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Today's electrical environment needs surge protection
With the advent of the microprocessor, the world has experienced a proliferation
of sensitive electronic components into our every walk of life from the household
appliances we use, to the sophisticated computing and communications systems
which serve our competitiveness as nations. Our hunger for the lifestyle which such
advances have brought shows no sign of abating, however these very advances
in circuit integration and miniaturization have come with a cost - lower immunity
to interference and a greater susceptibility to damage from overvoltages. To put
this in perspective, the energy needed to cause failure to the typical integrated
electronics of today, is less than one millionth of what, in the past could safely
be sustained by vacuum tube technology. Add to this our increasingly polluted
power distribution networks where electrical disturbances such as switching surges,
lightning strikes, induced noise and poor supply regulation are all too common,
and we have a recipe for equipment damage.

This damage may be all too obvious, as evident in catastrophic system failures,
or may present itself in more subtle mechanisms such as accelerated component
degradation, reduced equipment life and lost or corruption of data. In extreme cases,
such overvoltage surges and transients can cause facility fires and risk to human life.

The consequence of an unexpected power surge can be catastrophic to most
businesses or facilities. To fully evaluate this cost over the design life of the facility,
it is necessary to consider not only the repair and replacement cost of capital
damage, but more importantly, the less tangible costs associated with operational
downtime, corrupted or lost data and forgone opportunities, to name just a few.
Facility managers are all too aware that as the electronic systems under their
jurisdiction become more complex and integrated into our every day operations,
our reliance upon their smooth and continuous operation increases and
the implementation of cost effective protection measures become a critical
component of their job.

This catalogue details the extensive range of SPDs intended for use on power
distribution networks.

Causes of overvoltage surges and transients
Overvoltages originate from many sources, including:
- atmospheric discharges resulting in direct strikes to structures or systems,

or large induced voltages,
- overvoltage cause by power switching transients,
- faults in power distribution systems such as line-to-ground contacts,

or commingling of power and low voltage telecommunication lines,
- power regulation faults as can occur near large industrial consumers of power

or near electrified rail systems.

Surge protection in low voltage
power distribution systems

Figure 1: Relative causes of damage
(source: German Insurance Company)

Relative causes of damage
to capital investments
Statistics periodically issued by insurance
companies indicate that overvoltages
account for nearly one third of all major
causes of damage to capital equipment
and facilities. This picture is compounded
if one considers the true cost by damage
caused by such overvoltages by summing
the:

equipment repair / replacement costs
+ data recovery costs
+ non-productive operational downtime
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Figure 3: Number of thunder days per year
(Td) in Poland

Example

Regarding the lightning threat on macro
level Poland can be divided into three
regions:

1. Ng = 1 ÷ 1,7
comprising Pomorze and a part
of Warmia. It is classified as of moderate
threat level.

2. Ng = 1,7 ÷ 2,5
comprising Ziemia Lubuska,
Wielkopolska, Kujawy, Warmia
and a part of Mazowsze. It is classified
as of moderate-high threat level.

3. Ng = 2,5 ÷ 4
comprising Mazury, Podlasie,
Dolny �l¹sk, Górny �l¹sk, Ma³opolska.
It is classified as of high threat level.

Surge protection

Atmospheric discharges
The lightning discharge is one of natures most spectacular and awesome events.
It is created by the separation of electrical charges in the cloud mass when
the correct atmospheric conditions exist. As the charge accumulates, the air
separation between the cloud and ground becomes highly stressed. Eventually,
a small corona burst initiates the start of the air-breakdown process between
a descending down-leader and an ascending up-leader. When these two events
meet, we experience the lightning discharge as a return stroke as charge flows up
the ionized channel to neutralize the cloud charge. The result is a heating of the air
in this channel to some 30,000 K with rapid expansion and the creation of a pressure
shockwave heard as thunder.

More than half of all discharges take place either within a cloud (intra) or between
clouds (inter). Only a small fraction reach the ground as a cloud-to-ground discharge.
These may be both positive and negative in nature. Nearly 90% of all discharges
are know as negative lightning, while the less common positive lightning event is
generally characterized by more intense current and initiate from higher structures.

Properties of the lightning discharge can be hard to comprehend. The peak current
in the return stroke can be in excess of 200 thousand amperes (see Figure 4),
and the voltage of the leader channel in excess of 10 million volts. The rate of rise
of the current to this peak magnitude typically occurs in only a few millionths
of a second, and the whole lightning event typically lasts little more than
a few hundredth of a second. In this time, up to 10 re-strikes of the main ionized
channel may have occurred with even faster rise times of current and voltage.

Lightning density
The frequency of lightning varies with geographic location, environmental conditions
and time of year, and is generally depicted using flash density contour maps or
thunder day (isokeraunic) maps (see Figure 3). The lightning flash density (N) in
flashes/km can be estimated from the annual number of thunder days using the
following equation:

Ng = 0,04 × Td
1,25 / km2/per year

where:
Ng number of expected atmospheric discharges per year per square km
Td number of stormy days per year; taken from isokeraunic maps

Figure 2: Relation between annual flash density and annual thunder days
(source:  PN-IEC 61024-1:2001)
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Expected atmospheric discharge magnitudes
Maximum atmospheric discharge magnitudes occur from a few 10 kA to 200 kA.
See Figure 4 which depicts statistical data on intensity amplitude at discharging.

