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Foreword 

(This Foreword is not a par t  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 specifcation 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 specifylng 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. 
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Summary 

(This Summary is not a par t  of ANSI/IEEE C62 45-1987, IEEE Guide on Surge Testing for Equipment Connected t o  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 ANSIAEEE 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 pasdfail criteria. 

(4) Implementation of the test: 
(a) Selection of the appropriate test generator 
(b) Coupling of the surge to the test circuit 
(e) 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 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 [ 101 and [ 171, 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 ANWIEEE C62.41-1980 [ lo] ,  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 [ 171, 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- 

figuration of the power system within a building. 
The environment description of ANSI/IEEE 
C62.41-1980 [ 101 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 [ 171, 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 ' See the  Appendix for a discussion of terms indicated in 

bold italic. 
The numbers in brackets correspond to those of the ref- and Can be found in the alphabetical listing ofthe 

erences listed in Section 3. Appendix. 
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Fig 1 
Guiding Considerations for Surge Testing 
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2.1 Technical Definitions 

back filter. A filter inserted in the power line 
feeding an equipment to be surge tested; this fdter 
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 a t  
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 a t  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. 

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. 

[a]  ANSI C62.2-1981, American National Stan- 
dard Guide for the Application of Valve Type 
Surge Arresters for Alternating-Current Sys- 
tems. 

[3] ANSI/IEEE Std 100-1984, IEEE Standard 
Dictionary of Electrical and Electronics Terms2 

[4] ANSUIEEE Std 518-1982, IEEE Guide for the 
Installation of Electrical Equipment to Minimize 
Electrical Noise Inputs to Controllers from Exter- 
nal Sources. 

[5] ANSI/IEEE C37.90-1978, IEEE Standard 
Relays and Relay Systems Associated with Elec- 
tric Power Apparatus. 

[6] ANSI/IEEE C62.1-1984, IEEE Standard for 
Surge Arresters for AC Power Circuits. 

(71 ANSI/IEEE C62.31-1984, IEEE Standard Test 
Specifications for Gas-Tube Surge-Protective 
Devices. 

[SI ANSI/IEEE C62.32-1981, IEEE Standard Test 
Specifications for Low-Voltage Air Gap Surge- 
Protective Devices (Excluding Valve and Expul- 
sion Type Devices). 

[9 ]  ANSI/IEEE C62.33-1982, IEEE Standard 
Test Specifications for Varistor Surge-Protective 
Devices. 

[ 101 ANSI/IEEE C62.41-1980, IEEE Guide for 
Surge Voltages in Low-Voltage AC Power Circuits. 

[ 111 ANSI/NFPA 70-1987, National Electrical 
Code." 

ANSI publications are available from the Sales Depart- 
ment, American National Standards Institute, 1430 Broadway, 
New York, NY 10018. 

ANSI/IEEE publications can be obtained from the Sales 
Department, American National Standards Institute, 1430 
Broadway, New York, NY 10018, or from the  Institute of Elec- 
trical and  Electronics Engineers, Service Center, Piscataway, 
N J  08854. 

ANSI/NFPA publications can be obtained from the Sales 
Department, American ,National Standards Institute, 1430 
Broadway, New York, NY 10018, or from Publication Sales, 
National Fire Protection Association, Batterymarch Park, 
Quincy, MA 02269. 
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[ 251 Characteristics of the Electricity Supply Volt- 
age for Low Voltage Consumers. Report of the 
UNIPEDE, from Revue Generale de l'Electricite, 
Paris, Sept 1981, pp 613-622. 

[26] FREY, 0. The Origins, the Effects, and the 
Simulation of Transients as Well as Their Inter- 
national Standardization. Record of Professional 
Program Session 12, Electronic Show and Con- 
vention, May 25-27,1982, Electronic Conventions, 
El Segundo, California, Paper 12/5, pp 1-32. 

[27] GOLDSTEIN, M. and SPERANZA, P. D. The 
Quality of U.S. Commercial Power. INTELEC Con- 
ference Proceedings, 1982, pp 28-33, 

[28] GRAF, W. and VANCE, E. F. A Topological 
Approach to the Unification of Electromagnetic 
Specifications and Standards. Proceedings of the 
IEEE 1982 National Aerospace and Electronics 
Conference, May 1982. 

[29] MARTZLOFF, F. D. Matching Surge Protec- 
tive Devices to Their Environment. IEEE Trans- 
actions on Industry Applications, vol IA- 2 1, 
no 1, Jan/Feb 1985. 

[ 121 IEC Multilingual Dictionary of Electricity. 
Institute of Electrical and Electronic Engineers, 
1983.4 

[13] IEC Pub 50-111-1982, Physics and Chem- 
istry. 

[ 141 IEC Pub 50-131-1978, Electric and Magnetic 
Circuits. 

[ 151 IEC Pub 99, Lightning Arresters. 

[ 161 IEC Pub 158-2, Semiconductor Contactors. 

[ 171 IEC Pub 664-1980, Insulation Co-ordination 
within Low-Voltage Systems, Including Clearances 
and Creepage Distances for Equipment (including 
IEC Pub 664A-1981, supplement). 

[ 181 MIL Std 461B, Electromagnetic Emission 
and Susceptibility Requirements for the Control 
of Electromagnetic In te r fe ren~e .~  

[ 191 NEMA ICs 2-1983, Devices, Controllers, and 
Assemblies for Industrial ControL6 

[20] UL 943-1985, Safety Standard for Ground 
Fault Circuit  interrupter^.^ 

[ 21 ] ALLEN, G. W. and SEGALL, D. Monitoring of 
Computer Installations for Power Line Disturb- 
ances. Conference Paper C74 199-6, IEEE PES 
Winter Meeting, New York, 1974. 

