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o e DMaterial <, factor K at0oC ‘ﬂz:::g'm_? o, 20 ( TCAP thermal
eeeee ption conductivity at 20 °C Era b= fircem capagity
(%) (Lr°C) & [Fem*-2CH]
100.0 0.003 93 234 1083 1.72 3.42
97.0 0.003 81 242 1084 1.78 3.42
40.0 0.003 78 245 1084 4.40 3.85
30.0 0.003 78 245 1084 5.86 3.85
20.0 0.003 78 245 1084 8.62 3.85
61.0 0.004 03 228 657 2.86 2.56
s3.5 0.003 53 263 652 3.22 2.60
52.5 0.003 47 268 654 3.28 2.60
20.3 0.003 60 258 657 8.8 3.58
10.8 0.001 60 605 1510 15.90 3.28
9.8 0.001 60 605 1400 17.50 4.44
8.6 0.003 20 203 419 20.10 3.03
Stainless sieel a4 0.001 30 249 1400 72.00 4.03
304 = . - E = 0
F rom ASTM standards
Copper-cla 1 reol rods based om 0254 & m 010 in) copper thickn
StaiAleas-clad see] rod based on 0,508 mm (0,020 in) Ne. 304 srainless stecl thickness over No. 1020 steel core
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; — L 12.06 kemil or 12.06 kemil’kA

267,61
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M13197 5.2 MAINVRIIAYIHT VAN VoI T

Material Conductivity (%) Ty * () E
Copper, annealed soft-drawn 100.0 1083 7.00
Copper, commercial hard-drawn 97.0 1084 7.06
Copper, commercial hard-drawn 97.0 250 11.78
Copper-clad steel wire 40.0 1084 10.45
Copper-clad steel wire 300 1084 12.06
Copper-clad steel rod 20.0 1084 14 .64
Aluminum EC Grade 61.0 657 1212
Aluminum 5005 Alloy 53.5 652 1241
Aluminum 6201 Alloy 52.5 654 12.47
Aluminume-clad steel wire 20.3 657 17.20
Steel 1020 10.8 1510 1595
Stainless clad steel rod o8 1400 1472
Zinc-coated steel rod 8.6 419 28 96
Stainless steel 304 2.4 1400 30.05

*See 11.3.3 for comments concerning material selection.
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20kA 1w 3s

") 15U soft drawn copper

Material Conductivity (%) T, (0 K

Copper, annealed soft-drawn 100.0 1083 7.00

Akcmi! =1 Kff\/‘:c
Apemil =20 x 7.00 /3
=242.5 kemil

use 250 kenml
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o (u) dwmFuanilanzgunewas amwANNI 40%

Material Conductivity (%) ] Ky

Copper-clad steel wire 40.0 1034 1045

Apemir = I+ Kfr\./‘?c"
Ao =20 1045 .3

=362.0 kemuil

U 4 H ) Y] d
M398197 5.2 M3 aNmsh (5.6) Svisunszuanlean
20kA 1w 3s

e (n) MmSuanilane

Material Conductivity (%) T, ("0 Ky

Steel 1020 10.8 1510 1595

Ak(‘m” =1I- Kff\./r_c
Aot =20 x 1595 /3

=552.5 kenul
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#nAIDENAYU M3 IFAI 4/0 AWG (211.6 kemil) soft drawn copper

* YU

A .
! v _ “kemil
Nnaumsh G.6) a2la [=——
K £/ te
mnmsnﬁ 52 Material Conduetivity (%) T, () K
Copper, annealed soft-drawn 1000 1083 7.00

