IEEE Std C62.45™-2002
(Revision of IEEE Std C62.45-1992)

C62.45™

IEEE Recommended Practice on Surge
Testing for Equipment Connected to
Low-Voltage (1000 V and Less) AC
Power Circuits

ANRRNNRRNNNNRNNENRRNNNNNNRNNNNNNRNNRNNEE

IEEE Power Engineering Society

Sponsored by the
Surge Protective Devices Committee

<©IEEE

Published by
The Institute of Electrical and Electronics Engineers, Inc.

3 Park Avenue, New York, NY 10016-5997, USA
Print: SH95060

11 April 2003 PDF: SS95060

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:42:13 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.45-2002


http://www.avadocuments.com/doc/ieee-c62-45-2002
http://www.avadocuments.com/doc/ieee-c62-45-2002

Recognized as an IEEE Std C62.45™-2002 (R2008)
American National Standard (ANSI) (Revision of
IEEE Std C62.45-1992)

IEEE Recommended Practice on Surge
Testing for Equipment Connected to
Low-Voltage (1000 V and Less) AC

Power Circuits

Sponsor

Surge Protective Devices Committee
of the
Power Engineering Society

Approved 10 March 2003
American National Standards Institute

Reaffirmed 10 December 2008
Approved 11 November 2002

IEEE-SA Standards Board

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:42:13 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.45-2002


http://www.avadocuments.com/doc/ieee-c62-45-2002
http://www.avadocuments.com/doc/ieee-c62-45-2002

IEEE thanks the International Electrotechnical Commission (IEC) for permission to reproduce information
from its International Standard, IEC 61000-4-4 (1995)—Figure 18 and Figure 19. All such excerpts are
copyright of IEC, Geneva, Switzerland. All rights reserved. Further information on the IEC is available from
http://www.iec.ch. IEC has no responsibility for the placement and context in which the excerpts and
contents are reproduced by IEEE; nor is IEC in any way responsible for the other content or accuracy
therein.

Abstract: The scope of this recommended practice is the performance of surge testing on electrical
and electronic equipment connected to low-voltage ac power circuits, specifically using the
recommended test waveforms defined in IEEE Std C62.41.2™-2002. Nevertheless, these
recommendations are applicable to any surge testing, regardless of the specific surges that may be
applied.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers representing
varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and
serve without compensation. While the IEEE administers the process and establishes rules to promote fairness in the
consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint 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 Standard is subjected to review at least 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.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services for,
or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or entity to
another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a competent
professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning 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 concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-
ter covered by patent rights. By publication of this standard, 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
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not part of IEEE Std C62.45-2002, IEEE Recommended Practice on Surge Testing for Equipment
Connected to Low-Voltage (1000 V and Less) AC Power Circuits.)

This recommended practice is the result of ten years of use as a guide, and it incorporates only minor
additions or updates of the original 1987 document, which was revised in 1992. These earlier versions were
published independently, and not concurrently with their intended companion, IEEE Std C62.41-1991, with
the result that a “catch-up” situation was created as each document was separately updated.

With the approval of the Surge-Protective Devices Committee, the companion IEEE Std C62.41-1991 was
split into two separate documents, IEEE Std C62.41.1-2002 and IEEE Std C62.41.2-2002. Together with the
present recommended practice, the two IEEE Std C62.41.1-2002 and IEEE Std C62.41.2-2002 present a
“Trilogy” concerning the occurrence, characterization, and testing of surges in low-voltage ac power
circuits, to be published concurrently and thus avoid the previous ambiguities of the catch-up updates.

CAUTION

Surge testing of electrical equipment presents potentially hazardous situations for
both personnel and equipment. Safety directives promulgated by the laboratory
where testing takes place must be observed. Additional precautions are suggested
in 4.8 and 6.4.

Participants

At the time this recommended practice was completed, the Working Group on Surge Characterization on
Low-Voltage Circuits had the following membership:

Rickard Bentinger
William Bush
Ernie Gallo
Andrea Turner Haa
Jim Harrison

Hans Steinhoff, Chair
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Other individuals who contributed review and comments in developing this recommended practice are:

P. P. Barker
T. R. Conrad
C. Dhooge
D. Dorr

H. E. Foelker
W. Graf

G. L. Goedde
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IEEE Recommended Practice on Surge
Testing for Equipment Connected to

Low-Voltage (1000 V and Less) AC
Power Circuits

1. Overview

This recommended practice is divided into 11 clauses. Clause 1 provides an overview of this
recommended practice, including its scope and its context with respect to other IEEE standards directly
related to the subject. Clause 2 lists references to other standards that are useful in implementing the
recommendation of the present document. Clause 3 provides definitions of common English words, but
with a specific meaning in the context of this recommended practice. No new technical definitions have
been generated in connection with this recommended practice. Clause 4 provides the necessary
information for the planning of surge testing, a prerequisite to the performance of tests. In Clause 5,
information is provided on the equipment to be used in performing the tests. Clause 6 provides general
recommendations on test procedures, with further details in Clause 7 and Clause 8. Clause 9 provides a
description of Standard Surge Test Waveforms. Clause 10 provides a similar description of Additional
Surge Test Waveforms. Clause 11 provides guidance on evaluating results and offers some concluding
remarks.

This recommended practice also contains four informative annexes. Annex A provides information on
Surge-Protection Devices (SPD) Class I test parameters. Annex B provides additional information on surge-
related issues. Annex C provides practical hints on surge testing. Annex D provides the listing of citations.

1.1 Scope

The scope of this recommended practice is the performance of surge testing on electrical and electronic
equipment connected to low-voltage ac power circuits, specifically using the recommended test waveforms
defined in IEEE Std C62.41.2™-2002." Nevertheless, these recommendations are applicable to any surge
testing, regardless of the specific surges that may be applied.

