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Chapter 2 | The external lightning protection system

Roof conductor holder for ridge tiles

Vario quick connector

Roof conductor holder

Round conductor

Air-termination rod

Cable bracket

~H-H-H-f-0-0-

Gutter clamp
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1st step: Determining the height of the building
Determine the ridge height of the building. This height
is the starting point for planning the entire lightning
protection system. The ridge conductor is arranged on
the ridge and thus forms the “backbone” for the air-
termination system. In our example, the building is
10 m high. All parts of the building that do not fall un-
der the protective angle are at risk from direct light-
ning strikes.

D -

70 NN

h: Building height

Protected area

Protective angle o

Dormer windows not protected by the ridge cable

Protective angle method on roof ridge

O, DR ®

.

40
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0 10 20 30 40

Lightning protective angle o

Ridge height in m

Lightning protection classes |, Il, llI, IV

Diagram to assist in determining the protective angle

2nd step: Determining the protective angle

Example:

The height of the building (in this case: 10 m) is
entered onto the horizontal axis on the diagram. Then
proceed vertically until you meet the curve for your
lightning protection class (in this case: lll). You can
now read the protective angle (o) off the vertical axis
(“1™). In our example, the angle is 62°. Transfer the
protective angle to the building. All building parts with-
in this angle are protected.

94

50 60 a

TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54



TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54

Chapter 2 | The external lightning protection system

Bl | n.: building height
H h,: air-termination rod height

n Protective angle o

Protective angle method for air termination rods

h: Building height

H Protective angle a

Air termination systems and arrest down conductor sys-
tem

3rd step: Building sections outside the protective
angle

Building parts outside of the protective angle require
additional protection. The chimney in our example has
a diameter of 70 cm and therefore requires a 1.50 m
long air-termination rod. Always observe the protective
angle. Dormer windows are given their own ridge con-
ductor.

4th step: Completing the air-termination system
Take the air-termination system down to the conductor
equipment. The ends of the ridge conductor should
protrude and curve upwards by 0.15 m. This also pro-
tects any projecting canopies.

The following roof structures must be protected with

airtermination systems against direct lightning strikes:

e Metallic materials higher than 0.3 m

e Non-conductive materials (e.g. PVC pipes) with a
height greater than 0.5 m
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Down-conductor system according to IEC 62305-3

2.2 Down-conductors

Down-conductors are the part of the external lightning
protection system designed to route the lightning cur-
rent from the air-termination system to the earthing
system. In order to reduce the probability of damage
from the lightning current flowing through the lightning
protection system, the down-conductors should be at-
tached in such a way that, between the impact point
and the earth:

e Multiple parallel current routes exist

e The length of the down-conductors is kept as short
as possible

e Equipotential bonding is created between the con-
ductive parts of the building structure.

The conductor system routes the lightning current
from air-termination system to earthing system. The
number of conductors is derived from the scope of
the building to be protected, although at least two
conductors are required in every case.

Care must be taken to ensure that the current paths
are short and installed without loops. Table 2.22
shows the distances between the conductors and the
corresponding lightning protection classes.
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2.2.1 Planning methods

The down-conductors connect the air-termination sys-
tem with the earthing system via a short, direct con-
nection.

2.2.1.1 Number and arrangement

The conductors should preferably be installed near
the corners of the building. In order to achieve optim-
um splitting of the lightning current, the conductors
must be evenly distributed around the outer walls of
the building.

The reduction of the lightning current results in a smal-
ler temperature rise of the metallic elements if there is
a lightning strike. This means that it is possible to run
the conductors behind heat insulation composite sys-
tems and fire locks, for example.

Chapter 2 | The external lightning protection system

Distance (a) between the down-conductors

Distance between the

Lightning protection class down-conduciors

| 10 m

Il 10m

I 15 m

Y 20m

Table 2.22: Distances between down-conductors for dif-
ferent lightning protection classes

Measuring point at the point of entry into the earth
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Building with glass facade

Down-conductors: special considerations

If it is not possible to arrange down-conductors on
one side or a side part of the building, then these
down-conductors should be installed on the other
sides. The distances between these down-conductors
should not be smaller than 1/3 of the distances in
Table 2.22.

General information: non-isolated downconductors/
connection of internal supports

Building structures with a large area (such as typical
industrial plants, trade fair halls, etc.) with dimensions
larger than the quadruple down-conductor distance
should be equipped with additional internal down-con-
ductors with a spacing of 40 m, as far as is possible.
All the internal supports and all internal partition walls
with conductive parts, such as steel reinforcement
rods, which do not fulfil the conditions for the separa-
tion distance, should be connected to the airtermina-
tion system and the earthing system at suitable points.

If, for architectural reasons, the down-conductors can-
not be routed on the surface, then they should be in-
stalled in gaps in the masonry, for example.

The following should be noted in this regard:

* Plaster can be damaged by heat expansion.

e Plaster may be discoloured by chemical reactions.
e Conductors with PVC jacketing avoid such stains.

Fasteners

Fasteners for conductors must be tested according to
IEC 62561-4. The artificial aging of metallic fasteners
is tested as is the artificial weathering of plastic hold-
ers, and mechanical load tests are also carried out.

Here, only the fastener is tested. Of equal importance
is the correct mounting of the appropriate holder, with
the matching mounting material for different wall and
ceiling materials.
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2.2.2 Fastening principles

There are three types of force transmission from the
anchor to the substrate:

e Form fit

¢ Adhesive bond

e Friction bond

Anchors with form-fitting tap the substrate and support
themselves on it. The anchor fits "tightly" into the com-
ponent. Examples are back cut internal thread an-
chors or cavity ceiling ties. The threads of the bolt ties
also work according to this principle.

Firmly bonded anchors join chemically to the sub-
strate, e.g. through sticking with special mortar. Ad-
hesive cartridges or injection systems, in which a
threaded rod is mounted, are included in these fasten-
ings. Cleaning the drill holes is very important for
these systems, in order to prevent slipping out due to
dust in the drill hole.

When a frictional connection is made, a spreading ele-
ment set on the anchor body ensures locking in the
drill hole. When mounted with the planned torque, the
friction ensures the high load values.

Chapter 2 | The external lightning protection system
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2.2.3 Fastening substrates

The main differences are in the fastening substrates
and load classes. While most anchors are suitable
and approved for use in concrete, there are also spe-
cial solutions for various masonry types, even for hol-
low brick or porous concrete. With metal spreading
anchors, certain spacing distances must be guaran-
teed, e.g. to the edge of a component. As the metal
spreading anchors develop lateral forces when sub-
jected to loads, break-outs may occur when the pre-
scribed spacing distances are not complied with. By
contrast, bolt ties and injection systems can be placed
very close to the edge, as they do not create any lat-
eral forces.

For walls and ceilings in old, existing buildings, so-
called extraction experiments are often required, in or-
der to determine the resistance and load capacity of
the construction.

Normal concrete,
e.g. C 20/25

Lightweight concrete,
e.g. LC 20/22

Hollow blocks with dense
structure, e.g. hollow brick

Full brick with dense struc-
ture, e.qg. brick

{/;—’;—}
//':’/"’;/__——,2_
—

Plates and panels,
e.g. plasterboard

Full bricks with a porous Plates with a porous struc-
structure, e.g. lightweight ture, e.g. hollow blocks
concrete, expanded clay, made of lightweight con-

pumice crete
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Uncracked concrete

u (pressure zone)

Cracked concrete
(tension zone)

2.2.3.1 Concrete

One of the most frequently used construction materi-
als is concrete. The load capacities are very high and
thus ideally suited for the fastening of the technical
building equipment. However, it is important to re-
member that ceilings experience so-called tension
and pressure zones. Cracks can occur in the tension
zone, which reduce the load capacity. With an unsuit-
able anchor, the fastened component can fall out of
the drill hole. It must also be ensured that the anchors
are suitable for cracked concrete and are approved.

Uncracked concrete
(pressure zone)

Cracked concrete
(tension zone)

Cracks
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2.2.3.2 Masonry

Besides concrete, various masonry types of different
stones play a special role in buildings. In order to
fasten support systems or other loads on these walls,
the stone types must have a minimum raw density
and a minimum pressure resistance. If this data is not
available, then withdrawal experiments may need to
be performed, in order to determine the load capacity
of the wall.

Stone types:
.
Lime sandstone Wall bricks
e
A
S e G L
SRS
ffit
'.| |
|
Lime sandstone plate Hollow brick

102

Lime sandstone plate

Hollow brick
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Component edge

Permitted edge spacings

© Permitted axis s'pa'c__iﬁgs

2.2.4 Distances and setting depth

Edge and axis distances play a major role when set-
ting anchors. This means the distances to component
edges and distances from anchor to anchor. If these
are not maintained, then the load values are reduced
and failure of the fastening is more likely. Of course,
the setting depth is the main criterion for the maxim-
um load values. The deeper an anchor can be
anchored in the substrate, the greater the load to be
fastened to it can be.
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2.2.5 Failure criteria The following reasons for failure occur with transverse
Different failure criteria occur depending on the loads:
mounting arrangement and load of the anchors.
Under a tensile load, these are: * Steel break through shearing
e Concrete edge break
Steel break ¢ Concrete break-out on the side away from the load
Pulling out
Pull-through
Concrete break-out
Columns

(LLExport_02613) / 2020/01/10 14:42:54 14:42:54
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Selection aid

To determine suitable anchors, basic parameters must
first be queried:

e Fastening substrate

e Application area

e |Load

* Mounting type

All the data relevant to the mounting of anchors and
bolt ties for the fastening of fireproof installations must
be contained in the approval documents.
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2.2.6 Types of anchors

Besides all the already described parameters, the
means of fastening must also be suitable for the ambi-
ent atmosphere in which they are used. Many materi-
als and surfaces are available, from electrogalvanised
anchors and bolt ties up to highly corrosion-resistant
steels.

Construction
e Supporting
¢ Unsupporting

Material

¢ Concrete (tension or
pressure zone)

¢ Masonry

¢ Light-duty substances City/town

¢ |Interiors (dry, moist,
Geometry of the com- aggressive)
ponent

Temperature

Size Pre-mounting
Type Push-through mounting
* Resting

* Non-resting Stand-off mounting
Direction
e Central tension
e Transverse and slop-
ing tension
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Metal spreading anchor

OBO Bettermann's metal spreading anchors for
mounting on concrete were tested for fire protection.
Appropriate proofs are available for the tests carried
out. Depending on the fire resistance length (up to
120 minutes), a maximum load capacity was determ-
ined when anchored in concrete. This load data is
contained in the appropriate European technical ap-

provals and appropriate test documentation. Although
the load capacity of the anchors during a fire is below
the load capacity when cold, this load capacity is
completely sufficient for fireproof fastening of the dif-
ferent routing types. Special metal spreading anchors
are offered for false ceilings.

Injection mortar

The VMS Plus injection mortar system is particularly
suitable for fastening in hollow brick, concrete and
porous concrete, calcareous limestone, sand-lime
brick and masonry. The connection is free from
spreading pressure and is created through the form
fitting of the injection mortar with the substrate and an
anchor rod.The components are tested and approved
for a fire resistance period of 90 minutes. The maxim-

um load capacity depending on the fire resistance
period and the fastening substrate is documented ac-
cordingly in the available fire protection certificate. Al-
though the load capacity of the injection mortar sys-
tem is below the load capacity when cold, this load
capacity is completely sufficient for fireproof fastening
of the different routing types.

TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54



TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54

Chapter 2 | The external lightning protection system

Bolt ties

OBO Bettermann's fire protection bolt ties were fire-
tested according to ETAG 001 Part 3. The maximum
load capacity, depending on fire resistance periods of
up to 120 minutes, was determined for different types
of solid masonry. These values are documented in
the appropriate test certificates. Taking the occurring
loads for the maintenance of electrical functionality
applications and for false ceiling mounting into ac-

count, the determined load capacities for the different
masonry types are absolutely sufficient. The fire pro-
tection bolt ties are screwed directly into the drill hole.
There is no need for an additional anchor. No spread-
ing forces develop and mounting near masonry
edges is not required. The bolt tie is equally suitable
for cracked concrete in ceilings.

Additional Additional requirement .
Construction requirements requirement No falling or dripping of AT (3 EEED EEEN: BlEED EERE iy
L . ing to DIN EN 13501-1 to DIN 4102-1
No smoke burning material
i A1l
Non-combustible X X Al AD
- Minimum X X A2 -s1d0 Al
A2
Hardly flammable X X B, C -s1d0 B1
A2 -s2d0
Hardly flammable X A2 B C -3 d0 B1
A2 -s1di
Hardly flammable X A2 B,C ~s1d2 B1
- Minimum A2,B,C -s3d2 B1
D -s1d0
-s2d0
Normally flammable X -s3.d0 B2
E
- Minimum E -d2 B2
Easily flammable F B3

Table: Construction material classes according to EN 13501-1
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2.2.7 Fastening on steel structures

In industrial construction, steel constructions are fre-
quently used for the building structures. Steel girders
and supports can also be found in power stations.
However, at approx. 500 °C, steel loses half of its res-
istance, so that, if there is a fire, the building struc-
tures are exposed to a high risk. Thus, unprotected
steel does not possess fire resistance, meaning that
special measures are necessary, such as treatment
with fire protection coatings or lining with non-com-
bustible plates.

At first, fastening of support systems to steel girders
seems barely possible. However, if the supporting
steel elements of the building are unprotected, other
technical equipment, e.g. smoke extraction or auto-
matic extinguishing systems, can compensate for the
bad properties of the steel in case of fire by limiting
the critical temperatures.

As steel girders may usually not be drilled through,
the only other option is fastening with construction
clamps. If steel girders are used as a natural con-
ductor, or if they are to be connected to the earthing
system, then construction clamps able to carry light-
ning current must be used.

Construction clamp, type 5010, able to carry lightning
current
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2.2.8 Fastening on wooden components

In future, ever more buildings will be erected with
wooden support structures. With suitable fire protec-
tion measures, these buildings do not present a great-
er risk during a fire than buildings erected convention-
ally. In addition, hall structures with large span widths
using glue binders are possible. And wood is also be-
coming ever more popular as a sustainable resource
and, for environmental reasons, is increasingly used
in construction (structural engineering).

Wood is a combustible material and, as with steel
constructions, wooden components are firstly only
suitable under certain conditions for the fastening of

Chapter 2 | The external lightning protection system

fire-tested electrical installations. Coatings and panel-
ling are also used in the constructions, in order to
achieve a fire resistance class at all. However, if there
is a fire, wood has a very good property: When burn-
ing, an insulated layer is created which delays further
combustion. The wooden component must be dimen-
sioned in such a way that failure of the carrying capa-
city cannot occur at an early stage. The combustion
rates are a standard means for calculating the re-
quired wooden cross-section, depending on the de-
sired fire resistance class. The combustion rates de-
pend on the type of wood and the moisture content of
the wood.
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Wood screws with a suitable steel cross-section and
sufficient setting depth are used, taking burning rates
into account. The long screws drill deep into the
cross-section of the wooden beam, ensuring a secure
hold of the mounted support systems, despite burn-
ing. Various mounting variants are documented in a
fire protection survey.

Characteristic density Burn rate
Wood type Structure [kg/m?] [mm/min]
) Laminated timber =290 0.70
Pine and beech -
Solid wood > 290 0.80
) ) . =290 0.70
Hardwood Solid wood or laminated timber
= 450 0.55
Veneer timber > 480 0.70
Wood panelling > 450 0.90
Plates (min. 20 mm) Plywood > 450 1.00
Wooden panels made of plywood > 450 0.90

Burn rates of various wooden components
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S

Roof gutter clamp

Cable brackets

PCS magnetic card and/or lightning current meter

Round conductor

Separating piece

ofoH-Hel-fi-

Earth entry

Installation principle, down-conductor unit

11
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Example: vertical facade elements

2.2.9 Use of natural components

Metallic installations can be used as natural com-

ponents of a conductor system, provided that:

e Electrical continuity is permanent,

¢ Their dimensions correspond at least to the values
for standardised conductors (Table 2.6).

Pipelines with combustible or explosive contents are

not permitted, if the seals in flange couplings are not

connected so that they are electrically conductive.

Precondition for facade elements and metallic con-

structions:

¢ Their dimensions must correspond to the require-
ments for down-conductors and the thickness of
the metal plates/pipes must be at least 0.5 mm.

e Their electrical continuity in the vertical direction
must meet the requirements.

¢ Facade elements can also be used as downcon-
ductors systems, provided that they are electrically
interconnected.

e Natural elements for down-conductors systems
must be executed according to IEC 62365-3.

Electrically connected reinforced concrete (metal re-

inforcement) can be used as a natural component of

a conductor system if:

e Connection points are provided in a reinforced con-
crete part,

e the prefabricated concrete parts are interconnected
during mounting on the construction site.

¢ |In stressed concrete, the risk of impermissible
mechanical influences due to exposure to lightning
current is taken into account.

Example: use of horizontally connected facade elements
as an down-conductor system
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Example: use of reinforced concrete supports/ down-
conductor system

In building structures with reinforced concrete sup-
ports or walls, the down-conductors must be routed in
the reinforcement. The down-conductors must be
routed in sections. This requires exact coordination.
The connection points must be created carefully with
clamp connectors. The down-conductors must also be
additionally connected to the reinforcement.

Reinforced concrete elements are ideally suited as a
down-conductors system, provided that this use is in-
cluded in the planning process in good time. Exact
specifications are required for the manufacture of the
reinforced concrete elements. Production must be
checked and documented in photographs. Earthing
fixed points should be used as connection points for
down-conductors and the equipotential bonding.

Continuous reinforcement of the building structure
If the reinforcement or reinforced concrete in the build-
ing structure is being used as a natural down- con-
ductor, it must be joined to the air termination system
using lightning protection connection components in
accordance with IEC 62561-1 (DIN EN 62561-1). A
connection to the earthing system capable of with-
standing lightning current must also be executed, at
least to the main earthing rail. If the natural down-con-
ductor is also to be optimised as protection against
LEMP (lightning electromagnetic impulse), corres-
ponding grids within the system should be realised.
Here grid widths of a=5 m and b = 1 m are recom-
mended.
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5 —e

E Down-conductor grid width =5 m

Reinforcement mesh width = 1 m

Example: use of reinforced concrete supports/ down-
conductor system

With systems made of prefabricated concrete and pre-
stressed concrete sections, the electrical continuity
must be checked with a continuity test between the
top section and the earth.

Measurement

The total electrical resistance should be measured us-
ing a testing unit suitable for this purpose (DC source,
10 A measuring current).

Two types of measurement must be carried out:

* The resistance of the connection point of the rein-
forcement to the next connection point should be <
10 mQ

e The connection point of the reinforcement with the
main earthing rail should not exceed 10 mQ per
metre of building height.

Tests should ideally be carried out before and after
filling with concrete. If these values are not achieved,
then the steel reinforcement may not be used as a
conductor. In this case, we recommend the erection of
an external conductor. In building structures made of
prefabricated concrete sections, the electrical continu-
ity of the steel reinforcement of the individual prefab-
ricated concrete sections with the neighbouring pre-
fabricated concrete sections must be guaranteed.
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Without equipotential areas

| BRELL

B |[o00 3]

n Separation distance (s)

n Length L
B | ves

With equipotential areas

Separation distance for high buildings with and without equipotential area as reference level

2.2.10 Equipotential areas as the reference layer for
calculating the separation distance in high buildings

In high buildings, conventional separation distance
calculations can create separation distances which
can no longer be implemented, as the length to the
next reference level (e.g. earthing system or closest
point of the equipotential bonding) is very long in the
calculation (see Table 2.7) due to the building dimen-
sions.

To still be able to plan and install a lightning protec-
tion system according to IEC/EN 62305-3, the cre-
ation of equipotential layers should be taken into ac-
count early in the project planning.

114

Creation of equipotential areas, e.g. on every 2nd or

3rd floor using:

e Lightning protection equipotential bonding through
suitable lightning arrestors and surge protection
devices for power and communication units

* Meshed earthing system according to DIN 1804

¢ Meshed ceiling reinforcement (multiple times in the
building)

5 x 5 m according to DIN EN 62305-4

» Connection to reinforcement every 2 m

e Lightning protection equipotential bonding of all
metallic or electrical cables running into the equipo-
tential levels (e.g. external cameras, luminaires,
supply lines, PV systems, etc.)
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Components of the isCon® system

2.2.11 High-voltage-resistant, insulated conductor
For architectural reasons, it is often not possible to
maintain the required separation distance in contem-
porary buildings. In these cases, and in industrial
plants, the high-voltage-resistant, insulated isCon®
conductor enables compliance with IEC 62305 and
offers an equivalent separation distance of 0.75 m in
air and 1.5 m in solid materials.

