %d \n’,tmn(4));

fprintf(fid, ‘tm3 = %d \n’ ,tmn(5));

fprintf(fid, “t1A = %f \n’,t_brkabc(1,1)) ;% a3 #
S H

fprintf(fid, ‘t1Ad = %f \n’,t_brkabed(1,1));

fprintf(fid, ‘t1B = %{ \n’,t_brkabe(1,2));
fprintf(fid, ‘t1Bd = %f \n’,t_brkabed(1,2));
fprintf(fid, ‘t1C = %f \n’,t_brkabc(1,3));

fprintf (fid, ‘t1Cd = %f \n’,t_brkabed(1,3));
fprintf (fid, ‘t2A = %f \n’,t_brkabc(2,1));
fprintf (fid, ‘t2Ad = %f \n’,t_brkabed(2,1));

fprintf (fid, ‘2B = %{ \n’,t_brkabec(2,2));
fprintf (fid, ‘2Bd = %f \n’,t_brkabed(2,2));
fprintf(fid, ‘t2C = %{ \n’,t_brkabc(2,3));
fprintf (fid, ‘t2Cd = %f \n’,t_brkabed(2,3));
fprintf(fid, ‘tgd = %f \n’,t_brkg(1,1));
fprintf(fid, ‘tgdd = %f \n’,t_brkgd(1,1));
fprintf(fid, * | \n’);
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Fig.4 Parameters of mixed-voltage four-loop
transmission lines on same tower
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Table 1 Comparison of positive- and zero-sequence
impedance parameters for loop [
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Table 2 Fault conditions for simulation
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Table 3 Results of phase selection of
loop-1 for different fault types
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TEZ W TR N 1 S A R
IAG AG AG AG
IBC BC BC BC
TATAG AG AG AG
IBICG BG BG BG
TAIVB AG AG F
TATTABG AG AG AG
TACITA CG CG F
IACIT ABG ACG ACG ACG
IBIBIVCG BG BG BG
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Table 4 Operational results of zone-1 of
grounding distance protection at side P of
loop-MI for different grounding faults
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Table 5 Measured impedances of faulty
phase at side P of loop-1I
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Design and development of operational characteristics simulation & analysis
software for relay protections of complex transmission lines on same tower

AN Ranran',HE Maohui’, WANG Yi!,ZHANG Zhe?*, HU Yulan', TANG Cui*, LONG Mao’
(1. Guangdong Provincial Key Laboratory of Smart Grid Technology,Electric Power Research Institute of

Guangdong Power Grid Corporation, Guangzhou 510080, China;2. State Key Laboratory of Advanced Electromagnetic

Engineering and Technology ,Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Based on the structural characteristics of complex transmission lines on same tower and according

to the demands of protective analysis,a suitable construction method of line simulation model with PSCAD

as its core is proposed. The special software modules are established in the MATLAB environment to

realize the automatic switching among different fault conditions and the control of PSCAD loop schedule

while the preprocessing module of simulation data and the protective functional modules are designed,based

on which,the operational characteristics simulation and analysis software for the relay protections of complex

transmission lines on same tower is developed. Its validity and correctness are verified by the engineering

applications.

Key words: transmission lines on same tower; relay protection; operational characteristics; software design;

computer simulation; failure analysis
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