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The lightning
current Is the source of damage.
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( Damages due
to lightning Damages due to lightning strike,

)

Lightning affecting a
structure can cause damage to the structure itself and to Its
occupants and contents, including failure of internal systems.
The damages and failures may also extend to the
surroundings of the structure and even involve the local
environment. The scale of this extension depends on the
characteristics of the structure and on the characteristics of
the lightning flash
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1 the structure itself —

2 Internal systems —
3 the characteristics of the lightning
flash —
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D, (Injuries of living beings
due to touch and step voltages) —
D2

(Physical damages (fire, explosion,
mechanical destruction, chemical release) due to lightning
current effects including sparking) —

D, LEMP (Failure of
Internal systems due to LEMP)—
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source of Interference
coupling mechanism
potentially
susceptible equipment
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depending on the

position of the point of strike relative to the structure

considered
IEC62305-1 4 Sources and
types of damages to a structure
Sa flashes to the structure
S flashes near the
structure
S5 flashes to
the services connected to the structure
Sy

flashes near the services connected to the

structure o s
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S1 S3 flashes to
flashes to

S2 S4 flashes near the

L
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IEC 62305
CD 81/194/CD 81/213/CD

S1 : flashes striking the structure,

S2 : flashes striking near the structure,

S3 : flashes striking the services entering
the structure,

S4 : flashes striking near the services
entering the structure.
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S2 Y4

striking to
81/216/CDV

S1 S3
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IEC

lightning flash
to earth—electrical discharge of atmospheric
origin between cloud and earth consisting of one
or more strokes IEC 62305-1 3.1

lightning stroke — single
electrical discharge In a lightning flash to earth

S2
flashes near the structure S4 flashes near the
services connected to the structure “
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ITU ITU-K K.11

“1.1.1 Direct lightning strikes  Such strikes may cause
currents of some thousands of amperes to flow along
wires or cables for some microseconds. Physical
damage may occur and overvoltage surges of many
Kilovolts may apply stress to the dielectrics of line plant
and terminal equipment(

)11
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“1.1.2 Lightning strikes nearby
Lightning currents flowing from cloud to
earth or cloud to cloud cause overvoltages
In overhead or underground lines near to the
strike. The area affected may be large In
districts of high earth resistivity
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nearby

strikes
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IEC 61312-1 1995
Peter Hasse Peter Hasse
Overvoltage protection
of low voltage system 3.1 Atmospheric
overvoltages( )
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“Surges of atmospheric origin are basically due to either
a direct-/close-up strike or a remote strike. In the case of a
direct strike, lightning strikes the protected building; but In
the case of a close-up strike lightning strikes an extended
system or a line(e.g ,a pipeline ,data or power transmission
line ) leading directly into the protected system . However ,
In the case of a remote strike, for example, the overhead
line Is struck..“Reflected surges’ (traveling waves) are
produced In transmission lines by cloud-to- cloud
lightning, and overvoltages are induced by lightning in the
surrending area
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“3.1.1 Direct and close-up strike(

)” “Lightning between thunderstorm cells In
clouds generates conducted surge voltages and currents on
power lines and on other wide-ranging line system due to
Interfering electromagnetic radiation(

)

cloud-to- cloud lightning

Lightning between
thunderstorm cells in clouds
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ITU IEC S1 S2 S3  S4°

( )
— GB 50343

— GB 50343 1
Peter Hasse Overvoltage
protection of low voltagesystem 3.1

Atmospheric overvoltages( )
3.1
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1
Peter
Hasse Overvoltage protection of low
voltage system
1km , 3km ( P28)
1km
“Lightning electromagnetic
Impulse 7 “ ”
IEC
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2.2

LPZ0,/LPZ01
| PZ0,/LPZ01
SPD
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GB 50057-94 2000  6.4.7 “
LPZ0, LPZO,  LPZ1

SPD

GB 50057-94 2000 LPZ0,/LPZ01
LPZ0,/LPZ01 SPD
LPZ0,/LPZ01
LPZ0,/LPZ01 “

L
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IEC SPD
IEC 61312-3 2000  Protection against lightning
electromagnetic impulse- Part 3: Requirements of surge

protective devices(SPDs) 3
5«
SPD  Arrangement of SPDs within the Lightning
Protection Zones concept ” “SPD
SPD” 6 “SPD

