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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Commit-
tees of the IEEE Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily mem-
bers of the Institute. The standards developed within IEEE represent
a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE which have expressed an in-
terest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an
IEEE Standard does not imply that there are no other ways to pro-
duce, test, measure, purchase, market, or provide other goods and ser-
vices related to the scope of the IEEE Standard. Furthermore, the view-
point expressed at the time a standard is approved and issued is subject
to change brought about through developments in the state of the art
and comments received from users of the standard. Every IEEE Stan-
dard is subjected to review at least once every five years for revision
or reaffirmation. When a document is more than five years old, and has
not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of
the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEEE. Sug-
gestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the mean-
ing of portions of standards as they relate to specific applications. When
the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since
IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the con-
currence of a balance of interests. For this reason IEEE and the mem-
bers of its technical committees are not able to provide an instant re-
sponse to interpretation requests except in those cases where the matter
has previously received formal consideration.

Comments on standards and requests for interpretations should be ad-
dressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

(This Foreword is not a part of ANSI/IEEE C62.45-1987, IEEE Guide on Surge Testing for Equipment Connected to Low-Voltage
AC Power Circuits.)

This document, intended to serve as a guide to appropriate surge test methods, covers a range of
diverse tests, each aimed at a particular aspect of design, quality control, acceptance, troubleshooting,
and so forth. The suggestions provided herein should not be construed as mandatory nor should they be
blindly applied to all types of equipment. The specification of performance or acceptance tests for any
particular type of equipment properly remains the prerogative of manufacturers, users, and standard-
writing groups involved in the particular equipment.

To provide further assistance with applications, the present document offers guidance on surge testing
methods and includes specific surge test plan recommendations. The intent is to provide background
that can help determine whether specific equipment or a circuit has adequate withstand capability (that
is, maintains undisturbed operation, or merely is not damaged, depending on the criteria selected by the
user) in the surge environment defined in ANSI/IEEE C62.41-1980, IEC Pub 664-1980, or any other
applicable document specifying the power-line surge environment. While lightning is a major source of
transient disturbances, it should be understood that there are many additional kinds of power distur-
bances, such as surges with extremely rapid rates of rise that are generated by other loads that may be
operating inside a building. Fast rising surges may require special considerations in addition to those
discussed in this guide. Manufacturers of sensitive equipment should consider additional tests to ensure
reliable performance of their instruments in actual operating conditions.

Because of the complexity of the subject, the variations in equipment tested, and the difficulty in
interpreting test results, the necessity for the reader to review and understand the entirety of this
document prior to commencing equipment tests cannot be over-emphasized.

The Summary given after this Foreword is intended only for a rapid overview and therefore is not
included as part of the guide.

Suggestions for improvement of this guide will be welcome. They should be sent to the Secretary, IEEE
Standards Board, Institute of Electrical and Electronics Engineers, 345 East 47th Street, New York, New
York 10017.

The Accredited Standards Committee C62 on Surge Arresters had the following membership when it
reviewed and approved this document:
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S. S. Kershaw, Jr
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Summary

(This Summary is not a part of ANSI/IEEE C62.45-1987, IEEE Guide on Surge Testing for Equipment Connected to Low-Voltage
AC Power Circuits.)

This document provides guidance on surge testing ac power interfaces of equipment connected to
low-voltage circuits that are subject to transient overvoltages. Signal and data lines are not addressed in
this document, nor are any specifications stated on the withstand levels that might be assigned to specific
equipments. An important objective of the document is to call attention to the safety aspects of surge
testing.

The power-line surge environment is described in standards and other documents as either a statistical
statement of measured occurrences or as a goal to be achieved through a coordinated control of the
overvoltages, involving interface devices. ANSI/IEEE C62.41-1980, Guide for Surge Voltages in Low-
Voltage AC Power Circuits, describes the power-line surge environment in which all equipment, with or
without protection, connected to an uncontrolled ac power line must operate; IEC Pub 664-1980, Insula-
tion Co-ordination within Low-Voltage Systems, Including Clearances and Creepage Distances for
Equipment, sets forth a group of installation categories where the surge voltages are assumed to be
controlled in a descending staircase from the service entrance to the most remote equipment in a
building. The environment description of ANSI/IEEE C62.41-1980 provides guidance on the waveshapes
of voltage as well as current surges that can be selected as representative of the environment. The
recommendations of IEC Pub 664-1980 are directed toward the coordination of insulation.

