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Preface
In the electrical product business, product safety compliance is an
important issue for several reasons. Manufacturers and distributors
want to sell “safe products”. Consumers want to buy products with
the assurance that they won’t be exposed to hazards. Product qual-
ity, reliability, user safety, and company liability issues are real con-
sequences of doing business today.

Regardless of your specific interest in safety testing, it is important
for you to have a general understanding of product safety require-
ments and how they affect your device, as well as an overall view of
the regulatory compliance world and the specific steps in the pro-
cess that may have a direct impact on your daily responsibilities.

The intent of this reference guide is to explain the need for and the
basis of Electrical Safety Testing (EST), to provide a general over-
view  of the regulatory framework and approval process, and to ex-
plore the specific manufacturing responsibilities and test procedures
associated with electrical safety testing.

This material is for informational purposes only and is subject to
change without notice. QuadTech assumes no responsibility for any
error or for consequential damages that may result from the
misinterpreation of any procedures in this publication.

QuadTech, Inc.
100 Nickerson Road
Marlborough, MA 01752 U.S.A.
Tel: 508-485-3500
1-800-253-1230
Fax: 508-485-0295
Intl: 508-229-0806
http://www.quadtech.com
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Product Safety
Making a product “safe” requires an under-
standing of the “hazards” that exist in each
electrical product. Certain potential hazards
are inherent in all electrical products be-
cause of the manner in which they are
powered and how they perform their in-
tended functions.

Even though a product requires an elec-
trical power source and uses electrical

or electronic components, it should not
present an electrical shock hazard to the
user.

Four fundamental hazards must be evalu-
ated as part of any product safety evalua-
tion:

• Electrical shock

• Mechanical/physical

• Low voltage/high energy

•Fire

Specifications that address these hazards
are contained in every product safety stan-
dard. Although additional safety require-
ments are also included in most safety
standards, these four hazards are the foun-
dation upon which all safety standards are
based. This guide is concerned only with
electrical safety testing methods. It focuses
only on the tests and equipment needed to
minimize electrical shock and does not

discuss mechanical/physical injury and fire
hazards.

Electrical Shock

Electrical shock and its effects can be
caused and influenced by several factors.

The primary effect is the result of electrical
current passing through the human body.
Severity of the injury to the human body is
directly affected by such variables as: the
nature of the electrical voltage (AC vs. DC),
the pathway through the human body;
conductivity of the contact (wet or dry); the
size and shape of the individual involved
i.e., the person’s imped-ance), duration of
the contact, and the size of the contact area.
All these affect the magnitude of current that
flows through the person’s body.

Example:

Picture yourself in the bathroom with one
hand in a sink full of water. As you grab for a
towel behind you, the hair dryer (which is
plugged in) falls into the sink. Your other and
contacts the grounded cold water faucet.
You have placed yourself in the path of
current flowing from the electrical outlet in
which the hair dryer is plugged. The path-
way, which is directly through your chest
cavity, is likely to cause ventricular fibrilla-
tion. (Fibrillation occurs when the electrical
pulses controlling your heart rate go into an
uncontrollable pulsation, which prevents
your heart from pumping properly, causing
blood pressure to drop, eventually shutting
down all bodily functions.) It is difficult to set
standards that protect users from all pos-
sible fault conditions, but many require-
ments have been established to provide
fundamental levels of user safety. The previ-
ous example is the reason GFCI (ground
fault current interrupters) are required by the
National Electrical Code in wet locations.
Such devices automatically interrupt power
when a ground current larger than 0.5 mA
exists for more than a few milliseconds.
These devices have saved countless people
from being electrocuted in their own homes.

Overview
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The frequency in Hertz (Hz); i.e, cycles per
second, of the electrical source is also a
determining factor in the subsequent effect
and/or reaction of the human body when
subjected to electrical current flow. Studies
have shown that low frequency voltages,
such as AC power line voltage (50/60Hz)
which is commonly found in the household
or workplace, have a more immediate and
damaging effect than DC voltage when
contact with the human body occurs. There-
fore, it is important that electrical products
and appliances be designed to protect the
user from contact with AC line/primary
voltage.

Most safety standards address this issue by
incorporating requirements that mandate
appropriate product enclosures, connectors
that do not allow direct user access, good
dielectric or insulating barriers, as well as
very low leakage current. Not all voltage
potentials, however, are considered hazard-
ous. Some are considered safe for user
contact because of the low levels at which
they operate. Since the standards are very
specific about these limits, manufacturers
must be careful to test their products
against the right product standard to be sure
that the products are safe.

Electrical shock hazards can be prevented
by the following types of tests:

1. Dielectric Withstand (Hipot) Tests

2. Insulation Resistance Tests

3. Leakage Current Tests

4. Ground Continuity Tests

A hipot test measures the ability of a prod-
uct to withstand a high voltage applied
between the circuits of a product and
ground.

An insulation resistance test measures the
quality of the electrical insulation used in a
product.

A leakage current test checks that the
current that flows between AC source and
ground does not exceed a safe limit.

A ground continuity test checks that a path
exists between all exposed conductive metal
surfaces and the power system ground.
Each of these tests is described in detail
later in this document.

Worldwide Regulatory
Compliance
In the field of product safety and product
safety standards, significant change has
taken place in the last ten years. Emphasis
has been placed on the worldwide harmoni-
zation of product safety standards with the
hope of establishing truly uniform global
specifications. Although more  progress
needs to be made, results to date have
been encouraging — standards today are
more closely coordinated than ever before.
Manufacturers need to know and under-
stand the safety standards that apply to their
particular products. It is equally important
for them to have a full grasp of the whole
field of product safety regulation.

In an attempt to provide a basic explanation
of the regulatory process, how it works, and
why you must comply, let’s look at three of
the major marketplaces, the United States,
Canada, and the European Union (EU).

United States

In the U.S., regulatory requirements and
federal laws are found in the Code of Fed-
eral Regulations. In this Code (CFR21-1910,
Subpart S), you will find regulations for
product safety approvals of electrical de-
vices. The mandatory federal requirements
specify that all electrical appliances and
devices be “listed” by a Nationally Recog-
nized Testing Laboratory (NRTL) for the
purpose in which they will be used. The term
“listed” means controlled, monitored, and
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otherwise placed under formal surveillance
by the approval agency or testing laboratory.

The term “NRTL” now applies to many
laboratories operating under OSHA (Occu-
pational Safety and Health Administration)
accreditation for the purpose of carrying out
product safety approvals according to ac-
cepted standards. For a current list of lead-
ing NRTLs, refer to Appendix A.

A listed product is commonly identified by
the testing laboratory’s listing mark (UL,
ETL, MET, FM, etc.) conspicuously attached
to the product. This listing mark indicates
that the device manufacturer has submitted
a sample to the laboratory for product safety
test and evaluation in accordance with the
relevant product safety standard. Once the
NRTL finds the product fully complies with
the standard, it grants the manufacturer
permission to affix the agency listing label to
the products. In the U.S., product safety
certifications are generally carried out in
accordance with the ANSI/UL standards. As
hundreds of standards exist, it is highly likely
that least one of these safety standards
applies to your product.

Canada

Canadian requirements parallel those of the
United States. Enforcement of the Canadian
regulations is the primarily the responsibility
of the hydroelectric authority inspectors and/
or customs officials within each province.
Electrical products are considered compliant
if they bear the certification mark from a
testing laboratory which has obtained ac-
creditation as a Certification Organization,
and if the certification was performed in
accordance with the Canadian national
standards, commonly called the “CSA”
standards. A laboratory obtains status as a
Certification Organization by passing an
examination conducted by the Standards
Council of Canada (SCC). The SCC is
similar to, but not identical with, OSHA in the

United States. Within the Canadian system,
a Certification Organization or “CO” is
viewed in a manner similar to that of an
NRTL within the U.S. system. Presently,
several laboratories have obtained the
status of both a U.S. NRTL as well as a
Canadian CO. Therefore, you can, in many
cases, obtain both a U.S. Listing and Cana-
dian Certification from one laboratory. As in
the U.S., factory surveillance and production
line testing are also required steps in the
approval process.

European Union

 The European Community (EC) was estab-
lished to create an overall economic envi-
ronment conducive to economic growth. A
key mechanism for doing so was to estab-
lish community-wide standards for product
safety. This resulted in the issuance of the
Low-Voltage Directive 73/23/EEC and the
EMC Directive 89/336/EEC.

The EMC Directive 89/336/EEC defines the
requirements for handling electromagnetic
disturbances created by a device as well as
similar disturbances which could affect
proper operation of the device. It also deals
with tests such as ESD and emissions.

The Low Voltage Directive provides the
framework and procedures for determining
product safety compliance of a wide variety
of electrical devices and covers dielectric,
ground continuity, and a wide variety of
other safety tests.

The main focus of this reference guide is
the Low Voltage Directive which was
adopted in 1973 and with which most elec-
trical products designed for sale in the EC
(European Community) must comply.

Before the adoption of the Low-Voltage
Directive, products had to be tested in
accordance with the appropriate standard
for each country and by a approved test
laboratory for that country. Having to meet
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all of these national standards adversely
affected manufacturers who wanted to
market products in Europe because of the
expense of testing to the various standards
without significantly improving product
safety.

The Low Voltage and EMC directives are
official legislation of the European Union
and, as such, supersede any existing na-
tional regulations. Member countries within
the EU must adopt and enforce the direc-
tives.

The Low Voltage  directive does not specifi-
cally state which electrical tests are required
for compliance, but instead indicates that
products being sold in the EC must be
constructed according to good engineering
principles and should provide adequate
safety so as to not endanger the user of the
product. In addition, it states that appropri-
ate standards for the product being tested
must continue to be followed and that it is
the responsibility of the European Union to
periodically select so-called harmonized
standards. The harmonized standards are
typically IEC standards or standards pub-
lished by the European Committee for
Electrotechnical Standardization
(CENELEC) — which may actually be de-
rived from IEC standards. Table 1 shows
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Table 1. Harmonized Standards for European Union Countries

some of the more common harmonized
standards.

