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ABSTRACT

This thesis presents a procedure for 115 kV substation insulation coordination
design for selecting appropriate lightning insulation strength(BIL) , phase-phase and phase-
ground clearance and locating and number of lightning arresters in substations. The lightning
current magnitude , the strikes to top of the poles and on the transmission lines , causing
backflashover on the incoming lines and lightning overvoltage propagates along incoming
line enter to substations, distance between lightning location and substation and the
difference between air-insulated substations and gas-insulated substations can be defined as
parameters in the design process. In addition, the Alternative Transient Program (ATP) is
used to evaluate lightning overvoltages that occur in the substation and proper Metal
Oxide Arrester to limit lightning overvoltage. By applying this procedure for insulation
coordination design, the designer can quickly and accurately determine the appropriate BIL
for equipments, phase-phase, phase-ground clearance and location as well as number of

lightning arresters in the substations.
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AMWUIATIIU NEMA SG6 fauanalumsiesh 3.2 uaz 3.3 muddy meninmsidonsi BIL

(1A% Clearnace MHWIZAW

= 1 o =) l s
M1TN 3.2 uﬁﬂquILmﬂsgm‘umQ‘lJﬂSmluﬁﬂm"lﬂﬂwﬂumummmﬂuﬂmu [6,7,8,9]

System nominal / Transformers Circuit Breaker Disconnecting
Max system BIL ,kV BIL kV Switches,
voltage , kV BIL, kV

257258 150 150 125
150
34.5/38 200 200 150
200
46 /48.3 200 250 250
250
69/72.5 250 350 350
350
115/121 350 550 550
450
550
138/ 145 450 650 650
550
650
161/ 169 550 750 750
650
750
230/242 650 900 900
750 1050
825
900
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Max system voltage , kV BIL . kV
125 300
350
121 450
550
145 550
650
169 650
750
242 750
900
362 900
1050
550 1300
1550
800 1800

M9 3.4 uaasAszzv s haaduranaziaiuns1in A JIUNEMA SG6(5)

Operating voltage , kV

Phase to phase and phase to ground

Clearance (m)

115

1.68

138

1.68
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M3190 4.1 uanansiienmBILYegUnsalluanil i douing Tan nsdinathiinues

wn IWihdun 3 Faieenami Idhdeuiluszeznie 1.6 Alawas

BIL kV Standard BIL, | f1 BIL 1M1

e o = o 3 =
gunsal useu kv | aduaala kV MIADN LV
(1) (2) (1 (2) (1) (2) (1) (2)
nitouag 900 | 212 | 941 | 220 | 550 | 350 . 350
AINTAANDLU 570 | 472 | 496 | 412 | 550 | 550 | 550 | 550
wesnasanes | 650 | 565 | 565 | 491 | 550 | 550 - 550
wlouasianszua | 235 | 230 | 204 | 200 | 550 | 550 | 550 | 550
niouladdausedu | 235 | 230 | 204 | 230 | 550 | 550 | 550 | 550
et 610 | 560 | 530 | 487 | 550 | 550 | 550 | 550

565kV
Feele Clearance = —————— = (95 8T
605 kV/m

M319N 4.2 uaasmsidena BIL vesgunsel luamillwvhdosningylan nsdiinahimn

o o & P ' a
Mo aani ‘BQHNmﬂﬁD'ILIQNﬁ'IUEIULﬁuﬁ$U&’TI'N 1.7 Alawns

BIL kV Standard BIL, | 1 BIL 7

o o Ao 3/ o

9Unsol 390U, kV R TN kV 11N3
Hen kv
(1) 2) (1) (2) (1) (2) (1) (2)
nilouilag 875 | 190 915 199 550 | 350 - | 350
AInTaAnDU 500 | 460 | 435 400 550 | 550 | 550 | 550
wasnasANes | 595 | 550 | 517 478 550 | 550 | 550 | 550
niloulasianszua | 220 | 200 191 174 550 | 550 | 550 | 550
nioudasdausedy | 220 | 200 191 174 550 550 | 550 | 550
e 565 | 535 491 465 550 | 550 | 550 | 550
550 kV
528 Clearance = — = 090 R
605 kV/m

€
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BIL kV Standard BIL, | a1 BIL #
o i Ao Y o
91nsnl Us9AU , kV Ao ld kv s
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(1) (2) (1) (2) (1 (2) iy | 2)
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N Peak Current (kA)
¥ 3 Smvh .
WuN , (GEAT R Min. Max. | 50% of

" n3.) Flash
Uszimelne 178,901 0.80 370 | 595.00 | 29.40

a1
woalny 193 0.02 18.00 | 548.60 | 61.00
anha 486 0.09 2690 | 357.10 |  73.90
AU 93 0.05 2340 | 26730 | 65.70
W1 212 0.08 3620 | 213.10 |  68.60
1N FDIADU 211 0.04 2830 | 365.00 | 70.70
1389510 68 0.01 3250 | 29490 | 7020

aru. 2
Wy lan 2,124 0.46 9.40 | 39630 | 38.40
An 1,372 0.18 6.90 288.00 | 44.30
o luniy 513 0.18 14.50 | 257.50 |  54.20
9AsAAG 1,579 0.47 17.80 | 28220 | 44.60
NS 518 0.18 2480 | 33970 | 64.90
Ul 470 0.09 2200 | 26590 | 56.70
Wing 1,510 0.79 5.90 203.90 19.50
AUNUNTS 3,049 0.81 4.10 226.80 20.10

