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Damages caused by overvoltage

Overvoltages are a major cause of electronic equipment
failure and business disruption. They are induced by lightning strikes, switching operations on the power network and
parasitic interferences.

Other causes
(damage, fire...): 6 %

All branches of commerce and industry rely on their computer
systems, control systems and power supply. When these are
out of order for overvoltage reasons, consequences can be
catastrophic. Loss of operation, loss of service, loss of data,
loss of production are often huge and by far higher than the
cost of damaged equipment.

Not identified: 12 %

Network defect, 50 Hz temporary overvoltage: 15 %

Overvoltage: 61 %

Short circuit: 6 %

Damages to electronic equipment.
Analysis conducted in France for residential segment by AVIVA,
the world's fifth largest insurance company (www.aviva.com)

Overvoltage effect

At the same time, the following trends shall be underlined:
–– Increasing use of electronic systems such as computers,
telecommunication equipment… Overvoltage incidences
and damages are of paramount importance in a world very
much based and relying on power networks and information systems
–– Increasing sensitivity of the electronic equipment. With
miniaturization process of circuits and components in
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electronic equipment, modern equipment is now more
susceptible than ever to be damaged from overvoltages
– – Increasing interconnection and complexity of power and
telecommunication networks. In very dense cities, effects
induced by thunder flashes are tremendous as they can be
propagated through several kilometers.
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Surge protection is of extreme importance, as it provides the first level of defence for all site equipment at the point of entry of
power and data lines.
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Main causes for transient overvoltage

Lightning strikes
Lightning is a very high energy phenomena. Lightning strokes
release energy reaching several hundreds of mega-joules. A
lightning strike can have a destructive or disturbing effect on
electrical installations situated up to several kilometers away
from the actual point of the strike.
Lightning strikes can be coupled to the network by the following phenomena:
Direct lightning strikes
–– Direct lightning strike on the external lightning protection
or on earthed extraneous conductive parts of the building
(antenna, metallic pipes …). Galvanic coupling (Fig. 1.).
The resistance of the earth termination system when
dispersing the lightning current to earth will cause voltage
rise of the protective earth conductor (PE) to several thousand volts (ohmic law). On the other hand, the potential
of the power cables remains zero (remote potential of the
transformer). Electrical equipment connected between the
mains and earth will flash over and part of the lightning
current will flow through it.
–– Direct strike on aerial lines. Conductive coupling (Fig. 2.).
The high energy directly entering the installation will
destroy electric or electronic equipment connected to the
mains.
Lightning strikes in the vicinity
–– Inductive coupling:
The magnetic field caused by the lightning strike will generate over-voltage in any wiring loops (transformer effect).
Aerial power cables feature such closed loops as the
neutral or the PE are earthed every few poles. Lightning
striking in the vicinity of aerial lines will generate overvoltage in theses lines (Fig. 3.).
Also, lightning strike on the external protection of a building will induce overvoltage in closed loops formed by wires
(Fig. 4.).
–– Direct coupling through the earth (resistive coupling between earths). Fig. 5.
In case of stroke current discharge in the vicinity of the
installation, the lightning current flowing through the earth
will cause the earth potential to rise and consequently
the potential of the protective earth conductor can reach
several thousand volts.

Fig. 1. Direct lightning strike on the
external lightning protection

Fig. 2. Direct lightning strike on the aerial line

Closed loop

Fig. 3. Inductive coupling.

Closed loop

Fig. 4. Inductive coupling.

Fig. 5. Earth potential rise
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Main causes for transient overvoltage

Switching operations on the power distribution system
The switching of circuit breakers (Fig.6), transformers, motors
or inductances in general, sudden variation of load, induce
very quick change of current (di/dt) and generate transient
overvoltages.

Overvoltage

Direct lightning
strikes
Indirect lightning
strikes

Operating
overvoltages

Compared to thunder strike overvoltage, these switching
overvoltages have less energy but occur much more frequently. They are harmful as they are generated directly in the
mains. Their short duration, their steep wave front and their
peak value (that can reach several kilovolts) cause premature
ageing of electronic equipment.

Micro breaks

Harmonics

t (ms)
Temporary phenomenon duration > 200ms

Transient phenomenon duration < 1 ms

Representation of the various disturbances on electrical network
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Fig. 6. Switching of circuit breaker
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Surge Protective Devices - Definition of the parameters

Surge Protective Devices: Function - How it works
Surge protective devices (SPDs) are aimed at protecting
electrical systems and appliances against overvoltages and
impulse currents, such as lightning and switching surges.
Transient overvoltage is a voltage peak of short duration
(shorter than a millisecond) which amplitude can reach dozens of times the nominal voltage.
Electrical and electronic equipment feature their own withstanding capability to overvoltage (dielectric strength) as they
are provided with insulation to isolate phases power lines
from earth or neutral. Insulation can vary from few hundred
volts for sensitive electronic devices up to few kilovolts for an
electrical motor.

6 kV

Without Surge Protective Device, overvoltage reaches electrical equipment. If the overvoltage withstand capability of the
electrical apparatus is overcome, the insulation of the equipment is destroyed and the whole surge current flows through
the equipment.
In the present example, Surge Protective Device (SPD) is installed between line and earth (TN network). SPD limits transient overvoltage (surge voltage) and diverts harmlessly surge
currents. While doing so, it establish equipotential bonding
between the phase and the earth.
Surge Protective Device contains at least one non linear
component (such as resistors and/or spark gaps ):
–– during normal operation (in absence of surges), Surge
Protective Devices shall have no influence on the system
to which it is applied. SPD acts as an open circuit and
maintains insulation between the line and earth.
–– when surge occurs, the Surge Protective Device lowers
its impedance in some nanoseconds and diverts the
surge current. SPD behaves as a closed circuit, the surge
voltage is short circuited. The overvoltage is limited to
an admissible value for the electrical equipment located
downstream.
–– after surge occurrence, the SPD recovers its high
impedance and behaves as an open circuit.

1.4 kV

The 2 functions of an SPD:
− diversion of surge current to earth
− limitation of overvoltage (here 1.2 kV).
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Surge Protective Devices - Definition of the parameters

Waveshapes 10/350 and 8/20
Based on decades of researching, recording and measurements of lightning and overvoltage phenomena, standards
introduced the following two waveshapes to simulate direct
lightning stroke and to simulate effects of remote lightning
stokes.
–– A long duration waveshape (10/350 µs) which simulates
a direct lightning stroke with its associated high energy.
Lightning current source can be considered as a current
generator discharging current waves 10/350.
–– A short duration waveshape (8/20 µs) which represents an
indirect or remote lightning stroke or simulates effects of
switching operations and parasitic interferences.
The energy carried by these current waves is the area beneath the curve:

I (kA)
Iimp

Imax
50 % Iimp
Wave 8/20. Current impulse with a virtual front time of
8 µs and a time to half value of 20 µs (for representation of
an indirect lightning strike).
Wave 10/350. Current impulse with a virtual front time of
10 µs and a time to half value of 350 µs (for representation
of a direct lightning strike).

50 % Imax

0

0
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∞
Energy =

200

100 %

∫idt

90 %

I = peak current
T1 = front time
T2 = time to the half value

t=0

The energy associated to wave 10/350 is much higher than
the energy associated to 8/20.

I

Iimp pour onde 10/350
Imax pour onde 8/20

50 %

10 %

Wave 8/20
Wave 10/350

Front time T1 between 10% and
90% of the maximum value
µs
8
10

Time to half value T2
T1

µs
20
350

Type 1 and Type 2 Surge Protective Devices
–– Type 1 Lightning Current Arresters are able to handle
waves 10/350 simulating lightning current impulses. They
are designed to discharge high energy from lightning
impulse. They are generally recommended for locations
at points of high exposure, for example, line entrances
to buildings protected by lightning protection systems or
powered by aerial lines.
–– Type 2 Surge Arresters are tested with waveshape 8/20 of
shorter duration than 10/350. These products are designed to discharge lower energies from distant lightning
strikes or from switching operations. These SPDs are
generally recommended for locations with no exposure to
direct lightning impulses.

t (µs)
T2

Wave
10/350
Onde
10/350
Iimp

Surge
Courant
current
transitoire

Tension induite
Induced
overvoltage

Earthing
Mise
à la terre

Earth equipotentiality

Direct lightning strike on a lightning rod

When Type 1 products are used at the entrance of the installation, Type 2 products are used in addition to them and
installed as close as possible to the equipment to protect.

Wave
Onde 10/350
Iimp

Imax and Iimp
This is the maximum value of a surge current that can be
diverted by the surge protective device.

2

Iimp

Iimp
2

Iimp (Lightning Impulse Current) is the maximum value of a
10/350 current waveshape and is used to characterize Type 1
products.
Close lightning strike on aerial line
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Imax (Maximum Discharge Current) is the maximum value of a
8/20 current waveshape and is used for Type 2 products. According to IEC 61643-1 § 7.6.5:
–– Type 1 products shall withstand 5 increasing shocks
(0.1 Iimp, 0.25 Iimp, 0.5 Iimp, 0.75 Iimp, Iimp) of a 10/350 current
waveshape.
–– Type 2 products shall withstand 5 increasing shocks
(0.1 I max, 0.25 Imax, 0.5 Imax, 0.75 Imax, Imax) of a 8/20 current
waveshape.

Wave 8/20
Onde 8/20

Wave
Onde 10/350
10/350
Iimp
Iimp
2

Iimp
2

Distant lightning strike on aerial line

The values I max or Iimp have to be adapted to the expected
value of the currents flowing through SPDs.
Nominal discharge current I n
It is the crest value of the current through the surge protective device having a current waveshape of 8/20.
Type 1 and Type 2 surge protective devices shall withstand
15 current impulses 8/20 of amplitude In, according to
IEC 61643-1 § 7.6.4 and to IEC 61643-12 § 5.5.2.1.
Voltage protection level Up
Up is the voltage given by the surge protective device between its terminals while diverting the surge current to the
ground. Up is directly issued from varistor and spark gaps
technologies. Up must not exceed the voltage withstand value
of the equipment connected downstream.

Onde
Wave8/20
8/20

Indirect lightning strike

Wave
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Indirect lightning strike
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Voltage protection level Up
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Surge Protective Devices - Definition of the parameters

Up is the highest value of the followings (IEC 61643-1 § 7-5-2 & § 7-5-3 and IEC 61643-12 § 5.5.2.3):
For Type 2.
For Type 1.
–– Residual voltage when testing with a current wave 8/20 of maximum –– Residual voltage when testing with a current wave 8/20 of values 0.1 In,
value Iimp (test only when Iimp > In).
0.2 In, 0.5 In, In.
–– Residual voltage when testing with a current wave 8/20 of values 0.1 In, –– Spark over voltage for a voltage impulse 1.2/50.
0.2 In, 0.5 In, In.
–– Spark over voltage for a voltage impulse 1.2/50.
Note 1: voltage impulse 1.2/50 is a voltage impulse with a virtual front time of 1,2 µs and a time to half-value of 50 µs. It is a voltage and not a current impulse like for 8/20 or 10/350 waves.
Note 2: Up is used to select an SPD when comparing its protection level to the impulse withstand voltage of the equipment to be protected. The waveshape used for Up determination is always 8/20 whether it
is a class I test or a class II test in order to have a common basis for comparison of SPDs protection levels. Nevertheless Up is not so dependant on the waveshape tail (energy).

Maximum continuous operating voltage Uc
Maximum r.m.s. (root mean square) or DC voltage which may
be continuously applied to the surge protective device. It is
equal to the rated voltage. It has to take into account the
network nominal voltage Un plus the possible tolerances.
Typically for a 50 Hz - 230 V (phase neutral) electrical network, ABB proposes products with U n = 255 V or 275 V.
Temporary over voltage UT
Maximum r.m.s. (root mean square) or DC temporary overvoltage (TOV) that the surge protective device can withstand
for a specified time duration tT. After application of the temporary overvoltage and in case of failure of the surge protective device, it should be such that there is no hazard for
personnel, equipment or facility.
For example, for a 230 V phase neutral TN electrical network,
U T shall be higher than 334 V during 5 seconds between
phase and earth as per IEC 60364-4-442.

