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Abstract: Information is provided to specifiers and users of surge-protective devices (SPDs) about the 
application considerations of SPDs associated with power distribution systems within North America. This 
guide applies to SPDs to be connected to the load side of the service entrance main over current protective 
device of 50 Hz or 60 Hz ac power circuits rated at 100 V to 1000 V rms. The effects and side effects on 
the presence and operation of SPDs in low-voltage power distribution systems are described. The 
coordination of multiple SPDs on the same circuit is described. 
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Introduction 

 

This introduction is not part of IEEE Std C62.72-2007, IEEE Guide for the Application of Surge-Protective 
Devices for Low-Voltage (1000 V or Less) AC Power Circuits. 

One purpose of this guide is to provide specifiers and users of surge-protective devices (SPDs) with an 
understanding of numerous application considerations to be evaluated before SPDs are installed in low-
voltage ac power circuits. Given this understanding, specifiers and users can exercise due diligence in 
applying SPDs, take steps to prevent their misapplications, and act to either prevent or mitigate adverse 
effects that SPDs may have on a power distribution system. 

The growth of interest in low-voltage SPDs parallels the increasing number of installations with sensitive, 
sophisticated, and expensive electronic equipment and components that can be exposed and susceptible to 
surge voltages. Specifiers and users of SPDs might be under the impression, or might be led to believe the 
misconception, that by installing one or more SPDs in their respective facility or within specific equipment, 
there will be total immunity to any and all power system disturbances. Actually, unanticipated and 
unexpected events can occur, which makes absolute immunity to the events of surges an unreasonable and 
unrealistic goal. In addition, there are numerous misconceptions that SPDs are so generic in application and 
construction that the method employed in their installation and their respective locations within a power 
distribution system are not variables in their functionality. In reality, SPDs will respond to and have an 
effect on some power system disturbances but not on others. The functionality of any SPD is also directly 
related to the specific location where it is connected to a low-voltage power distribution system and the 
methods used to make the required electrical connections to ac power circuits. The effects that SPDs will 
have on power system disturbances are often less than desired. SPDs installed at various locations in the 
low-voltage power distribution system, as well as in specific equipment, can interact with each other, with 
protective relaying systems, and with other components of the power distribution system. In those 
scenarios, the effect of a given SPD is often imprecise and can be unpredictable. Due to the complex nature 
of surges and the numerous environments where surges are generated and SPDs exist, the application of 
SPDs has yet to become an exact science. 

This guide is one member of the IEEE C62TM family that deals with power systems surges and surge 
protection. Other IEEE C62 documents describe performance characteristics of SPDs, recommend standard 
test protocols for verifying performance, and provide guidance on the interaction between power systems 
disturbances and SPDs. 

Suggestions for improvements to this guide will be welcomed. They should be sent to Secretary,  
IEEE Standards Board, Institute of Electrical and Electronic Engineers, 445 Hoes Lane, Piscataway, NJ 
08855-1331, USA. 

Notice to users 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: http:// 
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for 
errata periodically. 
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Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html. 

Patents 

Attention is called to the possibility that implementation of this guide may require use of subject matter 
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or 
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying 
patents or patent applications for which a license may be required to implement an IEEE standard or for 
conducting inquiries into the legal validity or scope of those patents that are brought to its attention. 
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IEEE Guide for the Application  
of Surge-Protective Devices for  
Low-Voltage (1000 V or Less)  
AC Power Circuits 

 

1. 

1.1

Overview 

 Scope 

The transient overvoltages or surge events that are described and discussed in this guide are those that 
originate outside of a building or facility and impinge on a power distribution system (PDS) through the 
service entrance conductors. Transient overvoltages or surge events that originate from equipment within a 
specific facility are not within the scope of this document. 