The phrase equipment connected to ac power lines covers a wide range of devices and circuits, for
which the need for surge testing can also vary over a wide range. Electromechanical devices tested only
for insulation can often be dealt with by a simple dielectric withstand test. Electronic circuits and
systems, however, may often require additional test complexity. It is important to recognize that specific
test levels must be defined by a consensus process involving both designer and user and not by the
present guide, which can only define procedures.

Planning a surge test program is a complex task involving many considerations, from the nature of the
equipment and purpose of the test to procedures and instrumentation.

Major issues to be recognized include:

(1) Outcome of the test and failure criteria: upset or damage?

(2) Type of tests: Design tests involve pushing stresses to the limits while production tests are more
likely to be pass/fail types. Diagnostic tests involve reproduction of field failures in the laboratory.

(a) Unpowered testing (simple dielectric withstand) versus powered testing, which is unavoidable
when testing for upset or for failure effects.

(b) Test schedule, including a range of stresses rather than just maximum ratings in order to avoid
blind spots, and the phase angle of the surge with respect to the power line sine wave. Limiting stresses is
required when repetitive tests are performed in order to obtain meaningful results.

(3) Appropriate selection of a voltage wave or of a current wave, or both, depending on the nature of
the test piece and on the expected pass/fail criteria.

(4) Implementation of the test:

(a) Selection of the appropriate test generator

(b) Coupling of the surge to the test circuit

(c) Decoupling of the surge from the ac power supply

(d) Points of application (coupling modes) of the surges

(e) Monitoring and measurements

(f) Safety precautions in the facilities

Since many of these considerations involve detailed discussions, the document has been organized in
sections dealing with the major points of these considerations. References are made to detailed notes,
contained in the appendix, to provide a more comprehensive treatment of the issues.
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An American National Standard

IEEE Guide on Surge Testing for
Equipment Connected to
Low-Voltage AC Power Circuits

1. Scope

The purpose of this document is to provide guid-
ance on applying surge testing to ac power
interfaces! of equipment connected to low-
voltage (up to 1000 V rms) ac power circuits that
are subject to transient overvoltages. These tran-
sients may be defined by any applicable docu-
ment, such as ANSI/IEEE C62.41-1980 [10],2 IEC
Pub 664-1980 [17]. Other documents (see [19],
[20], [26], and [33]) may also be used as appro-
priate. While frequent reference is made to docu-
ments [10] and [17], the application of this guide
is not limited to these two documents; the infor-
mation they provide is primarily for line-to-neutral
surges, while the guidance provided here applies
to all configurations and all magnitudes and wave-
shapes of surges. Signal and data lines are not
included in the scope of this guide, but should not
be overlooked in the complete evaluation of spe-
cific equipment.

In ANSI/IEEE C62.41-1980 [10], a description
is given of the surge environment that can be
expected to prevail in low-voltage ac power cir-
cuits where no special precautions have been
taken to limit transient overvoltages; in IEC Pub
664-1980 [17], a recommendation made to estab-
lish a controlled overvoltage situation is justified
if there is compliance with appropriate interface
requirements, so that maximum overvoltage lev-
els in a descending staircase can be assigned
according to a specified installation category
where such a category generally reflects the con-

1 See the Appendix for a discussion of terms indicated in
bold italic.

2 The numbers in brackets correspond to those of the ref-
erences listed in Section 3.

figuration of the power system within a building.
The environment description of ANSI/IEEE
C62.41-1980 [10] provides guidance on the wave-
shapes of current as well as voltage surges that
can be selected as representative of the environ-
ment for different location categories. The
recommendations of IEC Pub 664-1980 [17], pro-
vide the basis for insulation coordination. Other
standards or specifications for surge withstand
capability might also require surge testing to be
performed, for which the guidance of the present
document may also be applicable. In any case,
equipment connected to the power system has to
be capable of satisfactory operation or survival, or
both, under these surge voltages, with or without
additional protection. Surge testing is therefore
required to demonstrate this capability.

The flow chart of Fig 1 shows the basic consid-
erations involved in planning and performing
surge tests in accordance with the scope of this
guide. Note that the assignment of surge with-
stand levels to various equipment is not included
in the scope of this guide.