SPD performance requirement ” 6.1 “

LPZ0, LPZ1 LPZ0,
SPD

- 6.2 © LPZ0; LPZ1

- “ LPZ0g
IEC

61643-1 8/20s
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|IEC LPZ0,/LPZ01
LPZ0,/LPZ01 SPD

Peter Hasse
Johanned W  lesinger Peter
Zahlmann Wolfgang  Zischank
1993 12 DEHN No.SD27/E
Overvoltage protection even in case of a
direct lightning stroke, According to EMC

2 (11
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2 Hasse 1

LPZ

S, 10/350pas 0.5s
0.25/100pus

S, 1.5/50ps 8/20us

20 FRiE =R = AR
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. LPZ0 IEC 61312-1 1995
LPZO , LPZO/E LPZ0g
0 1
a.c
lightning current arrester
v O/E
10kV 1.2/50pus
5kA 8/20s 3
OE 1
overvoltage arrester
1
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0
n

LPZ ¢ LPZ 1 LPZ2
a
surges from 8

| the lightning.
. [100KA, 107350 s residual field T
——|2004,055 b
25 kA, 0.25/100 ps b
| ir
b
6kV, 1.2/50 ps n
3kA, 8720 us
o A
lightning ™ overvoltage | g
current arrester arrester 2
10kV, 1.2/50 ps ,
S kA, 8/20 ps i
. a|
surges from I
an internal a
LPZ O/E source T
.
10. 2: Requirements for the Arresters (from [7]) tgr
3 Hasse 2 Arrester

LPZ
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=4
‘ O/E 1 ”
1 2

LPZO/E LPZO/E LPZ1
“lightning current arrester” “10kV
1.2/50us 5 KA 8/20us

2000 “Michael Faraday House” Peter
Hasse Overvoltage protection of low
voltage system 2 91 4.1.3.1.5a

Interface at lightning protection zone

boundaries LPZO/E LPZ0g

1 3 LPZO/E LPZ0g
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LPZ: BiE R X

O%& HEE® [ Su&BNR%
o B XAE LmakmmsE - LPZ0
ETATERE N m ’

T 2 Bt
EEAT RS T ‘\‘S,E&ﬁmW%ﬁ
Eam X = 7 RSERR

K 4.1.3.1.5a BERPRAFEWED

4 Hasse Overvoltage protection of low
voltage system 4.1.3.1.5a
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4 Peter Hasse LPZ0,
LPZ1 LPZ0g LPZ1

SPD Peter Hasse
Overvoltage protection of low voltage system 2
LPZ0 ; LPZ1
SPD SPD 99
4.1.3.2a Typical test values of arresters installed at the
line interfaces of lightning protection zones(
)
LPZ0,/LPZ01 LPZ0,/LPZ01
SPD
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1 Hasse Overvoltage protection of low voltage system 4.1.3.2a
Interface of lightning ()A/1 08/1 1/2
Zone
Arrester test values | [1/n-m]-100kA | Hyprid Hybrid
(per conductor) 10/350ps

[1/n-m] -25kA
0.25/100ps 10 kV okV
[1/n-m] -200A

0.5s
u 1.2/50us 1 8/20us u_. /1 =2€
01 02 05 1 2 5 6 10kV
n m
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LPZ0,/LPZ01
SPD

“Categories A —

Categories B
20m

“Categories B —

“Categories C —

10m

LPZ0,/LPZ01
SPD

Categories ”

Categories C
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. 2005 6 IEC 62305
‘“ 7 IEC 62305-42004 07
31 Landers 62305-4-v24-Ind FDIS D
Selection and installation of a
coordinated SPD protection SPD

D.1.2 Selection with regard to
location and to discharge current
“IEC 62305-1 E
SPD
SPD SPD
IEC 61643-1 SPDIEC 61643-21



. a) LPZ 1
MB
- ® Lo SPD( 10/350 |
SPD) SPD i oo IEC
62305-1 E1 / E LPL
10/350

. ® | SPD( 8/20 I

SPD)
. LPZ0, S1 S3

SPD
IEC 62305-1 E.1 / E.2 SPD

I 8/20

n
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* b) LPZ2

SB SA
c @ | SPD( 8/20 |l
SPD) SPD |
IEC 62305-1 E.3 LPL
8/20
e @ SPD(
8/20 11 SPD)
. U

IEC 62305-1
E3  LPL
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5@ 62305-4 81/212/CD 7 “Surge protective device