Overview of product benefits:

¢ No problems with the separation distance

¢ Universal: Simple termination on the construction
site

e Conforms to the standard: cross-section of 35 mm?

copper

Tested: By independent testing institutes

Flame-resistant

Weatherproof

Up to 200 KA lightning current per conductor

Environmentally friendly: halogen-free

Can be used in potentially explosive areas

g - ©
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Total flexibility in the design of the lightning protec-
tion system

The isCon® conductor is a high-voltage-resistant con-
ductor without creeping discharge. It permits adher-
ence to separation distances according to IEC 62305-
3 and can replace a separation distance of 0.75 m in
the air and 1.5 m in the case of solid materials. These
are properties confirmed by independent testing insti-
tutes.

Structure of the isCon® conductor

The OBO isCon® conductor consists of several parts.
Its copper core has a cross-section of 35 mm?2 (IEC
62305 demands min. 25 mma2). It is surrounded by an
internal conductive layer and high-voltage-resistant
PEX insulation. In turn, this is surrounded by an ex-
ternal conductive layer and with an additional weakly
conductive material. The lightning current flows
through the copper core. For operation, the copper
core must be connected to the weakly conductive
jacket using a connection element. Only the tested
connection element may be connected to the air-ter-
mination system or forwarding conductor of the ex-
ternal lightning protection. The conductor must be loc-
ated in the protection area of the air-termination sys-
tem and be fastened at distances of a maximum of
one metre using the installation material indicated. If
cables are routed in the building, then specified pro-
tection measures, such as fire insulation, must be
taken into account.

Example: protection of a gas distribution point with
isCon®conductor

isCon®

MADE BY OBO

s,<45cm 150kA @20 mm E :'::;;‘;Z
Industrial
PROFESSIONAL s, =75cm 150 kA @20 mm buildings
PROFESSIONAL+ s,<75cm 150 kA @ 23 mm ((j:hetm icals in-
uﬂ ustry
s, =90cm 200 kA @23 mm Tower blocks

116
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2.2.12 Versions

2.2.12.1 Non-isolated lightning protection system

If the necessary separation distance between the light-

ning protection system and the metallic systems of the

building or the installation cannot be adhered to, fur-

ther measures are required. To prevent dangerous

sparking and a resulting fire risk, the following meas-

ures should be taken:

¢ |Increase number of conductors (recalculate safety
distance!)

¢ Create a connection between the systems that is
capable of carrying lightning current

2.2.2.2 Isolated lightning protection system

Isolated lightning protection systems allow standard-
compliant lightning protection according to IEC
62305. The separation distance to electronic systems
required by the standard can be maintained by the dif-
ferent versions of the insulated lightning protection.
The individual components and systems allow the cre-
ation of a very wide range of different solutions, ac-
cording to requirements.

Chapter 2 | The external lightning protection system

Isolated lightning protection with isCon®

Isolated lightning protection with air-termination rods
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Chapter 2 | The external lightning protection system

Bl | nsulated GRP holder

E Round conductor

Insulated lightning protection with GRP rods

Insulated lightning protection on an air-termination

rod

The insulated lightning protection system consists of

GRP rods with a diameter of 16 or 20 mm:

* There is a comprehensive range of system ac-
cessories available for both variants

e Two material thicknesses

¢ Can be obtained as a set for different applications

118

16 mm GRP rods

20 mm GRP rods

0.75-1.5 and 3 m length

3 and 6 m length

UV-stable

UV-stable

Light grey

Light grey

Material factor (km): 0.7

Material factor (km): 0.7

Load torque: > 400 mm?

Load torque: > 750 mm?

Support load: 54 N (1.5 m)

Support load: 105 N (1.5 m)

Table 2.23: Properties of the insulated GRP rods

TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54



TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54

2.2.12.3 High-voltage-resistant isCon® conductor

Tasks of an insulated, high-voltage-resistant con-
ductor

Insulated conductors are used in the field of external
lightning protection to reduce or avoid the separation
distance according to IEC 62305-3.

Requirements:

e Conductor connection with lightning current carry-
ing capacity to the airtermination system, earthing
system or standard exposed conductors run on to-
wards the earth.

¢ Maintenance of the necessary separation distance
(s) within the limits specified by the manufacturer
through sufficient electrical voltage resistance of the
conductor, both in the area of the supply point as
well as in the entire onward course.

e Sufficient current carrying capacity through a stand-
ard conformant conductor cross-section of the ar-
restor (OBO isCon® = 35 mm2, standard requires
min. 28 mm2)

Normative requirements

Currently only the general requirements for:

e |[EC 62561 Lightning protection system - Part 1:
Requirements for connection components e.g. light-
ning current carrying capacity of the connection
points

e |EC 62305 Protection against lightning — Part 3:
Protection of structural facilities and persons, e.g.
arrestor system, min. cross-sections, equipotential
bonding

e |[EC TS 62561-8: Requirements for components for
isolated LPS

Chapter 2 | The external lightning protection system

Isolated lightning protection with air-termination rods

isCon system: Areas of application — application ex-
amples

Insulated conductors are installation solutions for ex-
ternal lightning protection which can be used primarily
in locations where the separation distance cannot be
maintained or is not applied for aesthetic reasons.
Areas of application:

* Mobile telecommunications antennas

e Computer centres

* Expansions of lightning protection systems

* Architectural solutions

e Separation distance cannot be maintained

Geometry Minimum cross-sections Comments

Strip 50 mm?2 Minimum thickness 2.0 mm

Round® 50 mm?2 Diameter 8 mm

Cable 50 mm?2 Minimum diameter of each wire 1.7 mm
Round 200 mm? Diameter 16 mm

Table 2.23: Minimum cross-sections for conductors

2 In certain situations, 50 mm?2 (8 mm diameter) can be reduced to 25 mm?2 if mechanical resistance is not a primary
criterion. In this case, the spacing of the cable brackets should be reduced.
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Purpose of the insulated conductors

If a direct lightning strike hits an installation with non-
isolated lightning protection, arcing will take place
onto earthed metal constructions or into electrical in-
stallations.

In an isolated system, a correctly calculated separa-
tion distance will ensure that the lightning current
flows right through to the earthing system. If this is not
practicable, a high-voltage-resistant insulated down-
conductor can be used to maintain an equivalent sep-
aration distance.

S

M

Masonry

Masonry

Masonry

Lightning current

Lightning current

isCon conductor

8 mm conductor

8 mm conductor

Electrical installation

Electrical installation

Electrical installation

120

Separation distance
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isCon® = insulated conductor

Chapter 2 | The external lightning protection system

Protective jacket, EVA (ethylene vinyl acetate copoly-
mer), UV-resistant

Conductive PEX (cross-linked polyethylene)

Insulating PEX (cross-linked polyethylene)

35 mm2 copper cable

Structure of the high-voltage-resistant OBO isCon® insulated conductor

OBO isCon® system

Insulated conductors are used in the field of external

lightning protection to reduce or avoid the separation

distance according to IEC 62305.

e |n contrast to standard shielded medium-voltage
cables with a metallic shield, insulated conductors
possess a weakly conductive jacket for field con-
trol, de-energising the high voltage in the area of
the supply point. This therefore prevents arcing via
the cable jacketing of the insulated conductor.

e After the first potential connection of the cable
jacket, the insulated conductor secures the spe-
cified equivalent separation distance.

Structure of the high-voltage-resistant OBO isCon®
insulated conductors

The isCon® conductor is a single wire cable with a
coaxial structure. It consists of several layers of con-
ductive, slightly conductive and insulating material,
and the internal conductor with corresponding con-
ductivity. Thanks to this structure, both a sufficient
dielectric strength of the insulation in case of lightning
voltage impulses and targeted manipulation of the
electrical field strength at both ends of the cable is
possible. This prevents the creeping discharges that
would otherwise occur.

Creeping discharges always occurs on boundary sur-
faces between a solid and gaseous insulating mater-
ial. Due to the heterogeneous electrical fields, local
peaks in field strength occur which, when the incep-
tion voltage for creeping discharge is reached, trigger
discharge along the surface of the conducts.
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Test reports for the isCon® conductor

Separation distance

Calculation of the separating distance according to
IEC 62305-3 Section 6.3 at the connection point of
the isCon® conductor: the length (I) between the con-
nection point of the isCon® conductor to the next level
of the lightning protection equipotential bonding (e.g.
earthing system or equipotential level) must be meas-
ured. It must be checked whether the calculated sep-
aration distance (s) is less than the specified equival-
ent separation distance of the isCon® conductor. If the
specified separation distance is exceeded, then addi-
tional conductors must be installed.

Note

The values in the table apply to all type B earthers
and to those type A earthers in which the earth resist-
ance of the neighbouring earther electrodes does not
differ by more than a factor of 2. If the earther resist-
ance of individual electrodes deviates by more than a
factor of 2, kc = 1 should be assumed. Source: Table
12 of IEC 62305-3.

Basic s:& Premium
LPD lightning protection Max. lightning current Number of Length for s < Length for s < Length for s <
class peak value conductors 0.45 m in air 0.75 m in air 0.90 m in air
1 - - 11.25m
200 kA 2 8.52m 14.20 m 17.05 m
3 and more 12.78 m 21.31m 25.57 m
1 7.50 m 12.50 m 15.00 m
Il 150 kA 2 11.36 m 18.94 m 22.73 m
3 and more 17.05m 28.41m 34.09 m
1 11.25m 18.75 m 22.50 m
I+ 100 kA 2 17.05 m 28.41m 34.09 m
3 and more 25.57 m 42.61m 51.14 m

Table 2.25: Maximum length of the isCon® conductors in air
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Chapter 2 | The external lightning protection system

Lightning current, several kA

Connections between copper cable and sheath

Electrical connection to building, conductive structure,
local PAS

Minimum spacing (smaller values are possible based
on calculation)

Functioning of the isCon® conductor

Rules for the planning and installation of parallel
isCon® conductors

Current division occurs in an installation of multiple in-
sulated conductors, run in parallel. The reduced cur-

rent division coefficient k thus also reduces the calcu-
lated separation distance (s).

To keep the magnetic fields as small as possible and
avoid interference between the cables, it is wise to
keep the cables at least 20 cm apart. Ideally, the
second conductor should be run to the ground on the
other side of the building.
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When conductors are routed directly beside one an-
other, the inductivity of the total arrangement is not re-
duced by the factor n, and the current division coeffi-
cient is not reduced accordingly. An exact calculation
of the separation distance provides evidence of
whether the isCon® conductor can be used, see Table
2.25.

The high-voltage-resistant insulated
iIsCon® conductor fulfils the re-
quirements of the standard by of-
fering an “equivalent separation
distance”.
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n Connection element

E Potential connection with e.g. Cu cable of > 6 mm?2

H x: minimum distance (smaller values are possible

based on calculation)

Connection of isCon® to mesh

isCon®: Potential connection

The potential control element should be connected
to a reference potential using = 6 mm2 Cu or an
equivalent conductivity.

Lightning current must not flow through the refer-
ence potential and it must be in the protective
angle of the lightning protection system.

This means that the potential connection can be
made via a local equipotential busbar, metallic and
earthed roof structures, earthed parts of the build-
ing structure and via the protective conductor of the
low-voltage system.

Equipotential bonding (connection = 6 mm2) not ne-
cessary for separation distance < 0.15 m
Throughout both connection areas, the respective
calculated separation distance (s) to the metal
parts must be maintained.

Chapter 2 | The external lightning protection system

No electrically conductive or earthed parts may be
located in the area between the connection element
and the potential connection in the radius of the calcu-
lated separation distance. These include, for example,
metallic construction parts and cable brackets as well
as assemblies. If the calculated separation distance
(s) is less than the equivalent separation distance of
the appropriate isCon® conductor, then the distance
between the potential connection clip and the connec-
tion element (x) can be reduced accordingly.
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Example: isCon® conductor on isolated ring circuit

x [cm] 150

Connection element

Potential connection

x: Minimum distance (smaller values are possible
based on calculation)

y: Distance from

GRP holder to wall

h: Distance from wall mounting to flat roof

Equipotential bonding = 6 mm?2

140
130
120

110 @

0 17,520 25 30 35 40 45 50 55 60 65 70 75 80 85 90

s [cm]
@

Clip distance (x) from the potential connection terminal to
the connection element in cm

Calculated separation distance (s) in cm
isCon BA 45 SW

isCon Pro+ 75 SW/GR and isCon Pro 75 SW
isCon PR 90 SW

©®@e® O

Table 2.26: Minimum required distance between connec-
tion element and potential connection terminal s =
0.75 min air

O=0 [

isFang air-termination
or

rods with external isCon® conduct-
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In complex installations, the required separation dis-
tance can often no longer be implemented with con-
ventional conductors, as the structural conditions do
not permit the required distances between the air-ter-
mination systems and the electrical installations. Insu-
lated lightning protection systems, such as the OBO
isCon® conductor, are used to maintain the required
separation distance nonetheless.

Total flexibility on the construction site

The OBO isCon® conductor can be used flexibly. The
isCon® conductor is delivered on disposable cable
rolls. This means that the user can cut them to the ex-
act size they require and terminate them as neces-
sary. This means: no ordering of pre-terminated
cables, but rather flexible working according to actual
conditions on the construction site. Special knowledge
is required to be able carry out the planning and rout-
ing of the isCon® conductor correctly. This knowledge
is imparted by the current installation instructions, but
can also be deepened in special OBO workshops.

Halogen freedom

The use of halogen-free cables prevents the formation
of corrosive and toxic gases during construction. The
gases can cause considerable damage to people and
property. The costs resulting from the corrosiveness of
the fire gases are often higher than the costs caused
by direct fire damage. The OBO isCon® conductor is
made from halogen-free materials.

Chapter 2 | The external lightning protection system

Behaviour in case of fire

A fire can spread along a non-flame-resistant cable in
just a few minutes. Those cables are considered
flame-resistant that prevent the spread of fire and
which extinguish themselves after the ignition flame is
removed. The flame resistance of the OBO isCon®
Pro+ conductor was proven according to DIN EN
60332-1-2.

Application example: soft-covered roofs
Soft-covered roofs such as straw, thatch and reed re-
quire extra protection against lightning and the associ-
ated fire risk.

An isolated lightning protection system achieved by
using isCon® conductor is recommended in order to
comply with the aesthetic expectations of builders and
architects. The airtermination system is implemented
using airtermination rods, which allow the conductor
to be routed in their interior (type isFang IN). The grey
version of the isCon® conductor guarantees a high
level of protection and can be used for soft roofs. In
this way, the conductor can be routed under the soft
roof.

Soft-covered roof with isCon®
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Application example: mobile telecommunications
system

Installations such as mobile telecommunications sys-
tems must be included in the lightning protection con-
cept, particularly in the case of refitting work.

Spatial restrictions, as well as the influence of trans-
mission signals, can be overcome by constructing the
lightning protection system using an isCon® con-
ductor. Simple inclusion in the existing lightning pro-
tection system as well as separate lightning protection
can be implemented simply and in accordance with
the standards.

Cell tower with isCon® conductor

O=0 [

Aesthetic aspects

In easily visible areas, as well as wherever aesthetics
are important, we recommend routing the isCon®
conductor in the air-termination rod. Equipotential
bonding after the first 1.5 metres takes place in the
rod. The entire retaining pipe is earthed, guaranteeing
comprehensive equipotential bonding. A simple and
visually perfect installation solution.

CCTV cameras with isCon® conductor
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2.2.13 New technical specification

IEC TS 62561-8 for insulated external lightning pro-
tection systems with insulators and high-voltage-
resistant, insulated conductors according to IEC/EN
62305-3

2.2.13.1 Problem

Increasingly, in structures, the electrical equipment is
being moved onto the roof. In addition, the EMC re-
quirements play an ever greater role. An external light-
ning protection system, consisting of an air-termination
system, a conductor system and an earthing system,
can also make a contribution to the preventive fire
protection and EMC protection of a building. The erec-
tion of an external lightning protection system accord-
ing to IEC/EN 62305-3 allows the arrangement of a
separate lightning protection system, which is insu-
lated from the metallic or electrical systems of a struc-
ture. This insulates the air-termination system and con-
ductor system from the structure, i.e. set up at a dis-
tance to the building to be protected. Such an insu-
lated structure is required, for example, if the structure
or part of the structure should not carry lightning cur-
rent, but is located in the protection area of the insu-
lated external lightning protection system. The image
alongside shows a typical application of an insulated
lightning protection system on a building to protect
the technical systems located on the building.

To implement an insulated external lightning protec-
tion system, metallic conductors can be applied
through insulators, such as GFK bracket units, at a
separation distance (s) according to IEC/EN 62305-3.

Chapter 2 | The external lightning protection system

Conventional conductor

Insulator
2

S Separation distance
U Induced voltage

Insulated external lightning protection system with insu-
lators

N v B
B [ s JA
B D
B
D~ |

Fastening stand

Insulator

Metal bracket

Conventional conductor

Plastic bracket

ofof-Hefi-fi-

Separation distance

Definition of the separation distance for insulators

This separation distance (s) can also be achieved
through high-voltage-resistant insulated conductors,
whereby the high-voltage-resistant conductor can be
routed directly on the surface of the structure.
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The requirements and type tests for insulators and
high-voltage-resistant insulated conductors are spe-
cified in the newly released IEC TS 62561-8. In the
technical and architectural fields, a high-voltage-resist-
ant, insulated conductor can offer considerable bene-
fits compared to the mechanical set-up with insulators.
An insulated conductor can be installed to be invisible
behind metallic facades, under thatched roofs or be-
hind glass facades. In every case, the galvanic de-
coupling of the lightning current by the structure pro-
tects the electrical roof structures against the impacts
of a direct lightning strike.

Air-termination system

Insulated conductor (4) fastened to an insulating pipe
(2)

Metal fastening stand

Insulated conductor

Insulated external lightning protection system with
isCon®

130

This not only offers benefits in industry, e.g. in poten-
tially explosive areas, but can represent a key area of
preventive fire protection and the guarantee of EMC in
any structure. The impact of the magnetic field cre-
ated by the lightning current on the structure cannot
be prevented by an isolated external lightning protec-
tion system. However, the level of the magnetic field
within a structure is given by the shielding action of
the installed metallic structures of the building. The im-
pact of the magnetic field can be reduced within the
structure through further shielding measures de-
scribed in IEC/EN 62305-4.

The electrical installation of the building should also
be protected against the impacts using suitable SPDs
(surge protection devices). However, the major benefit
of an insulated external lightning protection system is
the reduction of potential differences in the equipoten-
tial bonding system of the structure. Together, an insu-
lated external lightning protection system and shield-
ing measures make a contribution to the guarantee of
the electromagnetic compatibility and thus to the safe
operation of electrical systems in the case of a light-
ning strike.
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2.2.13.2 Insulated external lightning protection sys-
tem with insulators

An insulator should keep conductors routing lightning
current at a distance from metallic structures and elec-
trical systems, provide insulation against the induced
voltage in case of a lightning strike and resist the en-
vironmental loads, such as ultraviolet radiation and
soiling, and the tension and pressure forces resulting
from snow, ice and wind. However, insulators are a
part of a mechanically coupled system made up of in-
sulating materials and ladders.

The most important requirement is the compliance of
the necessary separation distance, even if the insulat-
or is moved. The separation distance is defined in DIN
EN 62305-3 (IEC 62305-3) and contains the coeffi-

cient k. Instead of k , the manufacturer states the ef-
fective length correction factor k, which is confirmed

in a type test. k, specifies the ratio of the standing
lightning pulse voltages of an air spark gap and an in-
sulator aged by UV radiation.

Chapter 2 | The external lightning protection system

k, = |4/l - Effective length correction factor
li - Strike distance of an air spark gap with equivalent

discharge behaviour of an insulator.
l; - Thread measure of the insulator

Further type tests are described in IEC TS 62561-8
and contain the following points:
e Documentation

e Labelling

Construction

Ultraviolet light

Corrosion

Extraction force

Bend test

Impact test

Electrical testing

st

Stand

Insulator

Metal bracket

Air-termination system/conductor

Insulated holder

-l -

| Thread measure of the insulator

st

Definition of thread measure of the insulator

@ oB0
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2.2.13.3 Isolated external lightning protection sys-
tem with insulated, high-voltage-resistant conduct-
ors

A high-voltage-resistant, insulated conductor should
withstand the induced voltage in the event of a light-
ning strike and resist the environmental loads, such as
ultraviolet radiation and soiling, the tension and pres-
sure forces resulting from snow, ice and wind, as well
as the electrodynamic forces.