If a harmonized standard does not exist for
the specific product being tested, the IEC or
CENELEC standard covering that product is
presumed to apply. If there is no IEC or
CENELEC standard that covers the product,
the national standards from the individual
countries would apply, such as BEAB Docu-
ment 40. Manufacturers can, if they wish,
test their products to various national stan-
dards in addition to testing the products to
the applicable harmonized standard.

An example of one such harmonized stan-
dard is BS EN 61010-1: 1993 Safety Re-
quirements for Electrical Equipment for
Measurement, Control and Laboratory Use,
Part 1: General Requirements. This stan-
dard is published by CENELEC, is derived
from IEC 1010-1, and specifies both design
and routine production tests. The design
tests are performed on a sample of products
during initial design. Results from these
tests must be available in a file for inspec-
tion. In addition to testing during the initial
design phase, routine production tests are
also required. The production tests, which
are typically a subset of the design tests,
usually include dielectric strength (hipot)
and ground bond or ground continuity tests.
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If the product passes all required tests, the
Declaration of Conformity is completed and
the product can be CE marked or labeled to
show proof of compliance with the Low
Voltage Directive. The Declaration of Confor-
mity is normally a one page document that
details the applicable directives and stan-
dards used to ensure full compliance. The
Declaration must be completed before the
CE marking can be applied. It must include
the manufacturer’s name, full address,
model numbers, product identification,
applicable electrical ratings, full details of
technical standards used to perform the
evaluation, and the signature of an autho-
rized representative of the company.

Up to January 1, 1995, manufacturers
demonstrated compliance with the Low
Voltage Directive by issuing the Declaration
of Conformity with each product. The Low
Voltage Directive was amended effective
January 1, 1995 to incorporate the CE
Marking of products. An interim period was
allowed between January 1, 1995 and
January 1,  1997 for manufacturers to switch
over to CE Marking of all products marketed
in the EC. This means that, since January 1,
1997, all products covered under the Low
Voltage Directive have to bear the CE Mark
or label as proof that the product complies
with the directive. Note that the CE Mark
indicates compliance, but does not provide
specifics. The Declaration of Conformity
provides the details of the regulatory compli-
ance testing process.

Typical Product Safety
Standards
Underwriters Laboratories (UL) produces a
catalog of Standards for Safety that covers
most products being sold today. This catalog
contains listings of standards both by stan-
dard number as well as by key title words
such as dishwashers, electric ranges etc.
UL standards, as with most other standards,

are developed by committees in association
with individuals representing industry,
academia, test laboratories, consumers, and
others. Each standard developed by a
committee contains the basic requirements
for the product being tested. The require-
ments set forth in the standard are based
upon sound engineering principles, re-
search, and experience in the field and
represent  the minimum requirements which
the product must comply with to be UL
marked. It is important to note that the
ultimate responsibility for product safety is
the manufacturer, not the standard. Compli-
ance with the standard does not fully protect
the manufacturer from liability and, con-
versely, compliance with the text of the
standard does not mean the product will
comply with the standard should examina-
tion of the product reveal a design which
compromises safety.

The content of each standard can be di-
vided into the following Sections: Introduc-
tion, Construction, Performance, Manufac-
turing and Production Tests, Markings and
Appendix.

The introduction gives a basic overview of
the standard and any other standards to
which this standard may reference. The
main focus is to outline what products are
covered in the standard. This section will
also provide an introduction to any terms
and units of measure what will be used in
later sections.

All aspects of product construction and
assembly related to safety are dealt with in
the section on construction. The focus is to
insure that the product has been well manu-
factured and is acceptable from a safety
stand point. Minimum specifications are
outlined for the frame, enclosure, and me-
chanical assembly to the spacing and re-
quirements of electrical components. The
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design is also reviewed for protection
against personal injury. When it comes to
consumer products, the section on protec-
tion against personal injury is very exten-
sive.

The section on performance/ compliance
covers all of the various tests that need to
be performed during initial product evalua-
tion. This section will focus on the four types
of safety requirements; shock, fire, energy
and mechanical hazards as they pertain to
the safety of an operator of the product. The
performance tests verify that the manufac-
turer has followed the requirements laid out
in the section on construction. Performance
tests are generally extensive and cover
operation of the product under normal and
under fault conditions such as overload,
product endurance, mechanical impacts to
the enclosure, effect of moisture and humid-
ity, and electrical safety tests such as leak-
age current, dielectric withstand, ground
continuity, and ground bond. The tests which
must be performed on all products on an on
going basis are outlined in the manufactur-
ing and production tests section. The
production tests are a subset of the perfor-
mance tests and are generally less strin-
gent. Production tests always include a
dielectric withstand test, polarization, and
ground continuity or ground bond. Note that
ground continuity and ground bond are only
applicable to products with a three prong
power cord. Medical products will also
include a leakage current test. The required
production test voltages and limits are
outlined or referenced back to a perfor-
mance test requirement. To ensure contin-
ued compliance, regular surveillance is
required in the form of quarterly factory
inspections.

The section on markings will cover required
terms and information that must be in the
instruction manual and on the product and
product carton. An example of the state-
ments that are required in the instruction

manual on appliances is “IMPORTANT
SAFEGUARDS”, “Read all instructions”,
“Avoid contacting moving part” and “SAVE
THESE INSTRUCTIONS” to name just a
few. Have you ever wondered why all of the
appliance manuals seemed the same? Now
you know why right down to the minimum
size for the letters, which is also clearly
spelled out.

Compliance Tests
Product safety standards contain three
primary sets of requirements: (1) construc-
tional specifications related to parts and the
methods of assembling, securing, and
enclosing the device and its associated
components, (2) performance specifications
or “type tests” — the actual electrical and
mechanical tests to which the test sample is
subjected, and (3) production and manufac-
turing tests which are required on all prod-
ucts. These tests are generally a subset of
the performance test. The test methods and
the pass/fail limits were established as a
basis of providing a margin of safety in
cases of misuse and expected single fault
component failures.

The standard types of product safety com-
pliance tests required today for listing of
most products are:

• Dielectric Strength

• Insulation Resistance

• Leakage Current

• Ground Continuity

• Ground Bond

Production Line Testing

Most manufacturers perform production line
tests as a means of ensuring overall product
quality. If, however, a product carries an
approval mark of an independent testing
laboratory, that laboratory usually requires
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mandatory production line testing to make
sure that the product continues to meet its
requirements over a long period of time.

In the U. S., test laboratories typically re-
quire production line tests for dielectric
withstand (hipot) and ground continuity.
European agencies usually require a ground
bond test in addition to the dielectric with-
stand and ground continuity tests.

Approval agencies also require regular
periodic calibration of the production line
test equipment to make sure it meets their
standards. They also conduct follow-up
inspections on a regular schedule to verify
construction of the product and the proce-
dures used to test it. The manufacturer is
normally required to keep calibration certifi-
cates and inspection documentation on file
at all times.

Dielectric Strength

A dielectric strength test determines the
suitability of the dielectric or insulation
barrier between hazardous and nonhazard-
ous parts. A dielectric barrier is commonly
required by all established safety standards
between hazardous circuits and user acces-
sible circuits or surfaces. The dielectric
strength test is a fundamental method of
ensuring that a product is safe — before it is
placed on the market.

Figure 1. Typical AC/DC/IR Hipot Tester

The dielectric barrier protects the user from
exposure to dangerous electrical potentials.
The most common points of application for a

dielectric withstand test are between AC
primary circuits and low voltage secondary
circuits, as well as between AC primary
circuits and user-accessible conductive
parts/ground.

Confirming that the proper dielectric barrier
exists between these areas verifies the
existence of a level of protection from elec-
tric shock hazards under normal and single
fault conditions.

A dielectric withstand test (dielectric
strength test) appears in nearly every prod-
uct safety standard and is a fundamental
test employed to check a fully assembled
product as it exits the production line.

Insulation Resistance

Insulation resistance measurements are
generally conducted to determine the actual
resistance between the two points of test.
This test is similar to a DC hipot test except
that it displays resistance rather than leak-
age current. It serves as a practical and
effective method of verifying suitability of the
product for use by the public.

Figure 2. Typical Megohmmeter/IR Tester

Leakage Current Tests

All products that use an AC line source as
power have some associated leakage cur-
rent when the device is turned on and oper-
ating. This leakage current normally flows
from the AC line source through the ground
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path in the product and back to earth
ground through the ground blade on the
power cord. On products without a ground
blade or those in which the ground is mal-
functioning, a potential can develop on
metal surfaces of the product. If an indi-
vidual then comes in contact with the ex-
posed metal surface, this individual then
becomes the ground path for the product.
Under this condition, a certain amount of
leakage current flows through the person
exposed to the metal surface. If the leakage
current is extremely low, typically less than
0.5mA, the person should not notice he/she
is in the path of the current flow. At levels
higher than this, the person can experience
a startle reaction or worse. For this reason,
products that do not use a ground on the
power cord generally are limited to a maxi-
mum leakage current of 0.5mA or less.
Products that exceed this level normally
have a ground on the power cord to conduct
the leakage current back to ground, thereby
protecting a person who comes in contact
with any exposed metal on the product.
Limits on leakage current are significantly
less on medical products.
The leakage current discussed here is
different from the measurement of leakage
current during a dielectric withstand or hipot
test. During a dielectric withstand test, a
high voltage generally greater than 1000V is
applied between the hot and neutral lines
and the ground of the DUT. The leakage
current is then measured. In a leakage
current test, the product is on and operating
via standard line voltage, such as 120VAC.
The leakage current is then measured using
a special circuit which simulates the imped-
ance of the human body.