U (V)
Lightning
Choc de surge
foudre

230 V - 50 Hz

Switching
surge
Transitoire de
commutation

Un = 230 V

t (ms)

Transient
overvoltage
Surtension
transitoire
Target
SPD
Cibleofdes
DAS

Temporary
overvoltage
Survoltage
temporaire
Enemy
of SPD
Danger
pour les DAS

Prospective short-circuit current of a power supply Icc
Icc is the current which would flow at a given location in case
of short cut at this location.
Follow current I f
If is the current supplied by the electrical power system and
flowing through the SPD after the SPD has discharged the
surge. Follow current is a characteristic for spark gaps or gas
discharge tubes. Varistors do not feature follow current.
In case of spark gaps or gas discharge tubes, the response
to an overvoltage is the creation of an electrical arc between
its electrodes (short cut of one phase to the earth). Surge
current will be discharged though this electrical arc. After
surge has been discharged, the electrical power supply
continues to generate current which maintains the arc (follow
current). If not extinguished, the currents reaches the prospective short circuit current of the power supply I cc.
Follow current extinguishing capability I fi (or follow
current interrupting rating)
Ifi is the r.m.s. value of the follow current, which can be
extinguished by the SPD under Uc. It is the prospective
short-circuit current that an SPD is able to interrupt by itself.
Ifi of the SPD should be equal to or higher than the expected
short-circuit current at the point of installation (Icc). If not, the
upstream fuse will melt.
8 | ABB OVR range
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Short-circuit withstand capacity
It is the maximum prospective short-circuit current that the
SPD is able to withstand provided that its assigned back-up
fuse or MCB is connected on side line. The SPD shall be able
to carry the short-circuit current until it is interrupted either by
the SPD itself or by an external back-up overcurrent protection. The short-circuit withstand of the SPDs together with
the specified associated overcurrent protective device should
be equal to or higher than the maximum short-circuit current
expected at the point of installation (Icc).
Specific testing for Type 3 SPDs
While Type 1 and Type 2 SPDs are tested with a current wave
generator, Type 3 SPDs are tested with a combination wave
generator. The generator delivers a 1.2/50 voltage impulse
of amplitude U oc across an open circuit and an 8/20 current
impulse of amplitude Isc into a short circuit. The fictive impedance of the generator is 2 Ω (= U oc/Isc).
Type 3 SPD shall withstand 10 impulses of -0.1 Uoc, +0.1 Uoc,
-0.25 Uoc, +0.25 Uoc, -0.5 Uoc, +0.5 Uos, -0.75 Uoc, +0.75 Uoc,
-U oc, +Uoc. Up is measured under Isc.

2Ω

I (kA)
Isc

8/20 current impulse

Onde de choc 8/20 µs

G
Time (µs)
t (µs)

Output current under short-circuit conditions

2Ω

U (kV) 1.2/50 voltage impulse
Uoc

G

(virtual
front time
Onde 1,2/50
µs of 1.2 µs
and
timedetomontée
half value
Temps
1,2 of
µs
50
µs) à mi-amplitude 50 µs
Durée

Time
(µs)
t (µs)

Output voltage under open-circuit conditions
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Technologies

U (V)
I (A)

Tension
d’amorçage
:
Spark
Over
Voltage: maximum
Valeur maximale de la
voltage
value before disruptive
tension avant la décharge
discharge between the elecdisruptive entre les électrodes
trodes
of the spark gap
de l’éclateur

I'

R

I (A)

Uoc

U (V)

U :UTension
switchingde
commutation

Arc extinguishing
Processus
d’extinction
de
l’arc (voir
ci-dessous)
process
(see
below)
t t(µs)
( s)

1. In absence of surge,
the spark gap feature
high impedance (typically
1000 MOhms). The SPD
behaves as an open circuit.

2. When Surge
Occurs, potential
between the
electrodes rises in
few µs.

3. Ionization of the air or gas between the electrodes and creation
of an electrical arc when potential
reaches some thousands of Volts
(Spark Over Voltage).

SPDs based on spark gaps and gas discharge tubes
These are voltage switching type SPDs. They feature a high
impedance when no surge are present (no current flowing
through them). In response to a voltage surge, the impedance
suddenly drops to 0.1-1 Ω typically in 100 ns. These devices
have a discontinuous U versus I characteristic.
Basically, spark gaps or gas discharge tubes consist of two
electrodes, the first connected to one phase and the second
to the earth. Spark gap behavior is the following.

4. Surge Current Flows through the
electrodes.
The phase and the earth are short cut
and the surge energy flows through the
spark gap.

Tension
d’amorçage
Spark
Overvoltage

SurgedeCurrent
Courant
décharge
circulant dans l’éclateur
flowing
thought
the SPD
Follow
(which
reaches
the
Le courantcurrent
de suite est
amené à
zéro, lorsque
l’arc est étouffé par la chambre de coupure.
prospective
short circuit current of
the power supply)

Absorbed current
byCourant
the installation
absorbé
parA
l’installation
(10
for example)

U (V)
I' (A)

t (ms)

Chambre
d’extinction
de l’arc
Cutting
chamber

Extinguishing of the Follow Current in the cutting chamber
After the surge has been discharged through the SPD, the
electrical power supply continues to generate current which
maintains the arc (follow current). The arc cutting chamber
extinguishes the arc.
If the arc is not extinguished, the currents reaches the prospective short circuit current of the power supply and the
upstream back-up fuse melt.
SPDs based on metal oxide varistors
Varistors are voltage-dependant resistors with a continuous
characteristic U versus I. SPDs based on varistors are voltage
limiting type. They feature high impedance when no surge
are present (leakage current flows through them). Their
impedance will be continuously reduced with increased surge
voltage. When subjected to overvoltage, a varistor resistance
(above 1MΩ) will drop within some nano-second below 1 Ω.
Combination type SPDs
These are SPD that incorporates both voltage switching type
components and voltage limiting type components.
Typically these are Combi SPD which technology is based on
spark gaps and varistors. These products can handle high
energies from thunder (type 1) and in the same time offer a
low protection level Up (type 2).

Extinguishing of the Follow Current in the cutting chamber

Spark gaps versus varistors
Spark gaps main characteristic is the capacity to handle high energies from direct thunder stroke. They are mainly used for Type 1 and Combi Products (Type 1+2).
On the other hand varistors feature better (lower) protection level Up. ABB spark gaps
electronically triggered have an Up of 2.5 kV while varistors offer Up = 1.5 kV.
Varistors do not feature follow current while SPDs with spark gap technology shall
include elements to extinguish the follow current (such as cutting chamber).

R

I (A)

Uoc

U (V)

U (V)

1 mA

1A

U (V)
I (A)

15 kA

I (A)

Continuous U versus I characteristic for a varistor

U residual

Surge occurs
and voltage rises

Surge current flows
through the varistor

t (µs)
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Norms and standards

Protection against lightning
IEC 62305 is compiled in four parts and takes account of
varied aspects of the structure and its contents to offer a
complete lightning and surge protection to the structure and
electrical equipments.
IEC 62305-1: 2010 Part 1 provides the general principles
to be followed in the protection against lightning of on a
structure, including their installations and contents as well as
persons or, and services connected to a structure.
IEC 62305-2: 2010 Part 2 is applicable to risk assessment
for a structure or for a service to due to lightning flashes. It
provides a procedure for the evaluation of such a risk.
IEC 62305-3: 2010 Part 3 deals with the protection, in and
around a structure, and against physical damage.
IEC 62305-4: 2010 Part 4 provides information for electrical
and electronic system within structure.
Surge Protective Devices
IEC 61643-1 Edition 1.1: 2002 Surge protective devices
connected to low-voltage power distribution systems –
Part 1: Performance requirements and testing methods.
This standard describes the performance tests for SPDs
(tests Class I, Class II, Class III).
IEC 61643-12: 2002 Low-voltage surge protective
devices – Part 12: Surge protective devices connected to
low-voltage power distribution systems – Selection and
application principles.
It describes the function, characteristics, parameters and
classification of SPDs and their application in the power
distribution system. It also covers the SPD selection,
coordination and installation. Regarding the SPD selection,
the standard connects the stresses coming from the power
system (environment factors) and the characteristics of the
equipment to protect with the SPD required characteristics.
IEC 61643-21 Low-voltage surge protective devices –
Part 21: Surge protective devices connected to
telecommunications and signaling networks – Performance
requirements and testing methods
IEC 61643-22 Low-voltage surge protective devices –
Part 22: Surge protective devices connected to
telecommunications and signaling networks – Selection and
application principles.
Protection against lightning electromagnetic impulse
IEC 61312-1: 1995 Protection against against lightning
electromagnetic impulse - Part 1: General principles.
This standard covers the protection of electric and electronic

systems against the effects of lightning electromagnetic
impulse. It looks at the lightning current and its associated
electromagnetic impulse as a source of interference
potentially causing damage to the electric and electronic
equipment. It gives information for the design, installation,
inspection, maintenance of a lightning protection system for
information system in a structure. It introduces the protection
zones concept.
IEC 61312-2: 1999 Protection against lightning
electromagnetic impulse (LEMP) – Part 2: Shielding of
structures, bonding inside structures and earthing.
It provides shielding measures to protect sensitive equipment
such as electronic equipment inside structures against effects
of LEMP in case of direct or nearby direct lightning strike.
IEC 61312-3: 2000 Protection against lightning
electromagnetic impulse – Part 3: Requirements of surge
protective devices (SPDs).
This standard deals specifically with SPDs required by the
protection zones concept each time an electrical line enters a
new zone. It describes the correct selection and installation
of SPDs according to the lightning protection zones concept.
IEC 61312-4: 1998 Protection against lightning
electromagnetic impulse – Part 4: Protection of equipment in
existing structures.
UL 1449 3rd Ed. The North American ANSI/UL standard
covers surge protective devices designed for limiting transient
voltages on 50-60Hz power circuits not exceeding 1000 V. It
defines 5 types categories based on installation location.
Installation Standards
IEC 60364-4-44. Electrical installations of buildings –
Part 4-44: Protection for safety – Protection against voltage
disturbances and electromagnetic disturbances. Article 443
Protection against overvoltages of atmospheric origin or due
to switching.
It concerns protection against overvoltage of atmospheric
origin (indirect or distant lightning strike).
IEC 60364-5-53, Electrical installations of buildings –
Part 5-53: Selection and erection of electrical equipment –
Isolation, switching and control. Article 534 Devices for
protection against overvoltages.
Others
IEC 61662: 1995 Assessment of the risk of damage due to
lightning.
IEC 60664-1 Insulation coordination for equipment within
low-voltage systems – Part 1: Principles, requirements and
tests.
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Thunder - Generalities

From overvoltage point of view, the highest hazard potential
is a direct lightning strike. Often, stress caused by lightning is
the most important parameter for SPD selection.
Amplitude and wave shape of lightning strikes
from IEC 62305-1, Annex A, Basic values of lightning current
parameters and IEC 61312-1 Annexes A & B, & tables 1-3
Amplitude
Lightning stroke currents can be as high as 200 kA. Currents
exceeding 130 kA are rare however and 99 % of the strikes
will not exceed 200 kA.
Wave Shape
Lightning wave shapes are characterised by a very sharp,
destructive rise in voltage levels and a long tail of excess
energy. In addition to the high amplitude, a major problem is
the very high rate of current rise which can lead to excessive
voltage being induced onto conductors.
More than 75 % of lightning discharges exhibit re-strikes
which follow the initial discharge 30-200 milliseconds apart.
While the average is three re-strikes, up to 20 successive restrikes have been recorded in lightning flashes.
Steepness of lightning current can be as high as 10 kA/µs
for the initial discharge of lightning and an even higher for
subsequent re-strikes. Voltage rise rates of up to 12 000 V/µs
have been recorded, more than enough to damage even the
most robust circuits.
For characterizing thunder, norms introduced wave 10/350
for the first stroke and wave 0.25/100 for the subsequent
strokes (IEC 61312-1, Annex B).
As far as SPDs design and selection is concerned, only the
first stroke will be taken into account as it will imply most of
the stress to the SPD.
Lightning ground flash density Ng
Permanently, between 2000 to 5000 thunders are taking
place on earth. Locally, assessment of thunder risk is done
with the help of Ng maps.
Ng is the lightning ground flash density and is obtained by
measurement (number of lightning strikes per year and per
square kilometer). When Ng is not available, it can be estimated by the following relationship:
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SAÔNE-ET-LOIRE
71