Information on references can be found in Clause 2.
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Std C62.45-2002 IEEE RECOMMENDED PRACTICE ON SURGE TESTING FOR

1.2 Purpose

This recommended practice, the third document in a Trilogy of three IEEE standards addressing surges in low-
voltage ac power circuits, focuses on test procedures, using representative surge waveforms developed on the
basis of the two other documents of the Trilogy. There are no specific models that are representative of all
surge environments; the complexities of the real world need to be simplified to produce a manageable set of
standard surge tests. To this end, a surge environment classification scheme is presented in
IEEE Std C62.41.2-2002. This classification provides a practical basis for the selection of waveforms and
amplitudes for surge-voltages and surge-currents that may be applied to evaluate the surge withstand level”
capability of equipment connected to these power circuits. It is important to recognize that proper coordination
of equipment capability and environment characteristics is required: each environment and the equipment to
be protected have to be characterized and the two have to be reconciled.

Equipment to be
Q'ested

Design Qualification Test| | Production Test Diagnostic Test
sy - Find Limits - Pass Fail - Pass Fail - What Happened?
- Any Drift? - Retrofit OK?
PARTIES Manutacturer Manufacturer Manufacturer
INVOLVED and/or Certifier and/or Certifier Manufacturer and/or User
A
EXPECTED Clearance Damage Upset (Susceptibility)
QUTCOME OF TEST Sparkover (Vulnerability) Momentary or Eatch—up
POWERED vs Powered or
UNPOWERED Unpowered Unpowered Powered
\/\/ Isolation
PROCEDURES [ | SAFETYFIRST! | Eg: Grounding
* Qualified Personnel
RELEVANT
REFERENCES |IEEE Std C62.41.2-2002
IEC 61000-4-xx series*
Or other
» Voltage and Current
TEST « Voltage Test « Phase Angle

+ Surge Coupling

! v

* Progressive Tests « Progressive Tests

N » Number of Surges
Number of Surges * Protector Life

\/

Test Circuits

SCHEDULE

an
Measurements

*See Annex D for bibliographic citations of several IEC standards on test methods.

Figure 1—Guiding considerations for surge testing

2See Annex B for complementary notes on items appearing in bold italics in the text.
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IEEE
EQUIPMENT CONNECTED TO LOW-VOLTAGE (1000 V AND LESS) AC POWER CIRCUITS Std C62.45-2002

Regardless of the particular surge specification, equipment connected to the power system have to be capable
of satisfactory operation, or at least survival, under these surge voltages or surge currents, with or without
additional protection as the case may be. The assignment of withstand level remains the prerogative and
responsibility of the users of this document. Surge testing is therefore required to demonstrate this capability.
To illustrate the process of surge testing procedures, Figure 1 shows a flow diagram of the guiding
considerations that are essential to obtaining reliable test results while enhancing operator safety.

Note that the assignment of withstand levels for equipment is not included in the scope of this recommended
practice. Surge testing on signal or data interfaces is also not included in the scope of this recommended
practice, but should not be overlooked in the complete evaluation of specific equipment.

2. References

In this document, two types of “references” are used: those that are directly related to the subject being
discussed and often necessary to consult when using this guide—true references—and those that provide
supporting information to the subject being discussed—bibliographic citations. For the convenience of the
reader in not breaking the pace of reading to look up the citation, yet have some indication on what matter is
being referenced, “references” and “citations” are briefly identified in the text as described below.

The first type, references, contains information that is implicitly adopted in the present document. Complete
implementation of any recommendations or validation of a statement made in this recommended practice
would require the reader to consult that reference for the details of the subject. This first type is introduced in
the text as (Document identity), and the listing is provided below, in this clause.

The second type, bibliographic citations, is not essential to implementation of a recommendation or
comprehensive validation, but it is provided for the use of readers seeking more detailed information or
justification. This second type is introduced in the text as (Author, date [B#]), and the listing is provided in
Annex D.

This recommended practice shall be used in conjunction with the following publications. If the following
publications are superseded by an approved revision, the revisions shall apply.

IEC 60060-2 (1994), High voltage test technologies—Part 2: Measuring systems.3
IEEE Std 4™-1995, Standard Techniques for High Voltage Testing.* >

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

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

NFPA 70®-1999, National Electrical Code®.°

UL Std 1449, Standard for Safety—Transient Voltage Surge Suppressors, Second Edition, 1996.

3EC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

“The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

*NFPA publications are published by the National Fire Protection Association, Batterymarch Park, Quincy, MA 02269, USA
(http://www.nfpa.org/).
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3. Definitions

3.1 Technical terms

The definitions of the terms used in this recommended practice are those found in The Authoritative
Dictionary of IEEE Standards Terms, Seventh Edition [B1 1]8, or in IEC 61643-1 [B10]. No new definitions
have been generated in developing this document. However, as a reference for the reader and for tutorial
purposes, some already existing definitions and related comments may be found in the Glossary provided as
Annex C of IEEE Std C62.41.1-2002.

3.2 Special word usage

The words listed below are used in this recommended practice in accordance with the IEEE Standards Style
Manual, the IEC/ISO Directives, or specific limitation of a term in general use; they convey the following
meanings:

3.2.1 will: Conveys the certain occurrence of an event.
3.2.2 can, cannot: Conveys (im)possibility or (in)capability, whether material, physical, or causal.

3.2.3 may, may not: Conveys that a course of action by the equipment user or test operator is permissible
(not permissible) within the limits of the present recommended practice, or that it is (im)possible to exercise
a choice at the discretion of the sponsor. See: might.

3.2.4 might: Conveys the possible occurrence of a situation or phenomenon, without intervention from the
user or test operator, with actual occurrence uncertain. See: may.

3.2.5 must: Conveys the necessity of a course of action by the test operator in order to obtain reliable results
or observe appropriate safety precautions.

3.2.6 reader: The person using this document for any purpose.

3.2.7 shall: Conveys requirements to be strictly followed to conform to a specification or stipulation, from
which no deviation is permitted.