If7,=05s1=211.6/(7.00,/05)=427kA
If1.=1.0s7=211.6/(7.00./1.0) = 30.2 kA

Ifr, =308 7=2116/(700.,/30)=175kA

o A I

YUIANINNANADNDI

U

LY d’ I~ a a a Y d‘ 1

HINYNIAdNII ﬂﬂﬂ%zﬂﬂ]ﬂiﬂﬂ?]ﬂ]‘mzam
A A v
(HOIVNY ’J‘lJ‘J:iﬂE)‘IJ!‘UH

Y

) 21A59zHANUANUMINALAZTNUABMSNANTON

W o IS o d‘d d' 4 % |

V)  AIUINITITUAINNUUINANS mai’]mnumaﬂuﬂnmeﬂu
v d‘ a dJ
Franainarean

a)  milsznouvesnnuilaeasy nisezgnlidmsuszuumsae
asau mileunugunseiluihaug
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#1199 V04 de offset gnuaaslumanafi 5.3 Bamana 5.6
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ADAIAUAILND A MNzuailu RMS §11i5UA 140 60 Hz N Coa . . Lo 2 2
) . ADAIAUAILNB AL ANy RMS 115UA1IND 60 Hz N
X/R=40 v enszuatily kA . B
X/R=20 viuenszuaiu kA

Cable size, i\u.n.nm_al 6 cycles 15 cyeles 30 cyeles 45 eycles 60 eyeles 180 cycles
iy cross section, = = il o
AWG K] (100 ms) (250 ms) (300 ms) (750 ms) (1s) 135 . Nominal
T Cable size, cross section 6 cycles 15 cycles 30 cycles 45 cycles 60 cycles 180 cycles
AWG 2 (100 ms) (250 ms) (500 ms) (750 ms) (1s) (3s)
£ 3363 22 16 12 10 9 s i
#1 42,41 28 21 16 13 11 7 #2 33.63 25 18 13 1 9 5
1 5348 36 26 20 17 14 8 #1 4241 32 22 16 13 12 7
20 67.42 45 33 25 21 18 11 1/0 5348 40 28 21 17 15 9
30 85.03 51 42 3 a7 23 14 200 6742 51 36 26 b7 19 11
40 107.20 | 72 | 53 . 40 34 , 30 17 30 8503 64 45 33 27 24 14
250 kenml 126.65 85 62 47 40 35 21 == =
" S : , , 140 107.20 81 57 1 33 30 18
350 kemil 177.36 119 87 67 36 49 29 N - ) N N _ N
250 kemil 126.65 95 67 50 41 36 21
350 kemil 177.36 134 94 70 58 50 29
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AoasaudIamouas mnszumily RMS §1450UA1308 60 Hz
X/R=10 ¥ivhenszuaniu kA
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AoasnudIEne A mMnszumili RMS d145Un14E 60 Hz 1i X/R=0
vgnszumiu kA

Cable size, ll\'umin:ﬂ 6 cycles 15 cycles 30 cycles 45 cycles 60 cycles 180 cycles
AWG m'*;:;’*}"”“* (100ms) | (80ms) | (S00ms) | (750 ms) iLs) 3sl
#2 33.63 27 19 13 11 9 5
#1 4241 35 23 17 14 12 7
1o 53.48 4 30 21 17 15 9
20 67.42 56 38 27 2 19 11
30 85.03 70 43 k2! 28 24 14
440 107.20 89 60 43 36 31 18
250 kemil 126.65 105 71 51 42 36 21
350 kemil 177.35 147 99 72 59 51 30

Cable size, . 6 cyeles 15 eveles 30 eycles 45 cyeles 60 cycles 180 cycles
AWG crus;:;::hnn, (10{} ms) (lsdms) (S(Id ms) (75d ms) (Ls) (3%
#2 33.63 3l 19 14 11 9 5
#1 4241 39 24 17 14 12 7
Lo 5348 49 31 22 18 15 9
20 67.42 62 39 28 2 19 11
30 85.03 79 50 35 8 25 14
40 107.20 99 63 44 36 31 18
230 kemil 126.65 117 74 52 43 37 2
350 kemil 177.36 165 104 73 €0 52 30
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Substation Building and Transmission Lines Serving 1g. 2. 275 kV GIS Switchgear Room
Substation
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5.4.1.2 ﬂi%!!ﬁﬁﬁuﬂﬂ (enclosure currents)

CURRENT CONDUCTORS HAVE
INDUCTANCE (L) CREATED

BY MAGNETIC FIELDS THAT
STORE ENERGY
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(gas- insulated substation)

. YAnszNasa Ims
d
sunaeq asnilsznou

Fignrel GlS doblebustr 1113V gnwiniilaly
section view :