2. Definitions

Systematic attempts have been made in this
guide to use the definitions provided by ANSI/
IEEE Std 100-1977 [3] and various IEC docu-
ments (see [12], [13], [14], and [15]) for the
terms used in the text. However, complementary
or more specific definitions are also necessary.
These definitions are given in this section and are
supported by appropriate discussion, as needed,
in the Appendix of this guide. When a term
covered by such a discussion appears for the first
time in each section, it is printed in bold italics
and can be found in the alphabetical listing of the
Appendix.
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CONNECTED TO LOW-VOLTAGE AC POWER CIRCUITS

2.1 Technical Definitions

back filter. A filter inserted in the power line
feeding an equipment to be surge tested; this filter
has a dual purpose:

(1) To prevent the applied surge from being fed
back to the power source where it may cause
damage;

(2) To eliminate loading effects of the power
source on the surge generator.

blind spot. A limited range within the total
domain of application of a device, generally at
values inferior to the maximum rating. Operation
of the equipment or the protective device itself
might fail in that limited range despite the device’s
demonstration of satisfactory performance at
maximum ratings.

coupler. A device, or combination of devices,
used to feed a surge from a generator to powered
equipment while limiting the flow of current
from the power source into the generator.

surge let-through. That part of the surge that
passes by a surge protective device with little or
no alteration.

surge remnant. That part of an applied surge
that remains downstream of one or several pro-
tective devices.

susceptibility. The inability of a device, equip-
ment, or system to resist an electromagnetic dis-
turbance.

NOTE: Susceptibility is the lack of immunity.

vulnerability. The characteristic of a device for
being damaged by an external influence, such as a
surge.

2.2 Special Word Usage. The words will, can,
may, and might are used in this guide with the
following meanings:

will. Denotes the certainty of an event to occur.

can. Denotes that it is possible for an event
to occur under the natural laws governing the
situation.

may. Denotes that an event is possible, or that it
is possible to exercise a choice at the discretion of
the person conducting the test.

might. Denotes that an event is likely to occur, or
that a choice has been made previously by a third
party beyond the control of the person conduct-
ing the test, with actual occurrence uncertain.

11

ANSI/IEEE
C62.45-1987

3. References and Document in Preparation

The following publications shall be used in con-
junction with this standard.

3.1 References

[1] ANSI C2-1987, American National Standard
National Electrical Safety Code.
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3.2 Document in Preparation®

4. Planning of Surge Testing:
Basic Objectives

This section outlines the basic objectives to be
considered for planning surge testing, as indi-
cated graphically in Fig 1. More detailed discus-
sions of these considerations are provided in the
Appendix.

8 When the following document is completed, approved,
and published, it will become a part of the references of this
standard: PC62.35, IEEE Standard Test Specifications for Ava-
Ianche Junction Semiconductor Surge-Protective Devices.
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4.1 Surge Environment. Surge testing is gener-
ally performed to determine the surge withstand
capability of specific equipment (EUT, or equip-
ment under test) that will be exposed to known
or unknown surge environments. Therefore, the
first decision or assumption to be made in plan-
ning a surge test concerns the nature of the surge
environment. ANSI/IEEE C62.41-1980 [10], IEC
Pub 664-1980 [17], or some other applicable docu-
ment will be used to define the environment.

While the test procedures discussed in this
guide should be relevant to most surge tests, the
major concern here is with switching- and light-
ning-induced surges. Surges associated with
nuclear electromagnetic pulse (NEMP) and elec-
trostatic discharges (ESD) involve rise times in
the order of a few nanoseconds, requiring instru-
mentation of different characteristics from those
discussed here. Furthermore, high-frequency
noise, generally at amplitudes less than twice the
normal voltage, is the subject of other documents
(see [4], [16], [18], and [19)).

4.2 Types of Tests. Figure 1 shows a branching
point involving the purpose of the surge test. Four
types of tests are identified, with their purpose
and interested parties, as follows.

Design tests are performed by an equipment
manufacturer for establishing or demonstrating
to others design margins and for optimizing the
design. These tests may involve pushing the
stresses to the limits until a failure is observed.

Qualification tests are performed by the
manufacturer, purchaser, or independent test
laboratory for demonstrating compliance with
specifications. These tests generally are limited to
a pass-fail criterion, but are more comprehensive
than tests carried out on a routine basis on pro-
duction products.