RHÔNE
PUY-DE-DÔME LOIRE 69
42
63

CORREZE
19
CANTAL
15

GIRONDE
33

LANDES
40

LOT
46
LOT-ETGARONNE
TARN-ET47
GARONNE
82
GERS
HAUTE32
GARONNE
31

PYRENEESATLANTIQUES
64
HAUTESPYRENEES
65

VOSGES
88

HAUTE-SAÔNE
70
DOUBS
25

HAUTRHIN
68

TERRITOIRE
DE BELFORT
90

AIN
01

HAUTE-SAVOIE
74

NK ≤ 25

ARIEGE
09

PYRENEES-ORIENTALES
66

NK > 25

100 %

200 µs

50 %

50 %

0%

T2 = 350 µs

t (µs)

I (kA)
100 %
90 %
10 µs
50 %

10 %

0%

T1 = 10 µs
T2 = 350 µs

t (µs)

PAS-DECALAIS

12

13

SOMME

13

SEINEMARITIME

12

MANCHE

7

CALVADOS

15

12

FINISTERE

6

9
MORBIHAN

7

ILLE-ET- MAYENNE
VILAINE

12

10

YVELINES

LOIREATLANTIQUE

LOIRET-CHER

DEUXSEVRES

13

19

21

21

RHÔNE
PUY-DE-DÔME LOIRE

28

25

DORDOGNE

27

GIRONDE

26

27
GERS

21

PYRENEESATLANTIQUES

24

25

LOT

LOT-ETGARONNE

LANDES

26

CANTAL

23

AVEYRON

24

TARN-ETGARONNE

21

TARN

HAUTEGARONNE

21

21

ARIEGE

21

36

27

AUDE

19

PYRENEES-ORIENTALES

27

32

HAUTE-SAVOIE

33

33
SAVOIE

34
36
34 ARDECHE
HAUTES-ALPES
44 DRÔME
39
42
LOZERE
ALPES-DE33
HAUTE-PROVENCE
GARD
VAUCLUSE
ALPES44 MARITIMES
34
40
33
HAUTELOIRE

HERAULT

19

HAUTESPYRENEES

23

30

AIN

23

23

TERRITOIRE
DE BELFORT

26

27

ALLIER
CREUSE

23

JURA
SAÔNE-ET-LOIRE

20

CHARENTE HAUTEVIENNE

DOUBS

20

17

HAUTRHIN

22

24

NIEVRE

17

INDRE
VIENNE

22

HAUTE-SAÔNE
CÔTE-D'OR

CHER

20

VOSGES

HAUTEMARNE

23

12

14

BASRHIN

MEURTHEET-MOSELLE

19

AUBE

YONNE

17

18

18

19

LOIRET

INDREET-LOIRE

12

10

14

13

MAINE-ETLOIRE

VENDEE

15

17

MOSELLE

MEUSE

18

SEINEET-MARNE

EURE- ESSONNE
ET-LOIR

SARTHE

08

MARNE

15

13

ARDENNES

15

15

ORNE
CÔTES-D'ARMOR

AISNE

OISE
VAL-D'OISE

EURE

9

SEINE-SAINT-DENIS
15
PARIS
HAUTSDE-SEINE 15
15
VAL-DE-MARNE
15

NORD

CORREZE

CORSEDU-SUD
2A

-t
( 485
)

exp

10

I (kA)

15

HAUTECORSE
2B

> 200 kA

10

CHARENTEMARITIME

SAVOIE
73

0.6 %

100 to 200 kA

( )
( )

8

JURA
39

ISERE
HAUTE38
LOIRE
43
ARDECHE
HAUTES-ALPES
DRÔME
07
05
26
LOZERE
AVEYRON
ALPES-DE48
12
HAUTE-PROVENCE
GARD
04
VAUCLUSE
ALPES30
MARITIMES
TARN
84
06
81
HERAULT
BOUCHES-DU-RHÔNE
34
VAR
13
83
AUDE
11

80 to 100 kA

t
19
Wave shape 10/350: i = 1
0.93 1 + t
19

BASRHIN
67

MEURTHEET-MOSELLE
54

where Nk is the number of days with thunderstorm per year.
DORDOGNE
24

30 to 80 kA

< 30 kA

3.6 %

Lightning strikes frequency according to their amplitude
(from IEC 61024-1-1, Annex A, Basic values of lightning current parameters)

MOSELLE
57

(IEC 61643-12, Annex I.1.1.1)
CREUSE
23

5.8 %

ARDENNES
08

CÔTE-D'OR
21

INDRE
36

DEUXSEVRES
VIENNE
79
86

Ng = 0.04 Nk

AISNE
02

OISE
60

VAL-D'OISE
EURE
95
27
YVELINES
SEINE78
ET-MARNE
77
EURE- ESSONNE
91
ET-LOIR
28

40 %

SEINE-SAINT-DENIS
93
PARIS
HAUTSDE-SEINE 75
92
VAL-DE-MARNE
94

NORD
59

SOMME
80

SEINEMARITIME
76

MANCHE
50

50 %

ISERE

BOUCHES-DU-RHÔNE

27

VAR

34

HAUTECORSE

34

CORSEDU-SUD

37
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Direct lightning strokes

Direct flash on the external lightning protection system or on extraneous conductive parts of the building (antenna,
structural steel, water lines, heating and air conditioning ducts etc… that are earthed): resistive or galvanic coupling.

① When lightning strike current (wave shape 10/350) is discharged

I = 100 kA
(wave shape 10/350)

to earth via the external lightning protection, the earth electrode
resistance causes rising of the EBB (Equipotential Bounding Bar)
potential U, in accordance with Ohm's law. The average potential of
the power cables (50 hz, 220 V) is zero (remote/ distant potential of
the transformer).

For characterizing thunder strike, norms introduced wave
10/350. 120
One of their main feature is a very steep current
rise (following
100 example for Iimp = 100 kA).
80

Wave shape
10/350
60

U (V) = RI

R = 10 Ω

EBB voltage rise - U (kV)

0

0
0

50
50

50

100
100

100

150
150

200
200

150

250
250

Time (µs)

200

250

300
300

350
350

300

350

120
120
100
100
80
80
60
60
40
40
20
20
0
0

Dielectric
breakdown of
the computer
at 2.5 kV

10

6 88
6

4 6
4
4
2
2

0 0
50 5

5

400
400

80
60
40
20
0
5
5

5

10
10

10

15
15

15

20
20

25
25

20

30
30

25

Time (µs)
10
10

15 15
15

Time10(µs)

② When the voltage U reaches around 2.5 kV (in few µs), dielectric
breakdown of the computer occurs. Sensitive electronic components
are destroyed by an arc created between phase and earth. Thunder
current will now be able to flow through these destroyed electronic
components.

I = 100 kA
(wave shape 10/350)

R = 10 Ω
U (V) = 2500 V
Potential of the cables is zero
(remote potential of the transformer)

③ Flowing through the computer, the current exits through the
power supply network. With the high energy involved, risk of fire is
very high.

I = 100 kA
(wave shape 10/350)

50 kA
R = 10 Ω

The solution : SPDs installed as follows
According to international standard IEC 61643-12 Annex I.1.2, it can
be assumed that 50 % of the total lightning current enters the earth
termination, the remaining 50 % is distributed among the services
entering the structure (external conductive parts such as metallic water, gas, heating pipes, electrical power and communication lines...).
It shall be noted that in this case part of the lightning current will
be injected into the LV system. Neighboring buildings shall also be
equipped with SPDs. Due to the very fast rise of overvoltage (some
µs), SPDs must feature a very quick response time. They must short
cut lines to earth before overvoltage rises the critical level for equipment to protect. SPDs react in some dozens of nanoseconds.

50 kV

50 kA

I = 100 %
(wave shape 10/350)

50 %
50 %
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120

Intensity (kA)

U (kV)

0

100

12
12

8 10

2

20

Wave shape 10/350 - Current rise

12
10

40

Intensity (kA)

EBB

Considering an earth resistance of 10 Ohms and for a strike of Iimp =
100 kA (10/350), the potential rise of the EBB is the following:

120
120
100
100
80
80
60
60
40
40
20
20
0
0
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Direct lightning strokes

Direct flash on the external lightning protection
system. Effects on the vicinity.
In densely populated areas houses are connected
to one another by shared supply lines and pipes.
When lightning strikes a house equipped with external lightning protection, it can be estimated that
50 % of the thunder current flows to the earth and
the remaining 50 % enters the installation through
PE (see previous page). Some part of the current
will also flow though the water and gas pipes (here
assumed 28 kA: 14 kA flowing left and 14 kA flowing right).

I = 100 kA

2 x 11 kA
28 kA

Communication
network 24 V

50 kA
14 kA

14 kA
water and gas pipes

50 kA
R = 10 Ω

R = 10 Ω

Vicinity of external lightning protection increases
the risk of equipment destruction by overvoltage.

7 kA

50 x 10 = 500 kV

R = 10 Ω

Communication
network 24 V

7 kA

7 kA

7 kA
7 kA

To avoid damage to the installation and
connected items, these traveling waves
have to be intercepted and carried to earth
by adequate surge arresters located at the
entry of the building installation.

Direct Flash on the LV aerial power line.
Conductive Coupling.
Lightning stroke can practically be considered as
an ideal current source (current generator injecting
lightning current on the aerial line). For a direct
flash to line, the associated surge voltage U on the
line will depend on the characteristic impedance of
the line (impedance seen by the lightning current):
U = Z × I/2 (IEC 61643-12Annex C.1.2), where
U is the surge voltage
Z is the surge impedance of the line that is seen
by the lightning current I is the surge current which
is divided in two parts (right and left).
For a lightning stroke of 30 kA and a line surge
impedance of 400 Ω, the prospective voltage
surge will be 6 000 kV. Practically, flashover will
occur to earth. After energy discharge to earth the
surge impedance of the line that is seen by the
lightning current will be reduced. However, even
for a low surge impedance of the line of 10 Ω, the
voltage will still be 300 kV on the line for the 30 kA
lightning current.

R = 10 Ω

7 x 10 = 70 kV

R = 10 Ω

R = 10 Ω

water and gas pipes
7 x 10 = 70 kV

I = 100 kA (wive shape 10/350)
50 kA

50 kA

U = Z x I/2

I = 100 kA (wive shape 10/350)
50 kA

50 kA

U = Z x I/2
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Raising earth potential due to lightning stroke in the vicinity of the building
Resistive coupling between earths
Dissipation of thunder stroke in earth will cause
the earth potential to rise as follows:
U=

ρxI
2π x D

TT

100 kA

Earth resistance : ρ = 800 Ωm
Thunder strike current : I = 100 kA
Distance from thunder strike :
D 1 = 40 m, D2 = 100 m

transformer

LCT

RT1
RT2

Without equipotentialization between two earth
terminations, a passive earth termination (without
current flow) undergoes a potential rise which is a
fraction of the potential rise of the active earth termination (with current flow). It is the phenomena of
resistive coupling between earths. This phenomena explains the death of animals standing in the
surrounding of thunder strike. Cows can undergo
a difference of potential of 500 V between front
and rear legs.

RT3

LT1
LT2
LT3

RTN

U2

U1
D1

U1 – U2 = 191 kV

D2

U

U=

Potential of the installation earthing:
U1 = 800 x 100 000 = 318 kV
2π x 40

ρ×I
2π × D

∆U = U1 – U2
100 m

40 m

Potential of the earth termination of neutral:
U2 = 800 x 100 000 = 127 kV
2π x 100

In TN, current will flow through the PEN and will
generate a difference of potential (L di/dt) between
the PEN extremities.
For thunder currents, di/dt is assumed to be
1 kA/µs and L = 1 µH/m of cable.

