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Scope — IEC 62305 -1

Provides general principles for protection against

lightning of:

* structures, their installations, contents and persons

* Services connected to a structure

Direct flash

Near flash

Far flash

Line-propagation surge

Line-induced surge

Line-induced surge /

Surge from direct
Flash on building

Earth coupling and
induced surge

Induced surge

/

Examples of lightning flash coupling mechanisms
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31
Table 3 — Damages and loss in a structure according to
different points of strike of lightning
Point of strike Source of Type of Type of loss
damage damage
/\< D1 L1,L4”
Structure S1 D2 L1,L2,L3,L4
— —
| D3 JL1,L2,L4
Near 3 structure — — % S2 D3 L1,L2,L3,
| L4
Service connected D1 L1,L.4”
AT~
to the structure S3 D2 L1,L2,L3,L4
D3 ,L1,L.2,L4
Near 3 service - \--.___./ ™~
% S4 D3 L1,L.2,L4

*Only for structures with risk of expiosion and for hospitals or other structures where failure of

internal systems immediately endangers human life.

**Only for properties where animals may be lost.
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33
Risk Risk Risk Risk
1) n
Rl Rz R3 R4
Loss of Loss of Loss of Loss of
Type of human service to cultural economic
loss life the public heritage values
P Failure”of Failure of Injury Yof Failure of
Type of | Injury of - : Livir i
dg&age Living " | | Physical Elegtricall | physican | | Electrical [ | physical Physical || Elegtrical
eings
& damage Electronic damage Electronic damage damage Electronic
systems systems systems

b Only for structures.

2 Only for hospital or other structures where failure on internal systems immediately endanger human

life.

y Only for properties where animals may be lost.

Type of loss and corresponding risks resulting

From different types of damage
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Table 6 - Minimum values of lightning parameters and related rolling
sphere radius corresponding to LPL

Interception criteria LPL
Symbol Unit I I 1I v
Minimum peak current 1 kA 3 5 10 16
Rolling sphere radius r m 20 30 45 60

45

fiafuensdy

R = 101065
"o
R = 10128

46
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Protection level (PI)
Pl: 1 99% pot* 2,9 - 200 99% pot*
Pl: 1l 98% pot* 5,4 - 150 97% pot*
PI: 11l 91% pot* 10,1 -100 97% pot*
Pl: IV 84% pot* 15,7 - 100 97% pot*
kA]
0 10 50 100 150 200
*pot: probability of trapping
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NARUAN 1

(didudaya)
& o 5. ] = =
Wi duLIanI2adns LARIRILNEN1SILASI= 1A

2.1 supduananszuaifiadnglszaanlunisiiasisi
- arlheinanun 10/350 us
- gieindnsiain 0.25/100 us
B1auNuETAUn 7l
I (#/n)° A
i =—-+}_G-cxp{—rs ) (7.1}
s 1+{r.-' r,)l
Tped

51

History of the 10/350 us Waveform

* Around 1985 the waveform parameter “10/350 LLs” appear

* Late 1987 different “Protection Levels” are introduced
(200 kKA /150 kKA /100 kKA

* Late 1987 an equation for numerical calculations is given
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Lightning station Monte San Salvatore
Prof. Berger: 30 years recording of lightnings

Source:
Niederrohrdorf/CH
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HISTORY: BERGER's T
Measurements at Mont Szn g':ligtore ALD@/

Two instrumented towers
1943 — 1972 (29 years !!!)
101 neg. CG first strokes
135 neg. subsequent strokes

COST P18 Training School

;: . Dhendorier
Kiten, Bulgaria, September, 2007

a0 | o o eAsED
@ﬁi DIGITISER SYSTEM

Principle of a Rogowski coil principle of a

current monitor
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Lightning Impulse
Current (LLs)

10/350 (Ls)

T |

100 %-
90 %
I(kA)
50 % ="
:
:
10 %
T

t(us) ——»

Wave 10/350

m?////
1 Z

Surge current

'

Induced overvoltage
R —a

¥

._,....--;,’\

Earthing

Earth equipotantiality

direct lightning strike on a lightning rod
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n

Wave 1@/350

|
mp i, mp

2 B N

Close lightning strike on aerial line

0.3681,,
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Parameters for the equation

First stroke Subsequent stroke
Parameter Protection level Protection level
I Il -1V I Il -1V
I (kA)| 200 150 100 50 37,5 25
h 0,930 0,930 0,930 0,993 0,993 0,993
T, (Us)| 19,0 19,0 19,0 0,454 0,454 0,454
T, (Us)| 485 485 485 143 143 143
1100 %- o
90 % L- Lightning Impulse
i(k A) Current (LLs)
[}
i 10/350 (LLs)
s0 + | F AR . L > [Taitwave |
i i
1 1 F t
| :
.s s
10 % 'E i
e | t(us) —»
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Wave 10/35

Wave 8/20

Ve

\

Distant lightning strike on aerial line

Wave 8/20

Indirect lightning strike
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Iwave 8/20

Indirect lightning strike

8/20 is used to test [
Type 2 and Type 3 |-

VN

90%

8/20

VALUE

50% 9

TIME (us)

Bus 20us

8/20 wave shape




100 kA —

I (KA) go ka

60 kA -

50 kKA~
40 kA

20 kA

Grap no. | II 11
Wave Form 10350 | 820 8/20
I max. kA 100 20 100
Q As 50 0,27
W/R J/C) 2,5-10° | 2,75-10°

_I = T T T T
20 us 200 ps 350 us 600 ps 800 us 1000 ps
t(us) ———»
MIANYIN A n-1
AARUAN N
(If1dudaya)
ATWNSIRLABSANN ] TBINSzWARAHA
68
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Parameters of lightning discharges — natural process