This guide applies to surge-protective devices (SPDs) that are manufactured for connections to 50 Hz or  
60 Hz ac power circuits that are rated between 100 V rms and 1000 V rms. This guide applies to SPDs that 
are specifically identified, labeled, or listed for connections on the load side of the service entrance main 
overcurrent protective device. This guide does not cover those SPDs identified, labeled, or tested as a 
secondary surge arrester intended for connections on the line side of the service entrance main overcurrent 
protective device. 

The SPDs covered in this guide are those manufactured for use in an association with electrical power 
distribution equipment such as load centers, motor control centers, panelboards, switchboards, switchgear, 
and end-use equipment installed in commercial and industrial facilities. This guide excludes SPDs 
associated with retail and consumer appliances and components for residential use.  

This guide does not specify or set limits on insulation levels of any components associated with power 
distribution systems or end-use equipment. In addition, it is not the intent of this guide to address individual 
SPD component specifications associated with any specific manufacturer of surge protection products. 
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The SPDs discussed in this guide contain at least one nonlinear component for either diverting surge currents 
and/or dissipating surge energy. Examples of such nonlinear components are metal-oxide varistors (MOVs), 
silicon avalanche diodes (SADs), spark gap tubes, or thyristors. Ferroresonators, motor-generators, uninterruptible 
power supplies, and filters containing only inductive or capacitive components are not considered SPDs in the 
guide. 

1.2 Purpose 

The primary purpose of an SPD is to provide a desirable level of surge protection by diverting surge currents and 
by reducing surge voltages to a level that can be tolerated by the PDS and the equipment connected to the system. 
When specifying and installing any SPD in low-voltage power distribution equipment associated with commercial 
and industrial installations, numerous application considerations should be reviewed and evaluated before 
installation. Failure to consider the applications or misapplications of any SPD can directly influence the expected 
performance of the SPD and can result in undesirable effects on a PDS and/or end-use equipment. It is the intent 
of this guide to inform specifiers and users of SPDs, such as specifying engineers, electrical inspectors, facilities 
engineers, or authorities having jurisdiction, of application and installation considerations for the purpose of 
desirable and satisfactory application of SPDs. 

2. Normative references 

The following referenced documents are indispensable for the application of this standard. For dated references, 
only the edition cited applies. For undated references, the latest edition of the referenced document (including any 
amendments or corrigenda) applies. 

IEEE Std C62.41.1TM-2002, IEEE Guide on the Surge Environment in Low-Voltage (1000 V and Less) AC Power 
Circuits.1, 2 

IEEE Std C62.41.2TM-2002, IEEE Recommended Practice on Characterization of Surges in Low-Voltage (1000 V 
and Less) AC Power Circuits. 

3. Definitions 

For the purposes of this guide, the following terms and definitions apply. The Authoritative Dictionary of IEEE 
Standards Terms [B20]3 should be referenced for terms not defined in this clause. 

3.1 cascade coordination: The planned interaction between two or more surge-protective devices (SPDs) on the 
same power distribution system. 

3.2 main overcurrent protective device: The first overcurrent device between the secondary terminals of the 
distribution or power class transformer and the load terminals of the service entrance equipment. Also identified 
as the service entrance main. 

                                                 
1 IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ 08854, USA 
(http://standards.ieee.org/). 
2 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
3 The numbers in brackets correspond to those in the bibliography in Annex A. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:57:34 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C62.72-2007

http://www.avadocuments.com/doc/ieee-c62-72-2007
http://www.avadocuments.com/doc/ieee-c62-72-2007


IEEE Std C62.72-2007 
IEEE Guide for the Application of Surge-Protective Devices for Low-Voltage (1000 V of Less) AC Power Circuits 

3.3 service entrance equipment: The necessary equipment, usually consisting of a circuit breaker(s) or 
switch(es) and fuse(s) and their accessories, connected to the load end of service entrance conductors to a building 
facility, or other structure, or an otherwise designated area, and intended to constitute the main control and cutoff 
of the electrical service supply. 