RCT

D

TN
100 kA

transformer

LCT

RCT

RT1
RT2

In our example, the house is 60 meters from the
transformer. The difference of potential between
the PEN extremities will be 60 kV.

RT3

LT1
LT2
LT3

RTPEN

U1 – U2
D1
D2

U1 – U2 = 60 kV
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Effects of remote lightning strokes
Inductive coupling
Case of lightning strike close to aerial power
supply lines
The thunder flash generates a very quick variation of the magnetic field (dB/dt) which will induce
overvoltage on closed loops circuits (transformer
effect).
Due to cable earthing at some poles (PE earthing in TNS and N earthing in TT), the aerial lines
feature closed induction loops which will generate
overvoltage U when crossed by the magnetic field.
U = 30 x k x h x I
(IEC 61643-12 Annex C.1.3.)
d
I is the lightning current
h is the height of the conductors above ground
k is factor depending on the velocity of the return
stroke in the lightning channel (k = 1-1.3)
d is the distance from the flash
Example:
k = 1, I = 40 kA, d = 60 m, h = 6 m → U = 120 kV

d
Closed loop

h

U (V)

The overvoltage travels via the lines and reaches the
installation of the building destroying the electrical
equipment (dielectric flashover).
Surges are induced in overhead lines even far away
from the flash (100 kA stroke 5 km away will still
generate a prospective voltage of 3.6 kV). While
the overvoltages and surge currents might be less
severe than those associated with a direct flash, they
occur much more frequently.
It shall be also underline that due to the same
phenomena, electromagnetic field caused by
lightning between clouds can also create overvoltage
within a radius up to several kilometers.

Lightning strike on external lightning protection
system
The following example shows coupling effect between the magnetic field from the lightning current
and the internal circuit featuring closed loops.
t

U = 200 x S x

∇

Example:

t

i

ϕ=BxS
B = f(i, d, µ...)

Surface S = 10 m²
Closed loop

i/ t = steepness of thunder current wave form
d = distance from thunder canal to closed loop
S = area of the closed loop

∇ ∇

dx

{
{

∇

ϕ

∇ ∇

∇
∇

U=

Signal cable

i / t = 15 kA/µs
d=3m
S = 10 m²

d=3m
Power supply cables

U = 200 x 10 x 15 (kA) = 10 kV
3 x 1 (µs)

Effect of magnetic field is also important in case of
direct strikes in the vicinity of the installation.
Note: Annex B of Standard IEC 61024-1-2 gives calculation of voltage and
energy surges caused by lightning stroke to a structure.
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Concept of protection

Protection zone concept (IEC 62305-4)
IEC standards introduced the concept of protection zones as
a design tool which among others assists in the selection of
the appropriate surge protection. This concept ensures the
gradual reduction by stages of the energies and overvoltages
caused by lightning or switching operations from the non protected environment to the very sensitive equipment. It consists in dividing the building in several volumes: the protection
zones. Each protection zone is characterized by a maximum
level of electromagnetic field, a maximum overvoltage level
and a maximum surge current level. These maximum levels
are permissible levels which shall be in compliance with the
withstanding capability of the electrical equipment located in
the protection zone.
This protection zone concept ensures that the effects and
stresses caused by direct/indirect lightning strokes (conducted current, conducted overvoltage, electromagnetic field), are
reduced in steps from one zone to the next one. To do so,
SPDs are installed at the protection zone boundaries. Each
time an SPD is installed, a new protection zone is created.
The following lightning protection zones (LPZs) are defined:
External Zones:
–– LPZ0A Unprotected zone outside the building where items
are subjected to direct lightning strokes and therefore may
have to handle to the full lightning current. The electromagnetic
field is unattenuated.
–– LPZ0B Zone protected by external lightning protection where
items are not subject to direct lightning strokes. Conducted
lightning currents, switching surges and electromagnetic field
are unattenuated. External conductive parts will carry a proportion of the lightning current and induced current.
Internal Zones:
–– LPZ1 Zone inside the building where items are not subject to direct lightning stroke. Impulse lightning currents
and/or switching surges carried by conductive parts are
reduced compared with the zones 0A & 0B.
Type I SPDs shall be installed at the boundary between
LPZ OA and LPZ1 to block the entrance of impulse lightning currents through power lines.
–– LPZ2 Zone inside the building where remnants of lightning impulse currents and/or switching surges are reduced
compared with zone 1.
Type 2 SPDs are installed at the crossing point of power
lines between LPZ1 and LPZ2 to divert the remaining
surge currents and limit overvoltage.
–– LPZ3 Zone for very sensitive equipment where surges,
caused by oscillation effects (amplification phenomena),
magnetic field couplings and internal switching surges
are reduced compared with zone 2. In addition to SPDs,
shielding measures shall be taken to reduce magnetic
fields effects. The boundary of LPZ3 can be for example
the metallic casing of sensitive equipment.

Bonding requirements (Standards IEC 61312-1, IEC 1024)
Bonding is aimed at reducing potential differences between
metal parts and systems inside the volume to be protected
against lightning.
Equipotentialization: bonding at the boundary between
LPZ0A, LPZ0B and LPZ1 (IEC 62305-4: 2010 § 5-3)
Equipotentialization (equipotential bonding) is of primary
importance as it is aimed at avoiding dangerous sparking
between the lightning protection system and the metallic
structure, conductive parts and lines in case of direct strike
on the structure or on the entering services. It reduces life
hazard, risk of fire and explosion.
Equipotentialization consists in inter-connecting with the help
of bonding conductors or SPDs (see drawing on next page):
– – the external lightning protection system.
– – the metallic structures of the building including massive
metallic parts inside the building such as lift shaft, metallic
beams and stairs…
– – the metallic equipments.
– – the extraneous conductive parts (metallic water, gas, heating pipes…).
– – the electrical and communication lines.
Even in case of direct flash on the building the potential of
the whole installation will rise uniformly to the value of the
earthing system. Differences of potential will not occur inside
the building.
All external conductive parts shall be connected to bonding
bar and this bonding bar shall be connected as closely as
possible to the ring earth electrode (or simple earth electrode)
as well as to the steel reinforcement of concrete building
and/or metal facade. When several bonding bars are used,
they shall be inter-connected. Electrical and communication
External Lightning
Protection System

LPZ 0A

antenna
Air conditioning
on the roof

LPZ 0B

LPZ 1
LPZ 2

Power lines

LPZ 3

Communication
lines
Bonding by SPD
Bonding by
bonding bar

District Heating
Pipe

Metallic Gas
Pipe

Metallic Water
Pipe

Bonding Rules:
Metal services crossing zone boundary shall be bounded at the
boundary. For power and communication lines, bonding is done with
the help of SPDs.
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Concept of protection

lines shall be connected to bonding bars via SPDs.
Bonding at the boundaries between subsequent LPZs
(IEC 62305-4: 2010 § 5-5)
At the boundaries of individual zones, all metal penetrations conductive parts, electrical and communication lines shall be bonded
via local bonding bar. Additionally, all internal conductive parts
inside the building such as lift rails, metal floors, service pipes,
cable trays shall be bonded to the nearest bonding bar.
Specific Case of equipotential bonding for electrical lines
The Lightning Protection Zones concept according to
IEC 62305-4 requires the installation of SPDs, each time an
electrical line crosses the boundary between two zones.
–– Transition from LPZ 0A to LPZ 1.
In case of aerial power supply lines, the lines come from
LPZ 0A and may carry partial lightning currents. The lines
shall be bonded to the the main bonding bar via SPD
Type 1 installed at the interface of LPZOA and LPZ1. The
SPD Type 1 should divert most of the lightning current at
this interface. The following SPDs shall cope with the portion of the energy not handled by the Type 1 SPD.
In case of external lightning protection system, Type 1 SPD
shall also be installed, as part of the lightning current will
flow through them from the PEN to the mains.
It is recommended to install Type 1 SPD at the entrance
point of the installation. Surge currents shall be mainly
diverted before they enter the installation as they could
create electromagnetic disturbances and even flashover
between conductors.
–– Transition from LPZ 0B to LPZ 1.
Direct strikes and their associated high energy will not
occur in zone OB which is protected by external lightning
protection installation. Stresses in zone OB mainly come
from electromagnetic field caused by lightning currents.
Wave 8/20 fairly characterize the oversurge waves occurring in zone 0B. SPDs used at the boundary of LPZ 0B
and LPZ1 will be Type 2 SPDs.
–– Transition at the boundaries LPZ1/LPZ2.
Once the initial energy of the partial lightning current has
been mainly dissipated, the subsequent SPDs only need
to be designed to cope with the remaining threat at the
interface of LPZ 0A or LPZ 0B with LPZ1 plus the induced
effects by the electromagnetic field within LPZ 1. Type 2 or
Type 3 are used. The same philosophy applies for transition to the subsequent boundaries LPZ3…

External conductive parts (metallic gas pipe,
water pipes, heating pipe…).
Power or
communication
lines

SPD
Steel
reinforcement
of the concrete
wall or of the
foundation

Ring electrode or ring conductor or
interconnection of bounding bars

To the earth
electrode
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Lightning Arrester. For boundaries LPZ OA – LPZ1

LPZ 0A
Surge Arrester. For boundaries LPZ OB – LPZ1 and more
Combi Arrester. For boundaries LPZ OA –
LPZ2

Air conditioning

LPZ 0B

Metallic enclosure
acting as a shield
Steel reinforcement
of the concrete wall

LPZ 1

ZP 0A

LPZ 3

LPZ 1

Air termination
system

Fictive boundary
corresponding to the
protection zone by the
external LPS
Down conductor
system

LPZ 0A

LPZ 2
The aerial lines
are bonded to
the bonding bar
with a combi
arrester, allowing
immediately the
creation of creating
LPZ2. Partial
lightning currents
are not transferred
to LPZ2.

LPZ 2

LPZ OA

LPZ 1

LPZ 0B
LPZ 1
Ring earth electrode
Earth termination
system

The underground cables are bonded to the main bonding bar with lightning
arrester Type 1. These lightning arresters will evacuate to the network some part
of the lightning current in case of direct flash on the external lightning system.

Steel reinforcement of
the foundation

The power supply cables for the lamp
shall be bonded with lightning arrester
type 1, as the lamp is in the LPZ0A
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Concept of protection

Summary: protection zones concept, energies, SPDs
Location

Possibility of direct light-

LPZ0A

LPZ0B

LPZ1

Zone outside the

Zone outside the

Zone inside the building. Zone inside the building.

building and outside

building and inside the

for very sensitive equip-

the protection area of

protection area of the

ment

the lightning protection

lightning protection

system.

system.

yes

no

LPZ2

no

LPZ3

no

Zone inside the building

no

ning stroke occurrence
unattenuated

Electromagnetic field

Additional shielding
measures to reduce
magnetic fields effects
(metallic casing of equipment for example)

Current wave shapes

10/350

8/20

1.2/50 (voltage impulse)

1.2/50 voltage impulse

carried by power lines

- partial lightning

- magnetic field coupling remnants of:

8/20

- oscillation effects/

with very low energy.

currents from direct

from lightning strike

- magnetic field

amplification phenomena.

lightning strike.

(magnetic field is

coupling.

- magnetic field coupling.

- magnetic field coupling unattenuated in LPZ0B). - impulse lightning
from lightning strike.

- switching surges.

- switching surges
I (kA)

II(kA)
I(kA)
(kA)

I (kA)

- switching surges.
I (kA)

(µs)
tt(µs)
t (µs)Time
t(µs)
(µs)

Energies (example)

- internal switching surges.

current (low energy).