An insulated conductor, as shown in the image below,
can be developed, if, instead of the air around the
bare conductors being used as the insulating material,
it is assumed that the bare conductor is surrounded
by a virtual solid insulating material. Due to the in-
creased resistance of a solid insulating material com-
pared to air, the insulation thickness around the con-
ductor can be reduced to a few millimetres. At first
glance, this allows routing of the insulated cable dir-
ectly on the shell of the structure.

Bl o 2 o

However, the transition of the insulated conductor in
the critical area of the building edge and connection
of the insulated conductor to the air-termination sys-
tem require special additional measures to avoid float-
ing discharges.

The field of medium and high-voltage technology has
shown that floating discharges can occur at the ends
of cables. In these applications, to avoid floating dis-
charges, the cable is given a cable termination for po-
tential control. The same problems must be solved for
the insulated conductor. However, there is the differ-
ence that there is never alternating current at an insu-
lated conductor and only a few voltage and current
loads will occur during the entire lifespan of a struc-
ture. The requirements for special potential control for
insulated conductors in lightning protection are de-
rived from this.

o r——— e —

Structure Structure

Structure

Lightning channel

Virtual solid insulation material

u!

Virtual solid insulation material

Insulated air-termination device

Insulator

Conventional conductor

Separation distance

L e L

Induced voltage

replaced with insulated con-
ductor

n Critical area

Development of an insulated, high-voltage-resistant conductor
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Thus, measures to avoid floating discharges can be
selected without taking thermal effects in alternating
current into account. A resistive field control has
shown itself to be particularly suitable and robust. This
avoids the formation of damaging floating discharges
through the appropriate control of the electrical field
strength in the critical area of the transition to the air-
termination system.

Here, in a manner similar to medium and high-voltage
cables, the internal conductor is surrounded with a
weakly conductive internal conduction layer, to which
the actual insulating material is attached. The weakly
conductive layer is attached to this insulating material.
The two conduction layers compensate for uneven-
nesses, thus ensuring even field distribution.

Chapter 2 | The external lightning protection system

However, the metallic shield used for medium and
high-voltage cables is technically undesirable for insu-
lated conductors. In contrast to the medium and high-
voltage network, the inductive coupling, created by the
lightning impulse current, induces a very high voltage
onto the cable shield. In turn, this voltage requires the
maintenance of a separation distance between the
shield and the system to be protected. Undershooting
this separation distance would lead to arcing and to
the coupling of a high impulse current into the sys-
tems to be protected [Beierl].

Lightning current, several kA

Connections between copper cable and sheath

Electrical connection to building, conductive structure,
local PAS

Minimum spacing (smaller values are possible based
on calculation)

aapR

Function of the isCon® conductor

133



Chapter 2 | The external lightning protection system

2.2.13.4 Potential control

For safe operation of an insulated conductor, meas-
ures to avoid floating discharges are necessary. As an
induced voltage is only present on an insulated con-
ductor when lightning strikes, a resistive field control
can be used to avoid floating discharges. The lower
the resistance is designed to be, the more effective it
is. The value is limited in a downward direction so that
no partial lightning current can flow into the building.
In an upward direction, the value is given by the re-
quirement for effective field control.

The voltage load on a lightning strike is an impulse
voltage. Using the numerical field calculation, the res-
istive field controller can be calculated in a time-dis-
creet manner for the entire course of the impulse
voltage. This allows optimisation of the resistance
value of the resistive field controller. For this, the test-
ing arrangement is used as a basis, which is also
used for the high-voltage testing according to IEC TS
62561-8 and represents the worst-case scenario. As
an example, the left image shows the field diagram of
this arrangement with an applied impulse voltage of
1,000 kV in the area of the equipotential bonding ter-
minal.

mim T T
S o

270+
268 -
266 |-
264 -
262
260 |-
258
256 -
254 |-
252

250

Field diagram of an insulated conductor at the first equi-
potential bonding terminal during a type test at time t =
1.2 us of the applied impulse voltage 1.2/50.

134

Here, equipotential lines and the vertical electrical field
lines can be seen. Within the external conductive layer
and in the resistive field control layer, the current lines
can be seen, which are significant for avoiding floating
discharges. The right-hand image uses a cross-sec-
tion diagram to show the current density vectors and
equipotential areas. Both diagrams show how the nu-
merical, time-discreet field calculation can be used to
optimise the resistive field control so that the current
in the field control layer can be kept as small as pos-
sible, whilst still avoiding the formation of floating dis-
charges.

Current density vectors in resistive field control and po-
tential density of an insulated conductor at time t = 1.2
us of the applied impulse voltage 1.2/50 20 cm below
the earthed fastening clamp. A potential of 1,000 kV is
applied to the internal conductor.
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2.2.13.5 Technical solution for an insulated high-
voltage-resistant conductor

The insulation material is not constantly subject to
voltage, meaning that aging processes do not play a
role on medium and high-voltage cables of the power
supply. During the expected lifespan of a lightning
protection system, an insulated, high-voltage-resistant
conductor must withstand multiple lightning events.
For this reason, the insulating material can be used up
to close to the limit of the theoretical resistance of
250 kV/mm [Ushakov]. However, this assumes the
use of high-quality materials for the internal and ex-
ternal conductive layer, the insulating material and for
the resistive field control. The properties of the materi-
als are checked in a high-voltage test.

Chapter 2 | The external lightning protection system

Beginning with the secured operating field strengths
for 50 Hz in the long-time range, the following image
shows an extrapolation of the field strength for the
short-time range of a few 100 ns. The extrapolation
covers the theoretical field strength given by Ushakov
for the short-time range of 250 kV/mm for the time
range of 100 ns. From the type tests carried out, the
field strengths effective in the test can be calculated
and are shown as points in the image. They match the
theoretical field strength.

The below image shows a finished and patented
design of an insulated, high-voltage-resistant con-
ductor. In so doing, the cross-section of the copper
conductor is selected in such a way that sufficient
lightning current carrying capacity and acceptable
flexibility for routing are given, but, at the same time,
the standard specifications from IEC/EN 62305-3 are
fulfilled.

1
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10 2
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Overview of the electrical field strength for insulation ma-
terials of high-voltage cables and extrapolated values for
the shorttime range, as well as two protected values
from type tests of insulated conductors.

1 Electrical field strength in kV/mm

Load period in s

Sample from type guide

Theoretical limit according to Ushakov

Ed extrapolated

gaaA -

Ed secured experimentally, 50 Hz
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Structure of an insulated conductor to test the lightning
current carrying capacity, e.g. with 200 kA

2.2.13.6 Type tests for insulated conductors

The recently published technical specification IEC TS
62561-8 specifies the requirements and type tests for
insulated down conductors [Meppelink]. The key test

is the proof of the equivalent separation distance (s,)
of the insulated conductor. Before this type test, three
samples to be tested are subjected to an impulse cur-
rent test with the indicated rated current, e.g. 200 KA.

An evaluation of the transition resistances and release
torques of the screw connections according to IEC
62561-1 can only be carried out after the high-voltage
test. After a static, mechanical load with 900 Nm, as
shown in the "Testing structure of the static mechanic-
al load", the insulated conductor is connected with an
air-insulated comparative spark gap to an impulse
voltage of 1.2/50. The distance to the comparative
spark gap is adjusted to the distance of the indicated
separation distance using a correction factor specified
in the standard.

Through three impulse voltage loads for each sample,
it must be proven that the comparative spark gap
flashes over and no disruptive breakthrough or arcing
occurs on the insulated conductor. This proves the

equivalent separation distance (s,).

Testing structure during an impulse voltage test with an
equivalent separation distance (s,) of 75 cm.

Testing structure of the static mechanical load

An example of the test structure is shown, along with
a registered load with disruptive breakthrough of the
comparative spark gap adjusted to an equivalent sep-

aration distance (s,) of 75 cm. As this arcs and not
the high-voltage-resistant, insulated conductor in paral-

lel, an equivalent separation distance (s,) of 75 cm
can be proven for this conductor type.

Further type tests are described in IEC TS 62561-8
[Meppelink] and contain the following points:
e Documentation

e Labelling

e Construction

e Ultraviolet light

* Tension and bend test

e Corrosion

e |Impact test

e Electrical testing with impulse current

» Electrical testing with impulse voltage

TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54



TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54

2.2.13.7 Summary

The lightning protection components for insulated ex-
ternal lightning protection systems are now offered ac-
cording to IEC TS 62561-8. The tested components
secure the function of the insulated external lightning
protection systems under the named environmental
loads and when subjected to lightning. From the point
of view of the erection of lightning protection systems,
insulated external lightning protection systems make
an important contribution to the protection of any
structure against the impacts of lightning, and an im-
portant contribution to the electromagnetic compatibil-
ity of electrical systems.

Chapter 2 | The external lightning protection system

isCon®

MADE BY OBO
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Installation principle for isCon® in potentially explos-
ive areas

In Ex zones 1 and 21, after the first potential connec-
tion, the OBO isCon® Pro+ conductor should be con-
nected at regular distances (0.5 metres) using a
metallic cable bracket (e.g. isCon® H VA or PAE) to
the equipotential bonding. If there is a lightning strike,
the equipotential bonding must not carry lightning cur-
rent and must be in the protection angle of the light-
ning protection system.

\ |llll'ﬂn.ln

'L\L w
{“‘“\\\\m-

uwl i W
= et
: I
%ﬂﬂﬁ&ﬂﬁﬁm‘tﬁ iy
.'Mm l]l“ll]m “-\1 “ “““ “ ﬁi i
| M\u‘ﬂ{\m}ﬂm\W&“\\ﬁ“\ﬂu\\{.}“ “““l‘““&“‘mi““‘h“:‘“%“ﬂ

m"ﬁ\\ 11]“‘1 m“
il il it s
i

Installation principle for isCon® in potentially explosive areas

TBS Blitzschutz-Leitfaden 2018 / en / 2020/01

O=0 [Hsh



Chapter 2 | The external lightning protection system

isCon® Professional + conductor

isFang air-termination rod 4 m with external isCon®
conductor

isFang air-termination rod 6 m with external isCon®
conductor

Potential connection
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2.2.13.8 Selection aid, isCon® conductors

yes
s air>75cm
no
yes
Paintable?
no
yes

Ex requirements?

no

Additional

mechanical yes

no

protection*
required?

no

s air < 45 cm

*Additional mechanical protection: Surface damage of the ex-
ternal protective jacket does not influence the high-voltage-res-
istant, insulating function of the black isCon Pro+ conductor! For
this, the jacketing must remain for a minimum of 0.2 mm over
the entire scope of the conductor.

Protection against
contact
voltage?

yes

TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54



TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54

2.3 Lightning protection in potentially
explosive areas

2.3.1 Basic principles

Every year, explosions endanger people and systems
around the world. Any company manufacturing, pro-
cessing or storing combustible substances must ex-
pect the risk of explosions.

Application examples:

¢ (Gas pressure regulation and measurement systems

¢ Valve stations

* Pumping stations

e Fuel depots

¢ Natural gas storage facilities, natural gas com-
pressor stations

e Petrol stations

* Refineries

¢ Biogas plants

¢ Production facilities of the chemicals and pharma-
ceuticals industry

Chapter 2 | The external lightning protection system

Potentially explosive areas (Ex areas) are all those
rooms and areas in which gases, vapours, mists or
dusts, which can form potentially explosive mixtures
with air, can collect to a hazardous level. Explosion
protection will prevent damage to technical products,
systems and other equipment. The system operator is
responsible for the proper availability of the system!

Three factors must exist simultaneously for an ex-

plosion to occur:

e Combustible substance

e Oxygen

e |gnition source according to the Technical Rules for
Operating Safety (TRBS) 2153/Technical Rules for
Hazardous Substances (TRGS) 727: Static electri-
city, electromagnetic waves or lightning strike

Parts 1 and 2 of TRBS 2153 and 2152 have the
same content as those of TRGS 720/721 and 722.
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EN 1127-1 states, if lightning strikes a potentially ex-
plosive atmosphere, then the atmosphere is always ig-
nited. The strong heating of the arresting paths of the
lightning can also trigger ignition. Starting at the light-
ning strike point, strong currents flow, which can
cause sparks close to the impact point. Even without
a direct lightning strike, induced voltages can cause
damage to electrical devices, systems and compon-
ents for measurement, control and regulation (MCR)
technology and, in the worst case, can lead to an ex-
plosion.

For this reason, the three basic principles of explo-

sion protection are:

e Avoid potentially explosive atmospheres

¢ Avoid any possibly effective source of ignition

e Limit possible explosion impacts to a reasonable
level

Special requirements for lighting and surge protec-
tion in Ex areas

The lightning protection measures must be created in
such a way that there are no melting and spray im-
pacts. In a lightning protection system erected accord-
ing to IEC/EN 62305-3, the creation of ignitable
sparks, as well as interfering or damaging impacts on
electrical systems through the impact of lightning,
need not be prevented in every case.
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For this reason, when planning and running a lightning
protection system through potentially explosive areas
- so-called Ex zones - the following rules must addi-
tionally be taken into account:
e |[EC/EN 62305-3 - Appendix D
"Additional information for lightning protection sys-
tems for structure in potentially explosive areas"
e VDE 0185-305-3 - Supplement 2
"Additional information for special building struc-
tures"

In Ex systems with Ex zone 2 and Ex zone 22, an Ex
atmosphere will most likely only occur in rare, unfore-
seen circumstances. Therefore, it is possible to posi-
tion airtermination systems in Ex zone 2 and Ex zone
22, taking Appendix D in IEC/EN 62305-3 into ac-
count.

With regard to the risk of ignition of a dangerous, po-
tentially explosive atmosphere through a lightning
strike, the Technical Rules for Hazardous Substances
No. 509 refer to TRBS 2152 Part 3 Number 5.8. Ap-
pendix 1 of the TRGS lists individual details on the
use and requirements of spark gaps in pipe lines, as
well as detailed requirements on lightning and surge
protection units according to IEC/EN 62305. Building
sections containing tanks to store flammable liquids
with an ignition point < 55 °C and a volume of more
than 3,000 litres must be protected against ignition
risks from lightning strikes using suitable equipment.
This also applies to above-ground tanks in the open
air and underground tanks with flammable liquids with
an ignition point of < 55 °C, which are not completely
surrounded by earth, masonry, concrete or multiples
of these substances.
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2.3.2 Assignment of the Ex zones

Potentially explosive areas are divided up into 3 zones
according to the duration and frequency of the occur-

Chapter 2 | The external lightning protection system

A further subdivision of the potentially explosive areas

rence of potentially explosive atmospheres. These
zones are always three-dimensional areas or a three-

dimensional space.

Intervals of the occurrence of potentially explosive atmospheres

makes a distinction between combustible gases and
combustible dusts.

Level of risk

Interval of occurrences
of mixtures (annual)

Interval of occurrences of
mixtures (differentiated)

Dwell times of the
mixtures

Zone 0, Zone 20: Constant or frequent form-
ation of potentially explosive atmospheres

Greater than for Zone 1,
> 1.000x

Greater than for Zone 1,
> 3x/day

Longer than for Zone 1

Zone 1, Zone 21: Occasional formation of > 10x, > 1x/month, Longer than 0.5 hrs,
potentially explosive atmospheres < 1.000x < 3x/day shorter than 10 hrs

Zone 2, Zone 22: Normally no or short form- | = 1x, > 1x/year,

ation of potentially explosive atmospheres < 10x < 1x/month Shorter than 0.5 hrs

Definition of Ex zones

Ex zones Description
Zone 0 In Zone 0, in normal operation, a dangerous, potentially explosive atmosphere can form over longer periods or at
regular intervals as a mixture of air or combustible gases, vapours or mist.
Zone 1 In Zone 1, in normal operation, an atmosphere can occasionally form as a mixture of air or combustible gases, va-
pours or mist.
Zone 2 In Zone 2, in normal operation, a potentially explosive atmosphere can normally not, or only briefly, form as a mix-
ture of air or combustible gases, vapours or mist.
In Zone 20, in normal operation, a dangerous, potentially explosive atmosphere can form over longer periods or at
Zone 20 . : . ) ) :
regular intervals in the form of a cloud of combustible dust contained in the air.
In Zone 21, in normal operation, a dangerous, potentially explosive atmosphere can form occasionally in the form
Zone 21 ) . : :
of a cloud of combustible dust contained in the air.
In Zone 22, in normal operation, a dangerous, potentially explosive atmosphere can normally not, or only briefly,
Zone 22 } h ) ; )
form in the form of a cloud of combustible dust contained in the air.
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The operator of a building specifies the appropriate
potentially explosive areas, divides them up into zones
and labels them in a diagram of the systems to be
protected according to the Ordinance on Industrial
Safety and Health, and the Hazardous Substances
Ordinance. For the planning of lightning protection
measures, these drawings must be reviewed before
the planning and erection of the lightning protection
system. According to GefStoffV 2015, the operator is
required to compile this explosion protection docu-
ment.

Zone assignment of devices according to their
category and/or protection level according to DIN
EN 60079-14 (IEC 60079-14)

Zone | Device category Device protection level EPL
0 1G Ga
1 2G Gb
2 3G Ge

Zone assignment example “gasses”

ATEX guidelines

The EU ATEX directives regulate the requirements res-
ulting from the use of devices and protection systems
in potentially explosive areas. Due to increasing inter-
national economic intermeshing, major progress has
been achieved in the standardisation of the explosion
protection regulations.

In the European Union, the preconditions for complete
standardisation were created in the directives
2014/34/EU for manufacturers and 99/92/EC for op-
erators. The manufacturers' directive 2014/34/EU
(ATEX) regulates the requirements for the structure of
explosion-protected devices and protection systems,
by prescribing basic health and safety requirements.
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0 Zone 0
1 Zone 1
2 Zone 2
3 Combustible substance

Example of assignment into Ex zones

Electrical devices may be used in different zones, de-
pending on the device protection level EPL and device
category.

Manufacturers of components for potentially explosive
areas must obtain an approval for their products. The
quality requirements for the production of resources
without effective sources of ignition is very high. An
approved test office will only certify the function of the
components of a manufacturer after a comprehensive
test, and will assign them into categories according to
failure safety. In addition, the testing offices use regu-
lar audits with the manufacturers to ensure continu-
ously guaranteed product quality.
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2.3.3 Solutions

Equipotential bonding systems

Systems in potentially explosive areas require equipo-
tential bonding according to IEC 60079-14. All the
bodies of electrically conductive parts must be con-
nected to the equipotential bonding system. Secure
equipotential bonding connections against self-loosen-
ing according to IEC 60079-14 and the Technical
Rules for Operating Safety (TRBS) 2152 Part 3.

According to TRBS 2152 Part 3 and IEC/EN 62305-3,
the arresting paths of the lightning must be created in
such a way that heating or ignitable sparks or spray
sparks cannot become the ignition source of a poten-
tially explosive atmosphere. OBO can offer innovative
solutions for this.

Areas of application could include:

e Chemicals industry

Paint shops

Oil and gas industry

Fuel depots

Gas pressure regulation and measurement systems

(GDRM systems)

Liquefied gas storage containers

e Balance pits and large outdoor filling systems

¢ Filling and emptying points (e.g. Big-Bag sacking,
balances, sack handover)

Supplementary Sheet 2 (IEC 62305-3) requires that
connections of lightning protection systems in poten-
tially explosive areas are created in such a way that
no ignitable sparks are created when the lightning cur-
rent passes through.

Y
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Equipotential busbar for zone 1/21 and 2/22 — EX PAS
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The EX PAS equipotential busbar (equipotential bus-
bar for potentially explosive areas) is used for light-
ning protection equipotential bonding according to
IEC 62305-3 and protective/functional equipotential
bonding according to DIN VDE 0100 Part 410/540.

The lack of ignition sparks in an explosive atmosphere
has been tested according to IEC/EN 62561-1 ac-
cording to the most demanding explosion group, IIC,
with a potentially explosive gas mixture and a lightning
current of up to 75 KA. It can thus be used in all ex-
plosion groups, even in the explosion groups IIB and
lIA. As the EX PAS equipotential busbar does not pos-
sess its own potential source of ignition, it does not
come under the European Directive 2014/34/EU.

The EX PAS equipotential busbar is tested according
to IEC/EN 62561-1 in Class H for high loads and is
suitable for indoor and outdoor applications.

Thanks to the patented design, the equipotential bus-
bar can be used in a system according to IEC 60079-
14 and IEC/EN 62305-3 in the Ex zones 1/21 and Ex
zones 2/22. The EX PAS represents the current state
of the art for equipotential busbars in Ex areas.