3.2.8 should, should not: Conveys a preference among several possibilities, but not necessarily a
requirement. In the negative form, conveys deprecation, but not prohibition, of a course of action.

3.2.9 sponsor: The entity for which the tests are being performed in accordance with the present
recommended practice.

3.2.10 user: The occupant, owner, or operator of the power system or premises where the equipment under
test (EUT) is intended to be installed.

TUL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com/).

8The numbers in brackets correspond to those of the bibliography in Annex D.
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4. Planning of surge testing: Basic objectives

4.1 General

This clause outlines the basic objectives to be considered for planning surge testing, as shown in Figure 1.
Detailed discussions of these considerations are provided in Annex B. Although the scope of this
recommended practice addresses only the power port of equipment, the intended application and multiple
ports of the equipment under test (EUT) should also be considered.

Six ports (see Figure 2), through which electromagnetic disturbances can be coupled into equipment, can be
identified as follows:

— Enclosure port (radiated disturbance only)
— AC power port

— DC power port

— Process measurement and control port

— Signal port

— Earth port

Radiated coupling of disturbances through the envelope is clearly outside the scope of the present
recommended practice and is addressed in other documents related to electromagnetic compatibility. The
scope of this recommended practice specifically excludes signal and data lines and, by implication, the dc
power port. However, the sixth port, referred to as earth port (earth being the term used by the IEC, and
ground, the term used in the USA), should be recognized. (See discussion of grounding practices in B.5
and B.23.) The issue is that equipment connected to different systems can be exposed to different reference
voltages through their separate connection to those different systems. (In many systems, the reference
point is a grounded conductor that, during a surge event, experiences changes of potential.) Subclause 4.4
of IEEE Std C62.41.1-2002 provides a detailed description of this issue. Thus, while planning surge testing
for the ac interface of the equipment, a complete evaluation of the equipment performance under surge
conditions requires recognition of the occurrence of surges on all ports.

Enclosure Port

N

AG Power Control
[————— l¢————
Port Port
APPARATUS
DC Power Signal
— <
Port T Port
Earth
Port

Figure 2—Six ports for coupling of disturbances

4.2 Surge environment

Surge testing is generally performed to determine the surge withstand capability of specific equipment that will
be exposed to known or unknown surge environments. Therefore, the first decision or assumption that must
be made in planning a surge test concerns the nature of the surge environment. IEEE Std C62.41.1-2002,
IEC 60664-1 (2000) [B8], or some other applicable document will be used to define the environment.
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Although the test procedures discussed in this recommended practice should be relevant to most surge tests,
the major concern here is with switching-induced and lightning-induced surges. Surges associated with
nuclear electromagnetic pulse (NEMP) and electrostatic discharges (ESD) involve rise times in the order of
a few nanoseconds, requiring instrumentation of different characteristics from those discussed here. In the
case of the electrical fast transient (EFT) tests, monitoring the pulses within the EUT might be
counterproductive or cause difficulties, as discussed in 5.5.3. Furthermore, high-frequency noise, generally
at amplitudes much less than twice the normal system voltage, is the subject of other documents concerned
with electromagnetic compatibility.

4.3 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 are tests carried out on a routine basis on production products.

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

Diagnostic tests are performed by the manufacturer or user for investigating difficulties encountered 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 redesigned or provided with retrofit
protection.

Prior to conducting these tests on an EUT, acceptance criteria should be defined in accordance with the
considerations of Figure 1, such as purpose of the test and expected outcome.

4.4 Results and consequences of the test

Although surge-protective devices are generally provided 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:

— Upset (susceptibility)

— Damage (vulnerability)

— No observed change

— 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. Setting aside any
consideration of unforeseen consequences on that basis would be a severe error. The discussion of unforeseen
consequences (B.45) gives some scenarios that illustrate this concern.

Depending on the nature and function of the EUT, seven different outcomes of a surge test should be
evaluated whenever direct, local results are noted:

— Outcome 1: No apparent response in the EUT—neither upset nor damage
— Outcome 2: Temporary upset of the EUT operation
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— Outcome 3: Upset with trip-out or latch-up of the EUT circuits
— Outcome 4: Flashover of clearances without apparent permanent damage
a)  With no follow current or with a self-clearing follow current, which might seem to be a benign
occurrence
b) With follow current resulting in operation of an overcurrent protective device (fuse or breaker),
an occurrence similar to outcome (3)
— Outcome 5: Insulation degradation or breakdown due to partial discharges across the surfaces or in
solid insulation, or both
— Outcome 6: Degradation of metal-oxide varistors or other types of surge-suppression elements
— Outcome 7: Insulation breakdown or permanent component damage requiring replacement or repair

The first outcome (no upset or damage) can represent a success from the point of view of acceptance, but
yields incomplete information because the actual design margin is not determined until further tests, at
higher stress, are performed. It is also possible that an EUT upset might occur only upon rare coincidence of
the surge with a clock transition, which would require a large number of surges to be detected.

The next two outcomes (upsets) are mainly concerned with control or data circuits, and they are related to the
susceptibility of the equipment. The electrical noise required to produce them can be low; in fact, low-level
noise can be sufficient to upset sensitive circuits. The emphasis in this recommended practice, however, is on
surges, generally implying voltage levels of at least twice the normal voltage of the system.

The fourth outcome (flashover) might involve both control and power circuits, and it 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 follow current, this outcome is still in the category
of susceptibility. Some EUTs might be insensitive to or unaffected by the flashover, whereas others would
definitely be considered as having been upset by the flashover.

The fifth, sixth, and seventh outcomes describe the vulnerability of the equipment.

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 (surge-protective-device degradation) might occur as a result of the surge-testing sequence
exceeding the single-pulse-current rating of the device or exceeding the number of surges at a lesser current
for which it is rated. The result can be a change in the nominal voltage, standby current, or limiting voltage
that is not great enough to be considered device failure (generally, a change exceeding +10%) but might be a
sufficient change to indicate that the device is approaching failure.

