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(A Study on the Circuit Breaker Transient Recovery Voltages on Large Commercial
Customer using EMTP—RV Program)
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Abstract

In electric power system, the circuit breaker is not operated when the higher voltage then the rated
TRV (transient Recovery Voltage) appeared in the circuit breaking, The TRV of a circuit breaker
means the characteristics of reignition by the arc between two poles. and is decided by the value of
connecting Impedance. In this paper we of carried out many kinds of experiments varying the types
of bus, the types of installation, the length of installation between 22.9 [kV] level circuit breaker and
MTR in general 154/22.9[kV] system, We also simulated the characteristics of TRV using EMTP-RV
program. The suitability of TRV in assessed by Uc, RRRV(Rate of Rise of Recovery Voltage) which
are defined by the international guide, IEC62271-100. The values of RRRV gained from the cable-made
bus are 590[%] lesser than those from the NSPB-made bus respectively. So the triangled type is more

rational in the aspect of TRV.
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Fig. 1. Simple Diagram of Transient Recovery
voltage
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Table 1. Standard Values of TRV

First-pole | Ampli
A -to-clear | -tude | U, | t | RRRV
A5 factor | factor | (kV)| (us) | (kV/ps)
kpp(p.u.) | Kaf(p.u.)
S1 15 14 421 9 0.49
T100 -
S2 15 14 |87 4H 1.08
S1 15 15 4741 40 119
T60 -
%8 S2 15 166 | 521 3 174
' S1 15 1.6 56| 20 253
T30 - -
2 15 174 | 50| 18 3.06
S1 15 17 1837 2 269
T10 Z
S2 15 18 %9 | 18 3.16
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Table 2. Transformer capacitance data

CH CL CHL
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Table 3. Specification of Cable & NSPB
T XAk
Type 1 &GO GE), go0milx1Cxz A9 19
@ @
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Tyve 3 1o 6 | a00miix1Cx22 47t

Type 4 NSPB 1000[A]
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KEPCO TYPE BASE Impedance[%Z]

154[kV] Cable 100MVA | 0.054+j0.898(X/R16.763)
LINE TYPE Length(m] Size

XLPE Cable 2,500 2,000 [mmr]
CNCV Cable 10~150 400 [mr]

NSPB | BUS DUCT | 10~150 1,000 [A]

TR TYPE Rating Impedance[%Z]

0Oil Y-Y 45/60MVA 130(X/R=28)
7| et TYPE Rating Capacitance[pF]
PT 593 170(kV] 184

LA 593 170(kV] 100

4 599 170k V] 39

% 68 X 49 G A8l YT AAT A
2] EMTP-RV X248 yepdT]

%1 - A7) =4 2538 A10%, 2011 109

4
Cable_400sq_1 % 10m
@

T & I
III"‘ T

XLPE 2000sq x 2.5km
+

£ L
TT

£s od

JO8 6. AT HE EMTP-RV 222
Fig. 6. EMTP-RV modeling in case study
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Table 5. Comparison of system TRV and |IEC standard : 22.9(kV]), P=45(MVAJ, 8.07(kA)

Type 1 Type 2

Type 3 Type 4

T U ts RRRV Ue ts RRRV Ue
V] | [es] | kVis] | kVD | [us] | kV/es] | [kV]

[EC 62271-100

i ,
t, |RRRV | U. | t | RRRV 10 7125

ls] | kV/s] | [kVT | Lus] | [kV/ps]

10lm] | 4369 | 16383 | 0267 | 4305 | 16118 | 0267 | 4370

16697 | 0262 | 4108 | 2741 | 1499

0[m] | 4368 | 16341 | 0267 | 4304 | 16157 | 0266 | 4369

16746 | 0261 | 4105 | 2813 | 1459

Olml | 4367 | 16363 | 0267 | 4303 | 16139 | 0267 | 4367

16799 | 0260 | 4102 | 2817 | 14%

Olm] | 4365 | 16387 | 0266 | 4302 | 16123 | 0267 | 4366

16752 | 0261 | 4099 | 2821 | 1453

16812 | 0260 | 4097 | 2824 | 145l

60lm] | 4363 | 16383 | 0266 | 4300 | 16157 | 0266 | 4363

16875 | 0259 | 4094 | B% | 149 | uv] - w2

Olm] | 4361 | 16415 | 0266 | 4298 | 16147 | 0266 | 4362

16837 | 0259 | 4092 | 2830 | 1446

80lm] | 4359 | 16387 | 0266 | 4297 | 16138 | 0266 | 4360

16905 | 0258 | 4090 | 2832 | 1444 tals] =91

[m]
[m]
[m]
[m]
Bm] | 4364 | 16353 | 0267 | 4301 | 16L70 | 0266 | 4365
[m]
[m]
[m]
[m]

Plm] | 4357 | 16423 | 0265 | 42% | 16192 | 0265 | 4359

16871 | 0258 | 4087 | 283 | 1442

16945 | 0257 | 4084 | 2837 | 1440 | RRRV[kV/ss] = 049

16915 | 0257 | 4082 | 2840 | 1437

16888 | 058 | 4079 | 2843 | 1435

100m]| 4396 | 16399 | 0266 | 4294 | 16185 | 0265 | 4357
10m]| 4353 | 16437 | 0265 | 4292 | 16181 | 0265 | 435
120lm]| 4351 | 16417 | 0265 | 4290 | 16177 | 0265 | 4353
130

16967 | 0256 | 40.77 | 2846 | 1433

4347 | 16438 | 0264 | 4286 | 16173 | 0266 | 4348

16944 | 0257 | 4075 | 2849 | 1430

[m]
[m]
[m]
[m]| 4349 | 16397 | 0265 | 428 | 16174 | 0265 | 4350
[m]
[m]

4344 1 16421 | 0260 | 4284 | 16234 | 0264 | 434

16922 | 0257 | 4072 | 2852 | 1428
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