(SPD system) ”

e “SPD SPD

e “MB LPZ1 LPZ0,/LPZ1
LPZ0,/LPZ1

e “SB LPZ1/LPZ2

P l‘SA

. 62305-4-v24-Ind FDIS

IEC

. Pater hasse Overvoltage protection of low voltage system 2
5.8.1*Arresters for power engineering ” 5.8.1a “Application
of arresters in a power technical network( )”

SPD
. SPD

,, SR R R RS SRR



LPZ1

LPZ2

Categories C

LPZ1
LPZ0, LPZ1
Categories B
LPZ1 LPZ2
SA Categories
LPZ1 LPZ2
” SPD
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| PZ0,/LPZ01

SPD

| PZ0,/LPZ01

SPD

iR T IR IA B S TR



P

GRS J
2.3 LPZ0,/LPZ01 SPD
e 2.3.1
e |EC LPZ0,/LPZ01
SPD
« |EC 61312-1 1
3.4.1.1 N

L
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100%

50%

IEC 61312-1 13
IEC 442/94
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&" 100%

IEC 61024-1 100%

LPZ0A

12.5% —- ¢50%

6 Hasse Overvoltage protection of
low voltage system 4.1.3.1.5b
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SPD

50%

50%
16.7%

8.4%
SPD
25%
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A

Peter Hasse
Overvoltage protection of low voltage system 2

92 N
1 _
1
DIN VDE 0185-
103 IEC 61312-1 — v
50%
4.1.3.5b

L
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§) Peter Hasse 4
12.5%
4
3.1%
Peter Hasse N

|IEC 61312-1 1 3.4.1.1
“ LPZ0, LPZ0, LPZ1
” 3411 “
7 P19 For shielded cables, the current

will flow along the shield
Peter Hasse
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e 232 IEC
e 2.3.2.1
e 2.2.1

IEC
62305-1 E“SPD

L
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SPD
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NN N N
NP

[EN

o — Z
Zi+Z(n+ nzé) @)
2
Z
ke — 7, (3)
Z2+Z(N24+N1—)
1
3_
1
LPS
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2 z Z
0 Z, LPS Z
om 0 0
| [ 1TE=Y;

<100 8 4 4 4
200 11 6 6 6
500 16 10 10 10
1000 | 22 10 15 20
2000 | 28 10 15 40
3000 35 10 15 60

10/350Us
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7=71=272 n,=0 n,
k,=05 4
2.2.1
50%

ek, =05/(n,+n,) 5
IEC 61312-1 3.4.1.1 “

L
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Y

di/dt

=3 000 Qm
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RS2
2.3.2.2
IEC 62305-1 E
ke ke
"
.« K,=k, -R/(n R +R) (6).
o Rs
. R

L
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0.524 Q/km
1.9Q/km 6

GB 50057
SPD

BRIE R F

35mm?

k' =0.234 k_

30%"™



L ' 7
) Transformer H
LV-system Cable
/s
system ” m N # -~ Consumer
\ ' 4 ~
Earthing system of . Earthing system of
| the transformer ) ) the consumer

IEC 760/2000

I the parameters in the following diagrams are chosen for demonstration purpose only.
s have to be considered as examples to show basic principles of overvoltage protection within a complex system.

7 IEC 61312-3 B.1
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A
2.3.3

IEC 61312-3 3 B

2 3
IEC 62066 2002 “General basic information regarding
surge over voltages and surge protection in low-voltage a.c power circuit(

y”
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Phasa 1

Ryp Res krng
Ler 10350 ps
200 KA
et fn, L Les
Earthing system of .
= the ransfomner : - L e fes _— Emw e

G TEL200G

8 IEC 61312-3 B.2
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10/350us ~ 200KA
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Currant ¢ 8

W il =
o P ]
175 = I
imp 9 IEC 61312-3 B.5
. 50m
1256 =
100 —
L=
RO =
25 =
0 """-r—'"——r'——-—-r--
(1 100 200 ali] 404 =) 200 00
Tima i |5
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[ o
200
Cable length: 50 m
Cable length: 500 m Total lightning current
Lok Cable length: 1 000 m
150 = 10/350 200kA
Cable length: 1 000 m ‘
. Total lightning current through
- Cable length: 500 m the earthing system of
125 -
\ Cable length: 50 m the building struck
100 =
75 =
50 =
os ‘ Cable length: 50 m
= . Total lightning current through
Cable length: 500 m the power distribution system
Cable length: 1 000 m of the building struck
0 | ] T T