3.4 short-circuit current rating (SCCR) of a surge-protective device: The level at which a surge-protective 
device (SPD) is suitable for use on an ac power circuit that is capable of delivering not more than the declared 
root-mean-square symmetrical current at a declared voltage during a short-circuit condition. 

4. 

5. 

5.1

Beginning the surge-protective device selection 

Protection of ac power circuits and connected equipment from surges is best achieved through the application of 
SPDs that are properly installed and rated for the particular application. An understanding of the origin of surges, 
exposure to the surge environment, location categories, configuration of a PDS, and characteristics of the end-use 
equipment are essential factors in the successful application of SPDs. 

If the installation of SPDs is desirable for a specific PDS, then it is recommended that the application be 
considered during the initial design phase of the construction or when the PDS is to be renovated or updated. 

In many cases, however, the installation of SPDs occurs well after the commissioning of a PDS or just after a 
damaging surge event has occurred. 

Regardless of when SPDs are selected or installed, exercising due diligence in the selection and application of the 
SPDs relative to specific PDS will enable the optimum surge protection for both the system and the connected 
equipment. 

Surge origins 

Surges that occur in low-voltage ac power systems, and impinge on a PDS from outside a facility, originate 
primarily from two sources. These sources are lightning and switching. 

a) Lightning surges. Lightning surges are the result of a direct flash to the power system, to the structure 
of interest and nearby structures, or to the soil. Distant lightning flashes can also induce voltage surges 
in the circuits of an installation. 

b) Switching surges. Switching surges are the result of intentional actions on the power system, such as 
load or capacitor switching. They can also be the result of unintentional events, such as power system 
faults and the subsequent corrective actions. 

 Lightning 

Lightning is a natural and unavoidable event that affects low-voltage systems (power systems as well as signal 
and communication systems) through several mechanisms. The obvious effect is a direct flash to the power 
system or to the building of interest, but other coupling mechanisms into overhead or buried power circuits can 
also produce overvoltages and associated surge currents. These lightning surges can be described under two 
distinct scenarios: 

a) Scenario I. In the event of a lightning flash not directly involving the structure, two different coupling 
mechanisms occur: 

1) Surges coupled into the power system, either directly or indirectly, and impinging at the service 
entrance of the building of interest. 
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2) Electric and magnetic fields penetrating the structure and coupling inductively in the building 
wiring. 

b) Scenario II. In the less common event of a direct flash to the structure (or a flash to earth very close to 
the structure), several coupling mechanisms exist: 

1) Surges coupled into the ac power circuits by direct coupling. 

2) Surges coupled into the ac power circuits by inductive coupling. 

3) Surges associated with local earth potential rise causing operation of a service-entrance SPD. 

5.2

5.2.1

5.2.2

6. 

6.1

 Switching 

Switching transients result from electrical loads turning ON and OFF and the mechanical operation (opening and 
closing) of various power system electrical equipment (capacitors, breakers, reclosers, etc.) located throughout a 
PDS. These operations can occur as a result of normal and abnormal operations or conditions. 

 Normal operations 

Normal operations are those such as switching electric loads ON and OFF, periodic transients caused by power 
converter switching devices, multiple reignitions or restrikes of power switches when they are opening or closing, 
and the energization of power factor correction capacitors. 

The effects of normal operations typically result in transients that do not have sufficient amplitude or duration to 
damage power system wiring or load equipment, although occasional equipment upset may occur. 

 Abnormal operations 

Abnormal operations include the opening and reclosing of circuit protective devices during fault conditions and 
major power system switching. Another abnormal operation would include capacitor bank switches inadvertently 
restriking. Abnormal operations can result in transient overvoltages of sufficient magnitude to cause equipment 
malfunctions and may cause SPD operation. 

Effects of surges 

The effects of a surge on power distribution systems or end-use equipment can range from no observable effect to 
obvious and severe damage. 

