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Installation locations of surge arresters on double-circuit transmission lines
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Abstract: The connected series-compensated capacitors alter the sequence network impedance of transmission lines
and the distribution of sequence currents during faults. While this does not adversely affect the phase-selection ele-
ments on the capacitor installation side, it may lead to misidentification by those on the opposite side. To address
this, a fault phase selection method based on line-mode phase current is proposed. First, the line-mode phase cur-
rent is defined as the difference between the fault-component current of each phase and the zero-sequence current.
Next, the characteristics of line-mode phase currents under different fault types are analyzed to extract distinctions
between faulted and non-faulted phases, from which the phase-selection criterion is constructed. Finally, the
method is validated through simulations on the PSCAD platform. The results show that the proposed method can ac-
curately identify the faulted phase in series-compensated transmission lines, and its performance is robust with re-
spect to fault location, line length, and the degree of series compensation.
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Fig.1 Sequence networks of fault components
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Fig.2 Phase selection regions based on sequence components
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Fig.3 Faults on series—compensated transmission lines
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Table 1 Line—-mode phase currents under different fault

types
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Fig.5 Equivalent circuit of controllable series compensation
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Fig.8 Sequence network diagram of fault components for
double-circuit lines with series compensation
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Table 2 Operation of phase—selection elements on the M
side under faults at different locations

B I,/kA 1, /kA I, /KA 1o kA Bz
E/km

10 433/-87° 0.73£146° 0.37£4-27° 041/-30°  AG
20 3.21£-83° 1.094114° 0.51£/-68° 0.54/-76°  AG
30 2.71£4-78° 1.75/113° 0.86£-57° 0914-74°  AG
40 3.194-21° 7.66£169° 3.87/-8 3.79/-13°  AG
50 2.72/-59° 2.504174° 12245 1.32/-16° AG
60  2.53/-72° 2.60/117° 1.25/-57° 134/-69°  AG
70 1.47/40° 539/-128° 2.86/53°  2.53/51° AG
80  1.37452° 2.37/-112° 1.31£68°  1.21469° AG
90  1.10£-16" 1.184-129° 0.66/54°  0.59/44° AG

#®3 T EHEZEBE MMERTESIERRT
Table 3 Operation of phase—selection elements on the M
side under different fault types

o I/kA I, /kA I, /kA I, /KA o
ZAl - i i JEAH
AG  272/-59° 25041747 1.22/5°  1.32/-16°  AG
BG  2.72/-179° 1.32/-134° 250455 1.22/-116° BG
CG  2.72461°  1.22/124°  1.32£105° 2.50/4-66°  CG
BC 0 0.24/-172° 5.61/-176°  5.85/4° BC
AC 0 5.85/-116° 0.24470°  5.61464°  AC
AB 0 5.61/-56° 5.85/123° 0.24/-55°  AB
BCG  1.254108° 0.74£167° 5.37/-175°  6.0843°  BCG
ACG  125/-12° 6.08£-117° 0.74£49° 537,65  ACG
ABG 125/-132° 5.37/-55° 6.084123° 0.74/-73° BCG
ABCG 0 6.61/-86° 6.62/154°  6.60434° ABCG
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Table 4 Operation of phase—selection elements on the M
side under faults with different transition resistances

I,/kA I, /kA I, /kA 1. kA CFEGEAH
EEISE./Q 0/ A B C
0  2724-59° 2.504174° 1.22/5° 1.32/-16° AG
1 229/-41° 1.92/-158° 0.98£21° 0.92/21° AG

0.83£19° AG
0.5320° AG
0.29£-5° AG
0.174-7° AG

10 1.27£4-26° 1.582-160° 0.81£19°
50  0.75/-14" 0.94£179° 0.50/-1°
100 0.35/4-12° 0.63£174° 0.31/-6°
200  0.184-11° 0.394171° 0.194-9°
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Table 5 Operation of phase—selection elements on the M
side for different line lengths

L3S [
I/kA I, KA I, kA I kA

& /km HEA
10 3.92/-55° 3.60£179° 1.76£0° 1.90£-9° AG
50 2.59/-46° 2.17/-150° 1.11£16° 1.04£27° AG
100 2.72/-59°  2.50£174° 1.2245°  1.32/£-16° AG
200 1.354-8°  1.69£174° 0.90£4° 0.95/-6° AG
300 1.054-15° 2.284176° 1.114-2° 0.994-12° AG
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Table 6 Operation of phase—selection elements on the M
side under different series compensation levels

M [
I/kA I, /KA I, /KA I, /KA :

/% AR

20 1.064-53°  0.974170° 048410° 0.5124-3°  AG

40  1.574-71°  1.32£4-162°  0.67425°  0.632438°  AG

60  2.104-52°  1.934181° 0.94412° 1.024-7°  AG

70 2.784-59° 2.564169° 1.25/-3°  137/-12°  AG
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Table 7 Operation of phase—selection elements on the M
side under different system impedances

i 1./kA I, /kA I, /kA 1. /kA Wi
EmEse ‘e b ¢ iR
0.1+j1 3.53/-65° 2.97/-168° 1.51435° 1.42/26° AG
0.5+j5.3 2.72/-59° 2.50£174° 1.22/5° 1.3224-16° AG
3+j20 1.02£4-57° 0.94£177° 0.46/-13° 0.504-7° AG
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Table 8 Operation of phase—selection elements on the M
side when the MOV conducts

- I,/kA I, /KA I, /KA I. /KA -
g i i i i TEAH
AG  433/-87° 0734146  0.37/-27° 0.414-30° AG
BC 0 0.34/-165° 6.37/-172° 6.48/11°  BC
BCG 1.25/4114° 0.98£153° 6.56/-159° 6.82/23° BCG
ABCG 0 7214-76°  7.254146°  7.23/38° ABCG
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Table 9 Operation of phase—selection elements on the M
side considering zero—sequence current errors

[ [
e I/kA I, /KA I /KA A
AG  299/-54° 287,173°  0.88413° 095/-17° AG
BG  299/-174° 095/-134° 286,54 0.88/-109° BG
CG  299/66°  0.88£131° 095,105 287/-67° CG
BC 01045  034£-173° 571/-176° 5.75.4°  BC
AC 01045  5904-117° 0.22£95° 556465  AC
AB 01045  5564-57° 5.90,124° 021/-80° AB
BCG  1384113° 0.58£171° 523/-174° 623/2° BCG
ACG  1384-7° 623/-118° 0.58454°  523/66° ACG
ABG  138£-127° 523/-54° 6234122° 0.58/-69° BCG
ABCG  0.1045°  6.61/-87° 6714154 651/34° ABCG
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