The EX PAS equipotential busbar for potentially ex-

plosive areas possesses the following properties:

» Suitable for all explosion groups and use in Ex
zones 1/21 and 2/22

e Free of ignition sparks with a lightning current of up
to 75 kA

e Tested according to Class H for high loads

e Screws protected against self-loosening

* Made from corrosion-resistant material (stainless
steel)

e Manufacturer and article labelling permanently at-
tached

Strip Earthing clamp for Zone 1/21 and 2/22 EX BES
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Spark gap mounted on insulating sections

Ex spark gaps - EXISG H

According to TRGS 507, electrical separating ele-
ments in potentially explosive areas must be bridged
with spark gaps. The spark gaps must have a re-
sponse surge voltage of 50% of the testing AC voltage
of the insulating elements, although with a maximum
of 2.5 kV.

The ATEX-certified OBO EX ISG H spark gap insulates
the parts of the system against corrosion currents, ful-
filling the requirements for the connection of lightning
currents in potentially explosive areas according to
IEC/EN 62561-3.

To avoid arcing to insulating pieces in Ex areas, the
use of Ex-certified spark gaps is required.
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Spark gap EX ISG H

The OBO EX ISG H spark gap is certified according to
the following directives for Zone 1/21 and 2/22:

e ATEX

e |[ECEx
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Selection of spark gaps in potentially explosive areas

Chapter 2 | The external lightning protection system

Spark gaps ltem no. EX labelling

EX ISG H 350 5240031 ATEX

EXISG H 5240030 Exll2 GExdblICT6 Gb

EX ISG H 350 2L 5240032 Ex 12 D Extb IlIC T80 °C Db

OBO Ex spark gaps

As soon as the EX ISG H responds and conducts, the

lightning current | of up to 100 kA is run to the
earth along a defined route. This arresting operation
only takes a few microseconds. After the arresting op-
eration, the EX ISG H returns to a standard, high-res-
istance state. The EX ISG H is low maintenance, as it
is designed for a wide range of arresting operations.

Flanges and insulating pieces show a relatively low
voltage resistance, which is usually in the range of a
few kV. Class 1 insulating flanges have a testing AC

voltage of U, of 5 kV and class 2 insulating flanges
of 2.5 kV. In so doing, the technical rules GW 24 of
DVGW require selection of the response surge voltage

U, of the spark gaps in such a way as to be 0.5 x

Upy- Thus, the OBO Ex spark gap, with an U, of <
1.25 KV, fulfils the requirements for all insulating
flange classes according to IEC 62561-3. The same
requirements are made in the European recommenda-
tion of Ceocor (European Committee for the study of
corrosion and protection of pipes and pipeline sys-
tems).

When the spark gap has ignited, the pulse current

causes a voltage drop U, via the connection cables
and the spark gap, whereby the connection techno-
logy has the greatest influence. Here, the maximum
voltage drop should be smaller than the peak values

of the testing AC voltage UPW. Class 1 insulating
flanges have approx. 7 kV as the peak value.

Besides the response range, the EX ISG H has a
defined lower blocking range. Interfering earth cur-
rents or close parallel high-voltage routes can, for ex-
ample, induce permanent 50 Hz AC voltages into the
pipeline segments. To prevent the EX ISG H from ignit-
ing every time — and, in consequence, influencing the
KKS system (cathodic corrosion protection system) -

a so-called 50 Hz withstand AC voltage U, is
defined and must be maintained. Here, DVGW GW 24
recommends: < 250 V, 50 Hz. This safety-relevant re-
quirement is fulfilled by the OBO Ex spark gap.

The AfK recommendation no. 5 of the DVGB e.V.
working group (German Technical and Scientific Asso-
ciation for Gas and Water) explains the coordinated
use of Ex spark gaps on insulating flanges using ex-
amples and detailed calculations.

Product characteristics of the spark gap EXISG H

The EX ISG H implements state-of-the-art technologies

and innovations:

* Solventfree, environmentally friendly material

* Modern machining technology from the automotive
sector

e Chemical resistance

* Resistance to oils and extreme temperature vari-
ations

* Halogen-free

e UV-stable, weatherproof

e Ignition protection type/device protection level:
Pressure-resistant encapsulation/"db" for gases,
protection through housing/"td" for dusts

* Resistant to salt water

* Highest testing Class H in accordance with I[EC
62561-3

e Tested connection technology Class H according to
IEC 62561-1

e Suitable for all explosion groups and use in Ex
zones 1/21 and 2/22
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External lightning protection with high-voltage-res-
istant, insulated conductor

The OBO isCon® conductor prevents direct arcing
between the conductor and the building to be protec-
ted. After the first potential connection behind the con-
nection element, the isCon® conductor reflects an

equivalent separation distance (s,) of up to 0.75
metres in the air and up to 1.5 metres in solid sub-
stances according to IEC/EN 62305-3. This means
that installation is possible directly on metallic and

electrical structures.

The OBO isCon® Pro+ conductor has been tested in-
dependently according to the following directives:

o ATEX

OBO manufacturer's declarations can be found at
www.obo-bettermann.com.

isCon® conductor on air-termination rod in Ex area

Earthing systems

In potentially explosive areas, type B according to
IEC/EN 62305-3 is recommended for earthing sys-
tems. In this special application, the arresting resist-
ance must be as low as possible and may not reach
10 Ohm. With the "Earthing systems" module, the
OBO Construct online tool makes efficient support
available for project planning and documentation of
type B (ring and foundation earthers) and type A
(earth rods) earthing systems.

In Ex zones 1 and 21, after the first potential connec-
tion, the OBO isCon® Pro+ conductor should be con-
nected at regular distances (0.5 metres) using a
metallic cable bracket (e.g. isCon H VA or PAE) to the
equipotential bonding. If there is a lightning strike, the
equipotential bonding must not carry lightning current
and must be in the protection angle of the lightning
protection system.

Zone 2/22

(7

Example of the installation of the isCon® Pro+ system in
the Ex zones of a potentially explosive area
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e

Installing a foundation earth electrode

2.4 Earthing systems

The standards specify that each system must include
an earthing system.

What do we mean by an "earthing system"?

We can find the required definitions in IEC 60050-826

— Low-voltage electrical installations: Terms.

* "Totality of the electrical connections and equip-
ment used to earth a network, a system or a re-
source." Also:

e "Conductive element, embedded in the earth or in
another specific conductive medium in electrical
contact with the earth."
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The tasks of an earthing system are:

* Arresting of the lightning current into the earth

e Equipotential bonding between the down-conduct-
ors

* Equipotential bonding near conductive walls of the
building structure

Consequences of an improperly created earthing

system:

* Dangerous surge voltages at the equipotential
bonding

* No even potential course on the earthing system

e Destruction of the foundation through insufficient ar-
resting area of the energy-rich lightning current

e Destruction of the foundation through improperly
made connections (no terminal connection)

e Electrical decoupling of high amounts of lightning
energy
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2.4.1 Basic principles

The earthing system is the basis for the safe function
of every electrical system and its protection devices. It
ensures operation and protects people against haz-
ardous currents. Buildings with IT systems and data
cabling have high requirements for electromagnetic
compatibility measures (EMC). To ensure the EMC
shield and personal protection, a meshed equipoten-
tial bonding and a low-ohmic earthing system integ-
rated in the structure are required.

2.4.2 Normative requirements

The earthing system creates the electrical connection
to the surrounding earth. The earthing resistance of
the system should be as small as possible (less than
10 Q) and must be coordinated with further protective
measures and switch-off conditions.

The equipotential bonding based on the earthing sys-

tem fulfils the following functions:

¢ Protection against electric shock — IEC 60364-4-41

¢ Protective equipotential bonding — IEC 60364-5-54

¢ Lightning protection equipotential bonding — IEC
62305

¢ Energy systems and surge protection — IEC 60364-
4-44

¢ Low-voltage electrical installations — IEC 60364-5-
54

e Data cabling and shielding - EN 50310

¢ Electromagnetic compatibility - EMC Directive
2004/108/EC (EMVG)

¢ Antenna earthing - IEC 60728

¢ Application of equipotential bonding and earthing in
buildings with information technology equipment —
EN 50310

¢ Electrical installations in residential buildings — DIN
18015-1

¢ Foundation earth electrodes— DIN 18014

In Germany, the foundation earth electrode in new
buildings must meet the requirements of DIN 18014
and the technical connection conditions (TAB) of the
power supply generator (VNB).
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Note

Section 542.1.1 of IEC 60364-5-54: "For protection
and function purposes, earthing systems may be used
together or separately, according to the requirements
of the electrical system. The protection requirements
must always have priority."

The earthing system thus represents a safety-relevant
part, and installation is only permitted if performed by
an electrical or lightning protection specialist. In addi-
tion, the responsible specialist must be stated in the
prescribed documentation.

The following infringements of the rules of technology
are specified in § 319 "Causing danger during con-
struction work" of the German Criminal Code:

1. Whosoever, in the planning, management or execu-
tion of the construction or the demolition of a struc-
ture, violates generally accepted engineering stand-
ards and thereby endangers the life or limb of an-
other person shall be liable to imprisonment not ex-
ceeding five years or a fine.

2. Whosoever, in engaging in a profession or trade, vi-
olates generally accepted engineering standards in
the planning, management or execution of a project
to install technical fixtures in a structure or to modi-
fy installed fixtures of this nature and thereby en-
dangers the life or limb of another person shall in-
cur the same penalty.

3. Whosoever causes the danger negligently, shall be
liable to imprisonment not exceeding three years or
a fine

4. Whosoever, in cases under subsections (1) and (2)
above, acts negligently and causes the danger neg-
ligently shall be liable to imprisonment not exceed-
ing two years or a fine.

The earthing system is a part of the electrical system.
Only electrical or lightning protection specialists may
install, check and accept the earthing system. Con-
struction companies must allow the supervision of the
installation and acceptance of the earthing system by
electrical and lightning protection specialists.
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Type A
e Horizontal earth electrodes
» \Vertical earth electrodes (earth rods)

External and internal lightning protection systems

2.4.3 Planning methods

IEC 62305-3 demands continuous lightning protection
equipotential bonding. This means individual earthing
systems must be connected together to create a glob-
al earthing system.

Cross-connector

Corrosion protection strip

Round conductor

Connection clips

aaoRpoA

Earth rods (observe corrosion protection for connectors)

Type A earth rods with ring equipotential bonding

Chapter 2 | The external lightning protection system

Type B
* Ring earth electrodes (surface earthers)
e Foundation earth electrodes

The standard differentiates between type A and type B
earthing systems. Type A earth electrodes are vertical
or horizontal earthers (earth rods). Type B earth elec-
trodes are any surface earther (ring earthers, founda-
tion earthers). OBO Construct for earthing systems of-
fers digital support in the planning of earthing sys-
tems.
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2.4.3.1 Type A earth rod structure

Functional method

As single earth electrodes, an earth rod of 9.0 m in
length is recommended for each conductor. This
should be routed at a distance of 1.0 m from the
foundation of the building and min. 0.5 m below the
surface of the earth or under the frost limit.

As a minimum dimension (according to IEC 62305-3),
a length of 2.5 m for vertical routing and 5 m for hori-
zontal routing apply for type A earthers for lightning
protection classes lll and IV. Depending on the soil
conditions, earth rods can be driven into the earth by
hand or using suitable electric, petrol or pneumatic
hammers.

All earth rods must be connected with a ring earther
inside or outside of the building and with an entry to
the equipotential busbar.

Information on arrangement of type A earthers

¢ In general, earth rods are inserted vertically into the
earth to fairly large depths. They are driven into nat-
ural soil, which is usually only found beneath found-
ations.

¢ Often, the specific ground resistance cannot be de-
termined in the densely built-up areas. In these
cases, when determining the minimum length of the
earther, it is sufficient to assume a specific ground
resistance of 1,000 Ohm/m.

¢ In type A earthing systems, there is a minimum re-
quirement of two earth rods.

e Earther arrangement, type A: connection inside and
outside the building structure.

¢ Down-conductors are interconnected near the sur-
face of the ground.

Earth rod, type A

Underground connection

Main earthing rail (MER)

Earthing system, type A: Connection outside the building
structure

The type A fan or earth rods do not fulfil the require-
ments for equipotential bonding and potential control.
A type A earthing system is suitable for low building
structures (e.g. single-occupancy dwellings), existing
building structures, for LPS with air-termination rods or
tension cables, or for an isolated LPS. Type A earthing
systems comprise horizontal and vertical earth elec-
trodes, connected to each conductor.
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Earth rod, type A

Underground connection

Surface-mounted connection

Connection inside the building

Main earthing rail (MER)

Earthing system, type A: Connection inside and outside
the structure

80

60 ‘
; 8

40

30

o

Lightning protection class |

Lightning protection class I

Lightning protection class Il + IV

Minimum earth rod length I,(m)

Specific earth resistance p(Qm)

Minimum lengths of earthers

Chapter 2 | The external lightning protection system

If it is not possible to connect the earth rods in the
ground, this can take place in or on the building.

Connection cables should be as short as possible
and not installed higher than 1 m above the ground. If
the lightning protection equipotential bonding was
only connected to a single earth electrode, then high
potential difference to other earthers would result. This
could cause unapproved arcing or lethal voltage dif-
ferences.

The minimum length of each earth electrode - based
on the protection class of the LPS - is not relevant if
the earthing resistance of the individual earth elec-
trode is < 10 Q (recommendation). The minimum

length of each earth rod is |, for horizontal earth elec-
trodes and 0.5 x |, for vertical earth electrodes.

Example
e Lightning protection class |
e Sand, gravel, top layers (dry) 1,000 QOm

Result
e Lightning protection class 1: 22 m
e Earthrod: 11 m
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Materials for type A

The following materials can be used, amongst others:
¢ Rods from stainless steel, @ 20 mm

Galvanised steel rods, @ 20 mm

Copper coated steel rods, @ 20 mm

Stainless steel rods, @ 25 mm

Galvanised steel flat conductors, 30 x 3.5 mm
Stainless steel flat conductors, 30 x 3.5 mm
Galvanised steel pipes, @ 25 mm

See Chapter 2.7.2 Materials for earthing systems.

Corrosion protection

In potentially corrosive areas, rust-proof stainless steel
with a molybdenum content of = 2%, e.g. 1.4404 or
1.4571, should be used. Detachable connections in
the ground must be protected against corrosion
(plastic corrosion protection strip).

Normative requirements
All types of earth rods and potential coupling pieces
must be tested according to IEC 62561-2 ED2.

2.4.3.2 Type B ring earth electrodes
The type B ring earth electrodes is laid around the
building.

Functional method

Outside the building, at least 80% of the ring earth
electrodes (surface earther's) overall length must be in
contact with the ground. It must be installed as a
closed ring at a distance of 1.0 m and a depth of
0.5 m (or 0.8 m according to DIN 18014) around the
external foundation of the building. A ring earth elec-
trode is an earther according to arrangement type B.

I1m

n Earth rods (optional)

n Underground connection

Main earthing busbar (MEB)

Installation principle, ring earther

Materials for ring earth electrodes
The following materials can be used, amongst others:
e Stainless steel flat conductors, 30 x 3.5 mm
e Galvanised steel flat conductors, 30 x 3.5 mm
¢ Round conductors made of copper, @ 8 mm
e Round conductors made of stainless steel, @
10 mm
¢ Round conductors made of galvanised steel, @
10 mm

See Chapter 2.7.2 Materials for earthing systems.

Corrosion protection

In the earth, rustproof stainless steel with a molyb-
denum content of = 2%, e.g. 1.4404 or 1.4571,
should be used. Detachable connections in the
ground must be protected against corrosion (plastic
corrosion protection strip).

Condition for additional earthing measures

With type B earthing systems, the central radius r
must be greater than or equal to the minimum earth-
ing length 11,

r=V/ (A/T1)

rz |,

r: Medium radius of the area covered by the earther

A: Area of the earthing system in m?

[,: Minimum earth length in m

Example

Area of 100 m?, covered by a type B earther
Lightning protection class |,

Sand, gravel, top layers (dry) 1,000 Qm,

11 from "Minimum lengths of earthers" =22 m
Result:

A=100 m?

r=/(100m?/m)=31.83 m

31.83m=22m

Condition r=l, fulfilled.
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Cross-connector

Flat conductor

Round conductor

Corrosion protection strip

Earth lead-in rod

Type B ring earth electrode
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Flat conductor

Cross-connector with corrosion protection

Corrosion protection strip

Connection terminal for reinforced steels

Cross-connector

Earth lead-in rod

Earthing fixed point

=H-~H-H-H-H-H-H-

Main earthing busbar (MEB)

Type B foundation earth electrode

2.4.3.3 Type B foundation earth electrodes
The foundation earth electrodes is a component of the
electrical installation of the building.

156

Functional method

A foundation earth electrodes is an earther that is em-
bedded into the concrete foundation of a building. It
also acts as a lightning protection earth electrodes if
the lugs required for connecting the conductors pro-
trude from the foundation. The steel strip is to be con-
nected to reinforcements at intervals of approx. 2 m.
DIN 18014 forms the basis for constructing the found-
ation earth electrodes. Wedge connectors must not be
used in mechanically compacted concrete.
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Earth rods (optional)

H Ring earth electrodes

B | Vain earthing busbar(MEB)

Installation principle, foundation earther with functional
equipotential bonding cable

In order to achieve a clean insertion, the use of strip
holders is recommended for the installation of founda-
tion earth electrodes. The holders must be inserted at
a distance of approx. 2 m.

In accordance with DIN 18014, connect the founda-
tion earthers of each individual foundation on the low-
est storey into a closed ring. If necessary, insert trans-
verse conductors, in order to create a grid of 20 x
20 m. If the earth electrodes do not have the neces-
sary contact with the earth electrodes in the founda-
tion, then a grid ring earther should additionally be in-
stalled. The foundation earth electrodes becomes a
functional equipotential bonding conductor.

This is the case when using:

e Water-impervious concrete according to DIN EN

206 and DIN 1045-2 (white trough)

Bitumen seals (black trough), e.g. bitumen lines

Polymer-modified bitumen thick coating

Impact-resistant plastic webs

Heat insulation (perimeter insulation) on the under-

side and side walls of the foundations

¢ Additionally attached, capillary breaking, poorly
electrically conductive earth strata, e.g. made of re-
cycling or crushed glass

For further information, see Chapter 2.4.4.4.

Chapter 2 | The external lightning protection system

This grid ring earther must be connected with the

functional equipotential bonding conductor and must

be executed as follows either outside of or within the

floor plate:

e Grid width of 10 x 10 m with lightning protection
measures

e Grid width of 20 x 20 m without lightning protection
measures

Materials for foundation earthers and functional
equipotential bonding conductors
The following materials can be used, amongst others:
¢ Galvanised steel flat conductors, 30 x 3.5 mm
e Stainless steel flat conductors, 30 x 3.5 mm
e Copper cable, 50 mm?
* Round conductors made of galvanised steel, @
10 mm
¢ Round conductors made of stainless steel, &
10 mm

Connection lugs

Connection lugs must be made of materials with per-
manent corrosion protection. Either hot galvanised
steels with plastic jacketing or rustproof stainless
steels with a molybdenum content = 2% must be
used, e.g. 1.4404 or 1.4571. The connection lugs
should be clearly marked with protective caps during
the construction phase, e.g. with the OBO Protec-
tionBall.

Materials for ring earthers
The following materials can be used for the grid ring
earther:
e Stainless steel flat conductors, 30 x 3.5 mm
¢ Round conductors made of stainless steel, @
10 mm
e Copper cable, 50 mm?2

OBO ProtectionBall (item no. 5018 01 4) for marking
earthing lugs

@ OB0
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Increased earth transition
resistance exists, e.g. through no
"black
trough", "white trough", fully
surrounding perimeter
insulation?

—-

¥ yes

Lightning protection
measures required?

yes no

Ring earth electrodes out-
side the floor plate/insula-

Ring earth electrodes out-
side the floor plate/insula-

tion tion
Grid width
<10mx10m

Grid width
<20mx20m

\/

Functional equipotential bonding cable within the floor
plate, grid width < 20 m x 20 m and a connection to the
reinforcement every 2 m

\

One connection between the ring earther and functional
equipotential bonding cable in lightning protection sys-
tems at least every 20 m; at least one connection per
conductor

O=0 [

Individual foundations e.g.  M©

for structural supports

resent?
present? RIESS

¥ vyes

Equip each foundation with
a foundation earth elec-
trode of < 2.5 m length

yes

yes \

Foundation earth elec-
trodes of all individual

foundations into a closed Foundation earth elec-

ring trodes
Grid width Grid width of
<20mx20m <20mx20m
<20mx20m

\/

A connection of the foundation earth electrodes with the
reinforcement every 2 m

Reinforced foundations

Unreinforced foundations/
foundations made of
fibrated concrete/ rolled
concrete

Foundation earth elec-
trodes
Grid width of
<20mx20m

Connection parts for connection to the main earthing rail,
down-conductors of a lightning protection system, con-
nection straps should have a length of at least 1.5 m be-
fore their entrance into the appropriate room. Connection
straps must be marked clearly.