Production tests are performed by an equip-
ment manufacturer for verifying conformity and
consistency of the production process. These tests
generally involve some statistical evaluation.

Diagnostic tests are performed by the manu-
facturer or user for investigating difficulties en-
countered in service. These tests generally involve
attempts at laboratory reproduction of the failure
modes observed in the field, followed by applying
the same test on equipment that has been re-
designed or provided with retrofit protection.

Prior to conducting tests on an EUT, accept-
ance criteria should be defined in accordance
with the considerations of Fig 1, such as purpose
of the test and expected outcome.
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4.3 Results and Consequences of the Test.
While surge protective devices are generally pro-
vided for damage avoidance, they can also serve
to prevent upset in the operation of an EUT.
Therefore, a treatise on surge testing must include
subject matter dealing with the evaluation of the
test results. Any given surge test will produce one
of four results:

(1) upset (susceptibility)

(2) damage (vulnerability)

(3) no observed change, or

(4) an unforeseen consequence elsewhere in
the equipment environment.

The last result actually involves consideration
of circumstances external to the EUT proper that
might be overlooked or considered irrelevant to
the scope of surge testing in the laboratory. Set-
ting aside any consideration of unforeseen conse-
quences on that basis would be a severe error. The
note unforeseen consequences in the Appendix
gives some scenarios that illustrate this concern.

Depending upon the nature and function of the
EUT, six different outcomes of a surge test should
be evaluated wherever direct, local results are
noted:

(1) No apparent response in the EUT — neither
upset nor damage

(2) Temporary upset of the EUT operation

(3) Upset with trip-out or latch-up of the EUT
circuits

(4) Flashover of clearances without apparent
permanent damage

(a) with no power-follow or with a self-
clearing power-follow, which might seem a benign
occurrence

(b) with power-follow resulting in operation
of an overcurrent protective device (fuse or
breaker), an occurrence similar to outcome (3)

(6) Insulation degradation or breakdown due
to partial discharges across the surfaces or in
solid insulation, or both

(6) Insulation breakdown or permanent com-
ponent damage requiring replacement or repair.

The first outcome (no upset or damage) may
represent a success from the point of view of
acceptance, but yields incomplete information
since the actual design margin is not determined
until further tests, at higher stress, are performed.

The next two outcomes (upsets) are mainly
concerned with control or data circuits, and are
related to the susceptibility of the equipment. The
electrical noise required to produce them can be
quite low; in fact, low-level noise can be suffi-
cient to upset sensitive circuits (see [4], [16],
[18], and [19]). The emphasis in this guide,

14

IEEE GUIDE ON SURGE TESTING FOR EQUIPMENT

however, is on surges, generally implying voltage
levels of twice or more the normal voltage of the
system.

The fourth outcome (flashover) might involve
both control and power circuits, and is expected
to occur at surge levels significantly above the
normal circuit voltages. As long as no permanent
damage or insulation tracking occurs as a result
of the sparkover and eventual power-follow, this
outcome is still in the category of susceptibility.
Some EUTs might be insensitive to or unaffected
by the flashover, while others would definitely be
considered as having been upset by the flashover.

The fifth outcome (insulation degradation or
breakdown) might occur across the surfaces of
insulation or within solid insulation as a result of
partial discharges, especially if multiple tests are
applied.

The sixth outcome (permanent damage) might
occur in either control or power circuits, as a
result of sparkover with or without power-follow
producing a permanent degradation, or as a result
of semiconductor failure or excessive energy
deposition leading to component or etch burnout.
The fifth and sixth outcomes describe the vulner-
ability of the equipment.

Some of the outcomes can occur in combina-
tion so that the distinction made here might not
be so clearcut in reality, but which is nevertheless
useful as a starting point. It should be remem-
bered that any surge test is potentially destructive
to the EUT, so that appropriate precautions
should be taken.

4.4 Unpowered Testing versus Powered Test-
ing. Test surges may be applied to the EUT in two
ways:

(1) With normal operating power disconnected
from the EUT (unpowered testing), and

(2) With normal operating power applied to
the EUT (powered testing).

The intended purpose of the test will determine
whether one approach is sufficient or whether
both are advisable.