I (kA)

II(kA)
I(kA)
(kA)

t (µs)

I (kA)

(µs)
t (µs)Timet (µs)

800 kJ (100 kA, 10/350)

I (kA)

U (kV) U U
(kV)
(kV) UUU(kV)
(kV)
(kV)

U (kV) UUU(kV)
(kV)
(kV)

tt(µs)
t(µs)
(µs)

t (µs)

t (µs)
t(µs)
(µs)
t (µs)
Time
(µs)tt(µs)
t (µs)

UU(kV)
(kV) UUU
U(kV)
(kV)
(kV)
(kV)

Time t(µs)
t(µs)
(µs)
t (µs)
t (µs)
t(µs)

U (kV) U (kV)

t (µs)
t(µs)
(µs)
t (µs)
Time
t t(µs)
t(µs)

t (µs)

t (µs)

Time (µs)

Impulse lightning cur-

Remnants of lightning

rents and/or switch-

impulse currents and/

ing surges carried by

or switching surges are

conductive parts are

reduced compared with

reduced compared with zone 1.
the zone 0.
32 kJ
SPDs at the boundaries

Type 1

2.4 kJ

0.4 kJ

Type 1 products divert impulse lightning currents (wave

Type 1+2

10/350), hence blocking their entrance into the installation

Type 2

Type 2 products handle attenuated energies from direct
strike, switching surges and magnetic field couplings

Type 2
Type 3
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Selection of SPDs
Network characteristics
Surge arrester

TNS

connection
L-N

Uc

UT

TNC
Uc

UT

Uc

253 V

334 V

N.A.

N.A.

253 V

334 V

L-

253 V

334 V

253 V

334 V

253 V

400 V

N-

230 V

N.A.

N.A.

N.A.

230 V

N.A.

Selection of Uc and UT
The maximum continuous operating voltage of the SPD (Uc)
is the maximum r.m.s. (root mean square) voltage which may
be continuously applied to the surge protective device. It shall
be greater than the maximum continuous operating voltage of
the power system Un. ABB products feature an Uc of 255 or
275 V for 230 V network (phase-neutral).
The temporary overvoltage of the SPD (UT) is the maximum
r.m.s. (root mean square) 50 Hz temporary overvoltage (TOV)
that the SPD in combination with its breaking device can
withstand for 5 seconds. It shall be greater than the temporary overvoltage of the network (U TOV, LV). In case of failure of
the SPD when applying UT for 5 seconds, it shall not incur
hazard for personnel, equipment or facility.

TT
UT

discharged, current from the mains (follow current) will still
flow though the SPD as the spark gap is short cutting the
phases to earth. If not extinguished, this follow current flowing though the SPD reaches short circuit current of the power
supply (Icc).
Follow current extinguishing capability I fi (or follow current interrupting rating) is the rms-value of the follow current, which
can be extinguished by the SPD itself under Uc. It is the prospective short-circuit current that an SPD is able to interrupt
by itself. Ifi of the SPD should be equal to or higher than the
expected short-circuit current at the point of installation. If
not, the upstream fuse will melt.
OVR T1+2 feature an Ifi of 7 and 15 kA and OVR T1 an Ifi of
7 and 50 kA.

According to standard IEC 60364-4-442, SPDs shall at minimum have the following values of U c and UT for 230 V (phaseneutral) electrical network.
Short-circuit withstand capability
It is the maximum prospective short-circuit current that the
SPD in association with its assigned back-up fuse or MCB
is able to withstand. In case of SPD failure, the SPD shall be
able to carry the power short-circuit current until the SPD
itself or the assigned over-current protection interrupts the
short circuit current.
The short-circuit withstand of the SPDs together with the
specified associated over-current protective device should
be equal to or higher than the maximum short-circuit current
expected at the point of installation (Icc).
Short circuit withstand of OVR T1 with their specified overcurrent protection is 50 kA.
Taking into consideration of the prospective short-circuit
current of the power supply (I cc) for Type 1 products
I cc is the current which would flow at a given location in case
of short cut at this location. For industrial applications when
the SPD is located very close to the transformer, Icc can reach
50 kA while for domestic applications (individual houses) I cc is
typically under 3 kA.
For Type 1 Products based on spark gap technology
(OVR T1), when oversurge reaches the SPD, an electrical arc
is created between the electrodes of the spark gap. This arc
will short cut the phases to earth (in TN for example) and will
enable the surge to be discharged. Once the surge has been
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Selection of SPDs
Network characteristics
Network earthing system
Depending on the earthing system, surges can occur in
common mode or in differential mode.
Common mode overvoltages
Common mode overvoltages appear between the live conductors and earth, e.g. phase/earth or neutral/earth. These
overvoltages mode equipment connected to earth (class
I equipment) and also equipment not connected to earth
(class II equipment) which is located near an earthed mass
and which does not have sufficient electrical isolation (a few
kilovolts). Class II equipment not located near an earthed
mass is theoretically protected from this type of oversurge.
Differential mode overvoltages
Differential mode overvoltages occur between live conductors: phase/phase or phase/neutral. These overvoltages have
a potentially high damaging effect for all equipment connected to the electrical network, especially sensitive equipment.
Common mode overvoltages affect all earthing systems. For
all earthing systems, SPDs will be be installed between earth
and live conductors. Differential mode overvoltages affect the
TT earthing system. In TT, SPDs shall protect between live
conductors an earth as well as between phases and neutral.
For TT system, due to lower earthing resistance of the transformer, current can flow as follow. As a result, the overvoltage
between phase and neutral reaches 2 Up. For TT, a special
combination of surge arresters shall also limit the overvoltage
between phase and neutral.

Up-Up = 0 V

Up

Up

Rearth 2

Rearth 1

Example of surge in common mode for TN system

2 Up

Up

Rearth 1

Rearth 2 > Rearth 1

Up

Rearth 2

Example of surge in common mode for TT system
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TNS

LPZ 0
Origin of
installation

L1

LPZ 1
Sub distribution board

Main distribution board

Precision protection

SPD T2

SPD T1

F1

LPZ 2
SPD T3

RCD

L2
Wh

L3

16 A

N

External lightning protection system

PE
F2

F3

Main EBB

Local EBB (if present)

Type 1, Iimp=25 kA/pole

Type 2, Imax = 40 kA/pole

Type 3,

Up = 1.5 kV

4 x OVR T1+2 25 255 TS
+ Busbar
Up = 1.5 kV
For used after the meter only
Icc max = 15 kA

Up = 0.8 kV

OVR T2 3N

OVR

OVR T1 3N
Up = 2.5 kV
Can be installed before or
after the meter
Icc max = 50 kA

or

, whichever is the shortest

TN-C-S
LPZ 0

L1

LPZ 1
Main distribution board
SPD T1

F1

L2

LPZ 2
Sub distribution board

Precision protection

SPD T2

Wh

SPD T3

RCD

Origin of
installation

L3

16 A

External lightning protection system

PEN
F2

F3

Main EBB

Type 1, Iimp = 25 kA/pole
4 x OVR T1+2 25 255 TS
+ Busbar
Up = 1.5 kV
For used after the meter only
Icc max = 15 kA
OVR T1 3N
Up = 2.5 kV
Can be installed before or
after the meter
Icc max = 50 kAs

Local EBB (if present)

Type 3,

Type 2, Imax = 40 kA/pole)
Up = 1.5 kV

OVR T2 3N

Up = 0.8 kV

OVR

or

, whichever is the shortest
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Selection of SPDs
Network characteristics
TT

LPZ 1

LPZ 0
Origin of
installation

L1

Sub distribution board

Main distribution board

Precision protection

SPD T2

SPD T1

F1

LPZ 2
SPD T3

RCD

L2
Wh

L3

16 A

N
PE

External lightning protection system

F2

F3

Main EBB

Type 1, Iimp = 25 kA/pole

Local EBB (if present)

Type 3,

Type 2, Imax = 40 kA/pole

Up = 0.8 kV

Up = 1.5 kV

OVR T1 3N
Up = 2.5 kV
Can be installed before
or after the meter
Icc max = 50 kA
3 x OVR T1
+ OVR T1 N + Busbar
Can be installed before or
after the meter
Icc max = 50 kA

or

, whichever is the shortest
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Selection of SPDs
SPD selection at the entrance of the installation
Building with external lightning protection system or
powered by aerial lines → Type 1 SPDs near the incoming
feeder of the building
This present analysis also concerns building with earthed
extraneous parts such as antenna, structural steel, external
water down pipe, heating and air conditioning ducts, etc…
Generally, this case encompasses industry, commercial
buildings, apartments buildings which are most of the time
equipped with external lightning protection system.
When building is equipped with external lightning protection system or when the power supply is by aerial lines, high
energies from direct flashes (waves 10/350) may be reach the
LV installation inside the building. In these cases it is necessary to install Type 1 SPD at the entrance of the installation to
divert surge currents before they enter the building, as they
could create electromagnetic disturbances and even flashover between conductors. Practically, these type 1 SPDs for
transition between LPZ0A and LPZ1 shall be located in the
main distribution board or in the incoming feeder board or in
the metering box before the meter with the agreement of the
electricity supplier.

To completely investigate the stresses to which the SPD can
be exposed, it is necessary:
–– to take into consideration the magnitude level of direct
strikes (see adjacent table)
–– to analyze current sharing in the installation (taking into
consideration the earthing impedance and impedances
of all metal services and taking into account the type of
network – TN, TT…).
Current distribution within the building installation in case
of direct strike to the external lightning protection
In order to calculate the current distribution through SPDs in
case of direct lightning to the structure equipped with an external lightning protection system, the following model can be
used and solved with simulation programs such as PSPICE.
50 %
40 %

5.8 %

< 30 kA

30 to 80 kA

80 to 100 kA

3.6 %

100 to 200 kA

0.6 %
> 200 kA

Lightning strikes frequency according to their amplitude
(from IEC 61024-1-1, Annex A, Basic values of lightning current parameters)

I = 100 kA
(Wave shape 10/350)

Substation of
telecommunication system

Shielded cable bonded to
both ends

Building struck by lightning

LV Transformer
LT1
LT2
LT3

RT1

Substation of telecommunication system

RT2
RT3

LCC

RTN
LCT

ZCT

SPD

RCT

RET: resistance of the earthing
system
LET: inductance of the earthing
system
IES : part of the lightning current
through the earthing system

RCC

Current
generator
10/350

RWP*

RGP

LWP**

LGP

RES : resistance of the earthing
system
LES : inductance of the earthing
system
IES : part of the lightning current
through the earthing system

*RWP, RGP: resistance of the earthing of
the water pipe and of the
gas pipe
**LWP, LGP: inductance of the water pipe
and of the gas pipe

Rearth/extern

Imains

ZCC

ZT
Iimp
(10/350) ZWP

ZET

REC: resistances of the
earthing system
LEC: inductance of the
earthing system

IET

Rearth/extern =
ZGP

ZES

ZEC
IES

Imains =

		1
1
1
1
1
+
+
+
ZES ZWP ZGP ZCC+ZEC
		Iimp

1 + (ZET + ZCT + ZT)(

1
1
1
1
+
+
+
)
ZES ZWP ZGP ZCC+ZEC
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Selection of SPDs
SPD selection at the entrance of the installation
Simplification
In case the previous detailed analysis can not be conducted,
the following can be assumed (simplified rules given by
IEC 61643‑12 Annex I.1.2):
–– 50 % of the total lightning current I enters the earth termination of
the lightning protection system.
–– the remaining 50 % (Is) is distributed among the conductive
services entering the structure (external conductive parts such as
metallic pipes, electrical power and communication lines...). The
value of the current flowing in each service Ii can be estimate as
follow: Ii=Is/n where n is the number of conductive services. In the
present example, n = 3 (power lines + gas pipe + water pipe).
The current in individual conductors (Iv), in unshielded cable, is Iv=Ii/m
with m the number of conductors. For safe calculation when selecting SPDs for the power lines, it is considered that these remaining
50 % are carried entirely by these power lines (current flow through
metallic water pipes or gas pipes and through communication lines
are ignored).
Current sharing in case of direct flash to the aerial power supply line
The same type of analysis can be conducted.
Minimum Iimp per pole
As a result, and depending on the network, the Type 1 SPDs shall
have the following minimum Iimp per pole. For safe selection of SPDs,
the above table considers:
–– in case of direct strike on the external lightning protection system,
all the energy reaching the bounding bar (50% of the lightning
stroke) will be handled by SPDs (no losses through metallic service pipes, communication lines…)
–– in case of direct flash to the aerial power supply line, it is assumed
that no energy evacuated to earth by PE connections to earth at
the piles.
Building in the vicinity of external lightning protection system or
in the vicinity of a high point
When thunder strikes a lightning protection system on a neighboring
installation, energy will reach our installation through power lines, gas
or water pipes and with effect of earth potential rise.
In these cases it is also necessary to install Type 1 products near the
incoming feeder of the building as high energies are involved. Iimp of
SPD does not need to be as high as in the case of a building directly
equipped with external lightning protection system due to current
losses and current sharing.