Ground Continuity
A ground continuity test checks that a path
exists between all exposed conductive metal
surfaces and the power system ground. This
ground circuit provides the most fundamen-
tal means of electrical shock protection for a

user.
If a fault occurs in the product that causes
power line voltage to be connected to a
surface a user might touch, a high current
will flow through the connection to the power
system ground, causing a circuit breaker to
trip or a fuse to blow, thus protecting the
user from shock.
The ground continuity test is normally per-
formed using a low current DC source (<1
Amp) to determine that there is a low resis-
tance between the ground blade on the
power cord and any exposed metal on the
product.

Figure 3. Typical Hipot with Ground Continuity Tester

Ground Bond
A ground bond test verifies integrity of the
ground path by applying a high current, low
voltage source to the ground path circuit,
typically a 25 or 30 A current.
This test is similar to the ground continuity
test with the additional benefit of verifying
how a product will perform under actual fault
conditions.
When a ground fault occurs, current starts
to flow through the ground circuit. If the
current-carrying capacity is high enough
and the circuit resistance low enough, the
system operates properly and the user is
protected from shock.
If, however, the ground circuit cannot carry
enough current or has too high an electrical
resistance, the circuit breaker may not trip
or the fuse may not blow. If this occurs,
voltage can build up  to a point where cur-
rent will flow through the user’s body instead
of the ground circuit.
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A ground bond test measures the resistance
of the ground circuit and verifies the ad-
equacy of the connection.

Figure 4. Typical Ground Bond Tester
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Dielectric Strength Tests
A dielectric strength test, commonly called a
“dielectric withstand”, “high potential”, or
“hipot” test, is a stress test of the insulation
of a device under test (DUT). Such a test
applies a voltage to the DUT that is much
higher than normal operating voltage, typi-
cally 1000 VAC plus twice the normal oper-
ating voltage. For a household appliance
designed to operate at 120 or 240 VAC, the
test voltage is therefore usually about 1250
to 1500 VAC.

A DC hipot test can usually be substituted
for an AC hipot test. The best voltage for a
DC hipot is normally higher than the AC test
voltage by a factor of 1.414. A product that
would be tested at 1500 VAC would be
tested at 2121 VDC.

For double-insulated products, the required
test voltages may be much higher, such as
2500 VAC or even 4000 VAC for a 120 VAC
power tool. The voltage is applied between
the operating circuits and the chassis or
ground — the parts of a product that a
consumer might touch or otherwise come in
contact with.

Refer to Figure 5 for typical AC hipot test
setups. The setup for a DC hipot test would
be identical.

The purpose of the test is to make sure that
consumers do not receive an electrical
shock when they use the product, which
might be caused by a breakdown of the
electrical insulation.

The test also detects possible defects in
design and workmanship that cause compo-
nents and conductors to be too closely
spaced. The danger is that air gaps between

conductors or circuit components may
become clogged with dust, dirt, and other
contaminants over time in typical user
environments. If the design spacing is inad-
equate, a shock hazard can occur after a
period of use. By subjecting the product to a
very high voltage, the hipot test over-
stresses the product to the point that arcing
may occur if the spacing is too close. If the
product passes the hipot test, it is very
unlikely to cause an electrical shock in

Figure 5. Typical AC Hipot Test

normal use. Withstanding a very high volt-
age means that a large margin of safety
exists for the protection of the consumer.
Regulatory agencies usually require a
stringent hipot test as a product “type test”
before releasing the product for sale to the
public and another less demanding test to
be used on the production line. As a rule,
testing laboratories consider the hipot test to
be the most important safeguard for the
consumer. They may accept “design” or
type” tests for other types of tests, but they

Product Safety Tests
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always require hipot tests for 100% of the
units in a production line.

AC or DC

The voltage used in a hipot test can be
either AC or DC, depending on the require-
ments established by the regulatory testing
agency. There are advantages and disad-
vantages of both.

The typical rule of thumb used to select an
AC or DC test is if the DUT is powered by
AC, use an AC test; if it is powered by DC,
use a DC test.

AC Hipot Tests

With an AC hipot test, a long ramp time is
usually not required (except with certain
sensitive devices). AC testing also has the
advantages of checking both polarities of
voltage and of not needing to discharge the
DUT after testing is complete.

AC testing, however, does have some disad-
vantages. An AC test must consider the
effects of both real and reactive current (see
Glossary for definition of terms). When you
apply an AC voltage, the current that flows
is equal to the voltage divided by the imped-
ance.  The impedance, however, is complex
because it contains both resistive (real) and
capacitive (reactive) components. Because
these two components of AC current are out
of phase with each other, they combine in a
complex manner to form the total current, as
shown in Figure 6. Since the magnitudes of
the two components can be significantly
different from each other, the leakage cur-
rent (the “real” component) of a product with
large amounts of capacitance can, with
some testers, increase significantly without
being detected by the

test.

Figure 6. Real and Reactive Current

Figure 7. Masking Effect of High

Capacitance

As shown in Figure 7, an increase of 100%
in leakage current causes only a very small
(1%) increase in total current when the total
current has a high reactive component. The
tester must therefore be very sensitive to
detect a change in total current in a DUT
with high capacitance.

AC testing at high voltage levels may also
degrade some types of insulation. To avoid
such problems, most manufacturers try not
to exceed the required voltage levels and
hold times, and to minimize the number of
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tests performed on a given product.

DC Hipot Tests A typical DC hipot test
applies a voltage in gradual steps, com-
monly called ramping, pausing after each
increase to allow the capacitance of the
DUT to absorb a charge and stabilize. As
shown in Figure 8, the current increases
sharply after each increase in voltage as the
capacitance charges, and then decreases to
a low steady-state value. The time required
for the charging current to decay after each
step is called the stabilization time. Current
that flows after the stabilization time has
passed represents the leakage current
through the insulation.

If the voltage steps are too large, the sharp
rise in charging current when the step is
applied may exceed the high current limit,
causing the test to fail prematurely. The
magnitude and timing of the steps, there-
fore, should be carefully matched to the
characteristics of the DUT.

By monitoring current flow as you gradually
increase the applied voltage, waiting for the
charging current to decay, and observing
the leakage current (if any), you can detect
a potential insulation breakdown before it
occurs. If the leakage current suddenly
starts to increase over the expected value,
an insulation breakdown is likely to occur
soon. Interrupting the test at this point can
save the insulation from breakdown. The
test fails but the product is not damaged and
may be salvaged by visual inspection or
some other means. Such a test, therefore,
can be classed as “nondestructive”. If the
product being tested does not have signifi-
cant capacitance, there is little or no charg-
ing current, and the rate at which the volt-
age is gradually increased can be much
more rapid.

Because a DC hipot test charges the ca-
pacitance of a DUT, the charge itself can

present a hazard to testing personnel that
must be removed after the test is over. This
is done by discharging the DUT to ground.
Typically, the hipot tester automatically
discharges the DUT for the same period of
time the test voltage was applied.

Figure 8. Charging Current

Arcing

No arcing or “sparking” should occur in an
insulation stress test. If it does start to occur,
the insulation is  about to fail. A good tester,
therefore, should detect presence of any
arcing before real damage occurs.

An electrical arc is characterized by very
rapid variations in voltage and current (see
Figure 9). It also produces an audible crack-
ling or “zapping” sound. Because of these
rapid changes, arcing can be detected — as
soon as it starts to occur — by sensing for
the presence of high frequency energy. This
can be accomplished through the use of an
electrical filter circuit in the tester.
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Figure 9. Voltage Wave During Arcing

The circuit continuously monitors the current
flowing through the DUT (which maybe
either AC or DC) and checks the magnitude
and timing of deviations from normal values.
If a high frequency component is found that
persists for longer than a specified time,
which may be as short as 10 microseconds,
the circuit interprets this as an arc and
immediately alarms and terminates the test.
Arcs that last less than 10 microseconds are
not considered harmful.

The arc detection level can usually be ad-
justed to prevent false arc failures caused by
environmental influences such as electrical
noise.

Line Regulation

Users should be aware of possible effects
on tester performance of changes in line
voltage and output load. The line voltage
that powers a tester can typically vary by
±5%. Since the tester usually incorporates a
transformer of some kind to generate its
high voltage output, a change in input volt-
age, unless corrected, can produce a corre-
sponding change in output level (see Figure
10). The problem arises if a drop in input
voltage causes the output voltage to drop
below the level required for the hipot test. If
this situation occurs, the tester could pass a
DUT that really should have failed, compro-
mising the integrity of the test.

Older analog testers that relied on amplify-
ing the 60 Hz line voltage were extremely
susceptible to changes in line voltage. Even
small changes in line voltage could signifi-
cantly affect output voltage.

To avoid the line regulation problem, most
modern testers internally monitor the output
voltage and automatically compensate for
any fluctuations in line voltage, ensuring that
the output voltage is always at the correct
level.

Figure 10. Line Regulation

Load Regulation

A similar problem can occur when a DUT
draws current (load) from the tester (see
Figure 11). This small current, as it flows
through the internal resistance of the tester,
can cause a drop in the output voltage of
the tester. The magnitude of the voltage
drop is equal to the current times the inter-
nal resistance. If either (or both) of these
values is too high, the output voltage of the
tester may fall below the level required for a
valid test.

This problem is more severe in a production
line environment where a given tester may
be switched frequently from one type of
DUT to another, which may have widely
different characteristics. Modern testers,
therefore, compensate for load regulation by
directly sensing the output voltage and
automatically correcting for any variations.
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Figure 11. Load Regulation

Ramping

With AC hipot testing, high voltage is usually
applied directly to the DUT without the
gradual stepped increases used with DC
hipot testing. This approach, however, can
cause potential damage to some types of
electrical circuit components. Because of
this, some testers use electronic ramping to
increase the voltage from zero to the test
value smoothly over a period of time.

Agency test specifications require that a
tester must produce a pure sine wave out-
put voltage. In earlier systems, every adjust-
ment to the tester that increased the output
voltage could cause a distortion, such as a
spike or high frequency transient, to appear
in the voltage wave produced by the tester.
The testers, therefore, did not fully comply
with the agency requirements.

Modern testers, however, have eliminated
this problem by electronically controlling the
voltage and maintaining an undistorted
waveform over the whole range as it is
ramped from zero to the final value. This not
only meets the agency requirements but
also prevents spikes from damaging the
DUT.