The seventh outcome (permanent damage) might occur in either control or power circuits as a result of
sparkover with or without follow current producing a permanent degradation, or as a result of semiconductor
failure or excessive energy deposition leading to component or etch burnout.

Some of the outcomes can occur in combination so that the distinctions made here might not be so clear-cut
in reality but are nevertheless useful as starting points. Remember that any surge test is potentially destruc-
tive to the EUT, and appropriate precautions should be taken.

4.5 Unpowered testing versus powered testing
Test surges may be applied to the EUT in two ways:

— With normal operating power disconnected from the EUT (unpowered testing)
—  With normal operating power applied to the EUT (powered testing)
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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 follow current is not considered to be a significant factor
in regard to vulnerability. For instance, clearance flashover of an electromechanical device may be the
selected failure criterion; 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.

Powered testing is necessary in two cases:

— When a test outcome depends on the evaluation of EUT functional performance during the surge.
Thus, a test for susceptibility implies normal equipment functioning prior to the surge; therefore, the
EUT can only be checked in the powered mode.

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

4.6 Withstand levels

Surge testing is ordinarily carried out at different stages in a product life cycle, such as design, quality con-
trol, and protection 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, whereas a production test must carefully avoid creating
incipient failures. The voltage surge and current surge environment (see IEEE Std C62.41.1-2002) is
described only in statistical terms without imposing a fixed withstand level.

The withstand levels should be expressed in terms of voltage for equipment exhibiting high impedance to a
surge; for those EUTs 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 discussed in 6.2. A requirement that
an undefined, generic device should withstand a specified energy deposition is not meaningful because the
energy deposited in a particular device results from the combination of the surge generator impedance and
the device dynamic response (Standler 1989 [B30]).

4.7 Voltage and current waveforms

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 containing
filter capacitors or surge-diverting protective devices, will be stressed by a current surge. The energy
deposited in the components is a significant factor in a low-impedance EUT. A third type of EUT, such as a
system with several ground reference points, will be stressed by a current surge applied between different
reference points. This test can also provide essential information on the EUT capability. Although this third
aspect of surge testing is not directly within the scope of low-voltage ac power circuits, it should be
recognized. Some discussion is provided in B.9. Therefore, the waveform for both voltage and current tests
should be included when specifying a test procedure. IEEE Std C62.41.2-2002 makes such a distinction
between current and voltage tests.

The specific selection of withstand levels, for voltage as well as current, depends on the exposure to
transients as well as on the consequences of a failure to withstand the transient. This recommended practice
provides some perspective in selecting appropriate levels, but the final choice must be made by the user of
this document.
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For the power port, IEEE Std C62.41.2-2002 recommends consideration of three standard waveforms and two
additional waveforms. Table 1 presents a summary of the waveforms, and the location categories to which they
apply. Clause 9 and Clause 10 present details on definitions, specifications, tolerances, and equations for these
five waveforms. The rare case of a direct flash to the building is presented as an option for surge-protective
devices (SPDs) involved in the exit path of the lightning current, as discussed in IEEE Std C62.41.2-2002.

Table 1—Summary of applicable standard? and additional® surge testing waveforms
for Location Categories A, B, and C (Scenario | only) and for Scenario I

Scenario I Scenario II
Surges impringing upon the structure from outside, and generated within® Direct lightning flash
Location 100.kHz Combination Separate 5/50 ns 10/1000 us | Inductive Direct
Category Ring wave Voltage/ EFT Burst Wave coupling coupling
Wave Current
A Standard Standard — Additional Additional Category Case-by-
B Ring case
B Standard Standard — Additional Additional Wave assess-
ment
C Low Optionald Standard — Optionald Additional
C High Optionald — Standard Optionalol —

4Refer to Clause 9 for details on the standard waveforms.

PRefer to Clause 10 for details on the EFT and Long Wave additional waveforms.
“Nearby lightning flashes can induce surges into circuits contained within the building.
For specific cases in which front-of-wave response or software upset might be a concern.

These various waveforms present features that influence the test equipment (generator, coupling, and
instrumentation) necessary to perform the tests. The tolerances are intended to help assure reproducible
waveforms among different laboratories and to provide a realistic perspective on the limitations of generation
and measurement of test surges. The equations are intended for computer simulations of surge protection
circuits and for design of surge generators. The history of the definitions of these waveforms is discussed in
Standler 1989 [B29].

The fact that five waveforms are listed in IEEE Std C62.41.2-2002 should not be construed as a requirement
that all equipment be subjected to all five types of surges. The 100 kHz Ring Wave and the Combination
Wave are recommended as basic design and test surges. The additional waveforms (the EFT Burst and the
10/1000 us Long Wave) need to be included in a test program by mutual agreement only when sufficient
evidence is available to warrant their use.
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4.8 Safety

CAUTION

Surge testing of electrical or electronic equipment presents potentially hazardous situations
for both personnel and equipment. The surge test equipment can generate potentially lethal
voltage surges. Furthermore, a catastrophic failure of the EUT might result in a fire or
explosion. Only qualified personnel should perform the tests, with safety precautions enforced
according to all national codes as well as the applicable safety directives and prescriptions of
the organization where the tests are being performed. Testing should not be performed
unattended. More specific aspects of safety precautions 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 Clause 4 have been
addressed. This clause provides guidance on the major aspects of the equipment requirements, for
generating and applying the surge as well as for monitoring the performance of the EUT (Figure 3).
Occasional users might encounter difficulty and should obtain guidance from qualified sources. Test
equipment that does not meet the requirements of applicable standards might give misleading results
(Martzloff 1983 [B15]; Buschke 1988 [B4]).

5.2 Surge generators

The test surge to be applied to the EUT will be produced by a surge generator capable of delivering the
specified waveform at any specified phase angle of the ac voltage sine wave at the EUT terminals.
Capability for bidirectional surge polarity simplifies the general test procedure.