I = 100 kA
(Wave shape 10/350)

Is/3 = 16.3 %

Is = 50 %
Is/3 =
16.3 %
Is/3 =
16.3 %
50 % Metallic gas pipe
Metallic water pipe

I = 100 % (Wave shape 10/350)
I = 50 %

I = 5 x 10 %

I = 50 %

Selection of Iimp per pole for Type 1 at the
entrance of the installation
TNS
TNC, TNC-S, TT TN (1Phase+PEN) or
(5 wires) (4 wires)
TT (1Phase+N) (2 wires)
Direct Flash 100 kA (95.75 % of
direct flashes are above 100 kA)

10 kA

Direct Flash 200 kA (99.4 % of
20 kA
direct flashes are less than 200 kA)

12.5 kA

25 kA

25 kA

50 kA

Proximity of
high point
L < 50 m

H > 20m
L < 50 m

L < 250m

Cable

Other cases: No external lightning protection system, no
antenna on the roof and power supply by underground lines →
Type 2 SPDs near the incoming feeder of the building
In this case current waves 10/350 do not reach the installation.
Overvoltage that can occur are issued from switching operations
or remote lightning and have lower energies. It is sufficient to install
Type 2 products near the incoming feeder of the building. Generally
this case concerns private houses when not equipped with lightning protection system and when power supply is by underground
cables.
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Selection of SPDs
Additional SPDs located close to the equipment to protect
It was seen earlier that SPDs shall be installed at the entrance
of the installations in order to divert as early as possible the
surge currents and hence avoid electromagnetic disturbances
and flashovers in the installation. On the other hand,
additional SPDs close to the equipment to be protected is
necessary when:
–– the Up of the upstream arrester is too high with regards to
the equipment to protect.
–– the distance between the upstream SPD located at the
entrance and the equipment to be protected is too high.
Typically if this distance is more than 10 meters, an
additional SPD is recommended and if this distance is
more than 30 m it is compulsory.
–– there are electromagnetic fields inside the structure
created by lightning discharges or there are internal interference sources (switching elements inside the system…).

Determination of the voltage protection level (Up) of the
SPD
Electrical and electronic appliances already feature dielectric strength which provides a minimum withstand capability
to overvoltage. When overvoltage reaching the equipment
exceeds its surge protection strength, dielectric breakdown
of components occurs.
SPDs must provide a level of protection U p compatible with
the withstand capability to overvoltage of the equipment.
When selecting SPD in a system, it is necessary to consider
the most sensitive equipment to be protected. The SPD
located closest to this equipment shall be selected with a
voltage protective level of Up at least 20 % below the overvoltage withstand of this equipment. The lower the Up of the
SPD, the better the protection.

Electrotechnical equipment

Electrical equipment containing Sensitive electronic equipment
slightly sensitive electronics

Highly sensitive equipment

Required protection level Up
1.8 to 2.5 kV

Required protection level Up 1.5 Required protection level Up
to 1.8 kV
1 to 1.5 kV

Required protection level Up
0.5 to 1 kV

Choice of SPD Up according
to the type of equipment
and its sensitivity

IEC 60364-4-44 § 443.2.2 defines 4 overvoltage categories for electrical equipment energized from the mains according to their rated impulse withstand voltage (characterizing the withstand capability of the equipment insulation against overvoltages as per IEC 60664-1 § 1.3.9.2 ).
Installation
category

Insulation impulse
withstand voltage for
a 230/400 V network

IV

III

II

I

Equipment of impulse withstand voltage
category IV have a high impulse withstand
voltage and can be installed at the origin
of installation before the main distribution
board. These items are for instance
electricity meters and primary overcurrent
protection.

Equipment of impulse withstand voltage category III is stationary equipment in the fixed installation downstream of
the main distribution board (including the main distribution
board itself). This equipment is for example:
–– distribution boards and their circuit breakers, bus-bars,
switches…
–– wiring systems downstream the distribution board (cables, junction boxes, socket outlets…).
–– industrial equipment or other heavy stationary equipment (stationary motors for lift, ventilation…)

Equipment of impulse withstand
voltage category
II is portable
movable equipment connected
to the fixed
electrical installation (such as
household electrical equipment
with mechanical
programmers,
portable tools…).

Equipment of impulse withstand voltage category I is
sensitive equipment containing electronic circuits like such
as: computers, workstations, HiFi, TV, Video player, Alarm,
household appliances with electronic programmers…
They can be connected to the fixed installation of buildings
when SPDs are provided.

6000 V

4000 V

2500 V

1500 V

Electric
appliance
Socket with integrated
surge protection
Main
distribution
board

Type 2
SPD

Type 1
SPD

Potential maximum
overvoltage when
ABB SPDs are
installed

5000 V

2500 V

Electronic appliance

Sub
distribution
board
Socket with
integrated
surge
protection

Type 3 SPD
Type 3
SPD

1500 V

800 V
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Selection of SPDs
Additional SPDs located close to the equipment to protect
Protective distance from the main SPD - Oscillation /
Amplification phenomena
Due to oscillation phenomena, the residual voltage (Up) given
by an SPD will be amplified, downstream in the installation
network. The higher the distance to the main SPD, the higher
will be the amplification. Oscillations can create a voltage at
the equipment terminals which can exceed several times Up.
Amplification depends on the SPD itself, the network, the
length of conductors, the oversurge steepness (frequency
spectral composition of the surge) and the connected
equipments.

Equipment
to protect

v1(t)

v2(t)

C

u(t)

When
equipment is
switched off

v1

The worst case is when the equipment features a high impedance load or if the equipment is internally disconnected
(equipment switched off is a pure capacitance). Voltage at the
equipment can reach and overcome several times Up.
Oscillations phenomena shall be considered when distance
from the SPD is higher than 10 m (IEC 61643-12 § 6.1.2 &
Annex K.1.2).

v2
Wave 8/20

Up
Time (µs)

Time (µs)

L

u

R

v1(t)

v2(t)

C

u(t)

Time (µs)

Impulse voltage generated by the SPD
The voltage at the terminals of the SPD is an impulse voltage
which can be characterized as a sum (Fourier Series) of sinusoids
over an half period and for frequencies from 0 to 400 kHz.
Above 400 kHz the amplitudes are small enough to neglect the
effects of oscillation phenomena (for waves 8/20 and 10/350).
Serial RLC circuit reaction to a sinusoidal impulse
The voltage u(t) at the equipment is function of the voltage
d²u + R du + ω0² u = ω0² v2
given by the SPD as follows:

dt²

L dt

When v2(t) is a sinusoidal function (v2(t) = V2 cos ωt), the voltage at
the equipment is:
V
U=
√(1 - LCω²)² + R²c²ω²
Resonance of the serial RLC circuit occurs at the frequency
1
and the voltage amplitude at resonance will be:
ω0 =

√LC

V2 1
R

√CL
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Influence of the distance between SPD and equipment to
protect on the resonance of the RLC circuit
When the equipment to protect is located close to the SPD
(some meters), L (1µH/m of cable) will remain small and the RLC
circuit own resonance frequency will remain well above 400 kHz.
Resonance effect will not occur (the voltage at the terminal of the
SPD is a Fourier serie of frequencies between 0 and 400 kHz).
When equipment to protect is far away from the SPD, the
connecting cables will be long enough to feature high impedance
L. The RLC circuit own resonance frequency will fall below 400
kHz and resonance phenomena will occur. The voltage at the
equipment terminal will reach several times Up and will destroy the
equipment.

Examples of RLC circuit own resonance frequency according to L and C
Distance between the
SPD and the equipment
to protect

L

Resonance frequency
of the RLC system
(1/2Π√LC) for C=5nF

Resonance frequency
of the RLC system
(1/2Π√LC) for C=10nF

1m

1 µH

2252 kHz

1592 kHz

10 m

10 µH

712 kHz

503 kHz

30 m

30 µH

411 kHz

290 kHz

50 m

50 µH

318 kHz

225 kHz

100 m

100 µH

225 kHz

159 kHz

Resonance of the RLC Circuit subjected to SPD
impulse voltage

Recommendations
When the distance between the SPD and the equipment to protect is:
–– higher than 30 m, an additional SPD as close as possible to
the equipment to protect is compulsory.
–– between 10 and 30 m, an additional SPD as close as possible
to the equipment to protect is recommended.
–– less than 10 m, the equipment is well protected.
Electromagnetic fields inside the structure created by lightning discharges - Internal interference sources
Electromagnetic Field Coupling
Coupling effect between the magnetic field from the lightning
current and the internal circuit featuring closed loops will generate
overvoltage in these loops, as seen page xxx. When thunder
strikes on the lightning protection system of a building, magnetic
field coupling have harmful effects on the proper functioning
of sensitive equipment causing either disruption or complete
destruction. Effects of magnetic field are also important in case
of direct strikes in the vicinity of the installation. Overvoltages
induced by magnetic field coupling are simulated with a 8/20
wave shape.
It is important to avoid loops of conductors at the design stage
by suitable cable routing. If unavoidable, electrical equipments
shall be protected individually by Type 2 SPDs located as close at
possible to them.
Note: Annex B of Standard IEC 61024-1-2 gives calculation of voltage and energy surges
caused by lightning stroke to a structure.

Internal interference sources
The following high amperage equipment inside installations can
generate overvoltage (wave shape 8/20):
–– overcurrent protections (MCCB, fuses) when opening
–– control equipment (relays, contactors…) when opening or
closing
–– motors when starting or stopping (lift, air conditioning…)
–– transformers MV/LV when switching
–– generally all kind of equipment having inductance, capacitance
or transformer at the inlet of its power supply.
These sources of internal interferences shall be identified and the
overvoltages they generate shall be neutralized by installation of
SPDs.
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Selection of SPDs
Additional SPDs located close to the equipment to protect
Coordination between SPDs
Energy coordination (IEC 61643-12 § 6.2.6 & Annex F,
IEC 61312-3 § 7 & Annex A)
When it is necessary to use a multi-level protection, the
energy coordination between the various levels should be
studied carefully. Which part of the current will flow through
the first SPD and which part through the following SPDs? Will
these currents exceed the capacities of the SPDs?
Coordination consists in ensuring that the maximum discharge current will flow through the first level SPD and that
the remaining current flowing through the remaining level(s)
arrester(s) does not exceed its (their) capacity. Energy co-ordination is achieved, if for all values of surge current between
0 and Iimp the portion of energy, dissipated through the second SPD is lower or equal to its maximum energy withstand.
The following is aimed at showing coordination between
Type 1 and Type 2 SPDs.
Theory - Coordination between Type 1 and Type 2 SPDs
The sequence is the following:
→ Over-voltage occurs in points 1 and 2 (no current flows
yet, Ldi/dt=0).
→ The first SPD which reacts is the SPD Type 2 which has
the lowest Up.
→ Current flows through SPD Type 2 and induces voltage
Ldi/dt at the terminals of the inductance (length of cable).
When U2 + Ldi/dt reaches the spark-over voltage of the
type 1 SPD, it activates itself.
The major part of energy flows through SPD Type 1.
Coordination is achieved when the spark-over of Type 1 SPD
occurs before the Type 2 SPD is over-stressed (just a small part
of the current flew through the Type 2 SPD).

Type 1 SPD

Equipment
to protect

Type 2 SPD

L di/dt (*)

1
Itotal

2
I2

I1
U1

Type 1 SPD

U2

Type 2 SPD

(*) L is the inductance of a length of cable between the two SPDs. L = 0.5 µH/m when
the forward and return conductors are coupled (a value of 1 µH/m already combines the
inductances of the forward and return conductors).

U (V)

4- Triggering of
SPD Type 1 at Up1

I (kA)

3- Ldi/dt increases

Thanks to the electronic triggering for Type 1 SPDs, their Up has
been very much reduced. The following coordination rules can be
summarized as follow:
When the 10 meters distance between Type 1 SPD and Type 2
SPD can not be achieved for some reasons, ABB proposes the
Type 1+2 SPD. This product is the association of Type 1 and Type
2 SPDs already coordinated.

