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While driving along the highway, the big
game is on the radio with the score tied,
fourth down and only 12 seconds left
on the clock. Right as the ball is
snapped for the final play, you pass
underneath an electric power line and
the play turns into nothing more than
static coming from the radio. As you
drive away from the power line, the
static disappears just in time to hear the
announcer screaming that it was the
most incredible play he has ever seen.

Other than being upset that you missed the play of the
year, this radio interference was little more than a nui-
sance. However, not all interference can be classified as
just a nuisance; some can create more serious results such
as causing entire critical systems to malfunction. What
happened as you drove under the power line? The high
current and voltage in the overhead line created what is
referred to as electromagnetic interference or EMI.

Electromagnetic Interference
Every electrical component can produce EMI when ener-
gized. Electromagnetic interference is caused by the volt-
age and current in the form of electric and magnetic
fields. Depending on the strength of the fields, EMI can
degrade or disrupt the performance of other devices. As
power increases, the EMI can increase and if not consid-
ered in the design and installation of a device, significant
problems can result. Some equipment intentionally pro-
duces emissions, such as cellular telephones and radio
transmitters, while other equipment, such as computers,
fluorescent lights, power lines and variable frequency
drives produce unintentional emissions, so they’re
referred to as incidental radiators.

To regulate equipment that can produce EMI, the
Federal Communication Commission has rules in place
that provide various levels of regulation depending on
parameters such as the type of device and whether it is
an incidental or intentional radiator. While regulations
for intentional emitters such as radio transmitters can be
very extensive and specific, regulations for incidental
radiators such as variable frequency drives are quite gen-
eral. More stringent standards for EMI from variable
frequency drives are provided by European Directives,
which are being used more often in drive specifications.

Electromagnetic Compatibility
What began with the invention of the electric light bulb
over 100 years ago has turned the world into a place

where billions of electrical components “compete” for
space with minimal electromagnetic interference. The
basic concept of electromagnetic compatibility (EMC) is
pretty easy to understand. The electromagnetic emissions
of one device must not interfere with the operation of
either itself or of another device. Immunity is the term
used to describe a device’s ability to be unaffected by
EMI. For an EMC problem to exist, there must be a
source of EMI, often referred to as an emitter, a device
that is susceptible to EMI, referred to as the receptor,
and a path between the emitter and receptor.

During “the big play” scenario, the power line is the
emitter, the receptor is the car radio and the path between
the two is air. Any devices that either use or detect elec-
tromagnetic energy, such as radio and television receivers
or electronic circuits in devices such as computers and
control equipment, can be considered receptors.

EMI is strongest at the emitter but it can also propagate
through the system by various means, such as traveling on
conductors and other physical connections between com-
ponents. It can also be induced either magnetically or by
capacitive coupling into other conductors as well as travel
through air, as in the case of radiated EMI.

Electromagnetic compatibility can be broken down
into four broad categories based on whether the device is
either emitting or receiving EMI and whether the EMI is
being conducted or radiated. These categories include:

• Radiated emissions—EMI energy radiating out of a
device such as a radio transmitter. In the normal
case, the radio signal is desired for reception of a
program. However, not all radiated EMI is desirable,
such as the case when a CB radio signal breaks in
over the television signal.

• Radiated susceptibility—The probability that radiat-
ed EMI can create a problem with a device leading
to interference or misoperation. Proper installation
and shielding can frequently reduce or eliminate this
type of problem.

• Conducted emissions—EMI travels through con-
ducting paths such as wires.

• Conducted susceptibility—This is when undesired
EMI energy enters the unit on conducting paths.
This type of problem typically requires filtering.

Variable Frequency Drives and EMC
A variable frequency drive can produce EMI from its
microprocessor, which operates in the MHz range, as well
as from the power input and output, which both operate at
high frequencies and high current. Drives are classified as
an “incidental radiator” according to FCC rules since they
do not intentionally radiate energy. They generally have a
high immunity to EMI, otherwise their own emissions
could adversely affect them. However, if a drive is not



designed correctly, or not installed properly, it could possi-
bly radiate sufficient energy to impact other components.

The typical AC drive, shown in Figure 1, is made up of
three stages creating several possible sources of EMI. The
first stage is the converter section that takes incoming AC
line power and rectifies it to DC with a three phase full
wave rectifier. As the rectifier switches on and off to pro-
duce a DC voltage, the current flowing into the drive from
the source is “chopped” and distorted and no longer
appears as a “clean” sine wave. The resulting current not
only contains the fundamental 60 Hz frequency, but also
multiples of the 60 Hz frequency known as “harmonics.” If
harmonics become a problem, it is usually in the form of

voltage distortion and component overheating from the
higher frequency currents. IEEE 519-1992 Standard
Practices and Requirements for Harmonic Control in
Electrical Power Systems defines the acceptable limits for
harmonics and if these limits are exceeded, a common
solution may require the use of filters.

The second stage of the drive is the DC bus/link. The
fixed DC voltage that is produced by the converter section
contains a significant amount of distortion/ripple so filter-
ing is required to produce a cleaner voltage. The AC out-
put to the motor is actually derived from switching the DC
voltage on and off by the inverter section.

