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BACKFLASHOVER EXANPLE * Tower surge impedance

Lightning Btroke.

* Footing resistance

* Ground wire surge impedance
* Line insulation strength (CFO)

s Lightning stroke current magnitude
and waveshape

* Traveling voltage waves caused by
lightning stroke (magnitude and travel
time)

* Phase coupling and power frequency
voltages
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Figure 8. Volt-Time Curves for Line Insulators Plotted
with One Insulator Voltage Wave Vg
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TABLE 17-2 Number of Standard Insulator Units (5.75 in x 10 in) (146 mm x 254 mm)*
<) Numger oF STANDARD UNiTs REQUIRED FOR CONTAMINATION SEVERITY I-STRINGS/V-STRINGS
? & System Vourace Very Lignt (I.muﬁ Mobperate Heavy
11y 138 6/6 8/7 97 11/8
LB
H

L | 161 7 10/8 119 13/10
230 11/10 14/12 16/13 19/15
345 16/15 2017 24/19 29/22

— D)
500 25/22 3221 37/29 44/33
765 36/22 47/39 53/42 64/48

1) Lightning stroke in region (1) results in strike to
ground wire or tower [desirable]

Leakage distance = 11.5 in (292 mm) for the standard insulator unit

'2) Lightning stroke in regions (2) results in strike to
earth/ground [desirable]

'3) Lightning stroke in regions (3) results in unknown
strike to ground wire or tower, or phase
conductor, or earth/ground [undesirable]

@ J,/z'wo{ {’W Live insulation s+wwjlq’c - Cw’%’cﬂi [ lashoven Oveyuobca}ﬁ_ (CFO)

Diumber of Insulatars Critical-Tmprulse Average Flashowver 18 1385
107 %5 147 Negtve KV | Posinve KV 10 1683
1 130 115 0 1745
2 155 il 1825
3 35 2 1805
4 440 apr 3 1885
5 483 525 Crltlcal M4
3 585 Flashover 15
- — Voltage =
EH (CFO) =
10 o350 il
1 1015 30
12 105 31
13 1180 32 2805
14 1275 3 2880
15 1360 34 2075
I 10 3 3060 2025
17 1530 Source: Suspension Insulators NGK Insulators, LTD. Cat No. 148
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TABLE 5-3 Expressions for the Striking
Distance in Meters

STRIKING DISTANCE

(V‘s\ H

De

Striking

EXPRESSION, £5T0 STRIKING DISTANCE ry distance
PHASE GONDUCTORS EXPRESSION, Iy TO 8 s
AND GROUND WIRE EARTH OR GROUND Ground
AUTHOR/RESEARCHER (IN METERS) WIRES (IN METERS) - wires
- e Exposed
Darveniza, 1979 20+ 30(1— ) — boundary
Love, 1973 10105 1010 D
‘ ; ; b a
Brown-Whitehead, 1977 71" 6.4L"" | Shielding
Suzuki, 1981 3307 — angle
Erickson, 1982 0.67H%5107 0.67h N v
|IEEE-1995 Subcommittee ~ 8h%5/2% 8ho8/ 0% o
I, the first return stroke current.
C@[(M{IW%LVI} Dc',’,
D_=r[cos8—cos(e+B)]
; (5-56)
Dx =r_cos(a—p) Dy : D.
<« > >
where ~ - 1 :
\\l I
ﬁ:lsm" (h—y)Wl+tan®o fs P NN :
) 2r r. ~ I
(5-57) S
o fs N\
O=sin"! £ = a=tan"! a-p A
T, h—y y a+f .
\
For L,, where all striking distances coincide at a single point h <
a Ty
a:\/rsf(r:qfh)lf /lf*(lg*_\")j ¥
p = htyy2 3 h 4 y
gn lf(rgfri)sinﬂt (5-58)

/b
Jm{rﬂ] (r,=A) (Table 5-3)  whene A=g |5 _0.£5




% To Jiwd Sheilding Failure Rate (SER):

SFR=2N,D]

where | is the length of the line.

X To Lindl Sl«&iu;% Failure Flashover Rate (SEFOR):

I

SFFOR =2N | [ D_f(Ddl =N ID_P, 21=1)= N ID1QU)-Q(,)]
Ic

where: Q(I)=1-F(I)
TABLE 5-6 GIGRE Cumulative Distribution

TABLE 5-7 Median and Log Standard Deviations

s 1—sin30°

I,=(55/8)"%"=19.4 kA  B=3.56" @=27.5°

This gives D, =2.51 m.

o Inl-InM, Approximations for CIGRE Distribution
By
RANGE 0OF CURRENT / (KA] AppRoXIMATE EQuATION OF O
(cA) A CURRENT RaNGE (kA) Mepiaw M, Benh 4
3-20 1-031e7™8
20-60 050-0352 520 611 1.33
60-200 0.278¢™"7 >20 333 0.605
Example 5-4 Calculate the SFFOR for a transmission line with
two shield wires, located at 30 m, conductor height =25 m, shield-
ing angle = 30°, I.= 15 kA, N;= 4.
Sal..
gl\réfz;l?igiéiEE]_E??:l:mTS for r; and r,, from Table 5-3. These and then the values of Q:
_Go+asy2 2:271“05/61'1):71.05

1.33

Q =1-0.31e7 1192916 = 0,844

, —Inao.4/61.1)
" 1.33

Q, =1-0.31e 0836 =0 819

—0.863

Therefore:

SFFOR =4x100x2.51x0.025x10%=0.0251/100 km—years.
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lrgf(thy)!l o l[h+y]

o =sinT —— == ——
P r, r, ol 2
TABLE 5-8 Required Shielding Angle for SFFOR
of 0.05/100 km-yr.%
GRouND FLASH PHASE SHIELDING SHIELDING

DensiTY (FLASHES GRoUND WIRE  CONDUCTOR ANGLE ANGLE
Km? YEAR) HeigHT (m)  HeigHT (m) IEEE (pec.) CIGRE, (DpEG.)

0.5 30 22 38 42

45 37 12 28

30 30 22 335 36

45 37 19

5.0 30 33 32 35
45 37 4 17