Minimum Current Detection

Agency requirements specify a maximum
current limit for a successful hipot test, but
they do not specify any minimum level.

Omission of such a requirement, however,
means that under some conditions it is
possible for a tester to pass defective DUTs.

In a properly functioning hipot test setup, a
very small current safely flows through the
DUT and the  associated cables and fix-
tures. If, however, the circuit is broken be-
cause of a faulty fixture or cable connection,
the integrity of the test is compromised.
Unless the tester continuously monitors for
the minimum current, a break in the ground
connection can cause the tester to indicate
a  successful test even though the DUT is
defective — because the tester is looking at
an open circuit and may not even be con-
nected to the DUT. A tester that monitors
current and alarms when it falls below a
minimum level, can detect a break in the
test setup circuit and alert the operator
immediately.

Figure 12. Test Setup for Ground Continuity

Ground Continuity Test
The purpose of a ground continuity test is to
verify that all conductive parts of a product
that are exposed to user contact are con-
nected to the power line ground (the “green”
wire). The theory is that if an insulation
failure occurs that connects power line
voltage to an exposed part and a user then
comes into contact with that part, current
will flow through the low resistance ground
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path to the green wire, tripping a circuit
breaker or blowing a fuse, rather than flow-
ing through the higher resistance of the
user’s body. Connecting all exposed conduc-
tive parts solidly to ground safely diverts the
current away from the person.

Since many older homes may be wired as
2-wire systems without solid ground connec-
tions, regulatory agencies require all prod-
ucts manufactured with 3-wire cords to pass
the same hipot tests as ungrounded prod-
ucts. In such cases, the user is protected by
the electrical insulation rather than by the
safety ground.

Ground continuity tests are normally per-
formed with a low current dc signal that
checks to ensure that the ground connection
has a resistance of less than 1 ohm. Ground
continuity testing is not only helpful in deter-
mining how well a product will fare during a
laboratory investigation, but also is useful in
a production line environment to ensure

quality and user safety.

Polarization Test
A polarization test is usually performed as
part of one of the other tests, such as a line
voltage leakage or a hipot test. It is a simple
test that verifies that a product supplied with
a polarized line cord (either Figure 12. Test
Setup for Ground Continuity a 3-prong plug
or a 2-prong plug with the neutral prong
larger than the other) is properly connected.
The test may be just a visual inspection or it
may be a wiring continuity check. A main
purpose of such a test is to ensure that the
line and neutral conductors are not inter-

changed.

Ground Bond Test
The purpose of a ground bond test is to
protect the user of a product from hazards
that could be caused by an inadequate or

faulty ground connection. It differs from a
ground continuity test in that it tests how
much current the ground circuit can safely
carry. Ground bond is a high current ac test
that measures resistance of the ground path
under high current conditions.

For example, a product may pass a ground
continuity test with a frayed wire containing
only a few strands of wire. The circuit, how-
ever, would fail immediately if a high current
ground fault should occur — causing an
open ground connection.

This condition could present a hazard to the
user, because part of the product might then
have no ground protection at all. If a short
occurred between line voltage and an ex-
posed part where no ground exists, users
could experience an electrical shock if they
touched the part.

The ground bond test, therefore, should
verify that the ground circuit has a very low
resistance and a high current carrying
capacity. This ensures that occurrence of a
single ground fault on the product will cause
the protective circuit breakers or fuses to
shut off power to the device automatically.

Ground bond testing requires application of
a high current source to a conductive sur-
face of the product and measurement of the
voltage drop across the ground connection
to determine that bonding is adequate and
that the circuit can carry the specified cur-
rent safely.

One common method of ground bond test-
ing, shown in Figure 13, applies a 25A
source between the protective grounding
terminal of the device and all conductive
parts that are accessible to the user. The
tester used for this purpose supplies the
required current and displays the ground
circuit resistance in ohms or milliohms.

Because the resistance to ground is usually
a very low value, the resistance of the con-
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necting leads from the tester itself can
cause errors in the measurement. Such
errors can be corrected either by measuring
the resistance of the leads before the test
and then subtracting that value from the test
value or by using a so-called “Kelvin” test
setup. A Kelvin connection automatically
compensates for the lead resistance by
bringing an extra lead to the point of mea-
surement. The extra lead is connected so as
to balance out the resistance of the test
lead.  A typical test setup with a Kelvin
connection is illustrated in Figure 13.

Most standards recommend a ground resis-
tance of <100 milliohms, excluding the
power cable.

Figure 13. Test Setup for Ground Bond Test
with a Kelvin Connection

Insulation Resistance Test
As the name implies, an insulation resis-
tance test measures the total resistance
between any two points separated by elec-
trical insulation. The test, therefore, deter-
mines how effective the dielectric (insula-
tion) is in resisting the flow of electrical
current. Such tests are useful for checking
the quality of insulation, not only when a
product is first manufactured but also over
time as the product is used. Performing
such tests at regular time intervals can
detect impending insulation failures before
they occur and prevent user accidents or
costly product repairs.

Figure 14. 2-Wire Ungrounded Connection

As shown in Figure 14, the 2-wire un-
grounded connection is the recommended
setup for testing ungrounded

components. This is the most common
configuration for testing 2-terminal devices
such as capacitors, resistors, and other
discrete components.

Figure 15. 2-Wire Grounded Connection

Referring to Figure 15, the 2-wire grounded
measurement is the recommended connec-
tion for testing grounded components. A
grounded component is one in which one of
its connections goes to an earth ground,
whereas an ungrounded component is one
in which neither connection goes to earth
ground. Measurement of insulation resis-
tance of a cable in a water bath is a typical
application of a 2-wire grounded connection.

Measurement Procedure

An insulation resistance test usually has
four phases: charge, dwell, measure, and
discharge. During the charge phase, the
voltage is ramped from zero to the selected
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voltage, which provides stabilization time
and limits the inrush current to the DUT.
Once the voltage reaches the selected
value, the voltage can then be allowed to
dwell or hold at this voltage before measure-
ments begin. Once the resistance has been
measured for the selected time, the DUT is
discharged back to 0V during the final
phase.

Insulation resistance testers typically have 4
output connections — ground, shield, (+),
and (-) — to cover a wide variety of applica-
tions. The output voltage is typically in the
range of 50 to 1000 Volts dc. In  performing
the test, the operator first connects the DUT
as shown in Figures 14 or 15. The instru-
ment measures and displays the measured
resistance. When the voltage is applied,
some current immediately starts to flow
through the insulation. This current flow has
three components — a “dielectric absorp-
tion” current, a charging current, and a
leakage current.

Dielectric Absorption

Dielectric absorption is a physical phenom-
enon in which the insulation appears to
“absorb” and retain an electrical charge
slowly over time. It can be demonstrated by
applying a voltage to a capacitor for an
extended period of time and then quickly
discharging it to zero voltage. If the capaci-
tor is left open circuited for a long period
and is then connected to a voltmeter, the
meter will read a small voltage. This residual
voltage is caused by “dielectric absorption”.
This phenomenon is commonly associated
with electrolytic capacitors.

When you measure IR of various plastic
materials, this phenomenon causes the IR
value to increase over time. This is caused
by the material “absorbing” charge slowly
over time, which looks like leakage.

Charging Current

Since any insulated product exhibits the
basic characteristics of a capacitor, two
conductors separated by a dielectric, appli-
cation of a voltage across the insulation
causes a current to flow as the capacitor
charges. Depending on the capacitance of
the product, this current instantaneously
rises to a high value when the voltage is
applied and then quickly decays exponen-
tially to zero as the product becomes fully
charged. Charging current decays to zero
much more rapidly than the dielectric ab-
sorption current.

Leakage Current

The steady-state current that flows through
the insulation is called the leakage current. It
is equal to the applied voltage divided by the
insulation resistance. Since the purpose of
the test is to measure insulation resistance,
this is determined by applying the voltage,
measuring the steady-state leakage current
(after the dielectric absorption and charging
currents have decayed to zero) and then
dividing the voltage by the current. If the
insulation resistance meets or exceeds the
required value, the test is successful. If not,
the test is failed.

Leakage Current Test
A line voltage leakage current test simulates
the effect of a person touching exposed
metal parts of a product and detects
whether or not the leakage current that
would flow through the person’s body re-
mains below a safe level.

A person typically perceives current flow
through his body when it reaches or ex-
ceeds 1 mA (one thousandth of an ampere).
Current above the threshold can cause an
uncontrolled muscular spasm or shock. An
equivalent circuit of the human body con-
sists of an input resistance of 1500 ohms
shunted by a capacitance of 0.15 microfar-
ads.
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To provide a margin of safety for the con-
sumer, regulatory agencies usually require
that a product exhibit a line voltage leakage
current of less than 0.5 mA. With some
products equipped with 3-prong plugs and
warning stickers, the permissible leakage
current may be as high as 0.75 mA, but the
typical limit of 0.5 mA.

Since hipot tests are usually required for
100% of the units in a production line, and
since hipot tests are more stringent, line
voltage leakage tests are normally specified
as design or type tests and not as produc-
tion line tests. Line voltage leakage tests are
typically required on all medical products as
a production test.

Line voltage leakage test are conducted
with a circuit similar to that shown in Figure
16, measuring the leakage current under
various fault conditions such as “no ground”
or with line and neutral connections  re-
versed. Voltage is applied first with normal
line and neutral connections, followed by a
test with the connections reversed, and then
with no ground.

Figure 16. Test Setup for Line Voltage
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Tester Environment

In designing a test station, safety of person-
nel is the primary consideration. The next
most important criterion, of course, is accu-
racy and consistency of the tests.

To ensure safety, the test operator should
not be easily distracted by outside events or
traffic. Mark the area with approved “DAN-
GER - HIGH VOLTAGE” signs.

To avoid possible electrical shock, work-
benches should be constructed of noncon-
ducting materials. No metal objects should
be placed between operator and DUT. All
other metal objects should be grounded.

