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Lightning and Switching Overvoltages for 220 kV Booster Substation Busbar After
Installation of Series Reactors
DING Zhe', WU Jialei', ZHANG Yu', HU Jin', DONG Ning', HE Shihan
(1. Shanghai Waigaoqiao Power Generation Co., Ltd., Shanghai 200120, China;
2. Xi’an University of Science and Technology, Xi’an 710600, China)
Abstract: After connection of the busbar of the step-up substation to the series reactor, the system parameters
remainchanged, which in turn affects the propagation process and distribution of overvoltages. For the
implementation of capacity expansion project of a power plant, it is necessary to calculate and analyze the
overvoltages of 220 kV busbar series reactor. An electromagnetic transient model, including such components
as generators, transformers, series reactors, arresters, and transmission lines, is set up by using ATP/EMTP.
The lightning overvoltages and switching overvoltages at the reactor and the installation locations of key
equipment in the station are calculated and the safety of insulation coordination is analyzed. The results
show that the existing arrester configuration can effectively assure the insulation safety of the equipment.
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Table 1 Parameters of overhead transmission lines

P NAE/em S /em Ruc/Q/km JKEFE S /m B R /m A1 = /m N
1 0.42 1.68 0.046 -5.80 34.27 24.27 2
2 0.42 1.68 0.046 -7.27 27.47 17.47 2
3 0.42 1.68 0.046 -8.31 24.16 14.16 2
4 0.42 1.68 0.046 8.31 24.16 14.16 2
5 0.42 1.68 0.046 7.27 27.47 17.47 2
6 0.42 1.68 0.046 5.80 34.27 24.27 2
0 0 0.80 0.322 -6.30 41.71 32.46 0
0 0 0.80 0.322 6.30 41.71 32.46 0
TETT A o ity S 2R i B F D SR (E AR ' 1Z,,

IR LA T#R2%, B I IE o IS B 2 S B Y i 17
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Fig. 2 Equivalent model diagram of 220 kV
transmission tower
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Table 2 Length and wave impedance of No.1 transmission tower on 220 KV line

EA BSCARRE BA BT

BN WSSl AR

L =4171 m, Zn=118 Q, Zi,=1 063 Q
L,=3721m, Zn=110 Q, Z1,=994 Q
L;=30.41 m, 7:,=95 Q, 7::=856 Q
L,=24.16 m, Z+=81 Q, 7,,=726 Q

L, =63m, Z,=238 Q
L, =58m, Z,=236 Q
L, =727m, Zx=2110Q
L, =831m, Z\.=189 Q

R3 220kVEBRESITERKERKER

Table 3 Lengths and wave impedance values of the remaining transmission towers on 220 kV line

T RSRAE R BT

LI R P B LA

L =517m, Zy=158 Q, Z,=1422Q
L,=453m, Zn=155Q, Z,=1395 Q
L,=382m, Z:=136 Q, Z,=1224 Q
L,=31.1m, Zw=117 Q, Z.=1053 Q

LZ” =6m, Z,=357 Q)
L, =53m, 7,=320Q
L, =5.6m, Z,=309 Q

12

L, =59m, Z.=290 Q
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Table 4 V-A characteristics of surge arresters

31/ U HL R /R V
192 204
0.001 288 296
0.010 298 319
100.000 363 426
1 000.000 399 460
2 000.000 421 473
10 000.000 496 532

3 EREZRENTEERESH

F T4 FL AR B A A — A I FE R 0URE , BRI A
T 20 B A% J0 TSP 2 0 3 s ik, P 5 A 3l AT
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Jr a1 WS A L BT i 0T b S BT P O 1Y)
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R5 BREFNERFRIRE

Table 5 Maximum lightning overvoltage on various equipment

3%
S N Jrk2 I3 F 4
Rt ik Rt ek Rt ek Rt i
INEREE 518.24 463.78 515.96 487.09 516.91 461.53 519.43 461.61
(CI=5I5 S 462.92 431.86 453.69 432.19 430.86 429.78 425.70 440.31
Wi 2 465.81 431.78 447.38 432.08 427.37 429.59 424.88 439.50
HLbL s o1 467.16 430.43 442.81 431.60 503.42 430.04 505.30 430.36
FELT A I Ui 596.32 551.35 608.36 550.88 592.52 553.39 598.38 549.02
BIEER 467.15 446.06 469.35 446.29 470.03 440.09 469.89 439.99
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Fig.3 Lightning overvoltage of Gulu 2167 circuit breaker under mode 1
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Fig. 4 Lightning overvoltage of the reactor terminals under mode 1
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Fig. 5 Lightning overvoltage across both ends of the reactor under mode 1
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Table 6 Maximum lightning overvoltage and safety margin of equipment

W WGV GEE BRIV Rl ZemiEn  Sdnd fIRERE/AY - Sl 2 ez

IR EE 950 519.43 45 487.09 48.73
(FY=FiS N 950 462.92 51 440.31 53.65
W e 950 465.81 51 439.50 53.74
LT T 1 1050 505.30 52 431.60 58.90
L 2 P i 1050 598.38 43 553.39 47.30
R 950 470.03 51 446.29 53.02

.94.
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Table 7 Switching overvoltage during operation of each outgoing circuit breaker

p-u.
e JBT i+ 2 A Y H 2R 7R LR BRI A
28 M N . N . N . N
=HIAN RRES AN HAHEA —tHAN  HAHEA —tHAN  AMEA
LRk 2.401 2.498 2.359 2.458 2.353 2.462 2.248 2317
GILH M 1.456 1.413 1.347 1.358 1.325 1.332 1.452 1.386
B it 1.329 1.294 1.250 1.244 1.188 1.204 1.429 1.371
xRS BMBEATHEISNBEIRELRS
Table 8 Summary of switching overvoltage of reactors under various conditions
KV
FAE I Sty [ e :i)
—AE 111.849 277.421
Bt 2
PIHECHRAE HA RS 94.121 270.040
—AHE 81.462 258.221
Y H 245
oy A HMEA 86.697 257.368
= A AT 58.715 245.324
AR
FAR BT T 64.409 248717
= A Il 127.276 301.448
1 'é > B
FIL IR PR 113.241 288.012
1E BRI AR T —AE I 0.287 207.218
Bl —RELR AR bt —AHE I 0.290 209.147
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