\
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Connecting parts

If connections are made in the earth, e.g. in the case
of the ring earther, these must be implemented in
such a way that they are permanently resistant to cor-
rosion. It is recommended that stainless steel with a
molybdenum content of = 2%, e.g. 1.4404 or 1.4571,
is used. These connectors must additionally be fitted
with a corrosion protection strip.

Connections between foundation earthers/functional
equipotential bonding cables and the reinforcement,
or between functional equipotential bonding cables
and the ring earther, and with the connection lugs,
can take the form of bolted joints, clamped joints or
welded joints. Tying wire is not acceptable. Only
tested connection components in accordance with
DIN EN 62561-1 (IEC 62561-1) may be used.

Connections from the ring earther into the building
should be located above the maximum groundwater
level. Alternatively, wall penetrations sealed against
pressurised water (type DW RD10) should be used.

Chapter 2 | The external lightning protection system

Wall penetration sealed against pressurised water DW

RD10, item no. 2360 04 1

Corrosion protection

Inside sealing troughs and in contact with perimeter
insulation (DIN 18014) and in potentially corrosive
areas, rustproof stainless steel with a molybdenum
content of = 2%, e.g. 1.4404 or 1.4571, must always
be used. Detachable connections in the ground must
be protected against corrosion (plastic corrosion pro-
tection strip).

2.4.4 Versions

Earthing systems can consist of either a type A or a
type B earther. Different versions of each are avail-
able, to suit different application situations.
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Type: OMEX

[ 1]
2 | Type: BP

Type: Standard

n Type: LightEarth

Earth rod versions

2.4.4.1 Earth rods

Earth rods are differentiated according to the type of
connection of the individual earth rods, the external
diameter and the material.

Earth rods consist of combinable individual rods of
length 1.5 m. The connection is made using a coup-
ling consisting of a hole and stud. This has the ad-
vantage that the coupling closes automatically at the
time of installation and creates a secure connection
from both a mechanical and an electrical point of
view. When an earth rod is driven in, this compacts
the ground around it. This is conducive to a good
electrical contact.

Striking tools are generally used for driving in the
earth rods. The possible penetration depth of the
earth rods depends on various geological factors.

You can find more information on the selection and
accessories in the current installation manual for earth
rods from OBO.
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2.4.4.2 Black trough

The black trough is a bitumen or plastic seal sur-
rounding the structure on all sides in the area in which
it is in contact with the earth. Because the foundation
earther no longer has contact with the earth here, an
additional grid ring earther must be created. A func-
tional equipotential bonding cable must be created in
the foundation. Connection lugs must be routed into
the building in such a way that they are resistant to
pressurised water or above the maximum groundwa-
ter level.

Chapter 2 | The external lightning protection system

2.4.4.3 White trough

The white trough is a construction consisting of water-
impermeable concrete, i.e. water cannot penetrate
right through the concrete. Because the foundation
earther no longer has contact with the earth here, an
additional ring earther must be created. Concrete of
grades such as C20/25 or C25/30 is considered wa-
ter-impermeable concrete.

Connection lug, min. 1.50 m

Connection lug, min. 1.50 m

Maximum groundwater level

Maximum groundwater level

Ring earth electrode

Ring earth electrode

Blinding layer

Blinding layer

Spacer

Spacer

of-H-HeH-)-

Min. 5 cm concrete cladding is used as corrosion
protection

Min. 5 cm concrete cladding is used as corrosion
protection

Black trough

White trough
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Insulated floor plate (perimeter insulation, shown here in blue)

2.4.4.4 Perimeter insulation

Perimeter insulation is heat insulation, which sur-
rounds the area of the structure in contact with the
earth from outside. It often consists of polyurethane
foam sheets or crushed glass.

If the building structure is surrounded on all sides by
perimeter insulation, i.e. all surrounding walls, strip
foundations and the bottom of the foundation, the
function of the foundation earther is no longer fulfilled.

Because the foundation earther no longer has contact
with the earth here, an additional grid ring earther
must be created. A functional equipotential bonding
cable must be created in the foundation. Connection
lugs must be routed into the building in such a way
that they are resistant to pressurised water or above
the maximum groundwater level.

If the perimeter insulation is only on the surrounding
walls, earther contact is often still intact. The founda-
tion earther can be implemented in the concrete.

To ensure contact with the earth, water-impermeable
concrete must not be used.

If the exterior walls and the foundation plate are sur-
rounded with perimeter insulation, the earther in the
floor plate still has some earthing effect if the strip
foundation is open at the bottom.
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Insulation

Connection lug, min. 1.50 m

Earthing fixed point

Floor plate

Reinforced floor plate

Strip foundation

Strip foundation

Foundation earth electrode

Foundation earth electrode

Spacer

Spacer

Perimeter insulation

Min. 5 cm concrete cladding is used as corrosion
protection

-Im-~HoHoR-efi-fi-

Perimeter insulation
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Perimeter insulation to the side of and beneath the Perimeter insulation only on the surrounding walls
foundation plate
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Example: studded plastic strips

Influence of plastic films on the earthing resistance
Generally there is a negative influence between the
strip foundation or foundation plate and the earth in
this area.

"Simple" films:

e With simple films, the foundation earther effect is
limited.

* However, earthing resistance is usually still suffi-
cient. The foundation earther is effective as an
earther in the strip foundation or in the foundation
plate.

164

Studded plastic strips

* Made of special, high-density polyethylene. If the in-
dividual membranes overlap, the earth contact of
the foundation earther is impaired.

e Further studded strips on the exterior walls produce
a very strong electrical insulating effect. In this case
the earth contact of the foundation earther is no
longer intact.

Because the foundation earther no longer has contact
with the earth here, an additional grid ring earther
must be created.
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2.4.5 OBO selection aid for foundation and ring
earthers according to DIN 18014 and IEC/EN 62305-3

Foundation earth electrode - without lightning pro- Earthing material, for use in concrete
tection
e Surrounded by min. 5 cm of concrete on all sides; < 2 m connect to reinforcement

¢ Grid width max. 20 x 20 m; with EMC protection to VDE 0185-305-4: 5 x 5 m
o ---------gS____ * Unreinforced foundation: Material no. 1.4571/1.4404, V4A

1 1
1 1
1 1
0 0 B. Type PU Item no. Description
1 I 1 =
: : : DO 5052 60m 5019347  Strip steel 30 x 3.5 mm FT
1 1 1
i i : t 1811 | 25 units 5014026  Spacer 400 mm FT
@ - R °
B g,? 250 A-FT 25 units 5313015 Connector, strip steel with reinforcement
FT
B — 1814 FT 25 units 5014468  Terminal on reinforcement to @ 14 mm
E:;";ia"::;req“iP°‘e"“a' bonding conductor and 2 1814FTD37  25units 5014469  For reinforcements @ 16-37 mm

iU el i) [reelEeben = s Eitie) Lol ton 205BM10VA  25units 5420008  Earthing fixed point M10

DW RD 10 10 units 2360041 Sealing sleeve for round conductors
10 mm

5011 VA M10 50 units 5334934 End piece for earthing fixed point M10

B @ ProtectionBall 25 units 5018014 Protective cap for connection straps

Earthing and connection material, for use in the earth or cleanli-
ness layer

e Material no. 1.4571/ 1.4404, V4A; clamps in earth with corrosion protection strip

¢ Min. 0.8 m deep, routing outside drainage shaft, frost apron (moist area)

G e Grid: Without lightning protection: 20 x 20 m, connection between earth and concrete: Every
20 m, with lightning protection: 10 x 10 m, connection between earth and concrete: Every
conductor

Functional equipotential bonding conductor and e
ring earther Type PU Item no. Description

With lightning protection — Insulating foundation

B @ RD 10 V4A 60 m 5021642  Round conductor @10 mm V4A

o 5052 V4A 30x3.5 25 m 5018730  Strip steel 30 x 3.5 mm V4A

n % 250 V4A 25 units 5312925 Tterrrlﬂnal for round conductor and strip
9'7 356 10m 2360101 zsrerosion protection strip, width: 100 mm
Material for equipotential bonding
Type PU Item no. Description
D E?‘ 1801 VDE 1 unit 50156650  Equipotential busbar, industrial
* 1809 1 unit 5015073  Equipotential busbar, residential

>
Ring earther:

Insulation foundation when:
WU concrete (white trough) for WZ<0.6,
from C30/B35, (from C25/B30) —
Already possible)
Black/brown trough
Completely enclosed foundation with
perimeter insulation or dimpled mem-
branes

Additionally attached, capillary-breaking,
poorly electrically conductive earth
strata, e.g. made of recycling
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OBO Construct planning aids

Digital selection aids for earthing systems and
surge protection

The OBO Construct electronic planning aids are pro-
grams developed to support electrical installation en-
gineers and planners in the design of electrical install-
ation systems. In particular, in complex areas such as
surge protection and earthing, there are countless
technical and standard general conditions to be ob-
served. The two OBO Construct programs for earthing
and surge protection systems should provide active
help here. Systematic questions simplify the search for
suitable products and guaranteed surge protection
systems and earthing systems which fulfil the stand-
ards.

OBO Construct for surge protection

This online tool aids you in the project-orientated se-
lection and connection of suitable surge protection
systems and provides you with information on the
OBO surge protection systems. You can create your
personal materials list, connection diagram and invita-
tion to tender texts quickly, efficiently and in a targeted
manner for complete surge protection in the fields of
energy technology, photovoltaics, telecommunication,
MSR, TV, HF and data technology. The result can be
exported easily into Excel format for further pro-
cessing.

Benefits

e Time and place-independent work assistance

e Transmit planning requirements to complete
product systems

e Find suitable products quickly and simply

e Calculate material and parts lists automatically

¢ Download configuration results as Excel or Word
files

166

. ERDUNGSANLAGE AUSWAHLEN

In Deutschland ist bei Neubauten gemll VDE 0100-540 eir Fundamenterder
nach DIN 18014 zu erstellen.

OBO Construct for earthing systems

The digital selection aid can be used for the easy
planning and configuration of earthing systems. The
simple and intuitive user guidance leads you through
the individual components of the earthing system step
by step. The software then automatically calculates
the amounts required and the matching accessories.
The application can be opened on any end device ir-
respective of its operating system - be it smartphone,
tablet or desktop PC.
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2.6 Potential control

The potential control reduces the step voltage close to
rods or down conductors on a building. Additional
earth conducts are laid and connected with one an-
other in a grid format.

The lightning current is distributed through the metal
grid system and the voltage drop and the resulting
step voltage are reduced. As the distance from the
rod or down-conductor increases, the depth of the
earther cable also increases (in increments of 0.5 m).
The earthers are typically laid 3 m apart.
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2.6.1 Step voltage

The step voltage is the voltage between a person’s
feet placed 1 m apart. Here the current flows between
the person's feet through their body. The contact
voltage is the voltage between a component (e.g. the
conductor) and earth potential.

Here the current flows from the hand to the foot
through the body. Both types of voltage can be harm-
ful to the body. These voltages need to be reduced
via potential control or insulation.

2.6.2 Protection against dangerous touch voltage
The isCon® conductor Pro+ 75 GR can be used as
protection against dangerous touch voltage. This is
particularly required in areas with groups of people.
The isCon® conductor Pro+ 75 GR was tested up to a
length of max. 5 m with a pulse voltage of min. 100
kV (1.2/50 ps) in rain and fulfils the requirements for
touch protection according to IEC/EN 62305-3.

U Earthing voltage

Ug,: Touch voltage without potential control (on founda-
tion earth electrode)

Ug,: Touch voltage with potential control (foundation
earth electrode and control earther)

U,: Step voltage (without control earther)

®: Earth surface potential

FE: Foundation earth electrode

~HoH-H- T~

SE: Control earth electrode (ring earth electrode)

<€

S

=
Ue

Electrical potential on the earth surface and voltages as current passes through the foundation earth electrode (FE)

and control earther (SE)
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2.7 Materials and corrosion protec-  Causes of corrosion
tion Corrosion occurs when different metals are connected
with one another in soil, water or molten salt, e.g. alu-

The following materials are preferred for use in extern- Minium round conductors as arrestors and copper-
al lightning protection systems: Hot galvanised steel, /steel as earthing material. It can also occur when a
rustproof steel, copper and aluminium. All metals in single type of metal is embedded in two distinct envir-
direct contact with the ground or water can corrode ©nments, e.g. steel in earth and concrete.

due to stray current or aggressive soils. Corrosion is

when a metal material reacts with its surroundings to

the detriment of the material’s properties.

Material Form Minimum dimensions
Strip solid 20 x 2.5 mm
c tin-plated Round, solid (b) @ 8 mm
opper, tin-plated copper
S = Cable (b) 50 mm?
Round, solid 15 mm
Round, solid @ 8 mm
Aluminium
Cable 50 mm2
Copper-coated aluminium alloy Round, solid (c) g 8 mm
Strip solid 20 x 2.5 mm
. Round, solid @ 8 mm
Aluminium alloy
Cable (b) 50 mm?2
Round, solid @15 mm
Strip solid 20 x 2.5 mm
i Round, solid @ 8 mm
Hot galvanised steel
Cable (b) 50 mm?2
Round, solid @15 mm
Round, solid @ 8 mm
Copper-coated steel (c) - -
Strip solid 20 x 2.5 mm
Strip solid 20 x 2.5 mm
Rustproof steel (a) Round, solid © 8 mm
5 Cable (b) 50 mm?
Round, solid (d) @ 15 mm

(a) Chromium = 16%; Nickel = 8%; Carbon < 0.08%

(b) Diameter of 8 mm can in certain applications be reduced to 28 mm? (diameter 6 mm) if mechanical resistance is not a primary criterion.
(c) At least 70 um copper plating with 99.9% copper content

(d) Can be used for air-termination rods and base

Table 2.27: Material, form and minimum dimensions of air-termination cables, air-termination rods, earth entry rods
and conductors

(e O=0
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2.7.1 Materials for air-termination and conductor
systems

The following materials are preferred for use in extern-
al lightning protection systems: Hot galvanised steel,
rustproof steel, copper and aluminium.

Corrosion

A risk of corrosion occurs especially when joining dif-
ferent material types. For this reason, no copper parts
may be installed above galvanised surfaces or above
aluminium parts as copper particles worn away by
rain or other environmental influences can penetrate
the galvanised surface. In addition, a galvanic element
is created, which accelerates corrosion of the contact
surface. If a connection between two different materi-
als that are not recommended to be joined is re-
quired, bi-metal connectors can be used.

Variable bi-metal quick connector with bi-metal intermedi-
ate plate (copper/aluminium)

The following figure shows the use of bimetal connect-
ors on a copper gutter to which an aluminium round
conductor is attached. Points at increased risk of cor-
rosion, such as insertion points into the concrete or
soil, must be corrosion-protected. A suitable coating
must be applied as corrosion protection to connection
points in the ground.
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Bi-metal roof gutter clamp (aluminium round conductor and copper roof gutter)

Aluminium must not be placed directly (without a dis-
tance) on, in or under plaster, mortar or concrete or in
the earth. Table 2.28, "Material combinations" evalu-
ates possible metal combinations with regard to con-
tact corrosion in air.

Steel, galvanised Aluminium Copper Stainless steel Titanium Tin
Steel, galvanised Yes Yes No Yes Yes Yes
Aluminium Yes Yes No Yes Yes Yes
Copper No nein Yes Yes No Yes
Stainless steel Yes Yes Yes Yes Yes Yes
Titanium Yes Yes No Yes Yes Yes
Tin Yes Yes Yes Yes Yes Yes

Table 2.28: Permitted material combinations (no = increased corrosion)
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2.7.2 Materials for earthing systems

i Minimum dimensions
Material Form
Earth rod Earth conductor Earth plates

Cable 50 mm?2
Round, solid @ 8 mm
Strip, solid 20 x 2.5 mm

Copper Tin plated copper Round, solid @15 mm
Pipe @20 mm
Solid sheet 500 x 500 mm
Grid mesh 600 x 600 mm
Round, solid J 10 mm
Round, solid 14 mm
Pipe @ 25 mm

Hot galvanised steel Strip, solid 30 x 3 mm
Solid sheet 500 x 500 mm
Grid mesh 600 x 600 mm
Profile (a) 290 mm?
Cable @ 8 mm 70 mm?

Bright steel (b) Round, solid @10 mm
Strip, solid 25 x 3 mm
Round, solid (c) @ 14 mm
Round, solid (c) @ 8 mm

Copper-coated steel -
Round, solid (d) @10 mm
Strip, solid 30 x 3 mm
Round, solid @10 mm

Rustproof steel (e) Round, solid 15 mm
Strip, solid 30 x 3.5 mm

(a) Various profiles with a cross-section of 290 mm2 and a minimum
thickness of 3 mm are permitted, e.g. cross profiles

(b) Must be embedded in concrete to a depth of at least 50 mm

(c) With at least 250 pm copper support with 99.99% copper content

(d) With at least 70 um copper support with 99.99% copper content

(e) Chromium = 16%; nickel = 5%; molybdenum = 2%; carbon < 0.08%

Table 2.29: Materials, forms and cross-sections of earthers according to IEC 62561-2
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BET lightning current generator and BET test mark

2.8 Testing of lightning protection
system components

Connection components

Components for lightning protection systems are
tested for functionality according to IEC/EN 62561-1
- Requirements for connection components. After a
conditioning phase lasting 10 days, the components
are impacted with three lightning strikes. The lightning
protection components for air-termination systems are

tested with 3 x | 100 kA (10/350). This corres-

imp
ponds to test class H.

Components for conductors along which the lightning
current can spread (at least two conductors) and con-

nections in the earthing system are tested with 3 x |, |
50 kA (10/350). This corresponds to test class N.

Chapter 2 | The external lightning protection system

Earth rods and conductor material

All types of earth rods and their couplings for lightning
protection must be tested according to IEC/EN
62561-2. Here, they must withstand numerous load
tests according to conditioning that represents artifi-
cial ageing. Mechanical tests, lightning current tests
and compliance with the material-specific tensile
strength are some examples here. The standardised
specifications regarding tensile strength, corrosion
resistance and the minimum product dimensions for
conductor material must be tested, depending on the
material and product type, and complied with (see
also Table 2.27 and 2.29). Additional short-circuit cur-
rent tests with 50 Hz currents prove the use for the
earthing of power installations exceeding 1 kV a.c. ac-
cording to EN 50522.

Testing standard Tested with

Application

IEC TS 62561-8 3 I,y 200 KA (10/350)

High-voltage-resistant, insulated isCon® Premium conductor, including
terminals and air-termination device

IEC 62561-1 3 Iimp 100 kA (10/350) Air-termination system
Multiple (at least two) conductors, along which the lightning
IEC 62561-1 3 linp 50 kA (10/350) current can spread.

Table 2.30: Test classes of connecting components




The lightning protection equipotential bonding repres-
ents internal lightning protection in the building. When
lightning strikes, a voltage drop occurs at the earthing
resistor, producing dangerous voltage differences
between the metal building components and the
power and data cables, which need to be prevented.
The equipotential bonding connects together all metal
installations (gas and water pipes, etc.), electrical sys-
tems (power and data cables), the lightning protection
system and the earthing system, either directly or via
lightning current arresters (SPD type 1 or type 1+2).
Surge protection devices (SPDs) can guarantee a
voltage limitation according to the insulation coordina-
tion.

The lightning current arrestors (SPD type 1 or type
1+2) should ideally be located directly at the point of
entry or supply point of the structure. This ensures that
no lightning current is diverted into the installation that
could disrupt electrical systems. Surge protection
devices (SPD type 2) must be placed downstream of
the combination arrestors (SPD type 1+2) at the sup-
ply point or the lightning current arrestors (SPD type
1) to protect the electronic devices. These SPDs re-
duce the surge voltage to a very low protection level
that devices and the installation can withstand.

According to the new I[EC/EN standards

IEC 60364-4-44
IEC 60364-5-53

surge protection has been
mandatory since 2016.
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3. The internal lightning protection
system

Our dependency on electrical and electronic equip-
ment continues to increase, in both our profession-
al and private lives. Data networks in companies or
emergency facilities such as hospitals and fire stations
are lifelines for an essential real time information ex-
change. Sensitive databases, e.g. in banks or media
publishers, need reliable transmission paths.

It is not only lightning strikes that pose a latent threat
to these systems. Ever more frequently, today's elec-
tronic devices are damaged by surge voltages caused
by remote lightning discharges or switching opera-
tions in large electrical systems.