.3
anys 3,816 1.31 7.40 198.80 |  31.20
UATEITIA 5,862 1.43 410 | 32610 | 2450
FOUIN 1,145 1.07 8.60 128.70 29.50
9NuE1] 2,527 0.87 5.00 24090 | 47.10
GRITES 317 0.88 650 | 13190 | 2570
sy sl 5,410 0.99 7.10 | 23500 | 29.60
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N Peak Current (kA)
% 4 swowih | L °
HWUN . (A39/A3. Min. Max. 50% of

. nu.) Flash

a1
9ATF1H 1,114 0.23 21.60 | 230.50 | 45.80
NUBIAY 524 0.17 2490 | 167.80 | 48.50
VOUUAY 3,736 0.81 1470 | 42690 | 36.20
1y 1,801 0.40 14.60 | 259.50 |  39.70
Anauns 616 0.15 2220 | 239.00 | 50.20
UATWUY 249 0.10 26.00 | 201.60 | 5830
MUBIIA 1,119 0.61 19.30 | 205.00 | 39.90

N9, 2
QUATYHIN 274 0.04 23.70 | 235.00 | 56.60
AyazIny 647 0.17 1820 | 289.30 | 51.50
olass 256 0.14 21.80 | 281.70 | 44.90
UMIEIAY 1,978 0.80 1320 | 157.60 | 37.50
nwaug 817 0.27 1890 | 27520 | 4150
Souidn 1,191 035 16.60 | 179.50 |  40.10
UNAINS 198 0.11 2470 | 21580 | 49.10
81U Y 121 0.08 2490 | 227.40 | 48.50

nvln. 3
UATS IV 17,583 1.95 8.10 27480 | 30.80
Foqi 5,563 1.01 9.60 | 420.10 | 34.80
qsuns 2,095 0.54 1690 | 241.60 |  36.40
135ud 6,849 1.56 1130 | 239.60 | 33.40

151



N Peak Current (kA)
%2 umrh .’
NUN ; (n39/A9. Min. Max. 50% of
" nu.) Flash
nwn.1
NISUATATOYTY 5,788 551 6.00 | 14860 | 2550
919N04 1,346 3.23 6.40 166.80 |  26.10
47213 3,230 2.61 6.80 | 180.50 | 28.40
U513 6,675 3.24 8.10 | 253.60 | 24.90
UATUIN 5,160 5.51 5.00 173.80 | 2720
Unusil 4,703 7.14 5.50 117.00 | 2,353.00
A520n7 6,617 2.20 8.10 45340 | 26.70
nwn. 2
A3 8,021 4.11 3.70 157.90 18.60
NELFUNT 10,638 4.54 5.50 34540 | 23.60
FLUDY 2,450 1.51 8.60 17930 |  21.80
Tunsys 978 0.35 8.90 178.00 |  24.20
A1 92 0.07 1730 | 288.90 | 27.50
avn. 3
ANITTUYI 8,809 3.75 470 | 20580 | 30.50
NIYIUY3 13,020 1.54 3.90 300.90 33.50
U5 4,620 4.92 5.70 207.90 28.00
AYNTAINT 1,386 3.61 2.50 115.80 | 19.30
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N Peak Current (kA)
% swouth | L "
NWHN , (AT9/A7. Min. Max. 50% of
. na.) Flash
.1
WIS 2,175 0.81 7.00 | 29520 | 28.70
31913 4,541 2.02 560 | 306.60 [ 27.10
AUNS 821 0.32 20.60 | 595.00 |  40.80
FTUDI 266 0.19 1920 | 551.60 |  46.80
YsznvdsIus 866 0.31 1090 | 32230 | 3555
AUNTTAINTIY 561 3.19 7.40 156.10 | 24.20

s Idhdhesaauralszmsng
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115kV SUBSTATION INSULATION

COORDINATION
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Abstract

In this paper, a procedure for 115kV substation insulation coordination design is presented .
The procedure is illustrated by the two examples of substations : Lampang substation and
Samutsongkham substation . Lightning strikes to top of the poles and on the transmission lines
,causing backflashover on the incoming overhead lines and lfghtning overvoltage propagates along
incoming line enter to substations, have been analysed .In addition, the Alternative Transient Program
(ATP) is usd to evaluate lightning overvoltages that occur in the substation and to select proper Metal
Oxide Arrester to limit lightning overvoltage.By applying ATP for Insulation Coordination design, the
designers can quickly and accurately determine the appropriate phase-phase and phase-ground

clearance in substation and insulation strength for equipments.
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