A number of commercial surge generators are available with specific waveforms that meet the various
standards in existence. High-voltage laboratories are also generally equipped and staffed so that the
generation of a test wave is not a problem. Surge testing of electronic equipment is different from a simple
dielectric test on an insulation system or a simple surge current test on an individual surge-protective
component. Further discussion of component testing is given in B.16.

Classical surge generators, based on discharging stored energy into a waveshaping network and coupling the
resulting surge into a powered EUT, require a back filter to allow application of the power-frequency voltage
and current to the EUT, while blocking the surge from being fed back to the laboratory power system. Such
an arrangement works well for surges such as the Ring Wave or Combination Wave, but not for waves of
longer duration, such as the 10/1000 us Long Wave, a capacitor-switching transient wave, or the Scenario II
optional 10/350 ps wave.

Some laboratories have acquired high-power linear amplifiers and arbitrary-waveform generators, which can
be used for producing both the power-frequency supply and the surge, at the appropriate instant of the power
sinewave, and with the appropriate amplitude and available surge current delivery capability. This point is
discussed in greater detail in Clause 10, in connection with the description of test procedures for the 10/1000
us Long Wave and the capacitor-switching transient waves.
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Nature of EUT Purpose of Test Failure Criterion Environment Selected

- Surge AC Interface,
« Surge Other Points
« Surge Component Terminals

(7) Possible Outcomest

« Unknown EUT impedance

« High EUT impedance

« Low EUT Impedance

« EUT With Impedance that
Changes During the Test

Unpowered vs. Powered

Type of Surge Generator

/

Monitoring the EUT Surge Coupler

* See 5.3.
tSee 4.4.

Figure 3—Surge testing equipment considerations

An EUT that contains a surge-protective device or that might experience an insulation breakdown during the
test will exhibit an impedance change during the surge. A surge generator inherently capable of delivering a
specified voltage or a specified current during a single surge test as required by the EUT impedance will yield
information on the EUT performance that cannot be obtained by two separate generators in two successive
tests, one for voltage, the other for current (Richman 1983 [B22]; Vance et al. 1980 [B33]). Further discussion
of these considerations is given in B.49.

5.3 Point of test surge application

According to the scope of this guide, the ac interface of an EUT is the point of application of the test surge.
In the process of evaluating the performance of the EUT, other terminals may also be subjected to surges.
Interconnected or distributed systems might have to be broken into separate subsystems, or the whole system
might have to be treated as an EUT. Therefore, the nature of the EUT will affect the points at which the surge
is to be applied and, thus, the method of coupling the surge.

5.4 Coupling the surge to the EUT

In the case of unpowered testing, the coupling is simple. The input port of the EUT is merely connected to
the output terminals of the surge generator, but further precautions are required. All other terminals or
outputs of the EUT, including its equipment grounding conductor(s), should be isolated to prevent damage
to other equipment.
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In the case of powered testing, the coupling becomes a complex matter, which is discussed in detail in
Clause 7. This complexity is the result of the need to apply the surge to the power supply line of the EUT,
maintaining the specified waveform, but without feeding the surge back into the laboratory ac power supply,
where it might damage other loads in the laboratory.

Thus, a back filter is needed to prevent this feedback. In addition, there is a need to isolate the power supply
line, lest it load the surge generator, thereby reducing the generator output below the required levels. The
availability of a separate power supply generator, often used in specialized laboratories, can alleviate some
of these problems.

Conversely, the quality of the voltage waveform of the ac mains used to supply power to the test circuit
should be evaluated, and corrected if found wanting, so that artifacts will not be introduced in the test results
by an unusually distorted or disturbed ac mains supply. The back filter, intended to block test surges in the
direction from EUT to mains, can also provide some degree of filtering disturbances in the direction from
mains to EUT. If L-G or N-G surges are to be applied, ascertain that the back filter will block the selected
waveform in the L-G and N-G modes.

In the case of long-duration waveforms, such as the 10/1000 us surge, it could be difficult to provide a back
filter with sufficient blocking capability for the surge and, at the same time, the capability to provide power-
frequency current of sufficient amplitude to the EUT. Some schemes have been developed to provide isolation
of the test circuit from the power supply circuit by blocking diodes and thyristors with appropriate timing of
their conduction periods.

For these long-duration waveforms that generally involve lower voltages than do the standard waveforms,
another possible strategy is to obtain the complete waveform (power-frequency voltage before and after the
surge, as well as total surge) from a digital waveform generator, with amplification by a high-power linear
amplifier. This method requires that the amplifier be capable of delivering either voltage or current peaks
during the surge (depending on the EUT impedance, in a manner similar to the Combination Wave), as well
as the normal load current of the EUT before, during, and after the surge. This approach would be a radical
departure from the classical method of using the discharge of stored energy into the EUT. It would offer the
advantage, once the resource of such a system becomes available to a user, of making other test waveforms,
such as swells, easy to implement.

In the case of the EFT, the test procedures described in detail by IEC 61000-4-4 [B9] include the use of
discrete coupling capacitors for the power-supply lines (called coupling network in IEC 61000-4-4) or the
use of a coupling clamp, which is in effect a capacitor involving all conductors at the same time.

Thus, both methods of coupling the EFT result in having a capacitive divider (consisting of the coupling
capacitance and the internal capacitance of the EUT) that applies the EFT pulses to the port of the EUT
(Martzloff and Leedy 1990 [B19]). The actual value of the EFT pulse applied to the EUT port is influenced
by the internal design of the EUT; it is not a fixed parameter imposed on the EUT. The external arrangement
of the EUT, including cable dressing, enclosure position with respect to the reference ground plane, and in
some cases the presence of the operator near the EUT, will affect the capacitive coupling and thus the
outcome of the test. The configuration of the ground reference plane can affect the results; for that reason,
IEC 61000-4-4 [B9] describes in detail the test setup. The waveform of the EFT generator output before
connection to the EUT should be clearly specified, a need not identified in the IEC standard
(Richman 1991 [B24]). Thus, the configuration of an EFT test setup must be clearly defined and
documented.