 No observed change 

The absence of visible changes could seem to demonstrate that the equipment was immune to the surge level in 
question, and in some cases, it may be. However, the equipment can continue normal performance within 
specified limits and thus appear to meet the criterion of “No Loss of Function or Performance.” Yet significant 
consequences are possible such as degradation of performance still within specification but foreboding larger 
degradation, latent failure of a component, or an unforeseen consequence elsewhere in the equipment 
environment. 
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6.2

6.2.1

6.2.2

6.3

6.4

7.

 Upset 

This consequence can be a self-recoverable upset by the planned design of the controls, components, or software 
and therefore not immediately apparent or permanent. Such upsets often require operator intervention or the 
programming of automatic actions that occur after some time delay. These upsets are identified in the following 
three categories: 

⎯ Minor 

⎯ Major 

⎯ Critical 

 Minor 

Acceptable temporary loss of function but no faulty operation of equipment or processes. 

 Major 

Temporary faulty operation or performance that might be self-recoverable through automatic self-test and restart 
programming. 

 Damage 

This consequence includes the subtle as well as the obvious. Subtle damage (for example, insulation breakdown) 
can occur without being detected unless special assessment of the equipment condition is performed. Obvious 
damage would be burned circuit board traces or evidence of a flashover at a panel or at an equipment location. 

 Consequential damage 

This consequence includes the possibility that equipment subjected to a surge could cause damage to its 
surroundings well beyond the importance of the damage or upset itself. Ignition of a fire or an explosion could 
occur. In these cases, facilities operations and equipment functions are dramatically disrupted.  

Damage can result from unseen hardware upset, during which data become corrupted. The corruption can subtly 
degrade other elements in the database, automated controllers, or programmable logic controllers while the user is 
left unaware of the situation. 

 Number and magnitude of surge events 

The magnitude of a surge and its effect on equipment varies, depending on the design and construction of the PDS 
and its specific geographical location. The prediction of the level or magnitude of a surge event at any point 
within a specific PDS is always difficult (and frequently impossible), based on current technology and the lack of 
understanding of all variables associated with surge events. Many variables can contribute to the rate and 
magnitude of surge events. Examples of some of these variables are the level and distribution of surges, changes 
in the environment, changes in the loads connected to the PDS, and changes in the medium voltage distribution 
system of a utility. 
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7.1

7.2

7.3

 General 

Low-level (low-magnitude) surges are more prevalent than high-magnitude surges. A surge voltage level observed 
in a PDS can be a function of one or more components of the original surge, the remnant energy available after a 
sparkover or flashover event, or the operation of an overcurrent protective device associated with the PDS. 

Where an individual evaluation is not possible, such as in the case of a direct lightning strike, it might be assumed 
that 50% of the total lightning current enters the ground termination of the lightning protection system of the 
structure considered. The other 50% of the current is then assumed to be distributed among the services entering 
the facility. This distribution of lightning current is also noted in IEC 61643-12 [B19]. The effects of increased 
numbers of SPDs installed within the PDS will also directly effect the distribution of a surge. The repetitive 
operation of numerous SPDs within a PDS can significantly affect the voltage stability of the system. 

 Environmental factors 

Variations in surge magnitudes and surge events can be related to changes in the environment. Environmental 
changes can alter the conductive path of a surge current or can facilitate a premature flashover or sparkover event. 
Changes in the environment are a function of one or more combinations of events.  

Factors that can contribute to flashover or sparkover events are as follows: 

a) Indoor versus outdoor equipment ratings. 

b) Air temperatures exceeding the range of equipment. 

c) Air temperatures caused by a temporary external heat source near the SPD. 

d) Exposure of energized parts to damaging fumes or vapors. 

e) Excessive dirt or other contaminates within the electrical equipment and around the SPD. 

f) Exposure of energized equipment to salt spray or other current conductive deposits. 

g) Exposure of energized equipment to moisture, steam, or water. 

h) Exposure of energized equipment to explosive atmospheres. 

i) Exposure of energized equipment to abnormal vibrations or shocks. 

j) Insufficient clearances between energized parts and nearby conductive objects. 

k) Increase of voltage on conductive parts that are greater than the rating of the component, equipment, or 
part. 

