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Abstract— This paper examines current Surge Protective 
Device (SPD) Standards and uses them as the basis for 
determining an appropriate surge rating for an SPD used in an 
AC power system. Brief comment is also made on other 
important parameters for SPDs. 
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I. SURGE RATINGS 
This paper seeks to outline the global consensus on what 

surge rating is appropriate for surge protection on AC power 
lines. It assumes that the requirement is for the higher level of 
protection, known as point-of-entry protection, and uses as an 
application example, the TT Power System. 

The IEC standards on surge protection are probably the 
closest to being global standards, although both the Australian 
standard for lightning protection (which includes surge 
protection), and the IEEE surge protection standards both 
predate the IEC standards by many years. The main IEC 
standards on surge protection for AC power protection are IEC 
61643-11, which covers the Testing of Surge Protective 
Devices (SPDs), and IEC 61643-12, which covers the Selection 
and Application of those SPDs. In addition, IEC 62305-4 also 
covers the application of SPDs and somewhat overlaps IEC 
61643-12. 

This document assumes that the requirement is for the 
higher level of protection, known as Class I protection, or 
point-of-entry protection. The starting point for selecting surge 
protection under the IEC scheme is to determine a Lightning 
Protection Level (LPL) as outlined in IEC 62305-1. This 
determines the amplitude of the lightning strike to be handled. 
The relevant tables are shown here. 

If the highest level of protection is required, a Lightning 
Protection Level I is selected (LPL I). Regarding lightning, it is 
known that positive lightning has the highest amplitude, and 
Table 3 above shows this. Positive lightning only occurs 
approximately 10% of the time (this is stated in Annex A.2), 
and so the maximum current is much lower than this most of 
the time. However, considering the larger amplitude positive 
lightning, the table shows that for LPL I the amplitude should 
be considered as being up to 200kA with a 10/350us wave 
shape. 

Table 5 shows that, actually, for LPL I, 99% of lightning 
strikes will be less than this 200kA level (and below the 100kA 
level for negative lightning, which occurs 90% of the time). 
Table 5 also shows that 98% of lightning strikes will be less 
than the 150kA level. In fact, Table A.3 of the same standard 
shows that the average lightning strike is 35kA. 

Standard IEC 62305-1 also has a Table E.2, showing that 
for the highest LPL I, a direct lightning strike to the incoming 
power service right outside the structure might result in a surge 
current of 10kA 10/350us. 

The IEC standards consider two mechanisms that can cause 
stress to the point-of-entry SPDs. The following two diagrams 
illustrate these two mechanisms. 

The one on the left is where lightning directly strikes the 
building Lightning Protection System (LPS). In this instance, 
the current flows into the local LPS earth system, causing a 
local earth potential rise. In this event, some of this lightning 
current actually flows out through the point-of-entry SPDs 
seeking the distant earth of the power supply system. The 



mechanism on the right is the one addressed above in Table 
E.2, where the current might be a maximum of 10kA. 

IEC 61643-12 Annex D explores the mechanism on the left 
(strike to the building LPS). It correctly says that the total 
lightning current flows into the local LPS of the building being 
struck, into any interconnected earths of adjacent site buildings, 
any metallic conductors coming into the building (such as 
metallic piping), and into the remote power supply earth. This 
current flow is affected by the type of power system (e.g. TT, 
TNC, etc), the relative resistances of the earth systems, and the 
impedance of the conductors and supply transformer windings. 
This calculation is quite complex, and some simply give up, 
and assume 50% is dissipated locally, and 50% heads out to the 
distant power supply earth (shared between the incoming 
power conductors and associated SPDs). 

A more reasoned approach than the 50% guess would 
recognize that the local LP earth is usually connected to the site 
earth which in total is substantially constructed to minimise 
EPRs and reduce voltage differences across the site. As such, it 
is usually of much lower resistance than the simple earth 
provided at the supply transformer on the pole some distance 
down the street. After allowing for this difference in relative 
earth resistances and wiring and transformer winding 
impedances, a more realistic estimate would be at least 75% to 
the local earth and no more than 25% flowing to the distant 
earth. 

As just discussed, while the simplistic 50% assumption 
makes for easy calculations, it is understood to over-calculate 
the proportion of the current flowing in the point-of-entry 
SPDs. There is some discussion of this in the same Annex D. 
In addition, the IEEE C62.41.2 standard, in Annex A, when 
commenting on this exact point, has the following to say: 
“Accepting the requirements defined in the IEC documents … 
raises the issue of a possible contradiction between, on the one 
hand, the successful field experience in North America of 
SPDs designed in accordance with the [lower level] parameters 
identified in the C62 series of IEEE standards … and, on the 
other hand, the higher stresses implied by the proposed IEC 
requirements”. In other words, the USA has for decades been 
successfully using SPDs of much lower surge ratings than the 
IEC standards would require, which tends to indicate the IEC 
requirements are over-rated. The experience of Australia, and 
reflected in the Australian standard, agrees with the American 
observation. The actual surge rating recommended by the IEEE 
C62.41.2 standard is a maximum of 10kA 10/350us. 

 
As an example for calculating the SPD surge ratings, the 

TT power system will be used, as shown in the following 
illustration. The TT system is characterised by the local site 
earth having no direct connection to the incoming supply. 