Tnsalanziigneioad
CB: Circuit Breaker ¢ -
D: Discomectrs N3 malwilu .
ME: Meta Encloure AINANNIDUIUTIANN

BB: Bus Bars | [ Y o
T, Cuven Tunsfomess " MUAEOAANNH 1Az

VT: Voltage Transformers UnAaziszneuaeiia
S Steel structres

a da d
adntines ez uaz
dJd 1 v

gunsaigeama

(subassemblies)

5.4.1.4 TTan3snanan (main ground bus)

o a1 NIITU

YOIMIANNTINITY
msiFeuded
UsznoudieTansiign
ponuuy I3imuavos
GIS NUTEUUNTADAY
auitaniiiihées

5.4.1.5 drurllailineites

(noncontinuous enclosure)

1. Enclosure
2. Transtormer terminal
3. Canpector
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(transient enclosure voltage, TEV)
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(transient ground rise, TGR)
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(Very fast transient phenomena, VFT)
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Figure 3. A typical VETO waveform. Time Seale: 2.3 ns/div. ¢, =
Breakdown time. {,, =time to maximum peak, O:is at 10% of the peak
value (B) obtained with zero (0 V) as the base, A:is the first peak from 100 MHz
0 on the rising portion of the VFTO waveform, B: mavinum peak of

the VFTO
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(very fast transients overvoltage, VFTO)
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Typical measured FTO waveform; (180 kV/div, 1 ps/div)
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Simulated FTO waveforms of the substation
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Pre-strikes during a disconnector closing operation
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Bay width 1 Bay width
min 1200 mm min 2000 mm

the three phase enclosures in a GIS bus-duct
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Photo 1. A very large high voltage substation.
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The National Electrical Safety Code (NESC)
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The fenced area for each case is a square having sides of 43.9 m (144 ft).
The test calculations are based on the following parameters:

p =60 Qm

I;=5000 A

hy;=0.076 m

ry = 3000 €-m, extending 0.91 m (3 ft) beyond the fence

RS =0.66 €2 for cases 1-4

R, =098%Q forcase 5

;=055

D:=10

filsznou K YuegfiuammimumuvesTaghmazamwanumuay
_ PP, o 603000
o+p 60 + 3000

S

= 0.961

K

dilsznew ¢ mldnnnswl Tugii 1.9
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as L -2 .
1117/
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-09
a2 -095 .
a1 .
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[ AL
hs=0.076
Thickness of Surface Material, h, (meters)
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MECHANICAL OR
EXOTHERMAL BONDING

POINT (TYPICALLY ABOVE
PEDESTAL LEVELER NUT)

BONDING STRAP
24 in MAX. TYP.

METALLIC BOND
TO SRG

DATA CABLE NEAREST AVAILABLE

CONDUIT (TYP.) NEAREST AVAIL
FLOOR PANEL BUILDING STEEL
2ftx2ft(TYP.)

ALL HORIZONTAL & VERTICAL
METALLIC OBJECTS TYPICALLY
BONDED TO PERIMETER
CONDUCTOR

SIGNAL REFERENCE GRID
(METAL STRINGERS OF
RAISED FLOOR SYSTEM) —

#2/0 BARE COPPER SOLID
OR STRANDED AROUND
PERIMETER OF ROOM

Fig 9-4
Raised Access Flooring Substructure as Signal Reference Grid

A. COPPER STRIPS, 0.010in x4 in

B. WELDED CONNECTION, STRIP-TO-STRIP

WELDED CONNECTION, STRIP-TO-PEDESTAL

WELDED CONNECTION, STRIP-TO-BONDING STRAP
LOW-IMPEDANCE EQUIPMENT BONDING STRAP

WELDED CONNECTION, STRIP-TO-EQUIPMENT BONDING STRAP
POWER DISTRIBUTION UNIT {PDU) GROUNDING CONDUCTOR
WELDED CONNECTION AT BUILDING STEEL COLUMN

c.
o.
E.
F.
G.
H.

Fig 9-5
Signal Reference Grid Fabricated From Copper Strips
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