Guards or enclosures around a DUT should
be nonconducting and should be equipped
with safety interlocks that interrupt all high
voltages when open. Arrange the interlocks
so that operators are never exposed to high
voltages under any conditions.

Arrange the power line connections so that,
except for emergency lighting, all power is
interrupted by a single, well-marked, palm
operated emergency switch located at the
outside edge of the test area.

Verify quality of the test station ground, both
for continuity and bonding, and verify that
power wiring meets electrical code require-
ments for polarization and grounding.

Define safety procedures to be used in
emergency situations and train all personnel
in how to use them.

Keep the area clean and neat and arrange
the equipment so that it easy and safe for
the operator to use.

Operator Training

All operators should be given training in the
basic theory of electrical circuits — voltage,
current, resistance, ac vs. dc, Ohm’s Law,
and impedance.

They should also be taught the effects of
electrical currents on the human body and
how best to avoid shock hazards. Explain
the workings and importance of safety
interlocks.

Explain the hazards of wearing metallic
jewelry around electrical equipment and
show how to interrupt power quickly in
emergency situations.

Hold regular meetings to review and update
safety procedures and regulations.

When the operators are thoroughly ac-
quainted with the basic safety rules, train

Operator Safety
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them in the specific test procedures, using
actual test setups wherever possible. Ex-
plain the object of each test, show how it
should be executed, and show how to
handle every normal and off-normal situa-
tion that may occur. Make sure each opera-
tor understands how much he or she can
handle alone and when supervisory person-
nel should be called in for help.

Testing Guidelines/Procedures

Some basic guidelines for performing elec-
trical safety tests are outlined below.

1. Do not make any connections to a DUT
unless you have verified that high voltage is
OFF.

2. Never touch a DUT or its connections
during a test.

3. When connecting leads to the DUT, al-
ways connect the ground clip first.

4. Never touch the metal of a high voltage
probe directly. Only touch the insulated
parts.

5. Use interlocked test fixtures only.

6. Verify all DUT connections before starting
a test. Make sure that no other objects are
near the DUT or the tester.

7. Keep the area neat and uncluttered and
avoid crossing test leads.

8. Follow the prescribed procedure for each
test exactly as written.

9. Verify all setup conditions before starting a
test and examine all leads for signs of wear.

10. Have a “hot stick” handy when perform-
ing a dc test and use it to discharge any
connection or device that may become
disconnected during a test. This is neces-
sary because unexpected, dangerous
charges can build up during a test if a con-
nection comes loose.

11. On completion of a test, turn off the high
voltage. If the test was dc, discharge the
DUT for the prescribed time.
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Choosing the Right Tester
The first step in selecting test equipment is
to define the types of tests to performed on
a given product. For a manufacturer, three
items must be considered:

1. Tests required by the NRTL for approval
and certification. (Includes type tests and
production line tests.)

2. Optional tests needed by the manufac-
turer to ensure quality of the product and
the manufacturing process.

3. Cost/benefit analysis of each optional test.
Since the NRTL specifies the tests they
require for certification, the first item is
easily defined. Refer to Appendix A for a list
of tests required by various NRTLs for
different classes of products. The second
item, however, is determined by manufactur-
ing management for the purpose of process
control and is largely dependent on the third
item, cost/benefit analysis. As described in
preceding sections of this document, NRTLs
usually require “type tests” for verifying
basic safety of the product design and also
“production tests” for ensuring that the
approved product continues to meet the
safety standards as long as it is sold to the
general public. Since the type tests are
intended to verify safety of the “design” of a
product, they are usually much more strin-
gent than routine production tests per-
formed on every unit as it emerges from the
assembly line. An AC dielectric withstand
test is normally a required “type test” for any
product. Most manufacturers also choose to
perform all the other basic tests as a matter
of good design practice, even if they are not
specifically required. Production line tests

typically required by NRTLs are:

• Dielectric withstand — almost always
required for all products

• Ground bond — usually required for infor-
mation technology products, medical equip-
ment, audio/video products, laboratory,
control, test & measurement products,
household cooking products, and portable
electric tools. Always recommended for
products sold in Europe with the CE mark.

• Ground continuity — usually required for
electric air heaters, household cooking and
food serving appliances, vacuum and blower
cleaners. Recommended by UL for products
with 3-prong power cords.

• Insulation resistance — usually required
for electric air heaters and electric motors.

• Line voltage leakage current — Usually
required for most medical products.

• Polarization — usually required for any
product supplied with a 2-prong or 3-prong
line cord.

Recommended Tester Fea-
tures
In selecting a tester for “type testing”, the
major considerations are:

1. What tests are required? (AC hipot, DC
hipot, IR, Ground Continuity, Ground Bond,
Current Leakage)

2. What is the range of test voltage? What
leakage current limits are required for the
hipot test?

3. How should you connect the tester to the

Test Equipment
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DUT?

4. Is there a requirement for connecting the
tester to a PLC, computer, or other external
device?

5. Are additional features desirable, such as:

• Programmable test setup

• Store and recall of previous test setups

• Minimum current detection (as well as
maximum current detection)

• Ease of use in a production environment

• Operator convenience

• Displays and alarms

• Data communication Interface

• Front panel lockout

• Arc detection

• Sequence testing

• Automatic shutdown

• Wide range of accessories

• Calibration service

• Competent service and support of the
product Reasons for specifying each of
these features follow.

General Tester Features

Wide Range of Functions

A tester should be capable of performing all
of the tests required for a particular product.
This is usually much more economical than
purchasing several single-function testers. If
only a single test is required, of course, a
simple, dedicated tester is all you need.
Usually, however, a sequence of several
tests is desired.

Wide Range of Test Voltages and Cur-
rents

The tester should be capable of providing all
voltages and currents needed for the range
of tests to be performed.

For dielectric testing: Voltage and Current
For ground bond: Current and Resistance
For insulation resistance: Voltage and Resis-
tance

Wide Range of Insulation Levels

The tester should handle insulation resis-
tance measurements in the ranges from 0-
10 megohms up to 0-10 gigohms at com-
monly used voltages (from 50 to 1000 VDC).
For special situations, a range as high as 0-
2 teraohms may be needed.

Flexibility

The tester should be easily adaptable to
different test requirements. Most modern
testers provide this flexibility through pro-
grammability plus an ability to recall previ-
ously stored test setups on demand.

Line and Load Regulation

The tester should be designed so that
normal variations in line voltage and con-
nected load do not cause the output voltage
and current measured at the DUT to rise
above or fall below the levels required for
the test. This improves test repeatability and
greatly reduces inconsistencies in measure-
ments.

Accuracy

To comply with agency requirements, tester
accuracy should meet the following typical
specifications:

AC High Voltage: ±1% of reading +5V

DC High Voltage: ±1% of reading +5V

Regulation: <1% +5V

Insulation Res: ±5% of rdg +10 cts
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Leakage Current: ±1.5% + 5 cts

Breakdown: ±1% of limit + 50µA

Ground Continuity

Output Current: ±1% of setting +0.3A

Ground Continuity

Resistance: ±1% of reading +3 cts

Easy to Use

The tester should have a well designed front
panel with easily read digital displays of
measurements, settings, and pass/fail
indicators. Audible alarms with acknowledg-
ment are also desirable. An ability to hold an
alarm condition after operator acknowledg-
ment can be useful for later analysis of the
fault. All panel items should be clearly
marked so that the function of each is
readily apparent to anyone looking at the
device for the first time.

The START TEST button should be large,
well marked, and protected in a way that
prevents accidental activation of a test. The
STOP TEST button should also be easily
identified (preferably bright red) and placed
so as to be found quickly in an emergency.

Pushbuttons for setting, storing, or recalling
test values, alarm limits, and test sequences
should be clearly marked and easily oper-
ated by typical test personnel.

Operator Safety

The tester should be designed so that the
test operator cannot be accidentally sub-
jected to hazardous voltages such as those
used for a hipot test, a line voltage leakage
test, or an insulation resistance test. Use of
safety interlocks can provide this protection
by automatically shutting down the high
voltage output whenever a safety switch on
the DUT is opened. In addition, the tester
should be designed so that output current
cannot exceed a value that would be harm-

ful to a human. Cables used for high voltage
output and ground clips should flexible, well
insulated, and designed to be repeatedly
plugged into and removed from the front
panel over a long period of time without
becoming frayed, worn, or ineffective.

Production Tester Features

Programmability

A modern production tester should be fully
programmable, permitting a user to enter a
complete sequence of test steps, test pa-
rameters, and pass/fail limits — so that the
tester can automatically execute a complete
test or series of tests on a DUT.

Store/Recall of Test Programs

The ability to enter a test program and store
it for later retrieval is a very useful feature. A
user can then recall any of several stored
test programs at any time, saving valuable
setup and test time in both laboratory and
production environments. This feature en-
sures that tests are always performed the
same way.

Minimum Current Detection

The ability to detect minimum current in a
hipot test guards against a false positive
indication when the ground circuit is open.
Without this feature, a ground fault might be
missed by the tester, causing unsafe prod-
uct to be released for shipment to custom-
ers.

Displays and Alarms

Most modern testers today use digital dis-
plays for indications of measurement values,
test limits, and pass/fail indication. Such
devices are more easily and more accu-
rately read by an operator than an analog
meter.

Data Communication Interface
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Any production tester today must be
equipped with some type of standard data
communication interface for connection to
remote data processing, computer, or con-
trol equipment. The typical interfaces are an
IEEE-488 general purpose interface bus
and an RS232 serial communication line.
The tester must also be capable of being
remotely controlled by such equipment.

The advantage of an IEEE-488 interface is
that it can transfer data at a high rate (typi-
cally 1 MB/sec). However, the length of the
connection cannot exceed 20 meters. An
RS232 serial line can be any length, but is
limited to a low data transfer rate.

Front Panel Lockou t

To prevent unauthorized operation or setup
of the tester, a lockout feature (with pass-
word protection) is a desirable option. This
feature ensures that changes to test limits or
any tester functions are made only by a
competent, authorized person.