1- SPD Type 2
starts working

t(µs)
6- Current stops flowing in SPD Type 2.
The portion of energy, dissipated through
SPD 2 is lower than its maximum energy
withstand

2- Current starts
flowing in SPD
Type 2

7-Current stops
flowing in the SPD
Type 1

5- Current starts
flowing in SPD Type 1

Coordination
LPZ 1
LPZ 0ALPZ 0 LPZ1
L > 10 m

Limitor B
Type 1

LPZ 2

LPZ 2

LPZ 3

L>5m

Limitor VP
Type 2

Limitor VD
Type 3
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Selection of SPDs
Selection of overcurrent device
Failure modes of an SPD fall into two categories: open-circuit failure
mode & short-circuit failure mode.
Open-circuit failure mode
When the SPD reaches its end life, it will disconnect itself alone
from the mains and equipment downstream will no longer be
protected against overvoltages. SPD does not interrupt power supply
downstream when it disconnects itself.
Tele signal (dry contact) or visual indicator indicates that the SPD is
out of order and shall be replaced.
–– For Type 1 SPDs, tele signal will inform that the electronic
triggering is out of order.
–– For varistor based SPDs (Type 2), open circuit failure mode is
ensured by the thermal disconnector. It is a device disconnecting
the arrester from the power supply when the varistor reached its
life end. After having carried the number of oversurges the varistor
was designed for, the leakage current flowing though the varistor
will increase and the varistor will be warmed up by joule effect.
A thermal welding mechanism will disconnect the varistor from
the network. A fault indicator will visually show that the SPD is
defective and that it shall be replaced. The thermal disconnector
is not aimed at disconnecting the SPD from the mains in case
oversurge overcomes the SPD capabilities or in case TOV is
applied to the SPD for too long time.
Short-circuit failure mode. Need for back-up overcurrent device
In short circuit failure mode, short circuit current from the mains flows
through the failed SPD. If the SPD is unable to interrupt the short
circuit current, the energy dissipated may overheat the SPD and
cause its destruction and fire. This is likely to occur:
–– when the oversurge current is higher than the maximum design
characteristics of the SPD.
–– when the permanent voltage applied to the SPD overcomes the
SPD capability, for example when the temporary over voltage (UT)
is reached for more than 5 seconds.
While in the open-circuit failure mode the SPD will have no influence
on the network, in the short-circuit failure mode, the SPD will strongly
influence the system where installed, as the short circuit current flows
through the failed SPD from the power source.
In this case, a back-up overcurrent device (for example, fuse or
circuit-breaker), needs to be installed upstream of the SPD to
avoid fire hazard. For TT network, the phases shall be protected by
overcurrent device and the neutral shall be opened when the phases
are opened. In TN network, the neutral does not need to be opened.
Each SPD as been tested in conjunction with its recommended fuse
or circuit breaker which ratings are as follows (ISPD):

These values of back-up overcurrent device are the
maximum values allowed . Lower ratings overcurrent
devices can be installed instead. They will protect the SPD
against destruction and fire but they may trip or melt when
undergoing surge current.
If an overcurrent device of the same or smaller nominal
value is already provided in the upstream power supply, it
can be used as back-up overcurrent device for the SPD.
If this back-up device trips or melts due to SPD failure in
short circuit mode, the installation downstream will not be
powered anymore until the SPD is disconnected or replaced.
The rating of the overcurrent device shall also takes into
consideration the short-circuit current of the installation.
Priority to continuity of power supply – Priority to
protection
In case of short-circuit failure mode, depending on customer’s needs,
priority can be given to continuity of power supply or to protection.
–– priority to power supply continuity. The equipment downstream
is still energized but is no longer protected against possible
further overvoltages. It is usually the choice for industries and
office buildings which can not afford cut of power supply (loss of
production, process stoppage…).
–– priority to protection. Downstream network will be disconnected
and downstream equipment will not be affected in case
oversurges enter again the installation. This is generally the choice
for houses and individual apartments. If the main MCB or fuse at
the incoming distribution board has the characteristics required by
ABB for SPD protection, it could be used to disconnect the SPD
in case of short-circuit mode. In this case, the failed SPD must be
replaced or removed in order to re-establish power supply.
–– combination: continuity of power supply and continuity of
protection (IEC 60364-5-53, part 534.2.4). Two identical SPDs
are used in parallel and are connected to two identical overcurrent
devices. The short-circuit failure mode of one of the SPDs will
induce opening of its associated overcurrent device. In parallel,
the second SPD will still protect the network against possible
further overvoltage. Such an arrangement will significantly increase
the probability of having continuity of supply and continuity of
protection, as the two SPDs will unlikely fail at the same time. ABB
Type 2 products with safety reserve are based on this working
principle.
I1 (current rating of overcurrent device)

I1 (current rating of overcurrent device)

I2

ISPD
I1 > ISPD & I2 < ISPD: OK
Priority to continuity of supply

ISPD

OVR T1

125 AgG/gL

OVR T2

50 A gG/gL or

50 A C or B

I2

ISPD

I1 < ISPD: OK
Priority to protection

I1 (current rating of overcurrent device)

Back-up overcurrent device (ISPD)

I1

Priority to continuity of
supply with increased
probability of continuity of
protection.

ISPD

I1 > ISPD: Forbidden

No overcurrent protection: Forbidden
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Installation rules

Connections as short as possible
For efficient overvoltage protection, connecting conductors
of SPDs shall be as short as possible. Long lead lengths will
increase the voltage protection level at the equipment.

wave 8/20

L = 1 m = 1200 V

Current wave shapes 10/350 and 8/20 are characterized by a
very steep current rise (some kA/µs).
As a result, connecting cables feature very high impedance
when carrying oversurge waves.
The voltage across 1 m long wire will be approximately
U = L di/dt = 1000 V (with 1 meter corresponding to 1 µH
and for a waveshape having a current rise di/dt = 1 kA/µs).
See IEC 61643-12 § 6.1.3.
The residual voltage transferred to the equipment to protect
will be the sum of the SPD Up and the inductive voltage along
the connecting cables.
The connections between the SPD and live conductors, as
well as between SPD and earthing terminal must be as short
as possible as the impedance of these connections reduces
the protection provided.

UL1

Equipment
to protect

D1

Equipment
to protect

Ue

Ue

Up

UL2

Up

D2

Ue = Up + UL1 + UL2

Ue = Up

Recommended

In this case, the cable lengths shall
be as short as possible
(D1+D2 < 50 cm)

Note: additional voltage Ldi/dt = ±1000 V/m of wire is only generated in cables carrying
oversurge current.

F1

F1

In order to reduce the induced voltage in cables carrying
oversurge, the following cabling rules are recommended.

L1
L2
L3
N

L1
L2
L3
N
PE
F2

TS

TS

Type 1 products already feature double connections on
each pole for V-wiring, in order to reduce additional voltage
generated by connection cables when carrying oversurge

Parallel connection

Wire size of cables
The cross-section of the connecting cables is calculated
according to the local short-circuit current level (where the
surge arrester is installed). It must be at least equal to the
cross-section of the installation's upstream cables.

V-wiring
(serial connection)

< 10 m

Stranded wire

The minimum cross-section for the earth conductor is 4 mm²
if there is not a lightning conductor and 10 mm² if there is a
lightning conductor.
2 Nm
min: 2,5 mm2
max: 25 mm2
12,5 mm
≥ 10 mm2

≥ 4 mm2

Solid wire

min: 2,5 mm2
max: 16 mm2
12,5 mm
Stranded wire
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Avoiding closed loops
In order to avoid generation of overvoltage by magnetic
coupling on closed loops, the wires in the electrical installation must be arranged in such a way that they are as close to
each other as possible to avoid rings (closed loops). Power
supply and low current cables shall have the same routing
(while respecting crossing rules and minimum distances).

D > 30 cm

Polluted cables

Routing of clean cables and polluted cables
Clean cables (protected, after the SPD) and polluted cables
(before the SPD) shall be routed as shown in the adjacent
diagrams.
To avoid magnetic coupling between the different cable types
(clean and polluted), it is strongly advised that they are kept
apart (> 30 cm) and if a crossing cannot be avoided, it should
be at right angles (90°). Cable shielding is recommended to
limit magnetic coupling phenomena.
Clean cables

Polluted
cable

Crossing at
90°

Main circuit
breaker

Clean
cable

Terminal / MCB

Ring
surface

Feeder 1

Surge
arrester
circuit
breaker
Polluted
cable

Clean
cable
D > 30 cm
MCB / SPD

Feeder 2
SPD / Earth terminal

Earth equipotential bonding
The earth conductors of all surge arresters and equipment
connected together have to be equipotentially bonded, in
order to avoid any difference of potential between local earthing points that would lead to annihilate the protection level
provided by the surge arresters.

Ph

Ph

N
I

N

OVR ¨

I

Eq 1

Ph

Eq 2

Ph

N
I

OVR ¨

N

OVR ¨

I

Eq 1

Eq 2

OVR ¨

Eq 1

Eq 2
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Selection guide
TNS, industry, commercial building, apartment building
Protection at the entrance of the electrical installation
When sensitive equipment is not connected
When sensitive equipment is connected directly
directly to the main distribution board
to the main distribution board (U p = 1.5 kV at the
main distribution board)
(U p = 2.5 kV at the main distribution board)
First SPD after the meter
First
SPD
before
the
meter
or
Meter box

Meter box

Meter box

OVR T1 3N(2)
Ref xxxx

OVR T1 3N
Ref xxxx

Main distribution board

Main distribution board
Main distribution
board

OVR T2 3N
Ref xxxx

4 x OVR T1+2 25 255
Ref xxxx
Sub distribution
board

OVR T2 3N
Ref xxxx

m ns
>5
so
ngth ion rea
t
le le
Cab oordina
c
for

Additional SPDs, as close as possible to the equipment to protect
Protection level Up = 0.8 kV
Protection level Up = 1.5 kV
or
for highly sensitive devices

Sub distribution
board TNS

Sub distribution board TN
Sensitive
equipment

OVR T2 3N
Ref xxxx

OVR T2 1N
Ref xxxx

OVR T3
Ref xxxx

When the distance between the
upstream SPD (type 1+2 or type 2)
and the equipment to protect is higher
than 10 m, it is recommended to install
an additional SPD type 2 or type 3 as
close as possible to the equipment to
protect (in a mini-distribution board for
instance). If this distance exceeds 30 m,
the additional SPD is compulsory.

(1) Maximum value allowed (fuse of lower value can be used). Only required if a fuse of the same or smaller nominal value is not already provided in the upstream power supply
(2) OVR T1 3N can also be installed in the main distribution board.
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Selection guide
TN-C-S, industry, commercial building, apartment building
Protection at the entrance of the electrical installation
When sensitive equipment is connected directly
to the main distribution board (Up = 1.5 kV at the
main distribution board)
First SPD before the meter
First SPD after the meter
or
Meter box

When sensitive equipment is not connected
directly to the main distribution board
(Up = 2.5 kV at the main distribution board)

Meter box

Meter box

OVR T1 3L
Ref xxxx

Main distribution board

OVR T1 3L(2)
Ref xxxx

Main distribution board

Main distribution board

OVR T2 3L
Ref xxxx

3 x OVR T1+2 25 255
Ref xxxx
Sub distribution board

OVR T2 3N
Ref xxxx

5 m ons
th >
as
leng ation re
le
b
Ca oordin
for c

Additional SPDs, as close as possible to the equipment to protect
Protection level Up = 1.5 kV
Protection level Up = 0.8 kV
or
for highly sensitive devices

Sub distribution board TN
Sub distribution
board TNS

OVR T2 3N
Ref xxxx

Sensitive
equipment
OVR T2 1N
Ref xxxx

OVR T3
Ref xxxx

When the distance between the upstream
SPD (type 1+2 or type 2) and the equipment to protect is higher than 10 m, it is
recommended to install an additional SPD
type 2 or type 3 as close as possible to
the equipment to protect (in a mini-distribution board for instance). If this distance
exceeds 30 m, the additional SPD is
compulsory.