Unpowered testing is sufficient in situations for
which a test outcome does not depend on the
evaluation of EUT performance during the surge,
and for which power-follow is not considered to
be a significant factor in regard to vulnerability.
For instance, clearance flashover of an electro-
mechanical device may be the selected failure cri-
terion; in that case, there should usually be no
need to power the EUT. Unpowered testing is
usually necessary as a preliminary to powered
testing, for design and diagnostic testing.
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Powered testing is necessary under two circum-
stances:

(1) When a test outcome depends on the eval-
uation of EUT functional performance during the
surge. Thus, a test for susceptibility implies nor-
mal equipment functioning prior to the surge;
therefore, the EUT can only be checked in the
powered mode.

(2) When determination of EUT vulnerability
involves the likelihood or consequence of a power-
follow (which might also depend in part on the
phase angle at which the surge is applied with
respect to the line voltage wave).

4.5 Withstand Levels. Surge testing is ordinarily
carried out at different stages in a product life
cycle, such as design, quality control, and protec-
tion retrofit. The extent and severity of the test
will depend on the particular stage involved. A
design test is likely to involve testing to failure
while a production test must carefully avoid
creating incipient failures. The voltage surge
environment (see ANSI/IEEE C62.41-1980 [10])
is described only in statistical terms without
imposing a fixed withstand level. On the other
hand, IEC Pub 664-1980 [17] sets forth maximum
levels for the various installation categories and
system voltages in a controlled overvoltage situa-
tion. Thus, if equipment is to be classified as suit-
able for various installation or location categories,
it will be desirable to establish durability or with-
stand levels for comparison purposes.

The withstand levels should be expressed in
terms of voltage for equipment exhibiting high
impedance to a surge; for those EUT that contain
a surge protective device, the withstand level
should be expressed in terms of current in order
to give consideration to energy deposition, as dis-
cussed in 6.2.

4.6 Waveshape, Voltage, Current. The nature of
the EUT will affect its response to an applied test
surge. A high-impedance EUT, such as a winding,
a clearance, or a semiconductor in the blocking
mode, will be stressed by a voltage surge. The
energy associated with the surge is not significant
here. A low-impedance EUT, such as a circuit con-
taining filter capacitors or surge-diverting protec-
tive devices, will be stressed by a current surge.
The energy deposited in the components becomes
a significant factor in this type of surge occur-
rence.

Current test surges applied between different
points of the grounding connections can also pro-
vide essential information on the EUT capability.
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While this aspect of surge testing is not directly
within the scope of low-voltage ac power circuits,
it should be recognized. Some discussion is pro-
vided in the Appendix under current surging.

Therefore the waveshape for both voltage and
current tests should be included in specifying a
test procedure. ANSI/IEEE C62.41-1980 [10]
attempts to make such a distinction between cur-
rent and voltage tests.

The specific selection of withstand levels, for
voltage as well as current, depends on the expo-
sure to transients as well as on the consequences
of a failure to withstand the transient. This guide
provides some perspective in selecting appropriate
levels but the final choice must be made by the
user of this document. This guide therefore in-
cludes a wide range of test alternatives to provide
guidance in making such decisions with maxi-
mum flexibility. The guidance given here is appli-
cable to all waveforms, including longer or shorter
waves if the particulars of the application indi-
cate that these waves are appropriate (see [26],
[33], and data base in Section Al of Appendixes
to [10]).

4.7 Safety. Surge testing of electrical or elec-
tronic equipment presents potentially hazardous
situations for both personnel and equipment. The
surge tester generates potentially lethal voltage
surges. Furthermore, failure of the EUT might
result in a fire or explosion. Only qualified per-
sonnel should perform the tests, with safety pre-
cautions enforced according to national codes as
well as the normal safety directives of the organi-
zation conducting the test. More specific aspects
of safety are discussed in 6.4.

5. Implementation of Surge Testing:
Test Equipment

5.1 General. Implementation of surge testing
can proceed after the considerations discussed in
Section 4 have been addressed. This section pro-
vides guidance on the major aspects of the equip-
ment requirements, for generating and applying
the surge as well as for monitoring the perform-
ance of the EUT (Fig 2). Occasional users might
encounter difficulty and should obtain guidance
from qualified sources. Test equipment that does
not meet the requirements of applicable stan-
dards might give misleading results (see [30]).

5.2 Surge Generators. The test surge to be ap-
plied to the EUT will be produced by a surge
generator capable of delivering the specified
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