 Changes in the power distribution system 

The desired function of an SPD can be affected by changes in a PDS. Changes in the system can be a function of 
one or more combinations of events as a change in the nominal frequency of a PDS or operating conditions 
whereby the ratings of an SPD might be temporarily exceeded. The conditions listed below can cause conditions 
that exceed the listing voltage ratings of a specific SPD.  

Abnormal changes that occur in PDS as follows: 

a) Loss of neutral ground on normally grounded circuit. 

b) Abnormal speed regulation on a station service generator. 

c) Resonance conditions during faults. 
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d) System voltage instability. 

e) Persistent single line-to-ground fault on an ungrounded three-phase, three-wire PDS. 

7.4

7.4.1

7.4.1.1

                                                

 Rate of occurrence (versus) current level 

Data collected from many sources show a decreasing number of occurrences for high crest surges with a slope that 
is independent from the site of data collection. The absolute number of occurrences varies from site to site. Data 
indicate that low-amplitude surges occur more frequently than high-amplitude surges. The events of higher 
amplitudes can be extrapolated or estimated from the general slope of occurrences. 

IEEE Std C62.41.1-20024 provides a large database with regard to the rate of occurrence of surges. A large 
number of studies are cited, and the reader is referred to that document for further information regarding the rate 
of occurrence. 

The data collected indicate that the peak current levels of most lightning strikes are in the range of 10 kA to  
40 kA. The median value of the peak current reported was in the range of 15 kA to 20 kA. Only 6% of the 
currents were above 60 kA, and less than 2% of the currents were above 100 kA (Key and Martzloff [B35], Lewis 
and Foust [B38], and Transient Voltage Suppression [B55]). The rate and peak current levels of surge events will 
also vary depending on the geographical location. In addition, the research data indicate the value of the initial 
stroke. Lightning is a usually a multiple stroke event, and the subsequent strokes often have less energy than the 
initial stroke. 

 Lightning characteristics and current level 

Lightning is an environmental condition caused during the attempted equalization of charges between planetary 
locations of different polarity. During a thunderstorm, the separation of charges can occur within a cloud. As the 
separation of charges continues over a period of time, a dielectric breakdown will occur. When dielectric 
breakdown occurs between two points, the result is the neutralization of charges through a flow of current, which 
is defined as lightning. There are three types of lightning flashes: negative, positive, and bipolar. It is estimated 
that 90% of the lightning discharges are negative and that less than 10% are positive (Uman [B57]). Bipolar 
lightning discharges are rare, and they make up the remaining percentage of the lightning discharges from cloud to 
earth. 

 Negative lightning flashes 

Research examining the peak current associated with lightning flashes occurred as far back as 1944  
(McCann [B41]). Similar to the differences in the rate of rise of the stroke current between initial strokes and 
subsequent strokes, there are differences in the peak current between initial strokes and subsequent strokes. For 
negative flashes, 50% of the initial return strokes exceeds 30 kA, and only 5% of the initial peak return stroke 
currents measured exceeds 80 kA (Uman [B57], Thottappillili [B53], IEEE PES T&D Committee [B21], and 
Tominaga et al. [B54]). 

In most cases, subsequent strokes have a peak current that is less than the measured value of the initial return 
stroke current (Uman [B57], Thottappillili [B53], and IEEE PES T&D Committee [B21]). Fifty percent of 
subsequent return strokes are between 12 kA and 15 kA (Uman [B57] and Thottappillili [B53]). Disagreement 
exists in the literature about the peak current of subsequent return strokes. Thottappillili indicates that the 
maximum current of a subsequent return strokes approach 75 kA (Thottappillili [B53]). In other studies, the 
maximum current of subsequent return strokes is determined to be 30 kA (Uman [B57] and IEEE PES T&D 
Committee [B21]). 

 
4 Information on references can be found in Clause 2. 
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