200 300 400

B.3
BRIE T it

0 100

10 IEC 61312-3

¥

=

500 700

2000



11 IEC 61312-3
100m

Time t us
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RS &

200

175. =

125 .=

Current | kA

100 =

75 =

IEC 763/20¢

12 IEC 61312-3 B.4 500m
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9 12
50m 500m
9
2
500m

L
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0.3Q

3Q2

100m

3Q

3Q



di/dt

10/350us
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IEC 62066 2002

13

IEC 61312-3 2000
10/350pus 100kA
100m |

10Q2
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LIRS

[ Ly
[ La
[ ] 1&5

* To air terminal Air terminal
Distribution Building 2 Building 1
Transtormer ) Service entrance Service entrance 1
1
Lo L;
L3 L3
N N
|| (™ o |y | -
AGIE 22l
~f 1o | @l |6 B ol ol | &
of 18l |2 -
@i |6l |6 /)
o N Bt
~ bun
T poal
R m
¢ Lo Lg Re Lo | ELe
Ie
100 m — 100 m : — =
* Timp :
~“Coupling of MV sids Rg=1mim Rg=100 100 KA
not spaciiied Le=1pHm Lg= 2pH 10!350'113
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& 5’5‘/3 10/3501u4s 100kA 13

KA C
1 iEarthing 33 —

1 2
imains 66 33
17 9
SPD1 16 8
SPD2 16 8
SPD3 16 8

2
imains 34 16.5
9 4.7
SPD1 8 4
SPD2 8 4
SPD3 8 4
2

imains 33 16
9 4.5
SPD1 8 4
SPD2 8 E
SPD3 8 .




33%
50%



Mansoor

Martzloff

13
TN-C-S

- SPD

Figure A.32—Dispersion of the lightning current in a radial configuration
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10/350 s

SPD
5Q
10Q PDS

SPD

L
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736 IEC 62305-1 LPZ0,/LPZ01
SPD

LPZ0,/LPZ01 SPD

50%
IEC 61312-1 “50% ”

IEC
LPZ0,/LPZ01 SPD
IEC
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IEC 62305-1 FDIS POSTROMA
E E.1.72

LPZ0,/LPZ01 SPD
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N -

L/R

L2 L3

N N L1
50% N 50%
17% N, L1, L2, L3
25%
SPD

L
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IEC 62305-1 FDIS POSTROMA E E.Z2

S3 — flashes to the
services connected to the structure
Peter Hasse
Overvoltage protection of low voltage system
94 N
LPZ1

4 1EC 62305-1 FDIS POSTROMA E E 3
3 Iimp Iimp

LPL
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LPL | ( )| S4( S1 S2 |S3( ) | S2(
) | (S1 ) )
10/350ps ) 5/300jus
[KA] 8/201us 10/350 8/201u
[KA] 8/20Js HIS ( [KA
[KA] [KA] 8/20jus
)
[KA]
v 5 2,5 0,1 1 0,01 (0,05)] 0,05
1l 10 5 0,2 2 0,02(0,1) 0,1
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1996

1996
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“protector” N 71978
GB 1417-197/8 8.5.6
“protector” “ ” GB/T
7400.3—1987
“protector” - "V ’surge”
N " GB/T 4365-1995
8.11 “surge” N i IEC
50 161 -90 GB/T 10194-1997
2
“surge™ ¢ ” IEC 61051-2
1991 GB /T 17626.5-1999
“surge” N . 4,13 “surge” -
IEC 61000-4-5 1995 GB

50057-94 2000
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3.2

“lightnin
electromagnetic impulse(LEMP)” “
IEC 81
6 LEMP

L
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GB 50057-94 2000 Residual current protective

device (RCD) “

“ " GB 4776-
1984 Electrical safety terminology
3.3.14 Residual current circuit-breaker
Residual “what 1s left left over
”’ Residual “difference
between deviation ”
1765 “
” “Residual current protective
device”
I
RCD I

RCD RCD
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aRS J
50057-94
2000 6.4.5-1 6.4.5-4
IEC
383/02 [EC382/02

IEC 384/02 IEC 385/02
14 50057-94 2000
6.4.5-3 IEC 384/02
IEC1 484/97
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50057-94 2000 6.4.5-3

IEC 384/02
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F1
LYY\ — T i L1 o
Y Y — +— -0 L2 4
LYY — — 13 off I
LY PEQ ]
¢ rlol N 03'
N 1
| : 7
F2 i VXK
5bi N \
il ]
BRI =
D D D {
4 |
| F2 |
SPD :
|
4
3 Sal
} 6
K |
, 3
-i—RB RA—_-.:_—
IEC 1 484/9.