Ramping

To avoid damage to components in a DUT,
the high voltage output of the tester should
be increased smoothly over the test range
rather as an abrupt step change. A quality
tester should provide this feature without
introducing spikes or distortion in the AC
waveform. Modern testers also provide
easily programmable ramp and hold times
for each test step.

Automatic Range Sensing

The ability to automatically sense and select
the correct range for an insulation resis-
tance test is a very useful feature in an
insulation tester. It saves time and ensures
maximum accuracy of every measurement.

Automatic Shutdown on Alarm

When a DUT fails a test, the tester should
automatically save the test result and inter-

rupt the test immediately to avoid potential
damage to the DUT.

Automatic Offset

In production environments, the ability to
subtract leakage current due to test leads
and test fixtures automatically from the
instrument reading can be a great conve-
nience. 4-Terminal Kelvin Measurements
Kelvin connections ensure maximum accu-
racy by preventing errors caused by mea-
surement lead resistance. This feature is
typically used to ensure accuracy of a
ground bond test.

Arc Detection Before Breakdown

Arc detection is an anticipatory tool that can
be used to detect an impending fault before
it occurs. Modern testers provide this feature
by detecting the presence of high frequency
transients in the current waveform. If such
variations exceed a specified level and
persist for more than 10 µsec, the tester
should instantly alarm and interrupt the test.
The DUT can then be examined off-line to
find and correct the cause of the problem
(rather than being scrapped after a failure
occurs).

Sequence Testing

Because a hipot test is a stress test of
insulation, it may in some cases cause a
degradation in the insulation resistance of a
DUT. By measuring insulation resistance
both before and after a hipot test, you can
determine whether or not the hipot test
damaged the insulation. Therefore, the
ability to program the tester to perform
these tests automatically in sequence is of
great benefit to a manufacturer.

Continuing Calibration Service

The supplier of safety test equipment should
be able to offer calibration services on a
continuing contract basis to make sure that
the testers meet NRTL standards at all
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times. This is normally accomplished
through a periodic on-site or off-site inspec-
tion and calibration of all covered equip-
ment. The reference standards used by the
supplier should be certified and traceable to
NIST standards.

Wide Range of Accessories

A full complement of accessory items such
as test probes or guns, high voltage lead
sets in various lengths, corded product
adapters, and foot switches is a real conve-
nience. Having them readily available saves
time and avoids the need for a test engineer
to design or build such items himself.

Accessory Equipment
Some of the accessories typically needed
for a lab or production test facility are:

• High Voltage Probes

• High Voltage Probe Guns (trigger oper-
ated)

• High Voltage Lead Sets with various
lengths of cable

• Corded Product Adapter Fixture (to accept
2-prong or 3-prong line cords)

• Foot Switch to start/stop tests

• Ground Continuity Lead Set

• Power Entry Adapter Cable for Ground
Continuity Tests

• Multiport Scanners for production test
applications

• Rack Mount Kit

Tester Calibration

NIST Standards

The voltage, current, and impedance refer-
ence standards used by the equipment
supplier for calibrating user test equipment

should be certified traceable to NIST (Na-
tional Institute of Standards and Technology)
standards. This ensures sustained integrity
of calibration accuracy.

120 Kohm Leakage Impedance

UL specifies a 120 Kohm resistance to
check operation of a hipot tester. This re-
quirement is based on a maximum current
flow of 10 mA when a voltage of 1250 V is
applied between the circuit of a DUT and
ground. Using Ohms’s Law, a voltage of
1250 V divided by a current of 10 mA gives
a resistance of approximately 125 Kohms.

To verify that a given hipot tester meets this
standard for leakage impedance, the user
sets the output voltage to the desired value
and then connects a 120 Kohm resistor
across the output terminals. To be accepted,
the tester must indicate a fault within 0.5
seconds. If it does not, the tester is not
acceptable. The 120 Kohm value is the
minimum value at which the tester must
indicate a fault. It is common for most equip-
ment manufacturers to test their products
with higher values of resistance, providing
an extra margin of safety rather than testing
right the specified limit.

Tester Applications

Appliance Testing

In testing a typical 120/240 V ac appliance,
the test voltage should be applied between
line and neutral (tied together) and the
chassis ground (exposed metal parts). A
corded product adapter fixture — containing
a receptacle with line and neutral terminals
connected together — is a convenient
accessory for such tests. The fixture also
provides a convenient ground connection for
ground continuity tests.
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Figure 17. Tester Connected to an Appliance

through a Corded Product Adapter If the appli-
ance is double insulated, wrap the product
in foil and use the foil as the ground refer-
ence. To test hard-wired appliances such as
electric ranges with both 120 and 240 cir-
cuits, it is necessary to break any ground
return connections between the two volt-
ages before starting the test.

Since the object of the test is to test the
insulation only, the test voltage should
always be applied between ground and all
operating circuits tied together (with all
power switches closed; i.e, with the power
switch ON) and never between line and
neutral circuits.

Motor Testing

Since motors operate at elevated tempera-
tures, the industry has adopted a standard
of 40°C as the reference temperature for
insulation resistance measurements. There-
fore, if you run tests at any other tempera-
ture, you must apply a correction factor to
the results. A typical chart for determining
the correction factor is shown in Figure 18.
To find the correction factor, draw a vertical
line from the actual winding temperature up
to the characteristic curve. At the point
where it crosses, read the value of the
correction factor. Multiply the measured
value by this factor to obtain the correct

value at 40°C.

Figure 18. Temperature Correction Factor

A “polarization index” is sometimes used to
evaluate large motors being tested for the
first time. This index, which takes into ac-
count several time dependent characteris-
tics such as dielectric absorption, is calcu-
lated by dividing a 10 minute IR measure-
ment by a similar 1 minute IR reading.

Insulation resistance measurements are
also very valuable for checking motors that
have been installed and operating for some
time. By taking periodic measurements of
insulation resistance over a long period of
time, any degradation in insulation can be
detected before real damage occurs. Such
tests are also valuable for motors subjected
to flooding or very high humidity. After the
winding has been baked dry, an IR test can
verify its readiness to be placed back into
service.
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Transformer Testing
There are a number of tests that can be
performed on transformers and coils such
as inductance, mutual inductance, DC
resistance, turns ratio and electrical safety
tests including dielectric strength and leak-
age current. This article will deal primarily
with electrical safety and the standards
covering transformer testing.

In designing a product, it is important to
select a transformer that has been tested in
accordance with an appropriate standard for
the intended use of the transformer. From a
manufacturer’s standpoint, the appropriate
standard depends upon the industry to
which the transformer will be marketed and
the intended use of the transformer.

As an example, a transformer designed for
the medical industry has lower leakage
current and higher dielectric strength re-
quirements than a general purpose power
transformer. Similarly, the requirements for a
isolation transformer are completely differ-
ent from those of a power transformer.

There are a wide variety of standards that
cover transformer testing. Some of the more
common standards for transformer design
and testing are listed below. Components
such as transformers which meet the re-
quirements set forth in standards are gener-
ally referred to as “recognized” components
in the USA and “certified” components in
Canada. A Recognized/Certified Compo-
nent Directory (RCD) is available which
contains such components. Regardless of
the standard, the requirements for electrical
safety testing are  similar and include hipot
and leakage current test.

UL506 Specialty Transformers This stan-
dard covers the vast majority of power
transformers which are rated at less than
10kVA.

UL1411 Transformers and Motor Trans-

formers for use in Audio-, Radio- and
Television-Type Appliances Most specifi-
cations are similar to UL506 with additional
requirements for specific flame retardant
material used in the manufacture of the
transformer.

UL1876 Transformers for use in Elec-
tronic Equipment, Isolating Signal and
Feedback

CSA C22.2, No. 66-1988 Specialty Trans-
formers This standard is similar to UL506
with some differences.

CSA C22.2, No. 223 Power Supplies with
Extra-Low-Voltage Class 2 Outputs

The hipot test or dielectric withstand test is
designed to check that the transformer can
withstand a high potential between primary
and secondary windings, primary and
ground, and secondary and ground (see
Figure 19). It should be noted that the wind-
ings should never be left open during hipot
testing and the core should normally be
connected to the low side of the tester.

Figure 19. Transformer Test Setup

If the ratings between winding and core are
different from one winding to another, con-
nect the high side of the tester to the wind-
ing with the higher rating and the other to
the low side. The hipot voltage which the
transformer can withstand is based upon
the creepage distance between the two
measurement points and the insulating
material being used.

The hipot test voltages are outlined in the
individual standards. Typical requirements
for dielectric withstand on power transform-
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ers rated for 250V or less can be as low as
1500V for UL544 and as high as 4000V for
EN60601. Transformers designed for medi-
cal applications are generally tested at
higher voltages. It is also important to note
that the hipot test is often performed after
the transformer has been subjected to an
abnormal or fault condition.

The leakage current is also checked be-
tween the primary and secondary/core. This
test is designed to determine how much
current could flow from the ground side of
the secondary and core back through a
human body. The amount of leakage current
that can flow is based primarily upon the
amount of capacitance between primary
and secondary, and primary and core. In
this test, the transformer is connected to the
line voltage which is rated at 120VAC. The
leakage current is then measured from the
secondary and core back to ground. The
lower the leakage current, the better the
transformer. Limits for leakage current vary
depending upon the standard. However,
<100µA is typical and <10µA is achievable.

In summary, testing of transformers, espe-
cially those with multiple windings, can be
complex. In selecting the test voltage to be
applied, the appropriate standard, how the
transformer will be used, and the voltage
rating must be considered. Each relation-
ship, primary-to-secondary, primary-to-core
and secondary-to-core, etc., must be
checked.

A leakage current test determines how
much current could be available to an op-
erator under a fault condition such as loss of
ground.