Isolated components or simple two-terminal devices can be subjected to the surge in a simple configuration;
multiterminal devices, including a simple balanced two-input EUT with ground, require careful attention to
specifying which terminals are surged with respect to which others. This aspect of the coupling techniques is
treated in greater detail in Clause 7.
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5.5 Monitoring the EUT

Both the applied surge and the output, as appropriate, of the EUT need to be monitored; monitoring could
also be required within the EUT. Current, as well as voltage, should be monitored to provide complete
information on the EUT performance (Richman 1983 [B22]).

The need to monitor the input surge is axiomatic because this will verify the characteristics of the applied
surge, both open-circuit and modified by the load. For simple failure modes of isolated components, such as
insulation breakdown or permanent semiconductor damage, monitoring the applied surge also reveals a
failure because the observed applied voltage wave will appear chopped. On the other hand, a surge applied to
an EUT being powered from the ac mains might show extensive distortion or ringing (Martzloff 1983
[B15]). This distortion, therefore, makes diagnosis by simple waveform inspection nearly impossible.

Checking a complex EUT for susceptibility to surges requires more extensive instrumentation in order to
detect misoperation. (That instrumentation must be immune to the electromagnetic disturbances created in
the area by production of the test surge.)

Monitoring within the EUT can also be necessary in order to understand the failure mechanism under the
surge, to control one or more critical voltages within the EUT, or to check the amount of surge remnant or
surge let-through reaching specific critical components.

In the case of EUTs that are shunt-connected surge protectors, the measurement of the surge response
voltage should be made to include the effect of any leads or configuration normally used to connect the EUT
to the mains, so that the impact of the surge suppressor in actual service conditions will be characterized,
rather than an intrinsic (but not attainable in practice) value. To avoid misleading data, specific mention of
the lead dress should be included when reporting results. See B.1 for further comments.

5.5.1 Monitoring with voltage probes

A reliable and safe method for monitoring voltages within the EUT is to use a differential connection of two
matched voltage probes (Figure 4). This type of connection, shown in the figure for the case of a surge
applied between line and neutral of the EUT, enables the use of a safely grounded oscilloscope. The high-
voltage probes have no ground leads attached to the EUT, whereas the chassis of the instruments are safely
grounded by the equipment grounding conductors of their power cords.

Common high-voltage probes must be properly compensated for the parasitic input capacitance of the
oscilloscope or digitizer that is used to measure the voltage (Standler 1989 [B32]). Paired differential probes
with a 50 Q output impedance that need no compensation can also be used (Senko 1987 [B26]).

5.5.2 Monitoring with current transformers

Properly applied current transformers can be useful for monitoring surge currents. It is often desirable, if
not necessary, to monitor current during application of a voltage surge, in order to detect breakdowns or to
verify EUT performance. A current transformer enables complete isolation of the current-monitoring
channel of the oscilloscope, in contrast with a current-viewing coaxial shunt, which can only be inserted
very near the grounding reference point. Most commercial “current transformers” are actually current-to-
voltage transducers that incorporate a suitable burden to deliver a voltage signal to the oscilloscope.

Voltages can also be monitored with a current transformer: a high resistance is connected between the two
points where voltage is to be monitored and a current transformer is used to monitor the current in the
resistor, hence, the voltage difference at its points of connection. (Note that the resistance should be
implemented with a noninductive resistor with appropriate surge voltage rating.)
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Figure 4—Monitoring within surged equipment with
voltage probes in differential connections

Figure 5 shows these two applications of current transformers or current-to-voltage transducers. Note, how-
ever, that special precautions are required to provide valid measurements, which are discussed in detail in
B.10. See also Standler 1989 [B32] for a review of the physics of current transformers.
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* For the case of an isolated EUT. For systems, refer to 7.5.2 and Figure 11.

Figure 5—Monitoring within surged equipment with current transformers
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5.5.3 Monitoring the EFT test

The high frequencies involved in the EFT Burst make it difficult to monitor the surges within the equipment,
because the probe conductors act as an antenna capturing the radiated fields and inject the signal into the
EUT, causing an upset that would not occur without this probe. The present EFT procedure, as described in
IEC 61000-4-4 (1995) [B9], requires verifying only the waveform of the pulses produced by the generator
when connected to a 50 € load (Richman 1991 [B24]), while the outcome of the test is observed as the
occurrence or absence of a disturbance in the operation of the EUT. The steep front of the EFT pulse raises the
issue of the bandwidth of analog instrumentation and of under-sampling in digital techniques
(Standler 1989 [B32], pp. 369-375). See also C.1.7 on digital resolution.

6. Performance of surge testing: Test procedures

6.1 General

This clause is intended primarily for the guidance of those individuals involved in performing surge tests.
Those who do the testing are presumed to be familiar with safety procedures and with the general techniques
of high voltage and high-frequency (impulse) instrumentation. Specific guidance is therefore aimed at the
specialized aspects of surge techniques.

a) A surge test is a single event. Thus, once the surge has been applied to the EUT, any damage that
occurs has to be repaired and the most probable cause determined before the next surge test is run,
possibly at a lower level. (This remark does not apply to the EFT Burst procedure.)

b) Voltage and energy levels required to duplicate the equipment surge environment are necessarily
high enough to be a personnel hazard.

¢) The performance of virtually all surge-protective devices is highly dependent on the waveform of the
applied surge.

6.2 Limiting stresses

Pass/fail qualification tests and production tests may consist of a single surge application. On the other
hand, design tests or some qualification tests are generally applied by increasing the surge levels in several
steps starting from the operating voltage level and increasing to the goal, in order to obtain meaningful data
and reveal any possible blind spots. However, these many steps result in an accumulation of energy
deposition that needs to be recognized and possibly limited.