Surge protection through equipotential bonding

If electrical devices are subjected to a high potential
difference or surge voltage, then the insulation or the
voltage resistance may be exceeded. This destroys
the device. Surge protection devices (SPDs) are, like
an open switch, connected to the equipotential bond-
ing and safely short circuit the surge voltage before a
destructive failure of the insulation. Like a bird on a
high tension line, the electrical device is raised to a
single potential and thus protected.

Surge voltage damage in a circuit board

176

Surge protection is a part of the equipotential bonding
system and protects against an insulation failure with
short circuit and risk of fire.

During thunderstorms too, high volumes of energy are
instantaneously released. These voltage peaks can
penetrate a building though all manner of conductive
connections and cause enormous damage.

Current statistics and estimates of insurance compan-
ies show: damage levels caused by surges — exclud-
ing consequential or outage costs — long since
reached drastic levels due to the growing dependency
on electronic devices. It's no surprise, then, that prop-
erty insurers are checking more and more claims and
stipulating the use of devices to protect against
surges. Information on protection measures can be
found e.g. in the Directive VDS 2010 (German
guideline of the insurance association).

Internal lightning protection systems and surge
voltage protection concepts are covered by current
standards and meet the very latest requirements.

Overview of current standards:
* Internal lightning protection
IEC 62305-4
e Surge protection
IEC 60364-5-53

Surge protection devices increase the

availability of electronic systems. In ac-

cordance with the current VDE 0100-

tion in Germany.

443, surge protection installation is man-
datory in all new buildings/distributors to
ensure a standardised electrical installa-

TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54



TBS Blitzschutz-Leitfaden 2018 / en / 2020/01/10 14:42:40 14:42:40 (LLExport_02613) / 2020/01/10 14:42:54 14:42:54

3.1 Equipotential bonding systems

Correct use of equipotential bonding systems pre-
vents dangerous touch voltages between system com-
ponents.

Normative requirements for equipotential bonding:
e |[EC 60364-4-41
Equipotential bonding
¢ |[EC 60364-5-54
Protective equipotential bonding cable
e |[EC 60364-7-701
Bathroom
e |[EC 60364-7-702
Swimming pools
e |[EC 60364-7-705
Agriculture
e [EC 61784
Telecommunication systems
e |[EC 60728-11
Antenna earthing
e |[EC 62305
Lightning protection equipotential bonding
e DIN 18014 (foundation earthers) Lightning protec-
tion equipotential bonding

A distinction is drawn between “protective
equipotential bonding” and “additional protective equi-
potential bonding”.

Protective equipotential bonding

All extraneous conductive parts routed into the build-
ing must be connected with one another in order to
prevent differences in potential.

Chapter 3 | The internal lightning protection system

Connection of all extraneous conductive parts to the
main earthing busbar (MEB)

* Foundation earth electrodes

e Lightning protection earthing

Conductor for protective equipotential bonding
Protective conductors within the electrical system
Metallic water, gas and heating lines

Antenna earthing

Metal parts of the building, e.g. air-conditioning
ducts, lift guide rails, etc.

* Metal cable shields

Additional protective equipotential bonding

The lightning protection equipotential bonding is an
extension of the general protective equipotential bond-
ing. It is achieved by using surge protection devices
to create an additional equipotential bonding system
for all supply lines of the low-voltage system and in-
formation technology.

For installations under special environmental condi-
tions, e.g. potentially explosive areas, or where explicit
normative requirements apply, additional protective
equipotential bonding must be implemented.

The bodies of all fixed (non-portable) equipment in the
immediate vicinity of the place of installation that can
be touched at the same time must be connected with
all extraneous conductive parts that can be touched at
the same time. This includes the functional equipoten-
tial bonding cable as per DIN 18014 and the metal
main reinforcement in reinforced concrete.

3.1.1 Planning methods

To avoid potential differences, the following system
components must be connected, via the main earthing
busbar, with equipotential bonding cables in accord-
ance with IEC 60364-5-54:

e Electrically conductive pipelines

e QOther conductive components

* Protective conductors

e Functional earth electrodes
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The main earthing rail must be located in the main

connection area or close to the building connections.

In each building, the earthing cable and the following

conductive parts must be connected to the protective

equipotential bonding via the main earthing rail:

¢ Metallic pipelines of supply systems

e Extraneous conductive parts of the building struc-
ture

e Metallic central heating and air-conditioning sys-
tems

¢ Protective conductors within the electrical system

¢ Metallic reinforcements of building structures made
of reinforced concrete

\ LPS

Equipotential bonding system in a building

os0 D

The protective equipotential bonding cables must
meet the requirements of IEC 60364-441/ IEC 60364-
5-54. In the lightning protection equipotential bonding,
the cables of the equipotential bonding must be di-
mensioned for higher currents. Cross-sections must
be designed according to IEC 62305.

Bodies (electrical equipment)

Extraneous conductive part (C1, C2, C3, C6, C7)

Main earthing busbar

Foundation earth electrodes

Earth electrodes for lightning protection

Lightning protection system

Protective conductors (PE)

Protective equipotential bonding cable for connection
with the main earthing busbar

Protective equipotential bonding cable (for the addition-
al protective equipotential bonding)

Lightning protection down-conductor

Earthing conductor

Functional earthing conductors for lightning protection

19

Air-conditioning system

Heating

IEHEER 8 DR B a8 A

Metal (waste/drinking) water pipes in a bathroom
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Equipotential bonding according to IEC 60364-4- 41
and IEC 60364-5-54

Protective conductors must be protected in a suitable
manner against mechanical damage, chemical or
electrochemical destruction as well as against electro-
dynamic and thermodynamic forces. Switching
devices must not be inserted into the protective con-
ductor. Connections for testing purposes are permit-
ted.

Cross-section of cables connecting the in-
Material ternal metallic installations with the equi-
potential busbar
Copper 6 mm?2
Aluminium 10 mm?
Steel 16 mm?

Table 3.1 Minimum dimensions of cables

Minimum cross-sections according to IEC 62305-3
for lightning protection equipotential bonding

Cross-section of cables connecting different
Material equipotential busbars with one another or
with the earthing system
Copper 16 mm?2
Aluminium 25 mm?
Steel 50 mm?

Table 3.2: Minimum dimensions of cables, protection
class | to IV

Chapter 3 | The internal lightning protection system

3.1.2 Versions

Each system has different environmental and normat-
ive requirements relating to equipotential bonding. To
implement equipotential bonding correctly, it is there-
fore necessary to select the right components to use.
Equipotential busbars and earthing clamps are key
components of this kind of installation. In the context
of lightning protection equipotential bonding, these
must fulfil the requirements and undergo tests as
defined in IEC 62561-1.
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OBOQO “BigBar” equipotential busbar for industrial applica-
tions

OBO 927 earthing pipe clamp

3.1.2.1 Industrial applications

In an industrial environment, it is particularly important
that the products used are thermally and mechanically
stable. The OBO type 1802 “BigBar” equipotential
busbar can be used without problems in these situ-
ations as a main earthing or equipotential busbar.

OBO 1802 “BigBar”’:

¢ Tested with 100 kA (10/350) as per IEC 62561-1
e Can be used indoors and outdoors

e Stainless steel and copper versions available

e 5-20 pin versions available

e Quick mounting with carriage bolts

When connecting metallic pipes to the equipotential
bonding, earthing pipe clamps such as OBO type 927
are generally used. These offer a wide range of ad-
vantages over pipe clamps during assembly. With
their rustproof stainless steel tightening strap, they are
suitable for a wide range of pipe diameters and mater-
ials.

Equipotential busbar 1809

Equipotential busbar 1801

3.1.2.2 Residential and office buildings

Even though the environmental conditions in residen-
tial buildings and office buildings are less challenging,
here, too, it is necessary to ensure that no dangerous
touch voltages can occur. Equipotential busbars types
1801 and 1809 meet all requirements for main earth-
ing rails or equipotential busbars in these applica-
tions. They ensure secure contact for all standard
cross-sections. For specialised applications, OBO of-
fers its equipotential bonding system type 1809 NR,
made from renewable raw materials with a lead-free
contact strip.
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PAS equipotential busbar for potentially explosive areas

3.1.2.3 Potentially explosive areas

Systems in potentially explosive areas require equipo-
tential bonding according to IEC 60079-14. All the
bodies of electrically conductive parts must be con-
nected to the equipotential bonding system. Secure
equipotential bonding connections against self-loosen-
ing according to IEC 60079-14 and the Technical
Rules for Operating Safety (TRBS) 2152 Part 3.

According to TRBS 2152 Part 3 and IEC 62305-3, the
arresting paths of the lightning must be created in
such a way that heating or ignitable sparks or spray
sparks cannot become the ignition source of the po-
tentially explosive atmosphere.

Potentially explosive areas ATEX zones 1/ 21

and 2/ 22

The unigue EX PAS equipotential busbar (equipoten-
tial busbar for potentially explosive areas) is used for
lightning protection equipotential bonding according
to IEC 62305-3 and protective/functional equipotential
bonding according to DIN VDE 0100 Part 410/540.
Thanks to its patented design, the equipotential bus-
bar can be used for installation according to IEC
60079-14 and IEC 62305-3 in the Ex zones 1/21 and
Ex zones 2/22.

The lack of ignition sparks in an explosive atmosphere
has been tested on the basis of IEC 62561-1 accord-
ing to explosion group IIC and can thus also be used
for the explosion group IIA and IIB. The EX PAS equi-
potential busbars do not have their own potential igni-
tion source and are thus not subject to the European
Directive 2014/34/EU. It is confirmed that the EX PAS
type equipotential busbars are suitable for use in po-
tentially explosive areas of Zone 1/2 (gases, vapours,
mist) as well as Zone 21/22 (dusts).

The EX PAS (equipotential busbar for potentially ex-
plosive areas) offers the following advantages:

e Free of ignition sparks

e Tested by independent testing body up to 75 kA

e Explosion groups IIC, IIB and IIA
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3.2 Surge protection system for en-
ergy systems

Very large surge voltages are caused mainly by light-
ning strikes on or close to energy systems. Even from
several hundred metres away, lightning currents can
also cause impermissible surge voltages in conductor
loops, through either capacitive, inductive or galvanic
coupling. Large surge voltages are coupled over a ra-
dius of up to 2 km. Switching operations involving in-
ductive loads create dangerous surge voltages in the
medium and low-voltage power networks. For further
information on types of damage (S1-S4) see Chapter
1.3 (starts p. 15).

3.2.1 Lightning discharges

(LEMP: Lightning Electro Magnetic Impulse)

The international lightning protection standard IEC
62305 describes how direct lightning strikes of up to
200 KA are safely arrested. The current is coupled in-
to the earthing system and, due to the voltage drop at
the earthing resistor, half of the lightning current is
coupled into the internal installation. The partial light-
ning current then divides itself among the power lines
entering the building (number of cores of power line
entering building), while around 5% enters data
cables.

The voltage drop at the earthing resistor is calculated
from the product of the partial lightning current (i) and
the earthing resistance (R). This is then the potential
difference between the local earth (equipotential bond-
ing) and the active cables, which are earthed some
distance away.

Lightning strike 100% limp = Max. 200 kA (IEC 62305)
H Earthing system ~ 50% I =100 kA (50%)

n Electrical installation ~ 50% | =100 kA (50%)

B | Datacable ~ 5% I =5 kA (5%)

Typical distribution of lightning current
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Example split of Earth
System: 50%—50%

i=50kA; R=10hm
U=ixR=50,000Ax10Ohm=50,000V

U Surge voltage
i Lightning surge current

R Earthing resistance

The voltage resistance of the components is ex-
ceeded and uncontrolled arcing occurs. Only surge
arrestors can safely arrest these dangerous voltages.

3.2.1.1 Switching operations

(SEMP: Switching electromagnetic pulse)

Switching operations occur due to the switching of
large inductive and capacitive loads, short circuits and
interruptions to the power system. They are the most
common cause of surge voltages. These surge
voltages simulate surge currents of up to 40 kA (8/20
us). Sources include e.g. motors, ballasts and industri-
al loads.

3.2.1.2 Static discharges

(ESD: Electrostatic discharge)

Electrostatic discharges are caused by friction. When
a person walks on a carpet, charge separation occurs
— in this instance, it is harmless to humans. However,
it can interfere with and destroy electronic compon-
ents. Equipotential bonding is necessary here to avoid
this charge separation.

3.2.2 Types of surge voltages
Transient, temporary and permanent surge voltages
represent the three primary types of surge voltages.

3.2.2.1 Transient surges voltages

Transient surges are short-lived surge voltages lasting
for a matter of microseconds. Lightning and switching
operations generate large transient surges that can be
prevented with surge protection devices.

Chapter 3 | The internal lightning protection system

3.2.2.2 Temporary and permanent surge voltages
Temporary, or transient, surge voltages occur due to
faults in the mains power supply. For example, a
break in a neutral cable can generate an impermiss-
ible increase in voltage in the three-phase power sys-
tem. The voltage exceeds the maximum permissible
nominal voltage, electronic devices are damaged and
installed surge protection devices cannot protect
against these long-lasting mains frequencies. Mains
frequency faults of this kind can last for between sev-
eral seconds and several hours.

U1 Between phase (L1) and neutral conductor (N)
u2 Between phase (L2) and neutral conductor (N)
u3 Between phase (L3) and neutral conductor (N)

u23 Between phase (L2) and phase (L3)
u31 Between phase (L3) and phase (L1)

(L1)
(L2)
(L3)
ui2 Between phase (L1) and phase (L2)
(L2)
(L3)

Effect of a break in a neutral wire: neutral point displace-
ment in case of asymmetry

3.2.3 Planning methods

Part 4 of the lightning protection standard IEC 62305
describes how to protect electrical and electronic sys-
tems. The safety and installation standards IEC 60364
additionally stipulate that surge voltage protection
measures are required as an important protective
measure in low-voltage systems.
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3.2.3.1 Lightning protection zone concept

The lightning protection zone (LPZ) concept described
in the international standard IEC 62305-4 has proved
to be practical and efficient. The lightning protection
zone concept is based on the principle of gradually
reducing surges to a safe level before they reach ter-
minals and cause damage. In order to achieve this, a
building's entire energy network is split into lightning
protection zones.

A zone is an area or building section in which all
equipment requires the same level of protection. Equi-
potential bonding is created at each transition from
one zone to another. Metallic parts are connected to
the equipotential bonding directly.

Equipotential bonding is created at each transition
from one zone to another. Metal parts are connected
directly to the equipotential bonding, while surge pro-
tection corresponding to the relevant requirements
class (type 1, 2 or 3) is installed between the active
conductors and the earth potential.

Benefits of the lightning protection zone concept

e Minimisation of the surge voltage couplings into
other cable systems by arresting the energy-rich,
dangerous lightning currents directly at the building
entry point and at the cable’s point of transition
between zones.

e |Local equipotential bonding within the protection
zone.

* Reduction of malfunctions due to magnetic fields.

e Economic, easy to plan individual protection
concept for new and old buildings and reconstruc-
tions.

Unprotected zone outside the building. Direct lightning strike, no shielding against electromagnetic interfer-

LPZO A ence pulses LEMP (Lightning Electromagnetic Pulse)

LPZ0B Zone protected by external lightning protection system. No shielding against LEMP

LPZ 1 Zone inside the building. Low partial lightning energies possible

LPZ 2 Zone inside the building. Low surges possible

LPZ 3 Zone inside the building (can also be the metal housing of a consumer) No interference pulses through

LEMP or surges

Division of the building into lightning protection zones (LPZ)
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3.2.3.2 Type classes of surge protection devices

In accordance with IEC 61643-11, OBO SPDs (surge
protection devices) are divided into three type classes
- type 1, type 2 and type 3 (classes I, Il and ).
These standards contain regulations, requirements
and tests for surge protection devices used in AC net-
works with nominal voltages of up to 1,000 V AC and
nominal frequencies of between 50 and 60 Hz.

Lightning arrestor type 1 and combination arrestor
type 1+2

Lightning arrestors of type 1/class | are used at the
entry to the building. The connection is effected paral-
lel to the external lines of the energy network. The dir-
ect lightning strike is simulated with test impulses of
up to 100 kA with the pulse shape 10/350 ps. The
protection level must be below 4,000 V. Following
consultation with the local energy provider and in ac-
cordance with the VDN Directive, use before the main
meter device is also possible. Combination arrestors,
which fulfil the type 1 class (class |) and the type 2
class (class Il), must also fulfil the requirements for
test pulses of the pulse form 8/20 ps.

Chapter 3 | The internal lightning protection system

Surge arrestor type 2

Surge arrestors of type 2/class Il are used in main
and sub-distributors. The protection devices must be
used before a residual current protective device
(RCD), as it would otherwise interpret the arrested
surge current as a residual current and interrupt the
power circuit. The surge voltages are simulated with
test impulses, typically of 20 kV with the pulse shape
8/20 ps. To protect sensitive controllers, the protec-
tion level must be below 1,500 V.

Surge arrestor type 3

Type 3/class lll surge arrestors are used to protect
against inductive coupling and switching surges in the
device power circuits. These surge voltages occur
primarily between the phase (L) and the neutral cable
(N). The Y circuit protects the L and N lines with varis-
tor circuits and makes the connection to the PE line
through a spark gap. Thanks to this protection circuit,
transverse voltages are arrested without the residual
current device (RCD) interpreting the surge current as
a residual current and interrupting the power circuit.
The surge voltages are simulated with hybrid test im-
pulses of up to 20 kV and 10 kA with the pulse shape
1.2/50 ps and 8/20 ps. To protect sensitive control-
lers, the protection level must be below 1,500 V. A
surge voltage protection concept must take account
of all electrically conductive connections and must be
structured in levels. Each protection level builds on
the one before it and reduces the energy content of
the surge.
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Choosing the right surge protection devices For insulation coordination, the protection level of the
The classification of surge protection devices into SPDs must be less than or equal to the rated impulse
types means they can be matched to different require- voltage of the electrical system according to IEC
ments with regard to location, protection level and cur- 60364-5-53.

rent-carrying capacity. Table 3.3 below provides an
overview of the zone transitions. It also shows which
OBO surge protection devices can be installed in the
energy supply network and their respective function.

Zone transition | Protection device and device type Product example | Product figure
SPD for lightning protection equipotential bonding ac-
cording to IEC 62305 for direct or nearby lightning MCF100-
strikes. 3+NPE+FS
Devices: Type 1 (class I)/type 1+2 (class I+l), [tem no.:
LPZ0BtoLPz | & 9" lMCF100—3+NPE+FS . . 5096987
1 Required surge vqltage resistance: 4 kV
OBO SPD protection level: < 1.5 kV
Installation e.g. in the main distributor/at the entrance
to the building
SPD for equipotential bonding according to IEC V20
60364 in case of surge voltages. .
Devices: Type 2 (class Il ltem no.:
. ’ 5095253
e.g.. V20
LPZ 1 to LPZ 2 Required surge voltage resistance: 1.5 kV
OBO SPD protection level: < 1.3 kV
Installation e.g. in the sub-distributor/storey distributor
:
Surge protection for surge protection of the terminals. hjesnr\w/lrf;)
Devices: Type 3 (class lll), 509245"1
e.g.: USM-A
Required surge voltage resistance: 1.5 kV
LPZ 2 to LPZ 3 OBO SF"D protection Ieyel: < 1.3 kV '
Installation e.g. on or directly in front of the terminal

Table 3.3: SPDs at zone transitions
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3.2.3.3 Protection devices in various power supply
systems

4-wire networks, TN-C network system

In the TN-C network system, the electrical unit is sup-
plied through the three external lines (L1, L2, L3) and
the combined PEN line. Usage is described in IEC
60364-5-53.

Lightning current arrestor, type 1

Type 1 lightning current arrestors and combination ar-
restors are used in the 3-pin circuit (e.g.. MCF75-
3+FS).

L1
L2
L3
PEN

Chapter 3 | The internal lightning protection system

Surge arrestor type 2

Type 2 surge protection devices (SPDs) are used in
the 3+1 circuit (e.g. V20 3+NPE). With the 3+1 circuit,
the external conductors (L1, L2, L3) are connected to
the neutral conductor (N) via arrestors. The neutral

conductor (N) is connected to the protective earth via
a collective spark gap.

Surge arrestor type 3

Type 3 surge protection devices (SPDs) are used in
the device power circuits. A Y circuit protects the L

and N lines with varistor circuits and makes the con-
nection to the PE line through a collective spark gap
(e.g.: USM-A).