Negative multiple lightning downward flash

g Bt 01 03 o4 0.5 a6 07 0.8 0.8 1 t)s
I T

-1 =00

IERES L e | o

P M WA i H A EE L s

&g subsequent short strokes scalle for Iong subsoquant short strokos

firsl shor strofke duration stroko T
-0 {63 kA e du Pt {0 Kard Berpee
if kA
First stroke current

i/ KA Analytical function (Heidler):
200 -

—— j:i llt IJ o (A l ': s
150 0937 (188usY
10011, = 200 kA L%

so] [ T/T,=10/350 ps
e B B o . o O o o i i o i e e T

0 100 200 300 a0 t/ps 500

Parameters of lightning discharges — standardization

. protection
-1
first stroke #
Ty [Tz = 107350 ps
peak current i'kPhM 100 ... 200 w . .
specific anergy / > 25 10 1— Lightning current
parameters acc. to
[&ng %ﬁlﬁrastinn stroke " EN/IEC 62305
current / A 200 ... 400 1—
charge ! As 100 ... 200
subsequent stroke
Ty [Tz = 0,25/100 ps v E o
peak Current / kA 25... 580
mean stespness /58 100 ... 200 t—

- Mainly the current peak values and the integral parameters (W/R, Q, steepness) are
defined in the standard. Current wave shapes are only recommended!

- The parameters are graduated in three steps acc. to the lightning protection level
respectively the claim of protection.

- The surge current 8/20 ps is specified in different international standards like EM/IEC
62305 "Protection against lightning” or ENJ/IEC 61643 "Surge protective devices”.
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Front time 10 ps Time to half-value 350 ps

it |4 p

Protection level Current amplitude kA
90%- 1
| 200
I 150 7
50%: 7
n-wv 100

Reference: DIN EN 62305-1 (VDE 0185-305-1)

? 0 v T
0 10ps 350 us t
Waveform 10 ps/350 ps

0E Z’I\'Rst

Example:

Ug =100kA-1Q =100 kV

% % J A

v I a (= o I U d' o Y a [y
nszuameenilumsiimesiiading narne Wumiiiml#inaussduan
a d v A [y} ° a o d [
AseNdNNNAUTVRIHADAY HI0 TngduhldiNannumedndsznieing
fuaunaaow

NARUAN 9

(1 udaya)
' a = = n
AngdtRadlunsnAFaLINAANABINATRININN

A Fd o n
nfaavAlssnavaatssuuilasiunica
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Parameters of lightning discharges — natural process

Negative multiple lightning downward flash

. Bl [}] 03 04 0% ah 67 68 i) i tfs
g I |
;3 I ’ -u!k.-._'m J'l-’!“‘- H” l-ﬁ | e
::E' ot R gl trok Y iHA B 35 ki
subsequent short strokes - L
::E firet shorl stroke ﬂﬁﬁgﬁﬁﬁ?e SUbsoquant sho strokes
20 —Mu ey |:u‘\-|-.: !'Ir .J..:.'."I:.ma.
if kA
Subsequent stroke current
If kA Aralytical function (Heidler):
50
40 i T
] i C
304 it)y= Rl i
- 0.993 L 0.454 us
o4 (|42 , e
{ | T/T:=0.25/100 ps t
104 h |
0 T T T T
0 100 200 300 400 t/ps soo
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mwmilineTveanszus (gaUfl 1.3-1) 1 ”“”“;’”mm" =
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nnfndmilivesmene T2 Winviud (Hs) 100 100 100
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u : Voltage ] a |

A q
?Z Current steepness

L : Cable inductance

a . Side Iength of the conductor |00p
S | Distance from external lightning protection system
Y Q' v d‘ I a dd'd v o W o (Y] a
moanmatiinvesrinaay idumnniimesniivedayd1msumsina
uieﬂumumuﬂuNsaumumetﬂnamﬁwn idinanszualnaliasson
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=50 LSRR S e fof Jom) subsequant short strokes
-0 first short sbrobe duration stroke

0 {61 kA wn. fu P B Kan! Rprgee
i/ kA

l Rectangular impulse current

i/ A
400
3004 |
W07 [ [=400A
104 | T'= 500 ms

0

Parameters of lightning discharges — natural process

Negative multiple lightning downward flash

0 100 200 300 400 t/ms soo

o) Y Y
awhrsen

ahrdainanivainnan 10 20 vesmauninnau
= tﬂ' 0/ U Y A |J
audanan 10 20 vasmmamurinenaunn N
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AT ABTUAINTERAN NIRRT IR

: . sEdUMTBIN%
MATIABTIDINTZUS (qzﬂﬁ 1.3-1) 1 5 =
Us2q Qq gaey (C) 200 150 100
TR T U9 (s) 05 05 05
anTzusedsdnszanowmnu T
83

Example 2: Melting effects on earth wires due to long duration current arcs

A high length of the test arc
is necessary to reach
of real results (| ;, = 5 cm)!

P _-___”-_iw..r"\;
/f T aopa, 305 C \

N . =¥ S, ] k
/ | 305A, 160C ‘
e

i 21p A, 108 C

gJ\

Inngldurah_'un currents over 10 cm arcs

B

0 01

02 03 04 05 ts

84
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Example 2: Melting effects on earth wires due to long duration current arcs

Results in function of the load parameters:

200A-0.5s,100C

- 3 single wires damaged

300 A-0.5s,150C
- 4 single wires damaged

400 A-0.535, 200 C
= 4 single wires damaged

85
g KAT—
PF . B/20 ps
0 10 20 30 40 SO tjys
1: Typical lightning current wave-shapes 86
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