All surge protectors have not only surge performance specifications but also maximum average power
limitations. Furthermore, a series of repeated tests can consume (expend) part of the protector life.
Therefore, it is very important that consideration be given to limiting integrated stress in multiple surge tests
as well as to life consumption, average power, and repetition rate, especially when making repeated tests for
blind spot checking.

In the absence of specific information on the failure modes of the EUT, several surges may be required of
each polarity and at each selected phase angle to ensure that the failure will leave a mark or that ac follow
current will finally cause an arcing fault. Thus, efforts should be made to reduce a large number of surges by
considering the failure modes and applying good engineering judgment.

6.3 Nature of the EUT

The nature of the EUT has an influence on the test procedure. Single components, or simple systems without
multiple built-in protective devices, can be tested with a few increasing steps, often in an unpowered
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configuration. On the other hand, complex systems, especially those containing several successive protective
devices, require more comprehensive test procedures. There can be blind spots in the protection; that is,
satisfactory performance at high stress does not guarantee satisfactory performance at lower stresses, or for
different wave shapes. Additionally, some EUTs might be sensitive to the phase angle of the applied surge
with respect to the power supply.

6.4 Safety

CAUTION

Many of the tests indicated in this recommended practice are inherently hazardous. Observing
the precautions for personnel and property described in this clause are important for reducing
safety risks. Even more important is observing existing national safety codes and the applicable
safety directives and prescriptions of the organization where the tests are being performed.

Surge testing is best conducted only in an area dedicated solely to that purpose. The boundaries of the area must
be clearly defined and appropriately marked. Where possible, the area should be fenced in and provided with
electrical or mechanical interlocks, or both, on all entrances into the test area and removable barrier panels. All
metal fences or barriers, or both, must be grounded. Care must be taken to ensure that all of the EUT is within
the assigned area.

Testing should not be conducted unattended. Consideration must be given to the possibility of the surge
flashing over to circuits or metallic parts that are not intended to be surged. The surge test area must be kept
free of all meters, test setups, and flammable liquids, such as alcohol or cleaning solvents that are often
found in an engineering environment, but not are associated with the surge test being conducted.

When the EUT can be enclosed within an effective barrier, the preceding requirements are easier to satisfy.
This barrier can be sufficient separation—including separation from the floor, which should be presumed to
contain conduit or some metal. Alternatively, the entire barrier can be made up of physical insulation. In either
case, the barrier should be complete except where penetrated by input or output lines and measurement probes,
and it must be safe for a peak voltage equal to at least twice the peak of the incident test surge. (Circuits in
breakdown at or near the surge peak can oscillate at high frequencies. Such oscillatory flashovers can thereby
increase effective applied peaks by a factor approaching two.) Interlocks (for the surge as well as the ac mains)
must be provided to allow safe access between tests.

Capacitors used in the filter or coupler can retain a trapped charge; suitable bleeders or short-circuiting must
be provided to ensure operator safety against any such trapped charge after application of the test surge.

Consideration must also be given to the possibility of ignition or explosion within the EUT. Where an
examination of the EUT indicates a likelihood of ignition, factors to be considered are

a) The amount of combustible materials present
b)  The probable rate of propagation
c¢) The consequences of such propagation, that is, the probability of extension beyond the EUT

Appropriate precautions must be taken to keep these factors within manageable limits. These precautions
may include suitable extinguishing agents in sufficient quantity, physical separation from other
combustibles, and other appropriate measures. In evaluating the possibility of explosion, consideration must
be given to component failure whenever hazardous materials are available in sufficient quantity to create an
explosive atmosphere.
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All surge testing must be conducted by technically qualified personnel who are aware of the hazards of such
testing. The voltage and current levels generally associated with surge testing are well above those
considered lethal. Some considerations are the possibility of an accidental discharge of the surge generator,
the consequences of a flashover to an unfavorable circuit, the possibility of a charge being trapped in the
EUT, or the consequences of a violent component failure.

Testing personnel should never stand in the line of sight of components on printed circuit boards or panels
with the enclosure open during EUT surge testing. On occasion, a component will fail in an explosive
manner during surge testing. Fragments of the ruptured case and the component might cause injury to
personnel in the vicinity. If visual observation is desired, a suitable transparent barrier of sufficient thickness
must be provided. Ear protection must also be considered in case of possible violent failure modes. See C.5
for additional suggestions in this regard.

The importance of conducting surge tests in a prudent manner cannot be overstressed; safeguarding the test
personnel must be the prime consideration.

7. Applying the test surge: Coupling and decoupling circuits

7.1 General

For independent equipment, the test surges will be applied to the power lines supplying the EUT. For
interconnected or distributed systems, the testing of the individual units should be evaluated with regard to
the rest of the system.

Testing a complete system might not be possible or economical. Each unit comprising the system may be
tested as an independent unit, provided its functional integrity can be monitored during the test. The test
surges are to be applied to the cable ports that are connected to cables that are routed to other areas. All ac
power inputs and outputs within an interconnected system should be surge tested. Although signal and data
lines are not included in the scope of this recommended practice, they should not be overlooked
(Martzloff 1990 [B16]; Key and Martzloff 1994 [B12]); see 7.5.2 and the discussion of ac interface (B.1)
and communications interface (B.6).

7.2 Requirements for surge coupling
Three basic methods can be used for coupling the surge:

a) Direct coupling—As the name implies, it is a direct connection between the unpowered EUT and the
test surge generator (Figure 6).

b)  Series coupling—Couples the test surge generator to the EUT by injection of the surge in series with
the conductor being surged (Figure 8).

¢)  Shunt coupling—Couples the test surge generator to the EUT by injection of the surge across a
combination of conductors (Figure 7).