15 IEC 1 484/97
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Origin of the installation

Distribution board

Main earthing terminal or bar

Surge protective devices

Surge protective device in accordance with IEC 60364-5-534 (2.3.2) or spark gap

__ Earthing connection of surge protective devices; either 5a or 5b

Equipment to be protected

Residual current protective device (RCD)

Protective devicé indicated by the manufacturer of the SPD (for example, fuse, circuit-breaker, RCD)
Earthing electrode (earthing resistance) of the instaliation

Earthing electrode (earthing resistance) of the supply system

Figure K.3 — Installation of surge protective devices in TT-systems
| (SPD upstream of the RCD)

IEC 384/02
£ 1 1 T L R e S T RN



IEC 1 484/97
3 Main earthing lerminal of bar F1  Proteclive device at the origin of the installation
4 Surge protective devices F2 Protective device required by the manufacturer
4a Surge protective device of the SPD ‘

(a comlt:inationf4-4ta, provlilding protection against Ry Earthing electrode (earthing resistahce)
overvoltages of calegory I of the installation

5  Earthing connection of surge protective devices, Rg Earthing efectrode {earthing resistance)

-~ gither 5a and/or 5b o oo
6  Equipment lo be protected of the supply sysiem

Residual current protective device (RCD), placed
either upstream or downstream of the busbars

Figure B.2 -~ SPDs on the supply side of RCD [according to 534.2.5 b)]
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GB 50057-94(2000)  6.4.5-3

6.45-3 TT
1— 2 3
4— SPD  4a—
o— 5a 5b 6—
[—
F—
R— Ry—
e |EC1484/97
1— 2— 3—
4— SPD da— IEC 60364-5-534 2.3.2
5—5a 5b 6—
[— RCD
F—SPD RCD
R — Ry—
K3 TT SPD RCD
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Main earthing terminal or bar

Surge protective devices

4a Surge protective device

(a combination 4-4a, providing protection against
overvoltages of category Il)

5 Earthing connection of surge protective devices,
either 5a and/or 5b

6 Equipment to be protected

7 Residual current protective device (RCD), placed
either upstream or downstream of the busbars

F1
F2

Protective device at the origin of the installation

Protective device required by the manufacturer
of the SPD '

Earthing electrode (earthing resistahce)
of the installation

Earthing electrode (earthing resistance)
of the supply system

Figure B.2 - SPDs on the supply side of RCD [according to 534.2.5 b)]

3 4
1
5 5a / 5b
7 RCD
F1
F2 SPD
RA_ B~

4 a 4 4a
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« 1 originof installation: origin the start point
O
15 F1 “
Overvoltage protection of low voltage system
SEB— GB 50057-94 2000 ‘“ "

o 2 Bar:asolid material that is longer than it is wide,always stiff metal

iape ribbon
busbar 15 busbars
L1 L2 L3 PE N I

e 3 upstream downstream:upstream tch forehead front position,
downstream  tch rear back position,
(14 A X 11 77 PLC
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	对防雷标准中若干技术问题的探讨铁道科学研究院通信信号研究所防护研究室邱传睿  研究员
	
	2   可供探讨的技术问题
	雷电对建筑物的影响可导致三种基本类型的损害：
	雷暴引起感应雷击及过电压
	
	
	
	2.3关于LPZ0A/LPZ01区交界处的SPD上预期负载部分雷电流数值
	2.3.2.2 线路为屏蔽电缆时的情况
	2.3.3 影响低压电力系统雷电流分配的因素
	
	
	2.3.4两个建筑物由一台配电变压器供电时雷电流在建筑物和配电线路中的分配 
	表3     在10/350μs波形，100kA时，图13可能的入地回路的电流消散值
	A.2.3.5  中性线接地时的影响
	2.3.6  结论及IEC 62305-1对LPZ0A/LPZ01区交界处SPD的预期部分雷电流数值的描述
	3、对使用术语上的一点看法
	
	与原意的比较
	

