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Abstract. Lower voltage protection levels of surge protective devices type 1 caused, that they can be applied 
as a single system for lightning and overvoltage protection in low-voltage power installation. This fact 
creates necessity to coordination between properties of surge protective devices and requirements for surge 
immunity of electronic equipment, which results from EMC recommendations 

 
 
         Introduction 

Destruction-free and correct work of electric and 
electronic devices or systems is possible to achieve 
limiting surges in power supply and signal lines to 
require levels.  
The main part of voltage and current surges is caused by 
lightning current during direct strike to the lightning 
protection system (LPS) of structure or nearby. 
Protection against lightning risk in low-voltage power 
system requires basic information about: 

• lightning current and lightning overvoltages in this 
system, 

• surge immunity of devices, 
• properties of surge protective devices (SPD).  

During direct strike to LPS, the worst case which is 
analyzed, the low-voltage power system and devices 
inside structure can be affected by some part of lightning 
current.  

Considerably often devices are exposed to lightning 
overvoltages induce in electric power system inside and 
outside the structure. Measurements in power systems, 
laboratory tests and theoretical calculation indicated that 
these overvoltages have the double-exponential or 
damped oscillatory waveshapes. 

The protection against some part of lightning 
current and all type of overvoltages in power supply 
system can be done by SPD type 1. Taking these facts 
into account the different types of SPD were considered 
and compared.  
 

Surges in low-voltage power system 
In building with LPS the low-voltage power system 

can be affected by some part of lightning current. Such 
risk appeared during direct lightning stroke into the air-
terminal system of LPS.  
In this case, according the recommendations in standards 
about lightning protection of structure [6, 7] and 
requirements for SPD [5], 50% of lightning current is 
discharged through the earthing system of structure and 
odd part is distributed in the connected conductive 
systems (power system, metal piping, etc. - according to 
Fig.1.).   
 

 
 

Fig. 1. Lightning current distribution during direct stroke 
to LPS 

 
In the worst situation, it is possible to accept the 

following conditions:   
• only the low-voltage power system is connected 

and it will be loaded by 50% of lightning current, 
• lightning current with peak value 200 kA and shape 

10/350 was taken into account (values for the I 
lightning protection level), 

• TN-C system was introduced to building (phases 
L1, L2 L3 and PEN), 

In this case the low-voltage power system will be in 
danger cause by potential difference between conductors 
and earthing system, up to insulation breakdown.  Next 
the lightning current of up to 25 kA will be loading per 
conductor of low-voltage power system (Fig. 2b.). 
For typical buildings (III or IV lightning protection 
levels), smaller values of lightning current (12,5 kA, 
shape 10/350) per conductor are recommended.  
Considerably often low-voltage power system in 
structure is exposed to lightning, switching and 
temporary overvoltages. Measurements in power 
systems, laboratory tests and theoretical calculation 
indicated that these overvoltages have double-
exponential or damped oscillatory waveshapes.  
 



a) 

 
b) 

 
 

Fig.2. Lightning current distribution in low-voltage 
power system: a) current only in PEN, b) currents in all 

conductors after insulation break-down 
 

The rate of occurrence of surge voltages varies over 
wide limits and prediction of this rate for particular 
installation is always difficult or frequently impossible.  
Data collected from many overvoltage measurements 
have led to the plot the curves, which presented the 
probability of surge voltages exceeding specific values 
in form of low, medium or high exposure (Fig. 3.). 
On basis of accessible dates it was possible to accept, 
that in urban areas the overvoltages in range 1000 V- 
5000 V occurred about some times per year. In rural 
areas the relative probability of overvoltage occurrence 
is some times greater than in urban areas. 
 

Surge immunity test  
SPD appropriate to the installation site are chosen in 

accordance with overvoltages categories. It must be 
noticed that the required minimum values of 2,5 kV for 
230/400 V system only applied to equipment  belonging 
to the fixed electrical installation. Electric and electronic 
devices supplied by installation require protection to 
lower protection levels. 

The surge immunity should present producer in form 
of disturbance’s admissible levels for given devices and 
list of standards in accordance from which there were 

tested. The manufacturer should test his equipment on 
the basis of specific test levels to confirm the equipment 
level immunity for ports connected to power supply 
system.   
 

 

Fig.3. Rate of surges occurrence versus voltage levels for 
different exposures [5] 

During investigations the test generator’s output shall be 
connected coupling network and next to equipment 
under test. For power supply tests decoupling network is 
required in order to avoid possible adverse effects on the 
equipment which is not tested and may be powered by 
the same power system.  
The surges are applied to the equipment in accordance 
with figure 4. 
 
 

 
 
Fig.4. The test set-up for surge immunity tests for power 

supply 
 

The source of surges is generator which delivers 
1,2/50 µs voltage surge (Fig.5.) during open circuit 
condition and a 8/20 µs current surge into a short circuit 
(Fig. 6).  