[22] BULL, J. H. Impedance of the Supply Mains 
at Radio Frequencies. Proceedings of the First 
Symposium on EMC, Montreux, Switzerland, May 
1975, 75CH1012-4 Mont, pp 357-362. 

[23] CARROLL, R. L. Loop Transient Measure- 
ments in Cleveland, South Carolina. Bell System 
Technical Journal, vol 59, no 9, Nov 1980, pp  
1645 - 1680. 

[24] CARROLL, R. L. and MILLER, P. S. Loop 
Transients at the Customer Station. Bell System 
Technical Journal, vol 59, no 9, Nov 1980, pp 
1609- 1643. 

IEC publications are available in the US from the Sales 
Department, American National Standards Institute, 1430 
Broadway, New York, NY 10018. 

MIL publications are available from US Navy Publications 
and Forms, 5801 Tabor Avenue, Philadelphia, PA 19120. 

NEMA publications are available from the National Elec- 
trical Manufacturers Association, 2101 L Street, NW, Washing- 
ton, DC 20037. 

UL publications are available from Publication Stock, 
Underwriters Laboratories, Inc, 333 Pfingsten Rd, Northbrook, 
IL 60062. 

[30] MARTZLOFF, F. D. The Propagation and 
Attenuation of Surge Voltage and Surge Currents 
in Low-Voltage AC Power Circuits. IEEE Trans- 
actions on Power Apparatus and Systems, vol 
PAS-102, no 5, May 1983, pp 1163-1170. 

[31] MARTZLOFF, F. D. and H A " ,  G. J. Surge 
Voltage in Residential and Industrial Power Cir- 
cuits. IEEE Transactions on Power Apparatus 
and Systems, vol PAS-89, no 6, July/Aug 1970, pp 
1049- 1056. 

[32] MORRISON, R. Crounding and Shielding 
Techniques in Instrumentation. New York: John 
Wiley & Sons, 1967. 

[33] ODENBERG, R. and BRASKICH, B. J. Mea- 
surements of Voltage and Current Surges on the 
AC Power Line in Computer and Industrial 
Environments. IEEE Transactions on Power 
Apparatus and Systems, vol PAS-104, no 10, 
Oct 1985, pp 2681-2691. 

[34] OTT, H. Noise Reduction Techniques in 
Electronic Systems. New York John Wiley & Sons, 
1976. 

[35] RHOADES, W. T. Development of Power Main 
Transient Protection for Commercial Equipment. 
Proceedings of the 22nd IEEE EMC Symposium, 
OCt 7-9, 1980, pp 235-244. 
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[36] RHOADES, W. T. The Ratiocination of a 
Commercial Power Main Conducted Susceptibil- 
ity Standard. Proceedings of the 23rd IEEE EMC 
Symposium, 1981, pp 269-276. 

[37] RICHMAN, P. Changes to Classic Surge-test 
Waves Required by Back Filters Used for Testing 
Powered Equipment. Proceedings of the Sixth 
Sympos ium on EMC, Zurich, Mar 1985, p p  

[38] RICHMAN, P. Conductive Surge Testing of 
Circuits and Systems. Presented at the FAA-NASA 
Symposium on Lightning Technology, Florida 
Institute of Technology, Apr 1980. 

[39] RICHMAN, P. Diagnostic Surge Testing, Parts 
I & 11. Power Conversion, Sept/Oct 1979, pp 
70-78, and Nov/Dec 1979, pp 64-67. 

[40] RICHMAN, P. Precision Coil Impulse Testing 
with 0.3 A, Micro-Breakdown Sensitivity. Power 
Conversion International, vol8, no 5, May 1982, 

[41] RICHMAN, P. Single-output, Voltage and Cur- 
rent Generation for Testing Electronic Systems. 
Proceedings of the IEEE EMC Symposium, 1983, 

I421 VANCE, E. F. Electromagnetic Interference 
Control. IEEE Tra,nsactions on Electromagnetic 
Compatibility, vol EMC-22, Nov 1980, pp 319-328. 

[43] VANCE, E. F., NANEVICZ, J. E., and GRAF, 
W. Unification of Electromagnetic Specifications 
and Standards. Defense Nuclear Agency Report 
DNA 5433F-1, Washington, DC, 1980, pp 49-50. 

413-419. 

pp 14-28. 

pp 47-51. 

3.2 Document in Preparations 

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. 

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- 
lanche Junction Semiconductor Surge-Protective Devices. 

4.1 Surge Environment. Surge testing is gener- 
ally performed to determine the surge withstand 
capability of specific equipment ( E m ,  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. ANSIAEEE C62.41-1980 [lo],  IEC 
Pub 664-1980 [ 171, 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 a t  amplitudes less than twice the 
normal voltage, is the subject of other documents 
(see [41, ~ 6 1 ,  P I ,  and ~ 9 1 ) .  

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 a re  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 verlfylng 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 a t  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 (uulnerability) 
( 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) 

(5) 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, 

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 @owered 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 [ l o ] )  
is described only in statistical terms without 
imposing a fixed withstand level. On the other 
hand, IEC Pub 664-1980 [ 171 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 fi ter 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. 

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 [ 101 
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 (261, 
[33], and data base in Section A1 of Appendixes 
to (101). 

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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