 
 

The PE connection is the local Protective Earth and would 
usually be connected to the LP earth, and thus is the earth that 
rises in potential during a lightning strike to the LPS. As 
discussed, most of the lightning current goes into the local LP 
earth, but that exiting the building through the power 
conductors does so through the N-G spark gap SPD. It then 
splits between the three Phase to Neutral SPDs, and the direct 
Neutral connection to get to the distant power utility earth at 
the power transformer (shown here as RB). Of course, the path 
through the three Phase to Neutral SPDs has the additional 
resistance of the fuses and the transformer windings, so the 
direct Neutral connection would carry a greater proportion of 
the current split. It is not at all unreasonable to expect each 
Phase to Neutral SPD to take no more than 20% of the current 
(60% total) and the direct Neutral connection to take at least 
40%. 

So, to summarise, the following lists what the standards 
indicate as being the surge rating for point-of-entry SPDs used 
in the TT power system. 

 
IEC Series of Standards: 

1) For direct strikes to the incoming service: 10kA 10/350us. 

2) For the local EPR situation where the lightning strikes the 
LPS and some surge current exits the building though the 
point-of-entry SPDs: 

i) Catering to 99% of all lightning strikes 

Phase to Neutral SPDs: 200kA x 25% x 20% = 10kA 
10/350us 

Neutral to Earth Spark Gap SPD: 200kA x 25% x 
100% = 50kA 10/350us 

ii) Catering to 98% of all lightning strikes 

Phase to Neutral SPDs: 150kA x 25% x 20% = 7.5kA 
10/350us 

Neutral to Earth Spark Gap SPD: 150kA x 25% x 
100% = 37.5kA 10/350us 

 

IEEE Standards 

1) For strikes to the incoming service: 

10kA (8/20us) [Table 4, IEEE C62.41.2] 



2) For the local EPR situation where the lightning strikes the
LPS and some surge current exits the building though the
point-of-entry SPDs:

10kA 10/350us.

Australian Standard (AS/NZS 1768) 

SPD rating per phase (service entrance, building in a high 
lightning area, or fitted with an LPS): 

10kA (10/350us) [Table 5.1, and 5.6.3.7 (c) (iii)] 

Taking all this together, and rounding up to commonly 
available ratings for SPDs, gives the following surge ratings: 

Phase to Neutral SPDs:  12.5kA 10/350us 
Neutral to Earth Spark Gap SPD: 50kA 10/350us 

As a final note here, there are SPD manufacturers who like 
to skew these calculations to demonstrate that higher ratings 
are needed. It is difficult to see how this can be objectively 
supported, and doesn’t align with experience in the field over 
many decades. These surge ratings concluded above are based 
on sensible risk management principles, and lead to the 
provision of cost-effective surge protection. 

Often when SPDs are found to have failed in the field, it 
can be traced back to either the SPDs never being capable of 
handling their claimed ratings in the first place, or failure 
during Temporary Over Voltages (TOVs). To address these 
two concerns, it is strongly recommend that only reputable 
SPDs be used that have demonstrated comprehensive standards 
compliance. 

II. TEMPORARY OVER VOLTAGE

There is now a good understanding of the importance of 
Temporary Over Voltage (TOV) and how it impacts upon the 
life of an SPD. Various fault conditions can occur in power 
systems, and can give rise to a TOV. An SPD needs to behave 
safely during a TOV event, and even better, be resilient to 
TOVs. IEC 61643-11 has tests for TOVs (Section 8.3.8 and 
Table B.1). An SPD designed for use on a power system with a 
nominal phase to neutral voltage in the range of 220V to 240V, 
is tested with the application of the following TOVs: 

337 Vac for 5 seconds: Must Withstand 

442 Vac for 2 hours: Must Withstand or Fail Safe 

The SPD must withstand the first test and remain 
operational, while in the second test the SPD can either 
withstand the TOV or fail safely. There are SPDs on the market 
that do withstand the application of the higher 442 Vac for 2 
hours, and their use will, of course, prolong their life in 
protecting the installation. 

III. VOLTAGE PROTECTION LEVEL

As well as considering the surge rating of an SPD and its 
robustness against TOVs, the Voltage Protection level, Up, of 
an SPD is important. This is a measure of how well the SPD 
can protect the equipment, and is measured during the 

application of the SPD’s rated surge current. There is not a lot 
of guidance on what value Up should be, but perhaps the best 
information is given in IEC 62305-4 Annexes A, C, and D, and 
IEC 61643-12, Annex M which contain somewhat identical 
material. These references are sometimes taken as supporting a 
Up value of not greater than 1.5kV, and this is not 
unreasonable as a general guideline. 

Of course, while one might think an ever-lower value of Up 
is best, it is wise to balance a requirement for low Up with 
good TOV withstand. Indeed, the very last sentence of the 
standard IEC 62305-4 Ed 2.0 says “However, an SPD with 
lower limiting voltage may be more susceptible to possible 
damage from temporary over voltages (TOV) if installed on 
poorly regulated power systems”. This basically means one 
should consider relaxing the desired Up slightly to 
accommodate SPDs that provide Withstand behavior under 
TOV conditions (perhaps up to 1.8kV). 

Finally, most of this paper applies to what are known as 
shunt (one-port) SPDs. Dramatic improvement can be made to 
the SPD’s performance by configuring it as a series (or two-
port) SPD, usually incorporating filtering. Typically, these can 
more than halve the Up values listed above, and can have a 
1000:1 reduction in the voltage rate of rise reaching the 
equipment (see IEC 61643-11 Sections 3.1.9 and 8.7.4), with a 
consequential major improvement in the protection afforded to 
the equipment being protected. 
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