Because of the number of test connections
required, a hipot tester with a matrix scan-
ner can be useful in automating the testing
procedure. The use of a matrix scanner
allows the windings to be connected to-
gether and the voltage to be applied be-
tween various points on the transformer

without the intervention of an  operator.
Figure 20 shows a typical Hipot tester with a
matrix scanner. Additional measurements
such as a DC resistance check of the wind-
ings can also be incorporated when a
milliohmmeter is also connected into the
system.

Figure 20. Typical Setup for Testing a Transformer
Product

Electrical Component Testing

In testing electrical components, clearly
identify the points between which the insula-
tion should be tested. Apply the test voltage
only between those points and not between
points that should be not stressed. Connect
all those points together before making the
test. You should also consider the effects of
transients, step changes, and charging
currents when designing tests of electrical
components. In many cases, ramping is
required to minimize such effects.
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Examples of High Perfor-
mance Testers
Examples of various types of high quality
testers manufactured by QuadTech, Inc. of
Marlborough, MA are described below.

Sentry Series Testers

Figure 21. Sentry 30 Tester

In all models, this family of testers offers
output voltage regulation, automatic offset,
safety interlock, store/recall of 10 complete
test setups, front panel lockout, minimum
current monitoring to 10 µA, adjustable
ramp and hold times, adjustable min/max
current trip limits, arc detection, remote
control, and a full complement of accesso-
ries. The differences between models are
described below.

Sentry 10 AC Hipot Tester

The Sentry 10 provides a programmable AC
output voltage in 10V steps from 100V to
5000V (50/60 Hz frequency) and limits
leakage current to 15 mA.

Sentry 20 AC/DC Hipot Tester

The Sentry 20 is same as the Sentry 10
except it also has a programmable DC test
voltage from 100V to 6000V in 10V steps
and limits leakage current to 7.5 mA.

Sentry 30 AC/DC/IR Hipot Tester

The Sentry 30 is the same as Sentry 20 with

the addition of insulation resistance tests
(10 megohms to 10 gigohms) and a pro-
grammable test voltage from 50V dc to
1000V dc in 1V steps.

Sentry 15 AC Hipot Tester (CE Marked)

The Sentry 15 provides a programmable AC
output voltage in 10V steps from 100V to
5000V (50/60 Hz frequency) and limits
leakage current to 15 mA.

Sentry 25 AC/DC Hipot Tester (CE
Marked)

The Sentry 25 is same as the Sentry 15
except it also has a programmable DC test
voltage from 100V to 6000V in 10V steps
and limits leakage current to 5 mA.

Sentry 35 AC/DC/IR Hipot Tester (CE
Marked)

The Sentry 35 is the same as Sentry 25 with
the addition of insulation resistance tests
(10 megohms to 10 gigohms) and a pro-
grammable test voltage from 50V dc to
1000V dc in 1V steps.

Sentry 50 Ground Bond Tester

Figure 22 Sentry 50 Ground Bond Tester

The Sentry 50 provides high current testing
of ground continuity between chassis and
power cord ground.  Output current range is
programmable in 0.01 Amp steps from 1 to
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30 Amps with a measurement range from
0.1 to 510 milliohms.

Guardian Series Testers
The Guardian Series Testers form a family
of high performance combinational testers
ideally suited for production environments
there remote control (via IEEE-488 and
RS232 ports) and automatic data process-
ing are needed. Common features and
differences between models are summa-
rized below.

Common Features
• Complete Dielectric Solution
• Wide Range of Programmable Voltages
• Programmable Trip Limits for Current
• Storage of V and I at breakdown
• Programmable Arc detection
• Programmable Ramp Times
• Auto HV Shutdown on Breakdown
• Minimum Current Detection
• Storage of  Test Setups
• Auto Sequence Testing (IR/Hipot/IR)
• Programmable Leakage Current Detection
• Data Communication Interfaces (RS232 or IEEE
488)
• Easy to Use — LCD Displays, Menu Driven, Offline
Test Setup
• Full Range of Accessory Options

Figure 22. Guardian 2530 AC/DC/IR Hipot Tester

Guardian 2510 AC Hipot Tester
• AC High Voltage Output: 0.1 - 5KV AC, 2V/step,

programmable, 50/60 Hz
• Real, Total and Imaginary Current Measurement
• Ground Fault Interruption for Safety
• Ground Continuity Measurement with program-
mable high and low limits

Guardian 2520 AC/DC Hipot Tester
• Same as 2510 plus;
• DC Output Voltage: 0.1 - 6KV DC, 2V/step, pro-
grammable, 0.1µA minimum leakage current

Guardian 2530 AC/DC/IR Hipot
Tester
• Same as 2520 plus;
• Insulation Resistance: Voltage 50 to 1000VDC, 1V/
step,
• Resistance Range: 10kΩ to 2TΩ, 2% Basic Accu-
racy

Guardian 5000 AC/DC/IR/GC/GB
Tester
• AC High Voltage Output: 0.1 - 5KV AC, 10V/step,
programmable ramp/hold,50/60 Hz, Leakage Current
to 40 mA AC, adjustable arc detection
• DC Output Voltage: 0.1 - 6KV DC, 10V/step,
leakage current to 20 mA dc, adjustable arc detec-
tion, programmable ramp/hold times
• Insulation Resistance:
10MΩ - 10GΩ @ 100 - 1000V adjustable high/low
resistance
• Ground Continuity/Ground Bond:
1.0 to 30A 50/60 Hz AC, programmable max. voltage
5 - 15 V in 1V steps. offset function, 0 - 500  milliohm
measurement range

Figure 23. Guardian 5000 AC/DC/IR/GC/GB Tester
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Guardian 6000 Electrical Safety
Analyzer
• AC High Voltage Output: 0.1 - 5KV AC, 10V/step,
programmable ramp/hold,50/60 Hz, Leakage Current
to 40 mA AC, adjustable arc detection
• DC Output Voltage: 0.1 - 6KV DC, 10V/step,
leakage current to 20 mA dc, adjustable arc detec-
tion, programmable ramp/hold times
• Insulation Resistance:
100kΩ - 50GΩ @ 100 - 1000V adjustable high/low
resistance
• Ground Continuity/Ground Bond:
1.0 to 30A 50/60 Hz AC, programmable max. voltage
5 - 15 V in 1V steps. offset function, 0 - 500  milliohm
measurement range
• Simulated Line Leakage Current: Voltage Range: 50
to 400V AC, 50/60Hz, leakage current range: 0.01mA
to 10mA,  Measurement circuit (IEC 950, UL1950)

Figure 24. Guardian 6000 Electrical Safety Analyzer

Dedicated Function Test
Instruments
• Digibridge ® Component Testers

• Precision LCR Meters

• Milliohmmeters

Figure 25. 1880 Milliohmmeter

• Megohmmeters

• Standards and Decades
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Appendix A

Nationally Recognized Testing Laboratories (NRTLs) and
Organizations
The following is a list of the major nationally recognized testing laboratories and organiza-
tions:
• Underwriters Laboratories, Inc.
333 Pfingsten Road Northbrook, Illinois 60062 USA
Tel: 847-272-8800, http://www.ul.com
• American National Standards Institute
1 West 42nd Street New York, NY 10036
Tel: 212-642-4900, FAX: 212-398-0023 http://www.ansi.org
• British Standards Institution
389 Chiswick High Road London W4 4AL United Kingdom
http://www.bsi.org.uk
• CENELEC Comité Européen de Normalisation Electrotechnique
Rue de Stassart, 35 B - 1050 BRUSSELS
Tel: + 32 2 519 68 71, FAX: + 32 2 519 69 19, http://www.cenelec.be
• Canadian Standards Association
Central Office 178 Rexdale Boulevard Etobicoke (Toronto), Ontario M9W 1R3
Tel: 416-747-4000 or 1-800-463-6727, http://www.csa.ca
• VDE-Verband Deutscher Elektrotechniker
Merlinstrasse 28 D-63069 Offenbach Federal Republic of Germany
http://www.vde.de
• Japanese Standards Association
1-24, Akasaka 4, Minato-ku Tokyo 107 Japan
• IEC International Electrotechnical Commission
3, rue de Varembé • PO Box 131 1211 Geneva 20 • Switzerland
Tel: +41 22 919 02 11 FAX: +41 22 919 03 00, http://www.iec.ch
• The Institute of Electrical and Electronic Engineers, Inc
345 East 47th Street New York, New York 10017
Tel: 800-678-IEEE http://www.ieee.org
• NIST National Institute of Standards and Technology Calibration Program
Bldg. 820, Room 232, Gaithersburg, MD 20899
Tel: 301-75-2002, FAX: 301-869-3548, http://www.nist.gov
• National Electric Manufacturers Association Standards Publication Office
2101 L. Street, N.W. Suite 300 Washington, D.C. 20037 USA
Tel: 202-457-8400 FAX: 202-457-8473, http://www.nema.org
• ISO International Standards Organization
1, rue de Varembé Case postale 56 CH-1211 Genève 20 Switzerland
Tel: + 41 22 749 01 11, FAX: + 41 22 733 34 30, http://www.iso.ch
• OSHA Region 1 Regional Office
JFK Federal Building, Room E340 Boston, Massachusetts 02203
Tel: 617-565-9860, FAX: 617-565-9827, http://www.osha.gov
• TÜV Rheinland of North America, Inc.
12 Commerce Road Newton, CT 06470
Tel: 203-426-0888 http://www.us.tuv.com
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Product Safety Standards
The following is a partial list of product safety standards that apply in the countries indi-
cated.
Canada
CSA C22.2 No. 0-M91 (1991) General Requirements, Canadian Electrical Code Part II.
CSA C22.2 No. 0.4-M1982 (1982) Bonding & Grounding of Electrical Equipment
CSA C22.2 No. 125-M1984 (1984) CSA Electromedical Equipment
CSA C22.2 No. 151-1986 (R1992) Laboratory Equipment
CSA C22.2 No. 205-M1983 (R1992) (1983) Signal Equipment
CSA C22.2 No. 220-M91 (1991) Information Processing & Business Equipment
CSA C22.2 No. 225-M90 (1990) Telecommunications Equipment
CSA C22.2 No. 601-1-M90 (1990) Medical Electrical Equipment Part 1: General Requirements for Safety
CSA C22.2 No. 950-M89 (1995) Safety of Information Technology Equipment Including Electrical Business
Equipment
CSA C22.2 No. 1010-1 (1992) Safety Requirements for Electrical Equipment for Measurement, Control,
and Laboratory Use. PART 1: General Requirements.
EN 60950 (1992) Safety of IT Equipment (Includes Amendment A1 5/93 & Amendment A2 3/94
EN61010-1 (1993) Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory
Use. Part 1: General Requirements