Such generator is referred as a hybrid or 
combination wave generator and shall be connected to 
measuring systems with coupling networks.  

Additionally in investigations of surge immunity 
the voltage surges 10/700 µs and damping oscillations 
are also used (Fig. 5).  
The surge immunity requirements for different electronic 
and electric devices are presented in table 1.  



 
Fig. 5. Waveform of surge voltages used in tests  

 

 
Fig. 6. Waveform of surge current 8/20 µs (short circuit  

current) 
 

 
Table 1. Surge immunity requirements 

Equipment 
Maximal values of 
surges 1,2/50 -8/20 

Household appliance, electric 
tools , similar apparatus  
(EN 55014-2) 

 
 

Line to ground 
2000V 

Line to line 
1000V 

Residential, commercial and 
light industry (EN 50082-1) 
Information technology 
equipments ( EN 55024) 
Telecommunication network 
equipments ( EN 300 386-2) 
Industrial environmental  
 EN 50082-2) 
 

These protection levels can be realized by mean of 
a coordinated system of SPD type 1, 2 and sometime 
type 3 or in some cases by SPD type 1 with low-voltage 
protection level (for example 1500 V or 2500 V).  

Protection against lightning current 
Protection of electric installation and electric or 

electronic equipment against part of lightning currents 
and overvoltages require overvoltages SPDs type 1 with 
different voltage protection levels. SPDs with discharge 
spark gap are recommended [3].  

For the protection against lightning current, 
arrangement of SPDs shall be installed near the origin of 
the installation (Fig. 7.). 

 
 

Fig. 7. SPDs in low-voltage power system 
 

Selecting the arrangements of SPDs type 1 it is 
necessary to consider series of requirements resulting 
from the lightning threat and EMC recommendations for 
supply inputs of devices. 
Arrangement of SPDs type 1 should fulfil following 
requirements: 

• limitation the  peak values of surge voltages to 
required level (1500 V, 2500 V  or 4 000 V),  

• limitation the energy of surges to the surge 
immunity requirements for different electronic and 
electric devices,  

• convincing the protection against in lightning 
current with maximal values exceeding 12,5 kA,   

• cooperation of  SPD type 1 with SPD 2 and 3 or 
with varistors  installed directly inside protected 
devices, 

• simplicity in installation and comparatively small 
dimensions 

Special attention should be turning on limitation the 
maximal value of surges as well as its energy to required 
levels.  
 
 SPD type 1 with low-voltage protection level 

Above requirements fulfill only voltage limiting 
SDP type 1, sometimes called "clamping type” SPD 
(Fig. 8.) 
Basic elements of such SPD are controlled or 
uncontrolled   spark-gaps with low-voltage breakdown 
levels which are able to extinguish the flowing mains 
follow - current. 

Tests are taken to introduce zinc oxide varistors in 
SPD type 1. They have a lot of advantages, but the basic 
defects which practically eliminate varistors type of SPD 
in possibilities to protect against part of lightning current 
are following: 

•  possibility of protection against impulse currents 
(simulating lightning current) with comparatively 
small peak values, practically up to 7 - 9 kA, 



 

Fig. 8. Current and voltage of SPD type 1 based on a 
control spark-gap 

 

• SPD based on zinc oxide varistors limiting the surge 
voltages to the low levels (levels of protection 800 - 
900 V) but these voltages characterize the long 
duration times and considerable values of surge 
energy much larger compare to energy of surges use 
in EMC tests.  

This surge energy can cause damage of protected devices 
or next types of SPDs in coordinated surge protection 
system. Some example of voltage and current of SPD 
based on varistors is presented on Fig. 9.  

 
Fig. 9. Current and voltage of SPD type 1 based on a 

zinc oxide varistor 
 
When using spark-gap based SPD type 1, care must be 
taken that any start of SPD cause follow current in low-
voltage system. At present technologies of limiting 
follow currents in SPD are able, even for installation 
with high short circuit current, to reduce and extinguish 
the current to such degree that fuses for lower rated 
current don’t trip (Fig. 10.).  
 
 Conclusion  

Effective protection against surge currents and 
voltages caused by lightning strokes required the 
coordination the properties of SPD type 1 in low-voltage 
power systems with: 

• EMC requirements for electric or electronic 
equipment, 

• properties of SPD type 2 and 3 or with varistors  
installed directly inside protected devices. 

Presented considerations showed necessity of applying 
spark-gaps SPD type 1 in analyzed electric installations.   

 

Fig. 10. Reduction of the follow current in modern 
spark-gap SPD type 1 

 
This type of SPD protect against surge current 

10/350 µs with peak values 12,5 kA or higher. The surge 
shape and energy in part of installation protected by 
spark-gap SPD type 1 does not create threat for supplied 
devices tested in accordance with EMC requirements 
and gives possibility for successful overvoltage 
protection in low-voltage power system. 
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