An SPD is to be used between the

neutral and protective conductors

0.5 m behind the separation of the
PEN conductor.

eeiiininiiianns >

_}r F2(RCD)

Ay

e

.
[ ]
14

System fuse F1

Cable length between arrestors

n Local equipotential busbar (PAS), optional

I8 | Type 1 (class |) surge protection devices (SPDs)

Circuit distribution board, e.g. sub-distributor

Type 2 (class Il) surge protection devices (SPDs)

Final circuit

Type 3 (class lll) surge protection devices (SPDs)

Main earthing busbar (MEB)

4-wire networks, TN-C network system and scope of standards
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5-wire networks, TN-S and TT network system

In the TN-S network system, the electrical unit is sup-
plied through the three external lines (L1, L2, L3), the
neutral cable (N) and the earth cable (PE). In the TT
network, however, the electrical unit is supplied
through the three external lines (L1, L2, L3), the neut-
ral cable (N) and the earth cable (PE). Usage is de-
scribed in IEC 61643-11.

VDE 0185-305 (IEC 62305)

VDE 0100-443 (IEC 60364-4-44)

A
\/

P R > oooeeernnnnnnnnns >
L1 F L1-4 AJ_'_ F2(RCD)
..... 1 --
T —- o o m—
B I/ =3 J—r
N ;I ----- _[ - o T o
..... _[ "] .-

PE

laplenple g
Fal|ufnjf

lfnjuj
[;! D

'
]

> © 900 0 |- - - - - - - - - - - 1000 0 |

b — = = a

n System fuse F1 n Local equipotential busbar (PAS), optional

n Cable length between arrestors Type 1 (class |) lightning arrestor

n Circuit distribution board, e.g. sub-distributor n Type 2 (class Il) surge protection devices (SPDs)
n Final circuit n Type 3 (class lll) surge protection devices (SPDs)
B | Vain earthing busbar (MEB)

5-wire networks, TN-S and TT network system
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Type 1/type 142 lightning arrestors (class l/class
1+11)

Type 1/type 1+2 lightning arrestors are used in the
3+1 circuit (e.g. MCF100-3+NPE-FS, 5096987). With
the 3+1 circuit, the external conductors (L1, L2, L3)
are connected to the neutral conductor (N) via ar-
restors. The neutral conductor (N) is connected to the
protective earth via a collective spark gap. Following
consultation with the local energy provider and in ac-
cordance with the VDN Directive, use before the main
meter device is also possible.

Surge arrestor type 2 (class Il)

Type 2 surge arrestors are used in the 3+1 circuit
(e.g. V20-3+NPE). With the 3+1 circuit, the external
conductors (L1, L2, L3) are connected to the neutral
conductor (N) via arrestors. The neutral conductor (N)
is connected to the protective earth via a collective
spark gap. The arrestors must be used before a resid-
ual current protective device (RCD), as it would other-
wise interpret the arrested surge current as a residual
current and interrupt the power circuit.

Chapter 3 | The internal lightning protection system

Surge arrestor type 3 (class Ill)

Type 3 surge arrestors are used to protect against
surges in the terminal power circuits. These transverse
surges occur primarily between L and N. A Y circuit
protects the L and N lines with varistor circuits and
makes the connection to the PE line through a collect-
ive spark gap (e.g.. USM-A). This protection circuit
between L and N prevents surge currents from trans-
verse voltages being conducted towards PE, the RCD
thus interprets no residual current. You can find the
relevant technical data on the product pages.

3.2.3.4 Selection criteria (voltage resistance of
devices — protection levels) — Selection aid

The rated surge voltage resistance against transient
surges is defined according to the installation stand-
ard [EC 60664 for the various installation locations.
The voltage resistance of the devices must be co-
ordinated with the protection levels of the lightning
and surge protection devices. Coordination of insula-
tion should take place according to EN 60664.

Nominal voltage of Voltage between phase and neutral Rated surge voltage (2)

m‘g’ﬁ;fgggggﬁi@ (1) wire derived from the nominal AC v

IEC 60038 (3) icr)qrc?uodr:wr:gal DC voltage up to and Surge voltage category (4)

Three-phase Single-phase v I Il Il I\
50 330 500 800 1500
100 500 800 1500 2500
150 800 1500 2500 4000

120/240

230/400, 277/480 300 1500 2500 4000 6000

400/690 600 2500 4000 6000 8000

1000 1000 4000 6000 8000 12000

(1) For application to different low-voltage networks and their nominal voltages see Annex B

(2) Equipment with this rated surge voltage may be used in systems in accordance with [EC 60364-4-443.

(3) The slash (“/”) indicates a three-phase, 4-wire system. The lower value represents the voltage between the phase and the neutral conductor while
the higher value is the voltage between phases. Where only one value is given, it relates to three-phase, 3-wire systems and describes the voltage

between phases.
(4) For more information on the surge voltage categories see 2.2.2.1.1.

Table 3.4: Rated surge voltage for equipment in accordance with installation standard IEC 60664
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Exposed cable supply If surge protection is used for the low-voltage system,
Buildings with an exposed cable supply must be pro- then suitable surge protection devices (SPD) should
tected with type 1 SPDs, even if the supply cable is be used for the telecommunications and data sys-
run between the last mast of the exposed cable and tems.

the building as an earth cable.

Low-voltage cable networks require protection against
surge voltages of atmospheric origin and switching
surges due to the following reasons:

e Surge voltages are not weakened or attenuated suf-
ficiently by earthing cables.

e Surge voltage damage frequently occurs on re-
sources operated on power and data/telephone
networks.

e The use of control and communication equipment
is continually increasing.

m

A

—_ g ————
I

Exposed cable supply Sensitive device

SPD (type 1 or type 1+2)

Main earthing busbar (MEB)

Metal cable

Power supply
(L1, L2, L3 and PEN)
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Questions about DIN VDE 0100-443/-534

1. What is now obligatory according to DIN VDE
0100-443?

Answer: DIN VDE 0100-443 prescribes surge ar-
restors in front of resources of surge voltage category
I and Il. In housing, terminals with this rated surge
voltage are used (e.g. household appliances, com-
puters, tools, etc.).

In addition, DIN VDE 0100-443 recommends the use
of surge arrestors for IT interfaces. DIN VDE 0100-
443 describes surge voltages from atmospheric influ-
ences or impacts of switching actions.

2. Which arrestors should be used?

Answer: As protection against lightning impacts and
switched surge voltages, which ingress into the sys-
tem via the supply line, type 2 SPDs must be installed
at the feed point/building entry.

In the case of an outdoor line infeed or a lightning
protection system according to VDE 0185-305, type 1
SPDs should be used for lightning protection equipo-
tential bonding.

Chapter 3 | The internal lightning protection system

3. Must additional measures be taken against surge
voltages in the case of terminals of sub-distributors
which are at a cable length of more than 10 metres
from the last surge arrestor?

Answer: The measures for sensitive terminals or sub-
distributors which are at a cable length of more than
10 m from the last surge arrestor should be agreed
individually between the installation engineer and the
client. If, within a building, switching surge voltages
are generated and cables leave the building, then
there is the necessity of checking further measures
and documenting the result.

4. Must new PV systems or those erected at a later
date be protected?

Answer: A PV system must be erected according to
DIN VDE 0100-712. It is necessary to erect the surge
protection on the AC side according to DIN VDE
0100-443 and to check it for IT and communications
technology. According to Supplement 5 of DIN VDE
0185-305-3, surge protection on the DC side is also
necessary.
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Type 1+2 combination arrestor MCF-...NAR on the 40-mm busbar in mains-side connection compartment

Lightning arrestor in the pre-counter area

Type 1 lightning arrestors or type 1+2 combination ar-
restors can be used in the mains-side connection
compartment (NAR), previously termed as the "lower
connection compartment".

If lightning currents (external lightning protection or ex-
posed cable infeed) are expected at the infeed point
of the electrical system, a type 1 or type 1+2 lightning
and surge protection device is required. An installation
through direct mounting on the 40 mm busbar system
in the lower or mains-side connection compartment
(NAR) of the meter cabinet is possible.

192

The new series of MCF-...NAR combination arrestors
of type 1+2 is the ideal solution for use on the 40 mm
busbar system. The requirements for the mandatory
installation of surge protection according to DIN VDE
0100-443 and part -534 are fulfilled.

Benefits:

e DIN VDE 0100-443/-534 for installation of surge
protection is fulfilled.

e The low protection level of under 1,500 V is suit-
able for protection of terminals.

e Installation on the 40 mm busbar saves space in
the meter cabinet.

e The function display and optional remote signalling
contact signal the functionality.

* Power stages are available for all building types.
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Examples: MCF-xxx-NAR-TNC (+FS) for TN-C networks and MCF-xxx-NAR-TT (+FS) for TT and TN-S networks

Surge protection for the power supply
Use in the power connection compartment (NAR/40 mm busbar)

. . TN-C 3-pin x MCF25-NAR-TNC 5096950
25 kA
Without lightning )
protection system TN-C 3-pin J MCF25-NAR-TNC + FS 5096953
160 A gL/gG
. x MCF30-NAR-TT 5096961
With exposed cable 30 kA
supply J MCF30-NAR-TT+FS 5096963
TN-C 3-pin x MCF38-NAR-TNC 5096971
38 kA
. . TN-C 3-pin J MCF38-NAR-TNC+FS 5096973
With lightning pro- 160 A gL/gG
tection system x MCF50-NAR-TT 5096975
(BZK 3+4) 50 KA
- J MCF50-NAR-TT+FS 5096977
TN-C 3-pin x MCF75-NAR-TNC 5096982
75 kA
. . TN-C 3-pin J MCF75-NAR-TNC+FS 5096983
315 A gL/gG
With lightning pro-
tection system X MCF100-NAR-TT 5096985
(BZK 1+2) 100 kA
J MCF100-NAR-TT+FS 5096988

FS = Potential-free remote signalling (NO/NC)
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Coordination of insulation

The rated surge voltage depends on the surge voltage
category. In surge voltage category |, for example, for
a single-phase connection to a 230 V AC network, the
minimum rated surge voltage is 1.5 kV. A surge
voltage arrestor must limit the voltage to this or a
smaller value.

The protection level of a surge voltage arrestor is the
maximum voltage when the nominal surge current is
applied to it. If the actual surge current is smaller than
the nominal surge current, the response voltage and

hence also the protection level drops.

Required protection level for 230/400 V equipment in accordance with IEC 60364-4-443

6 kV
T 2
KV -—
4 kV
4 -1 S
3 1
10 FEINY
2 |
v
1A 1,5 kV
|

Resource at the infeed point of the system

Resource as a part of the fixed installation

Resource for connection to the fixed installation

Resource requiring special protection

Installation location, e.g. main distributor

Installation location, e.g. sub-distributor

Installation location, e.g. devices

Measured pulse voltage (voltage resistance) Uw of the
resources (green line)

Protection level UD of the OBO surge protection devices
(SPDs) (orange line)

B OoElaaoanR

Usable difference (e.g.: 2.5 kV corresponds to a supply
line length 1.25 m supply line @ 20 kA (8/20))

2,5 kV u

1,5 kV

1,5 kV 1,5 kV n

| | |
B Typ 1 B Typ 2 Typ 3
| |

Coordination of insulation as per EN 60664-1
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3.2.3.5 Installation requirements

The installation standard for surge protection devices,
IEC 60364-5-53, covers protection against surge
voltages resulting from indirect and remote lightning
strikes and switching operations. Surge protection
devices can also be known as “surge protective
devices” and “devices for protection against surges”.
The standard offers help in selecting and installing
surge protection devices in order to reduce downtime
in low-voltage systems. In buildings with an external
lightning protection system as per IEC 62305, type 1
surge protection devices must be used to connect the
supply lines routed in from outside the building to the
lightning protection equipotential bonding at the trans-
itions between lightning protection zones 0 and 1.

As of 2016, surge protection in all new buildings and
in electrical installations is mandatory for electrical in-
stallations conforming with the standard. The new
standards HD 60364-4-443 and IEC 60364-4-44 de-
scribe the decision criteria as to when and how surge
protection measures are required in systems and
buildings.

Minimum cross-sections for lightning protection
equipotential bonding

The length of the connection cable for surge protec-
tion devices is a significant aspect of the installation
standard IEC 60364-5-53. To ensure adequate protec-
tion of systems and devices, the maximum surge
voltage that can occur must be smaller than or equal
to the surge voltage resistance of the devices to be
protected. The sum of the protection level of the surge
protection devices and the voltage drop on the supply
lines must remain below the voltage resistance. To
minimise the voltage drop on the supply line, the
length, and hence inductance, of the cable must be
kept as low as possible. IEC 60364-5-53 recom-
mends a total length for the connection cable to the
surge protection device of less than 0.5 m and cer-
tainly no more than 1 m.

The following minimum cross-sections must be ob-
served for lightning protection equipotential bonding:
for copper 16 mm2, for aluminium 25 mm?2 and for
iron 50 mm2. At the lightning protection zone, trans-
ition from LPZ 0B to LPZ 1, all metal installations must
be integrated into the equipotential bonding system.
Active lines must be earthed using suitable surge ar-
restors.

Chapter 3 | The internal lightning protection system

——1 >
| I o
L1
L2
n T e ¢ o

L1T+L2<05m
Maximum length of supply line as per IEC 60364-5-53

Main earthing busbar or protective conductor rail

Supply line to protection device

Connection between protection device and equipoten-
2 | tial bonding

Connection length, alternative V wiring and cross-
sections

If the surge protection device is tripped by a surge
voltage, the supply lines, fuse and protection device
conduct surge current. This produces a voltage drop
at the impedances of the lines. The ohmic component
is negligible compared to the inductive component.

Mounting of the type 1+2 V50 combination arrestor in
the upper meter connection compartment

(et O=0
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L e o Ly AH(V/m

i I1:1ml U =1kv

Y Up < 1,5 kV Uges < 3.5 kV

|2:1ml Up =1kV

Voltage drop on the supply line when surge current is applied (i = lightning current, U
tion device)

= surge voltage at protec-

total

Account must be taken of the lengths of the connec-
tion cables. Due to the inductance L, rapid increases I| I| \/ - |

in current (100-200 kA/us) result in large voltage in-
creases. Assumption: 1 kV per m

For the dynamic voltage drop (Udyn), the following
equation applies: n
Udyn =ix R+ (di/dt) L
Udyn:10 kA x 0.01 Ohm + (10 kA/8 ps) x 1 uH ° Q—'—
Udyn =100V +1,250V=1,350V
[6 o 9 ¢ o |

Ugon Voltage drop on the cable | a

i Surge current <

R Ohmic line resistance n Protective conductor rail

di/dt A current change/A time : : :

L Inductance of cable (assumption: 1 uH/m) n Main equipotential busbar

V wiring

The dynamic voltage drop U, is calculated on the
basis of the product of the inductive component and
the change in current over time (di/dt). These transi-
ent surges are several 10 kA high.

V wiring

Surge protection devices can alternatively be connec-
ted in a V shape. In this case, no separate branch
cables are used for connecting the protection devices.
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V wiring on a surge arrestor according to IEC 60634-5-53 (i = lightning current | U,
device)

= surge voltage at protection

total

The connection cable to the protection device is cru-
cial for achieving an optimum protection level.

In accordance with IEC installation directives, the
length of the branch cable to the arrestor and the
length of the line from the protection device to the
equipotential bonding should, in total, be less than
0.5 m. If the cables are longer than 0.5 m, V wiring
must be selected.
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Material Cro§s-section of cables conn_ecting diifel:ent equipo- Cross:se:ction of. cable§ connectir_ng the ipternal
tential busbars together or with the earthing system metallic installations with the equipotential busbar

Copper 16 mm?2 6 mm?2

Aluminium 25 mm?2 10 mm?2

Steel 50 mm?2 16 mm?

Table 3.5: Minimum dimensions of equipotential bonding cables, protection class | to IV

Cross-sections

According to IEC 60364-5-53, type 1 or 1+2 lightning
arrestors with a cross-section of at least 16 mm?2 of
copper capable of carrying lightning current are re-
quired. Type 2 surge protection devices with a minim-
um cross-section of 4 mm2 copper, or the standard
commercial minimum connection cross-section of
6 mm?2, must be connected. Account must additionally
be taken of the maximum short-circuit currents occur-
ring at the place of installation.

Installation locations and cable lengths

Looking in the direction of energy flow, additional
SPDs must installed after the infeed point of the elec-
trical system, for example in sub-distributors or at the
sockets.

9 0
————— HAK — uv

230/400 V

Tﬂ_ﬂﬂ

L L

Building connection box

In or near the central meter system/main distributor

Sub-distributor

Terminal devices

According to VDE 0100-534, Chapter 534.4.9 "Effect-
ive protection area of SPDs", additional protection
measures should be employed, if the cable length
between the SPD and the resource to be protected is
more than 10 m, e.g.:

a) Additional SPD as close as possible to the re-
source to be protected.

b) Use of one-port SPD (Up (50%) < Uw) at the supply
point.

b) Use of two-port SPDs at the supply point.

With points b) and c), additional measures, such as
the use of shielded cables, are necessary.

V'S
v

= =

Feed line

ﬂ IT terminals

H Cable length > 10 m (second SPD required)

Maximum cable length between SPD and terminal

PV N

nL1 T

¥l

—ilis

SPD type 1 and/or type 2

Feed line

SPD type 2 or type 3

E IT terminals

Installation location of SPDs (maximum cable length
between SPD and terminal = 10 m)
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n Cable length > 10 m (earthed cable shield)

Shielded cable routing between SPD and terminal
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Back-up fuse

To provide protection in case of short circuits in surge
protection devices, a back-up fuse (F2) is used. OBO
specifies a maximum fuse rating for all devices. If an
upstream fuse (F1) has a smaller or equal value than
the maximum fuse current, a separate fuse/back-up
fuse (F2) is however not needed before the surge pro-
tection device. If the rating of the system fuse (F1) is
higher than the maximum fuse current, a fuse corres-
ponding to the specified maximum fuse current must
be fitted before the protection device. The rating of the
fuse (F2) before the protection device should be as
high as possible. The pulse resistance of a higher-
rated fuse is greater than that of a lower-rated one.

[ I > L

Back-up fuse on surge protection device

Chapter 3 | The internal lightning protection system

Main earthing rail

System fuse

HER

Back-up fuse
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3.2.3.6 Protection circuit

Only an effective protection circuit providing uninter-
rupted surge protection can prevent dangerous poten-
tial differences in devices/systems. When implement-
ing a surge protection concept it is necessary to ob-
tain information on the devices and system compon-
ents to be protected and, where possible, gather them
into lightning protection zones (LPZs).

Telecommunication

L]

MSR lines I Further data lines

Power supply

Protection circuit around an electronic device

Circuits that need to be incorporated into the equipo-
tential bonding system:
e Power supply lines
¢ Network and data cables
e Telecommunications cables
¢ Antenna cables
e Control cables
¢ Metallic pipes
(e.g. water and drainage pipes)

The cables must be incorporated into the local equi-
potential bonding system either directly or using suit-
able arrestors. The best lightning and surge protection
concept is useless unless every electrical and metal
line entering the building or the protection circuit is in-
cluded in the protection concept.

200

3.2.4 Versions

In building structures and electrical systems, meas-
ures for lightning and surge protection and e.g. struc-
tural fire safety must be taken into account and
tailored to one another right from the planning stage.
Requirements in laws such as the German state build-
ing regulations and the current standards must be ob-
served. Suitable protection concepts must be agreed
upon jointly by planners, lightning protection engin-
eers, electricians and the operator/client. The stipula-
tions of insurance companies and network operators
should also be taken into account.

3.2.4.1 Installation with residual current devices
(RCDs)

For a fraction of a second, surge protection devices
generate all-pole equipotential bonding. To ensure
maximum availability, surge arrestors must be fitted
upstream of the RCDs. In this way, the surge current
is arrested to earth first, preventing accidental tripping
of the RCD. According to IEC 60364-5-53, use up-
stream of an RCD in the TT network is only permitted
in the case of the “3 + 1 circuit”. Here, the three ex-
ternal conductors are connected to the neutral wire
via the surge arrestors and an insulating N-PE spark
gap is used in the earthing line. If the surge arrestor
can only be fitted after the RCD, a surge-current-proof
RCD must be used.
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Substation/connection to grid

H Wind power plant

Couplings due to lightning currents

Lightning and surge protection measures in wind power
plants

3.2.4.2 Wind power plants

According to IEC 62305, lightning discharges can
produce surge currents of up to several hundred KA.
The large impulse currents produced, with their rapid
rise times, generate a magnetic field that changes
over time and which spreads outwards concentrically
from the lightning channel. This magnetic field can
penetrate the conductor loops of power and IT sys-
tems within a wind power plant. The mutual induct-
ances, M, that form, can induce large surge voltages
which can disrupt or even destroy electronic compon-
ents. This process is based on the law of induction
and can be represented as follows:

M is the mutual inductance of the conductor loop. The
larger the surface area, and the faster the rise time of
the lightning current, the greater the coupled surge
voltage will be.