EEC
73/23 (1973) Low Voltage Directive with Amendments
84/539/EEC (1984) Directive on the Safety of Electro-Medical Equipment
85/349/EEC (1985) Directive Amending Directive 74/65/EEC On the Tax Reliefs to be Allowed on the
Incorporation of Goods in Small Consignments of a Non-Commercial Character.
89/392/EEC (1989) Directive on the Application of the Laws of the Member States Relating to Machinery
93/465/EEC (1993) The Modules for the Various Phases of the Conformity Assessment Procedures and
the Rules for the Affixing and Use of the CE Conformity Marking.
93/68/EEC (1993) Council Directive Amending Directives 73/23/EEC, 87/404/EEC, 88/37/EEC,
89/106/EEC, 89/EEC, 89/392/EEC, 89/686/EEC, 90/384/EEC, 90/385/EEC, 90/396/EEC, 91/263/EEC,
92/42/EEC.

IEC
IEC 950 (1991) Safety of Information Technology Equipment Including Electrical Business Equipment
IEC 950 AMEND 1 (1992) First Amendment to IEC 950
IEC 950 AMEND 1 (1992) Second Amendment to IEC 950
IEC 950 AMEND 1 (1992) Third Amendment to IEC 950

USA
ANSI Z535.4 (1987) Product Safety Signs and Labels (DRAFT)
ANSI HF 100-1988 (1988) Human Factors Engineering of VDTs
UL 94 (1991) Test for Flammability of Plastic Materials for Parts in Devices & Appliances
UL 746C (1989) Polymeric Materials Use in Electrical Equipment Evaluations
UL 1012 (1992) Power Units Other Than Class 2
UL 1244 (1993) Electrical & Electronic Measuring & Testing Equipment
UL 1262 (1990) Laboratory Equipment
UL 1411 (1993) Transformers for Use in Audio, Radio & TV Type Receivers
UL 1459 (1987) Telephone Equipment
UL 1950 (1995) Third Edition Bi-National Safety of Information Technology Equipment Including Electrical
Business Equipment
UL 1301-1 (1993) Electrical Equipment for Laboratory Use PART 1: General Requirements
UL RCD (1995) UL Recognized Component Director
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Table 2. Typical Test Values for Product Safety Tests
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Table 2. Typical Test Values for Product Safety Tests
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Table 2. Typical Test Values for Product Safety Tests
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A C
Alternating current, an electric current that has one
polarity during part of the cycle and the
opposing polarity during the other part of the cycle.
Residential electricity is AC.
ANSI
American National Standards Institute, an industry
association that defines standards for
data processing and communication
Arcing
Sparking or “flashing over” caused by a breakdown of
electrical insulation.
Breakdown
Failure of elect rical insulation to provide a dielectric
barrier to current flow.
Capacitance
The ratio of charge on either plate of a capacitor to
the potential difference (voltage) across the plates.
When a voltage is applied, current flows immediately
at a high rate and then decays exponentially toward
zero as the charge builds up. If an ac voltage is
applied, an ac current appears to flow continuously
because the polarity of the voltage is reversed at the
frequency of the applied voltage. The waveform of
this current, however, is displaced in time from the
applied voltage by 90°.
C S A
Canadian Standards Association.
D C
Direct current, non-reversing polarity. The movement
of charge is in one direction. Used to describe both
current and voltage. Batteries supply direct current.
Dielectric Strength
Ratio between the voltage at which breakdown of the
insulating material occurs and the distance between
the two points subject to the applied voltage.
Discharge
The act of draining off an electrical charge to ground.
Devices that retain charge should be discharged after
a DC hipot or IR test.
Double Insulated
A descriptive term indicating that a product is de-
signed so that a single ground fault cannot cause a
dangerous voltage to be applied to any exposed part
of the product that a user might touch.
DUT
Device Under Test — the product being tested.
Electric Current
Electrical current is a flow of electrons (or electron
“holes”) through a conducting material, which may be
a solid, liquid, or gas; the rate of flow of charge past a

given point in an electric circuit. The magnitude of
current flow through the conductor is proportional to
the magnitude of voltage or electrical potential
applied across the conductor and inversely propor-
tional to the resistance (or impedance) of the conduc-
tor. Current is expressed in amperes or milliamperes
(amperes/1000).
Frequency
The rate at which a current or voltage reverses
polarity and then back again completing a full cycle,
measured in Hertz (Hz) or cycles per second.
GFCI
An acronym for Ground Fault Circuit Interrupter, a
safety device that breaks a power circuit as soon as it
detects current flow of a certain magnitude through
the ground return of a power circuit.
IEEE 488
General Purpose Interface Bus (GPIB) — an industry
standard definition of a parallel bus connection for the
purpose of communicating data between devices.
Ground
The base reference from which voltages are mea-
sured, nominally the same potential as the earth.
Also the side of a circuit that is at the same potential
as the base reference.

Ground Bond
The conductance (current carrying capability) of a
ground connection. A ground bond test verifies the
ability of a ground connection to carry a specified
level of current.
Hertz
The unit of measure of frequency, equivalent to
cycles per second.
Hipot Tester
An instrument for testing dielectric strength using a
high potential (voltage); hence, the term “hipot”.
IEEE
An acronym for Institute of Electrical and Electronic
Engineers, a professional association of engineers.
Impedance
This a term used with alternating current circuits to
describe the “ac resistance” to the flow of current
through a circuit when an ac voltage is applied
across the terminals of that circuit. Impedance is a
complex quantity composed of real (in phase with
voltage) and reactive (out of phase by 90°) compo-
nents. Impedance is calculated as Voltage/Current.
Insulation
The protection against unwanted flow of current

Glossary
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through a path, as between a circuit of a product and
the ground reference. Materials that prevent current
flow are referred to as insulators or dielectrics.
Insulation Resistance
Characteristic of an insulating material that being
subject to voltage, indicates a resistance such that
the value of leakage current which flows through it
stays within acceptable limits
Kelvin Connection
A circuit configuration that automatically compen-
sates for measurement errors caused by resistance
of leads between a tester and the point of measure-
ment on a DUT.
Leakage Current
The residual flow of current through insulation after a
high voltage has been applied for a period of time.
Load
The total resistance or impedance of all circuits and
devices connected to a voltage source.
Megohmmeter
An instrument designed to measure high values of
resistance using a dc voltage usually greater than 50
V DC.
Milliohmmeter
An instrument designed to measure low values of
resistance using a dc current or voltage
NIST
National Institute of Standards and Technology, an
agency of the U.S. Government that sets standards
for physical measurements and references, formerly
called the National Bureau of Standards.
NRTL
Acronym for Nationally Recognized Testing Labora-
tory, such as Underwriters Laboratories (UL) ,
Factory Mutual (FM), or Canadian Standards Asso-
ciation (CSA).
Ohm’s Law
The fundamental physical law of electrical circuits
that describes the relations between voltage, current,
and impedance or resistance. For dc circuits, Ohm’s
Law states that Current =Voltage/Resistance. For ac
circuits, Current = Voltage/Impedance. Stated con-
versely, Voltage = Current x Resistance (dc) or
Current x Impedance (ac). The difference between
the dc resistance and ac impedance is that ac
circuits must deal with phase and time relationships
and dc circuits do not.
O h m s
The unit of measure of resistance and impedance,
derived from Ohm’s Law.
O S H A
Occupational Safety and Hazards Administration, an
agency of the U.S. Government that regulates
industrial safety.
Phase
The time relationships between alternating voltages,
currents, and impedances. Usually expressed as

complex vectors with “real” (in-phase) and “reactive”
(out of phase) components.
Polarization
A term used to describe a “one way” limitation on the
insertion of a plug into a receptacle for a corded
product. A polarized plug can be inserted in only one
orientation and cannot be reversed.
Potential
Electrical potential is a term equivalent to “voltage”.
Microsecond
One millionth of a second.
Ramping
The gradual increase or decrease of voltage or
current over a period of time (step).
Reactive
The component of an ac voltage, current, or imped-
ance that is 90° out of phase with the ”real” or in
phase component. Reactive components are associ-
ated with capacitive or inductive circuits.
Real
The component of an ac voltage, current, or imped-
ance that is in phase with the ”real” component. Real
components are associated with purely resistive
circuits.
Regulation
When applied to electrical circuits, regulation refers
to the variation in output voltage that occurs when
the input voltage changes or when the connected
load changes. When applied to test laboratories and
agencies, refers to the control exercised by these
entities over test specs and rules.
Resistance
The electrical characteristic that impedes the flow of
current through a circuit to which voltage has been
applied. Resistance is calculated by Ohm’s Law as
Voltage/Current (for dc circuits). For ac circuits, it is
the in-phase or “real” component of impedance. Units
are expressed in ohms (Ω).
RS232
An industry standard definition for a serial line
communication link or port.
S C C
The Standards Council of Canada, an agency of the
Canadian Government analogous to OSHA in the
United States.
Spikes
A large momentary deviation from normal of a
voltage or current waveform.
Stabilization Time
The time required for a transient disturbance to
decay to a steady state value.
Type Test
A one-time test intended to verify adequacy of the
design of a product to meet a safety standard.
U L
Underwriters Laboratories, Inc., an NRTL located in
Illinois.
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Voltage
The electrical potential applied to a circuit.
Waveform
The instantaneous value of a variable such as
voltage or current plotted against time.
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