(1) Maximum value allowed (fuse of lower value can be used). Only required if a fuse of the same or smaller nominal value is not already provided in the upstream power supply
(2) OVR T1 3L can also be installed in the main distribution board.
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Selection guide
TT, industry, commercial building, apartment building
Protection at the entrance of the electrical installation
When sensitive equipment is connected directly
to the main distribution board (Up = 1.5 kV at the
main distribution board)

When sensitive equipment is not connected
directly to the main distribution board
(U p = 2.5 kV at the main distribution board)

Meter box

Meter box

OVR T1 3N
Ref xxxx

OVR T1 3N(2)
Ref xxxx

Main distribution board

Main distribution board

OVR T2 3N
Ref xxxx

Sub distribution board

OVR T2 3N
Ref xxxx

5 m ons
Additional SPDs, as close
th >
as
leng ation re
le
b
Ca oordin
Protection level Up = 1.5 kV
for c

Sub distribution board TT

as possible to the equipment to protect
or

Sub distribution board TT 1Ph

OVR T2 1N
Ref xxxx
OVR T2 3N
Ref xxxx

Protection level Up = 0.8 kV for
highly sensitive devices

OVR T3
Ref xxxx

Sensitive
equipment

When the distance between the
upstream SPD (type 1+2 or type 2)
and the equipment to protect is higher
than 10 m, it is recommended to install
an additional SPD type 2 or type 3
as close as possible to the equipment to protect (in a mini-distribution
board for instance). If this distance
exceeds 30 m, the additional SPD is
compulsory.

(1) Maximum value allowed (fuse of lower value can be used). Only required if a fuse of the same or smaller nominal value is not already provided in the upstream power supply
(2) OVR T1 3N can also be installed in the main distribution board.
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Selection guide
TNS, private house
Choice for the main distribution board
- If house is equipped with primary thunder protection
- If power supply is by overhead lines
- If antenna is present on the roof

First SPD after the meter

or

- No primary thunder protection
- No overhead power supply lines
- No antenna on the roof

First SPD before the meter

Meter box

Meter box

Meter box

OVR T1 3N
Ref xxxx

Main distribution board

Main distribution board

Main distribution board

OVR T2 3N
Ref xxxx

OVR T2 3N
Ref xxxx

4 x OVR T1+2 25 255
Ref xxxx

m ns
>5
so
ngth ion rea
t
le le
Cab oordina
for c

Additional protection, as close as possible to the equipment to protect
Protection level Up = 1.5 kV

or

Protection level Up = 0.8 kV for
highly sensitive devices

Sub distribution board

OVR T2 1N
Ref xxxx

Sensitive
equipment

OVR T3
Ref xxxx

Due to surge amplification phenomena (see page xx), additional SPDs
type 2 or type 3 shall be installed as close as possible to the equipment to be protected.
When the distance between the upstream SPD (type 1+2 or type 2)
and the equipment to protect is higher than 10 m, it is recommended
to install an additional SPD type 2 or type 3 as close as possible to
the equipment to protect (in a mini-distribution board for instance). If
this distance exceeds 30 m, the additional SPD is compulsory.

(1) Maximum value allowed (fuse of lower
value can be used). Only required if a fuse
of the same or smaller nominal value is not
already provided in the upstream power
supply.
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Selection guide
TN 1 Ph + N, private house
Choice for the main distribution board
- If house is equipped with primary thunder protection
- If power supply is by overhead lines
- If antenna is present on the roof

First SPD after the meter

or

- No primary thunder protection
- No overhead power supply lines
- No antenna on the roof

First SPD before the meter

Meter box

Meter box

Meter box

OVR T1 1N
Ref xxxx

Main distribution board

Main distribution board

Main distribution board

OVR T2 1N
Ref xxxx

OVR T2 1N
Ref xxxx

2 x OVR T1+2 25 255
Ref xxxx

5 m ons
th >
as
leng ation re
le
b
Ca oordin
for c

Additional protection, as close as possible to the equipment to protect
Protection level Up = 1.5 kV

or

Protection level Up = 0.8 kV for
highly sensitive devices

Sub distribution board
Sensitive
equipment
OVR T2 1N
Ref xxxx

OVR T3
Ref xxxx

Due to surge amplification phenomena (see page xx), additional SPDs type
2 or type 3 shall be installed as close as possible to the equipment to be
protected.
When the distance between the upstream SPD (type 1+ 2 or type 2) and
the equipment to protect is higher than 10 m, it is recommended to install
an additional SPD type 2 or type 3 as close as possible to the equipment
to protect (in a mini-distribution board for instance). If this distance exceeds
30 m, the additional SPD is compulsory..

(1) Maximum value allowed (fuse of lower
value can be used). Only required if a fuse
of the same or smaller nominal value is not
already provided in the upstream power
supply.
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Selection guide
TT 3 Ph + N and 1 Ph + N, private house
Choice for the main distribution board
- If house is equipped with primary thunder protection
- If power supply is by overhead lines
- If antenna is present on the roof

TT 3Ph + N

- No primary thunder protection
- No overhead power supply lines
- No antenna on the roof

TT 3Ph + N

TT 1Ph + N

Meter box

Meter box

Meter box

TT 1Ph + N
Meter box

OVR T1 1N
Ref xxxx

OVR T1 3N
Ref xxxx

Main distribution board

Main distribution board

Main distribution board

Main distribution board

OVR T2 1N
Ref xxxx

OVR T2 3N
Ref xxxx

OVR T2 3N
Ref xxxx
OVR T2 1N
Ref xxxx

m
> 5 asons
re
ngth
le le ination
b
a
C
oord
for c

Additional protection, as close as possible to the equipment to protect
or
Protection level Up = 0.8 kV for
Protection level Up = 1.5 kV
highly sensitive devices

Sub distribution board
Sensitive
equipment
OVR T2 1N
Ref xxxx

OVR T3
Ref xxxx

Due to surge amplification phenomena (see page xx), additional SPDs
type 2 or type 3 shall be installed as close as possible to the equipment to
be protected.
When the distance between the upstream SPD (type 1+ 2 or type 2) and
the equipment to protect is higher than 10 m, it is recommended to install
an additional SPD type 2 or type 3 as close as possible to the equipment
to protect (in a mini-distribution board for instance). If this distance exceeds
30 m, the additional SPD is compulsory.

(1) Maximum value allowed (fuse of lower value can be used). Only required if a fuse of the
same or smaller nominal value is not already provided in the upstream power supply.
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Surge protective devices
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Surge Protective Devices
UL 1449 from 2nd to 3rd Edition

The Underwriters Laboratories (UL)
standard for Surge Protective Devices
(SPDs) has been the primary safety
standard for surge protection since the
first edition was published in 1985, and
updated to the second edition in 1996.

New UTE C 61-740-51 on photovoltaic
installation
Part-51: surge protective devices connected to
photovoltaic generators – Performance requirements
and testing methods.

The objective of UL 1449 has always been to increase safety
in terms of surge protection. Thus, major changes have recently been made to the surge protection standard.
The latest edition, known as UL 1449 3rd Edition, was published on September 29, 2006 and took effect September
2009, and is now also an ANSI standard. A revision was made
on February 8, 2011.

A new guide on a developing market
A new document taking account of varied aspects of
photovoltaic generators and technologies is available,
designed UTE C 61-740-51, to define specific surge
protection to photovoltaic installations. This document is
for now the only one available worldwide to define surge
protective devices for photovoltaic installations.

Lightning protection system
Early streamer emission air terminal

The New UTE C 61-740-51 defines testing performances and
safety for specific surge protection to the photovoltaic structure.
According to the very specific characteristics of PV generators
and PV installations with high voltages and low DC current,
the UTE C 61-740-51 introduces the idea of testing the behaviour of photovoltaic surge protective devices on end of life
for the safety of the equipments.

Using a surge protection not conforms to such specific application or using AC dedicated SPDs on DC photovoltaic
installations shall result in fire and equipment damages.
New ABB photovoltaic OVR surge protection ratings
Complying with the new UTE C 61-740-51, the new ratings of
our OVR PV range have been defined for an easier selection
and to fulfil requirements of photovoltaic specific networks.
Surge arrester

OVR PV 40 600

OVR PV 40 1000

Maximum operating voltage

Ucpv : 670 V

U cpv : 1000 V

Short circuit current

Iscwpv : 100 A

Iscwpv : 100 A

Back-up protection if I scwpv >100 A:
– E90Fuse / 10AgPV / 10AgPV
– MCB / S802PV-S10 / S804PV-S10
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To avoid confusion, the objective of this paper is to explain
and summarize the major changes made to the standard.
The key updates are:
– Change in the standard’s name
– The different Type designations of Surge Protective Devices
– The measured voltage protection level
– The Nominal discharge current
Change in the standard’s name: From TVSS to SPDs
Prior to UL 1449 3rd Edition taking effect, the devices this
standard covers were known as Transient Voltage Surge Suppressors (TVSS), operating on power circuits not exceeding 600 V.
With the inception of the 3rd Edition, these devices are now
known as Surge Protective Devices (SPDs), and may operate on
power circuits not exceeding 1000 V.
This new designation moves the UL standard closer to the International designation and to IEC standards. The new edition is
now renamed UL Standard for Safety for Surge Protective
Devices, UL 1449.

PV characteristics
The following information shall be given by the manufacturer:
– PV symbol on the product
– Ucpv maximum continuous operating voltage
– In nominal discharge current
– Iimp or Imax depending on if it is a Type 1 or Type 2 surge
protection
– U p protection level
– I scwpv short circuit DC current withstand.
Only SPDs with the above declared characteristics and with
their conformity declaration are suitable for photovoltaic
installations.

The different Type designations of Surge Protective Devices
The new UL 1449 3rd Edition places SPDs into five different Type
categories based on installation location within an electrical
system. While Type 1, Type 2 and Type 3 categories refer to
different types of SPDs that can be installed at specific locations,
Type 4 and Type 5 categories refer to components used in an
SPDs configuration.

12/08/2011 14:04:44

31/05/2011 17:30:06

Brochure
Solar energy
Lightning and surge protective
devices
(1TXH000118B0201)

1TXH 000 106 L0201_Leaflet Surge Protection Devices.indd 1

Type 1 – "Permanently connected SPDs intended for installation between the secondary of the service transformer and the
line side of the service equipment overcurrent device."
Type 2 – "Permanently connected SPDs intended for installation
on the load side of the service equipment overcurrent device."
Type 3 – "Point of utilization SPDs, installed at a minimum
conductor length of 10 meters (30 feet) from the electrical
service panel."
Type 4 – Component Assemblies – "Component assembly
consisting of one or more Type 5 components together with a
disconnect (integral or external) or a means of complying with
the limited current tests."
Type 1, 2, 3 – Component Assemblies – "Consists of a Type 4
component assembly with internal or external short circuit
protection."
Type 5 – "Discrete component surge suppressors, such as
MOVs that may be mounted on a PWB, connected by its
leads or provided within an enclosure with mounting means
and wiring terminations."
These new categories are by far the major changes applied to
UL 1449 3rd Edition. SPDs installation location is now taken
into account. The closer an SPD is installed to the equipment,
the better the protection is. This is a push in the direction of
providing stepped protection including external and internal
surge protection.
The measured voltage protection level
One of the last changes found in the new UL 1449 3rd Edition,
is the modification in the measured voltage protection level. The
Measured Limiting Voltage (MLV) is the maximum magnitude of
voltage measured at the application of a specific impulse wave
shape.
When applying a certain surge current on the SPD the measured
voltage at the device terminals is the so called “let-through
voltage.” In UL 1449 2nd Edition, the let-through voltage was
referred to as Suppressed Voltage Rating (SVR) and was calculated with a 0.5 kA surge wave form at 6 kV.
The new designation is Voltage Protection Rating (VPR) and is
calculated with a 3 kA surge wave form at 6 kV.
The MLV will allow comparison of different types of SPDs with
regards to the let-through voltage. However, it is important to
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notice. With regard to purchase orders, the agreed
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possible lack of information in this document.
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