M Mutual inductance

di/dt Current change/time

Chapter 3 | The internal lightning protection system

Protection measures in energy technology systems
A type 2 surge arrestor is essential for protecting
sensitive electronic components within the wind power
plant. However, VDE 0100-534 states that certain
technical requirements must be met for these ar-
restors to be used; these are described in further de-
tail below. A basic requirement of wind power plant
operators is that the electronic supply system is ex-
ecuted in such a way as to comply at all times with
EMC (electromagnetic compatibility) requirements so
as to prevent interference currents on cable shields
and PE. Different power networks and voltages can be
encountered in wind power plants: 230/400 V and
400/690 V. Particularly in 400/690 V networks, spe-
cial requirements relating to surge voltage protection
must be observed.

Taking account of the sensors in wind power plants
The latest wind power plants use so-called pitch con-
trols. Lightning and surge protection is required to
protect the electronic controls and speed control
against failure.

Recommended installation locations in wind power
plants

Because the coupled surge voltage is always at both
ends of the cable, each device inside the structure
must be protected. Because, particularly in large wind
power plants, long cable lengths with large surface
areas are not uncommon, a surge protection device
(SPD) should be fitted immediately before each of the
sensitive devices within the bus. In areas of high hu-
midity and low temperatures, the sensor can freeze,
which can impair the measurement signal. Most
sensors used in locations of this kind are fitted with a
heating system. These sensors need an SPD that is
designed to withstand not just the measurement sig-
nal itself, but also large nominal load currents. OBO
Bettermann offers a space-efficient solution: the MDP.
Despite its small installation width, this high-perform-
ance surge arrestor developed for use in wind power
plants is suitable for the high requirements of large
nominal load currents of up to 10 A. This enables it to
protect even high-bandwidth sensors simply yet effect-
ively.
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3.2.4.3 Residential and industrial applications
Transient surges resulting from lightning strikes and
switching operations cause the failure and destruction
of electronic devices. Damage to terminal devices in
homes and the failure of computer-controlled systems
in everything from industry and commerce to agricul-
ture, lead to downtimes, costly repairs or even the
loss of important files such as documents, photo-
graphs and customer enquiries and orders. Surge
protection measures should be taken for the following
devices and systems:

Antenna systems

e Cable connection

e Antennas

e E.g. TVs, videos and DVD recorders, stereos

Telephone systems

* Analogue

¢ |ISDN NTBA

¢ |P telephony systems

Construction engineering/installations
e Heating controls

¢ Solar and photovoltaic systems

e Building automation

Terminals
e Computer
e Household appliances, burglar alarm systems, etc.

Using surge protection devices reduces downtimes of
devices and systems.

3.2.4.4 PV systems

Surge voltages can lead to the failure of PV systems
and hence failure to achieve the expected vyields. To
prevent loss of investments, relevant insurance-related
questions need to be considered. Only a protected
system can withstand these loads and reliably pro-
duce electricity. Under VdS Directive 2010, property
insurers require PV systems of 10 kWp or more to be
fitted with lightning protection and internal surge
voltage protection.

If a new PV system is connected to an electrical sys-
tem, surge protection (type 2) on the AC side is re-
quired according to IEC 60364-4-44 and 60364-7-
712. The German Supplementary Sheet 5 of the light-
ning protection standard IEC 62305-3 also requires —
to protect the inverter — the installation of surge pro-
tection on the DC side.

In addition, on PV systems, surge protection for in-
formation and communication technology is recom-
mended.

House with lightning protection system and internal light-
ning protection system

202

PV system in the protection area of the air-termination
system situated at a separation distance of s
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Avoiding shade from the lightning protection sys-
tem

The position of the air-termination masts or air-termina-
tion rods should be chosen so that there is no shad-
ing of the PV modules. A core shadow can cause per-
formance reductions of the whole string. An air-termin-
ation rod must be at least 108 x diameter from the PV
module (DIN EN 62305-3 Suppl. sheet 5).

Note that the PV system must remain in the protection
area of the air-termination rod.

Diameter of the air-termina- OISR i T Tl

tion system (m)

termination system and the
PV module (m)

0.008 0.86
0.010 1.08
0.016 1.73

Table 3.6: Minimum distance from the air-termination sys-
tems, to avoid a core shadow

s /)

An air termination rod casting a shadow on a PV module

Chapter 3 | The internal lightning protection system

Solar radiation

Air-termination rod

PV system

.
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Smart Home with PV system
and external lightning protection

system

In this building type, we will show you the follow- * Please note that the examples shown on this page
ing application examples™: are only an excerpt of the necessary protection meas-
+ Power supply ures for this building. For additional surge protection

solutions, please refer to the surge protection selection
aid, which is available for download at www.obo-better-

Supply, converters, terminals mann.com

» Telephone and communication technology

TV reception technology, intercom system
+ Building and control technologies

KNX, external gate control "

Power supply

= Supply

Protection of Installation location Product Item no.
Power supply Main distributor V50-3+NPE-280 5093 526
Supply

: Power supply Sub—(_lllstnbutor, V10 Compact AS 5093391

it Supply spacing > 10 m
) Photovoltaics
Protection of Installation location Product Item no.
PV AC side Directly on the V20-3+NPE 5095253
power inverter

PV DC side, Directly on the
per tracker, ower%nverter V20-C 3-PH-1000 5094608
up to 1,000 V P

204
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Power supply

B Terminal protection

Chapter 3 | The internal lightning protection system

Protection of Installation location Product Item no.
Be wer suoply On the PC FC-D 5092800
B Additional sensitive B
W devices On the device USM-A-2 5092460
- (e.g. food processor)
TV reception technology
B Sat system
Protection of Installation location Product Item no.
B2 - .
TV device On the TV FC-SAT-D 5092816
I""‘--“' Sat protection On the Multiswitch TV4+1 5083400
KH (roof)
€y Sat protection On the Multiswitch
. Power supply (roof) FC-D 5092800
Telephone and communication technology
) Intercom system
Protection of Installation location Product Item no.
Control of an external On the intercom system
intercom system, power Rl Y V50-1+NPE-280 5093522
supply and in the building
Control of an external On the intercom svstem
intercom system, data ) om Sy TKS-B 5097976
cable and in the building
Building and control technologies
Protection of Installation location Product Item no.
12 SR KNX building . .
i controller Directly on the hat rail, | pp, 5098514
y 54\ data cable on the control device
. KNX | In th k
control unit, n the connection sock- "
g permanently integrated et USM-A 5092451
) External gate control
Protection of Installation location Product Item no.
= Controller
{ External gate On the gate | V50-1+NPE-280 5093522
Power supply + in the building
] Controller
External gate On the gate TKS-B 5097976
Data cable in the building
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Selection aid, energy technology

AC combination arrestor and surge protection; type 1, type 1+2, type 2 and

type 3

Installation location 1

Installation in the main distributor box / combined distributor

Basic protection / type 1, type 2

Initial situation Building type Description Type Iltem no. Test Product
mark figure
No external lightning protection Private building, TN-/TT V20 3+NPE 5095253 VDE
system Multiple dwelling, in-§ Type 2 OVE
Earthing cable connection dustry, commerce 4 Division UL
Secondary counter
zone
V20 3+NPE+FS 5095333 VDE
with remote signalling OVE
UL
Private building, TN-/TT MCF25-NAR-TNC 5096950 VDE 3
Multiple dwelling Type 1 +2 =1
40 mm busbar (o
Power connection =
compartment (NAR) o
MCF30-NAR-TT 5096961 VDE n H
e
C a
=5
“
External lightning protection sys{ Buildings of TN-/TT V50 3+NPE 5093526 VDE
tem lightning protection | Type 1+ 2 OVE
(according to IEC 62305) classes Ill and IV 4 Division UL
(e.g. housing, of- Secondary counter
fices and zone
commercial build-
ings)
V50 3+NPE+FS 5093533 VDE
with remote signalling OVE
UL
Outdoor connection
Buildings of TN-C MCF75-3+FS 5096981 VDE
lightning protection | Type 1 UL =
classes | to IV 6 Division s
(e.g. industry) Pre-metered or sec- (B =i
ondary counter zone .
el TN-S MCF75-NAR-TNC 5096982 VDE
- Type 1
40 mm busbar
Power connection
compartment (NAR)
TN-S MCF100-3+NPE+FS 5096987 VDE
Type 1+2 uL
6 Division
Pre-metered or sec-
ondary counter zone
TN-S/TT MCF100-NAR-TT 5096985 VDE
Type 1+2

40 mm busbar
Power connection
compartment (NAR)
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Installation location 2 Installation location 2
Installation in the sub-distributor Installation before the terminal
Medium protection/type 2 Fine protection/type 3
Only required if distance =2 10 m
Description Type Item no. Test Product Description Type Item no. Product Product
mark figure figure figure
TN/TT V10 Compact | 5093380 Plug-in FCD 5092800 &y &,
Type 2 + 3 g ~ -
2.5 Division T i Tie
FC-TV-D 5092808 i} L]
Bl
V10 Compact | 5003382 A\ A\
FS, s FSSAT-D | 5092816 5 &5
with remote : L . ¥
signalling - -
paid
FCTAE-D | 5092824 &5 &5
TN/TT V20 3+NPE | 5095253 | VDE T )
Type 2 OVE
4 Division UL FC-ISDN-D | 5092812 ﬁ ﬁ
. 5 . 2t
FC-RJ-D 5092828 &5 &5
V20 5095333 VDE
3+NPE+FS OVE ' = ' =
with remote UL = =
signalling CNS-3-D-D | 5092701
L] 1 J
.____________________________________ .
TN/TT V20 3+NPE | 5095253 VDE Fixed installa USM-A 5092451 | |
Type 2 OVE tion
4 Division uL
3 -
&g USM-A ST- | 5092441 (77
3 230 1P+PE |/
3 ii!
§ ]
3 USS 45-0- | 6117473
2 V20 5095333 | VDE RW N N
S 3+NPE+FS OVE
§ with remote uL ——
N signalling .
= Series installa V10 Com- | 5093380
é tion pact
S, in distributor | L1/L2/L3/N
5
g o o
4
]
g TN/TT V20 3+NPE | 5095253 VDE
g Type 2 OVE
° 4 Division ub VF230- 5097650
& AC/DC
b
3 ] ]
g E 3
% -1 al
&
5 V20 5095333 | VDE
® 3+NPE+FS OVE VF230-AC- | 5097858
< with remote uL FS
8 signalling z with remote r v
£ signalling 1] i}
3 1 1
3 "
?
3
m
[2]
o
=
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Selection aid

Photovoltaic system solutions

Energy technology, type 2, protection of the DC side

Initial situation Max. DC Max. Max. Connection | Version Type Item no. Product
voltage number number (DC side) figure
of MPP of strings
per inverter | per MPP
terminal
No external lightning 1000 V 1 1In/10ut MC 4 con- VG-C DCPH-Y1000 5088 67 2 = ]
protection system nector
Earthing cable connection
The following are required: L
Surge protection type 2 1 2 Terminals Circuit break- | VG-C DC-TS1000 5088 66 0 ' x
Lightning protection er
equipotential bonding sys{
tem 6.5 mm? |
1 4 Terminals 4 fuse hold- | VG-C PV1000KS4 5088 65 4 i 2
ers, |
unequipped
1 10 Terminals VG-C DCPH-MS1000 | 5088 69 1
—r I
2 4 Terminals VG-CPV1000K 22 5088 56 8
2 6 Terminals VG-CPV 1000K 330 | 5088 58 2
3 6 Terminals VG-CPV 1000K 333 | 5088 58 5

You can find the selection aid for AC combination ar-
restors and surge protection in the chapter Surge Pro-

tection in Energy Technology.

O=0 [lass
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Energy technology, type 1+2, protection of the DC side

Initial situation Max. DC Max. Max. Connection | Version Type ltem no. Product
voltage number | number (DC side) figure
of MPP | of strings
per in- per MPP
verter terminal
External lightning 600 V 1 10 Terminal VG-BC DCPH-MS600 | 5088693
protection system according
0 i |
DIN EN 0185-305
The following are required: 1 1In/10ut MC4 con- VG-BC DCPH-Y600 5088676 .
Lightning and surge nector -
protection type 1+2
Lightning protection - T
equipotential bonding system
16 mm?2 900 V 1 3 Terminals VG-V25-BC3-PH900 | 5088591
Separation distance could
not be maintained
1 2 Terminals Switch-discon-| VG-BC DC-TS900 5088635
| nector -
‘”/\
1 8 Terminals VG-BC DCPH900-4K | 5088632
1 10 Terminals VG-BC DCPH-MS900 | 5088692
2 2In/10ut MC4 con- VG-BC DCPH900-21 | 5088625
nector ﬂ
2 4 Terminals VG-BCPV900OK 22 5088566
2 6 Terminals VG-BCPV 900K 330 | 5088576
3 2In/10ut MC4 con- VG-BC DCPH900-31 | 5088629
nector B
3 6 Terminals VG-BCPV 900K 333 | 5088579 E
Data technology
Initial situation RJ 45 Terminal | Type Item no. Product
figure
No external lightning protection . ND-CAT6A/EA 5081800

system
- Earthing cable connection

External lightning protection system| . FRD 24 HF 5098575
(according to DIN EN 62305)
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Four steps to comprehensive protection of PV systems

Step 1:

Check the separation distance

If the required separation distance cannot be com-
plied with, then the metallic parts must be intercon-
nected to be able to carry lightning current.

Step 2:

Check the protection measures

Measures for lightning protection equipotential bond-
ing are used on the DC and the AC side, e.g. lightning
current arrestor (type 1).

Step 3:

Include data cables

Data cables must be included in the protection
concept.

Step 4:

Carrying out the equipotential bonding

Local equipotential bonding must be provided on the
inverter.

Overview of protection measures

Initial situation Measure

Separation distance ac- | Equipotential Surge Sample
cording to IEC 62305 bonding
maintained

protection product
picture

External lightning protection
system (according to
DIN EN 62305)

Adapt the lightning protec- | Yes
tion system
according to DIN EN 62305

e

min. 6 mm?2 DC: Type 2
V20-C 3PH-1000

5094608

AC: Type 1+2
V50 3+NPE
5093526

No

min. 16 mm?2 DC: Type 1+2
V-PV-T1+2-1000

5094230

AC: Type 1+2
V50 3+NPE
5093526

No outside lightning Requirements testing: -
protection system earthing cable | LBO, Vds 2010, risk ana-
connection lysis,

min. 6 mm2 DC: Type 2
V20-C 3PH-1000

5094608

AC: Type 2
V20 3+NPE
5095223

210
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3.2.4.5 LED street lighting systems

Chapter 3 | The internal lightning protection system

Damage and repair costs

In the field of street lighting, the replacement of the
defective components, alongside the hardware costs,
also incurs high costs through the use of elevating
platforms and personnel. Upstream surge protection
devices reduce the pulses and protect the luminaire.
Whole streets are supplied via central distribution
boxes, containing the controllers and protection com-
ponents. The supply voltage is fed in via buried cables
in the connection compartment of the mast. The Iu-
minaire is supplied from the connection compartment.

Creation of the earthing systems

In a new installation, the supply cable can be protec-
ted against destruction from lightning currents in the
earth by an optional earthing line above it. According
to the current lightning protection standard I|EC
62305-3 German supplement 2 (VDE 0185-305-3),
this earthing line must be located 0.5 metres above
the supply cable. The earthing line compensates po-
tential differences and minimises arcing to the supply
cable.

n Earthing line, uninsulated

H Supply cable

Cable routing
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Installation location of the lightning and surge
protection

The use of surge protection is required for safe opera-
tion. According to the American ANSI and |EEE stand-
ard, a surge voltage resistance of 20 kV is required
for outdoor lighting at a surge current load of 10 KA.
However, of decisive importance for the protection ac-
tion is that the protection level of the surge protection
device is below the surge voltage resistance of the
lights and the LED driver. Surge protection devices
must correspond to the testing standard IEC 61643-
11 and must be able to arrest surge currents of sever-
al thousand amps multiple times without destruction.
According to the testing standard, each protection
device must have thermal monitoring and must be
isolated safely if there is a defect.

The luminaire standard "Fpr EN 60598-1: 2012-11 Lu-
minaires — Part 1: General Requirements and Tests",
Point 4.32 specifies: "Surge protection devices must
meet IEC 61643."

If there is a direct lightning strike in the mast lumin-
aire, a large portion of the lightning current will flow
directly into the earth, creating a potential difference to
the supply cable. Powerful lightning current / combin-
ation arrestors can arrest the energy-rich currents.

Surge protection devices must
correspond to IEC 61643.

(Source: Luminaires EN 60598-1)

Installation location Description Protection device ltem no.
n Lamp head with LED system, before the LED driver Surge protection type 2 USM-20-230L1+PE 5092431
Bl | Connection compartment of the mast luminaire f’y‘gengéOteC“O” module, | {j5M-20-23011P+PE 5092431
n Control cabinet with electronics, supply Surge protection type 1+2 V50 combination arrestor 5093526
n Earthing line, uninsulated Flat or round conductor 5018730
H Supply cable

Direct lightning strike into the mast luminaire

212
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Remote strike and inductive coupling

A lightning strike within 1.5 km generates a surge
voltage which hits the lighting via the supply cable.
These surge voltages have less energy than the direct
lightning strike, but can still destroy electronic com-
ponents. Inductive couplings are considerably re-
duced through a metallic mast and a luminaire with a
metallic housing. Here too, surge voltage pulses along
cables from the supply network need to be con-
sidered. In this case, the surge protection in the mast
connection compartment is easily accessible and
easy to check.

Installation location Description Protection device Item no.
1 Lamp head with LED system, ) VLB
. before the LED driver Surge protection type 2 USM-20-230L1+PE 5092431
E Connection compartment of the mast luminaire Surge protection type 2+3 USM-20-230L1+PE 5092431
[fJl | Control cabinet with electronics, Surge protection type 2 V20 3+NPE-280 5095253
Supply, 3-phase
ﬂ Alternatl_\/ely: EEMiE GElsl Tl Wil Surge protection type 2 V20 1+NPE-280 5095251
electronics, supply 1-phase
n Earthing line, uninsulated Flat or round conductor 5018730
H Supply cable

Remote strike and inductive coupling

213



Chapter 3 | The internal lightning protection system

LED lighting system in an indoor car park

3.2.4.6 LED internal lighting in buildings and halls

LED lighting systems in industrial plants and adminis-
trative buildings are usually destroyed by high
voltages, coupled inductively or by switching opera-
tions.

A risk analysis according to IEC 62305 can be used
to determine whether an external lightning protection
system is required or not. In a lightning protection sys-
tem, the supply cables at the entrance to the building
must be protected using suitable lightning current ar-
restors. Independently of this, the surge protection
system should be installed for the entire lighting sys-
tem.

In industrial and sports halls, the luminaires are in-
stalled at a great height. After damage, the lights or
the LED drivers can only be repaired at a high cost.
As the minimum lighting strength required at the work-
station can lead to accidents or errors, immediate ac-
tion is required.

214

The usually very long supply lines have a high poten-
tial for inductive coupling of surge voltages.

Surge protection devices must be used in the subdis-
tributor to be supplied. However, the luminaires are of-
ten 10 m from this distributor. To protect the LED
drivers and the light, a protection device is then re-
quired directly in front of the electronic components. If
the luminaires are, for example, mounted directly be-
neath the cable support systems, then the surge pro-
tection can also be inserted in a junction box in front
of the luminaires. To use the shielding function of the
metallic cable support systems, these must be in-
cluded in the equipotential bonding on both sides.

Connection of the protection device

The protection device USM-LED 230 can be installed
in series with or in parallel to the luminaires. The differ-
ing connection can be used to maximise availability
(parallel connection) or to switch off the luminaire if
there is a defect on the protection device (serial con-
nection).
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Parallel connection
The surge protection device is located upstream of
the LED luminaire.

Failure behaviour:
The display on the USM-LED goes out. The surge pro-
tection is disconnected. The LED luminaire remains lit
without protection.

Chapter 3 | The internal lightning protection system

Series connection
The surge protection is switched in series to the LED
luminaire.

Failure behaviour:

The display on the USM-LED goes out. The surge pro-
tection and the circuit (L") are disconnected. The fail-
ure is signalled by the luminaire going out. A suitable
protection device upstream of the electronic LED
drivers is a safe barrier against surge voltages. This
guarantees the lifespan of the LED luminaires, secur-
ing the investment.
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L Phase feed line L Phase feed line
L Phase from the protection device L Phase from the protection device
(switch-off in case of failure) (switch-off in case of failure)
PE Earth PE Earth
N Neutral conductor N Neutral conductor
LED Luminaire LED Luminaire

Parallel connection (max. availability)

Series connection (luminaire goes off)

In the commercial section and in the field of street
lightin