Surge

Generator EUT

I ———

A Other Lines
Disconnected

Figure 6—Direct coupling of surge (unpowered tests only)
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Figure 7—Elementary diagram of shunt coupling
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Figure 8—Elementary diagram of series coupling

All Other Lines
Disconnected

A fourth method of applying a surge to the EUT—which requires neither the coupler nor the back filter
discussed in 7.4 and 7.5—is to provide both the ac power and the superimposed surge, generated by an
arbitrary waveform generator, and amplified by a linear amplifier of suitable voltage and current delivery
capability (Figure 9). This method makes it possible to apply surges of durations longer than what can be

effectively blocked by the back filter in a powered test.

Arbitrary

Waveform || Amplifier

EUT

Generator

All Other Lines
Disconnected

Figure 9—Elementary diagram of arbitrary waveform generator

Advantages and disadvantages of these methods are discussed further in B.39.

To apply the output of a test surge generator to a powered EUT, it is almost always necessary to use a surge
coupling device, also called a coupler. The coupler should conduct the surge energy, with reasonable

waveform fidelity, from the test surge generator into the EUT.

The requirements for appropriate coupling include the following:

a)  Minimizing cross-loading and power dissipation in the surge generator output network. Appropriate

impedances in the coupler should be provided.
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b)  Permitting the EUT to function normally before and after the test surge. Coupling gaps can also be
used to provide coupling of the generator only during the surge.

c) Permitting different modes of coupling, as required by the test schedule.

d) Providing bleeder action to discharge any residual voltage trapped inside the EUT after the test.

7.3 Impedance considerations

In general, the output impedance of a test surge generator will be that of its output wave-shaping network as
seen through the coupler. Because such networks usually involve inductors and capacitors, the output imped-
ance will be complex, involving both a real and an imaginary component.

For convenience, an effective output impedance is defined for a surge generator and its coupler, if
appropriate, by calculating the ratio of peak open-circuit output voltage (OCV) to peak short-circuit output
current (SCI), or as an OCV/SCI ratio at the injection points. Ideally, this impedance, when combined with
the back filter impedance, should represent the ac power system impedance for the incoming surge (Bull
1975 [B3], Standler 1989 [B30]). Typical values range from near 0 € at the power-line frequency to 200 Q
above 100 kHz.

In the case of the EFT test, however, the present test procedure (IEC 61000-4-4) [B9] does not call for an
available short-circuit current or source impedance, but only for a verification of the waveform when
connected to a 50 Qload.

7.4 Requirements for surge decoupling

The simplified surge coupling of Figure 8 and Figure 7 shows the requirements of back filters and
decoupling. Without these devices, the low line impedance of the ac supply would load the generator and
prevent it from delivering the full voltage. Furthermore, all other equipment connected to the same power
line would be subjected to the surge, with attendant equipment damage and personnel hazard resulting.
Further yet, some other equipment connected to the line might include a surge-protective device, defeating
the test. Thus, surge decoupling, generally in the form of surge filters in the power line (referred to as back
filter or decoupling network), is required to eliminate these limitations. However, the insertion of a filter
raises the question of reduced available fault current because of the added impedance of filters.

It is necessary to use back filters in all lines into and out of the EUT, excluding the equipment grounding
conductor, that will not be disconnected for the surge tests. Note that the EFT Burst procedure calls for
including the “protective earth” (PE in Figure 18) conductor in the decoupling network. To avoid possible
damage to interconnected equipment, leads to such equipment should be disconnected, and the associated
EUT port should be terminated with a representative equivalent circuit.

The neutral conductor is treated just like the other lines; that is, the back filter should decouple it from
ground during testing. This conductor might, in fact, be the most susceptible of the connections to the EUT.
In practice, the neutral is bonded to the grounding conductors at the service panel of the facility so that any
perturbation suffered by the neutral wire is transmitted to some degree to the equipment grounding
conductor either by direct connection or by induction, or both.

Although the signal lines into or out of the EUT are technically outside of the scope of this recommended
practice, their presence should be recognized. As shown in Figure 10, they should be disconnected, back
filtered, or reterminated with impedances or grounds that simulate operating conditions.

The presence of these filters or connections might produce some interference with ground fault protection
systems in the test laboratory, a possibility that should be recognized.
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1—Signal or power conductors, or both, to other equipment
2—The symbols (X) indicate one or more of the following:
a) Complete disconnect of the conductors
b) Insertion of a surge filter similar to the back filter
c) Disconnect of the conductors, with addition of a representative termination
3—The symbol (#) indicates disconnection of grounding conductors to downstream equipment in order to avoid passing
on a surge. However, a grounding connection to that downstream equipment must be re-established, bypassing the EUT
test setup, except in the case shown in Figure 11.

Figure 10—EUT being surge tested, showing required interfaces, filters,
or reterminations

7.5 Surge coupling

For a given number of lines in the mains, there are several ways that a test surge may be applied. The type of
the coupling also affects the selection of the lines to which the surge is applied.

For shunt coupling, as shown in Figure 7, the surges can be applied between any group of conductors:

— Line(s) to neutral
— Line(s) to line(s)

— Line(s) to ground
— Neutral to ground
— [Line(s) and neutral] to ground
— Line(s) to [neutral and ground]

For test purposes, usually the low terminal of an ungrounded test surge generator is connected directly to one
of the power lines or to the equipment grounding conductor. The surge generator high terminal is then
connected to the other power line(s) via capacitors. A separate capacitor is used for each line. Note that the
use of capacitors presents the hazard of trapped charges after the test; bleeders or discharge interlocks should

be provided.

For series coupling, the surges can be applied in series with one conductor, as shown in Figure 8, by
inserting the secondary of the coupling transformer in the line or some other conductor.

In all cases, surge testing should be performed with both polarities.

Documents

Document Sharing Hub

Au‘?h%rized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at %Hﬁlgrﬂh% %991%éEE';pf%‘M;”%&ﬁ&?ﬁsvggply

Full document details: IEEE C62.45-2002


http://www.avadocuments.com/doc/ieee-c62-45-2002
http://www.avadocuments.com/doc/ieee-c62-45-2002