TN system
- overcurrent protective devices,
- residual current protective device.

TT system
- overcurrent protective devices,
- residual current protective device,
- fault-voltage-operated protective

device.

IT system
- overcurrent protective devices,
- residual current protective device,
- insulation monitoring device,
- fault-voltage-operated protective

device.

Surge protection

Figure 4: Histogram showing probability vs. amplitude for the cloud-to-ground discharge
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As can be seen, the highest frequency
of discharge is centered around 20 kA.
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SPDs for different power networks

Networks
The Standard PN-IEC 60364-4-41:2000 designates low voltage distribution
systems (networks) using two letters. The first letter details the grounding method
used at the source (i.e. the secondary side of the power distribution transformer).
The second letter details the grounding method used at the consumer's electrical
installation for any conductive metal parts.

This method is used to define three basic systems:
TN system,
TT system,
IT system.

Where the abbreviations have the following meaning:

First letter - grounding method used at the source:
T direct connection to ground of power supply source (star point of transformer

secondary winding),
I isolation of power supply source from ground, or connection via a high

impedance.

Second letter - grounding method used at exposed conductive parts in the electrical
installation:
T exposed conductive parts are directly grounded independent of eventual

existing grounded feeding point,
N exposed conductive parts are directly connected to grounding electrode

(grounding resistor).

Subsequent prefixes may be used to describe the arrangement of neutral
and protective conductors:
S neutral and protective conductors are separated,
C neutral and protective conductors are connected.

Hence it follows that there are three possible TN systems: TNS, TNC, TNCS.

Various protective devices may be installed on different distribution systems:
- overcurrent protective device (CB, fuses, etc),
- residual protective device (RCD, GFI),
- insulation monitoring device,
- fault-voltage-operated protective device.

It is important to ensure that an SPD is correctly selected and coordinated with
the type of power system in use and any overcurrent protection devices installed.
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Common power distribution systems (North America, Asia,
Latin America)
Description Typical supply voltages

Surge protection

Source configuration

Single-phase 110 V, 120 V, 220 V, 240 V
1Ph, 2W+G (L-N)

Single-phase 120/240 V
1Ph, W+G (L-N / L-L)

also known as split phase
or Edison system

Three-phase WYE 480 V
without neutral (L-L)
3Ph Y, 4W+G

Three-phase WYE 120/208 V, 220/380 V
with neutral 230/400 V, 240/415 V
3Ph Y, 4W+G 277/480 V, 347/600 V

(L-N / L-L)

Delta high leg 120/240 V
3Ph, 4W+G (L-N / L-L)

Delta ungrounded 240V, 480V
3Ph, 3W+G (L-L)

Delta grounded corner 240 V, 480 V
3Ph, 3W+G (L-L)



9

www.relpol.com.plExport Sales Department Phone +48 68 47 90 832 � Marketing Department Phone +48 68 47 90 900

Surge protection

SPDs and temporary overvoltages
It is important to ensure an SPD can withstand (or fail safely) under the worst
case temporary overvoltages (TOV) it is likely to experience on the power system
to which it is connected. The Standard PN-EN 60634:2002 (U) defines the worst
case temporary overvoltages UT which can occur on each of the three main power
systems in use, and the duration which these may be present for before a protection
relay will operate (see Table 1). PN-IEC 61643-1:2001 is a test and performance
standard for SPD manufactures which describes how to test their products
for compliance. It is important that an SPD is correctly selected to ensure it will
provide protection not only for the equipment it is intended to protect, but also that
it will not become a hazard on the system to which it is connected in the event
of a network fault.

SPD connected in UT for 5 sec. TOV (200 ms)
TN networks
between L - PEN 1,45 Uo

TT networks
between L - PE 3,0 Uo 1200 + Uo

between L - N 1,45 Uo

between N - PE 1200
IT networks
between L - PE 1200 + Uo

between L - N 1,45 Uo

between N - PE 1200

Table 1: Typical values of UT for faults occurring on the LV side and HV side of different power
distribution systems. An SPD designed in compliance with The Standard PN-IEC 61643-1:2001
will operate safely under such TOV events, either by withstanding, or safe disconnection.

LPZ defined by protection measures against LEMP
(PN-EN 62305-4:2006 (U))

S1 direct strike to the structure
S2 strike near to the structure
S3 direct strike to service entering

the structure
S4 strike near to service entering

the structure (induction)
R rolling sphere radius
ds safety distance against too high

magnetic field
o o lightning equipotential

bonding (SPD)
LPZ 0A direct strikes, full lightning

current, full magnetic field
LPZ 0B no direct strikes, partial lightning

or induced current, full magnetic
field

LPZ 1 no direct strikes, partial lightning
or induced current, damped
magnetic field

LPZ 2 no direct strikes, induced
current, further damped
magnetic field

The abbreviations above stand for the following:

LPZ lightning protection zone
LEMP lightning-caused electromagnetic pulse

Note: protected volumes inside LPZ 1 and LPZ 2 must respect safety distances ds
(see the legend beside).
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