It is usually the third stage, or power inverter/output
section, that is the strongest source of EMI because of
the high power and high switching frequencies. The pulse
width modulated or PWM drive, which is the most com-
mon AC drive used today, produces an AC output volt-

age by switching the DC voltage of the second stage on
and off at very high frequencies with insulated gate bipo-
lar transistors (IGBTs). By switching a fixed magnitude
DC voltage on and off for discrete amounts of time, an
effective AC output voltage can be produced that can
have a varying magnitude. Okay, the obvious question is:
How can you vary the magnitude of an AC output volt-
age when all you have is a fixed magnitude DC voltage
to work with?

Going back to basics in Figure 2, the root mean square
equivalent (RMS) of an AC voltage is the effective voltage.
For a 460 Volt RMS pure sine wave, the peak of the wave
is the RMS value x -2, or 460 Volts RMS x 1.414, which

is 650 Volts peak. The IGBT switches the DC voltage on
and off, producing discrete pulses that are equivalent pack-
ets of an RMS  AC voltage. The result is an output volt-
age created by these discrete pulses of DC voltage that is
used to serve the motor, as shown in Figure 3. Even
though the AC voltage is highly erratic looking and not
even close to being a normal sine wave, the current that
flows to the motor will tend to more closely resemble a
typical sine wave, although highly distorted.

A drive’s first stage converter section and digital proces-
sors for the controls are possible sources of EMI, but they
are usually not considered significant sources. Due to the
extremely fast switching speed of the IGBTs, a PWM
drive’s greatest source of EMI is from the inverter section.
How fast is extremely fast? A “normal” voltage has the
wave shape of a sine wave which, during one cycle, rises
from 0 volts to a peak voltage, then back through zero to
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Figure 1. PWM schematic Figure 2. Peak voltage diagram

An IGBT can switch the voltage from off to on and back to off at 

such a high speed that the rise time can seem almost instantaneous and

be on the order of nanoseconds (billionths of a second!)



a negative peak and back to zero again. For a 60 Hz sys-
tem this up and down pattern occurs 60 times per second,
or every 0.0167 Seconds. At 60 Hz, the time it takes a
voltage to rise from zero volts to its peak is 1/4 of a cycle or
0.004 seconds (1/4 Cycle X 1/60 second). This means the volt-
age rises from 0 to peak in       4 milliseconds (four thou-
sandths of a second), which seems very fast until you com-
pare this rise time to that of an IGBT inverter.

An IGBT can switch the voltage from off to on and
back to off at such a high speed that the rise time can
seem almost instantaneous and be on the order of
nanoseconds (billionths of a second!). Because of this
extremely fast rise time coupled with high frequencies and
large amounts of power, the output of the inverter can be a
significant source of EMI if care is not taken in both the
drive’s design and installation. In addition, the EMI could
also “escape” into the outside environment by conduction
through the feeder conductors that connect the drive to the
motor and act like an antenna, affecting other equipment.

EMC Regulations for Variable Frequency Drives
So far, it would appear that drives can be a substantial
source of EMI creating all kinds of compatibility issues,
yet this is rarely the case. This is in large part due to
standards in place that either directly or indirectly
address EMI and EMC. In the United States, regulations
regarding EMI fall under the Federal Communications
Commission (FCC). FCC regulations do not directly
address drives but they do address incidental radiators of
emissions, and drives can fall into this category.

One of the more comprehensive standards is from the
European Economic Community, which uses The EMC
Product Standard for Power Drive Systems as the main
EMC standard for variable frequency drives. Although a
European Standard, its global reach is growing rapidly as
more drives are being specified and manufactured to
meet its requirements.

Federal Communications Commission
Although the FCC was originally created to regulate
radio frequency communication and equipment such as
radio and television, Code of Federal Regulations, Title
47, Part 15 of the FCC Rules and Regulations applies to
unlicensed equipment that emits radio frequency energy,
including incidental radiators. This can include almost
every device that uses a microprocessor, such as those
found in variable frequency drives. Section 15.13
regarding incidental radiators states that “Manufacturers
of these devices shall employ good engineering practices
to minimize the risk of harmful interference.”

Section 15.103 allows certain devices to be exempt
from “specific technical standards and other require-
ments contained in this Part” (Part 15). The exempt
devices only need to comply with general requirements
including Section 15.5 (b) General Conditions of
Operation, which states that the operation of an inciden-
tal radiator “is subject to the conditions that no harmful
interference is caused and that interference must be
accepted that may be caused by the operation of an inci-
dental radiator.” However, operation of an exempted
device must stop if the FCC or its representative finds
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An ABB variable frequency drive housed inside an enclosure.

Figure 3. IGBT inverter output voltage



the device is creating harmful interference. Digital
devices such as microprocessors that are used exclusively
as industrial and commercial equipment are among the
exempt devices. The EMI produced by a drive’s micro-
processor is unlikely to be a significant source of EMI
especially when compared to the high frequency switch-
ing and large power of the output / inverter section.

International Standards
In the European Economic Community, very comprehen-
sive standards have been developed specifically for variable
frequency drives. The EU Counsel Directives set the stan-
dards for various components and when it comes to vari-
able frequency drives, The EMC Product Standard for
Power Drive Systems EN 61800-3 is the main standard.
This standard has very specific requirements covering elec-
tromagnetic emissions and immunity from emissions, as
well as test procedures specifically for drives. The EMC
emissions are also dependent on several other factors
including the installation environment, the type of power
supply network, and the power of the drive.

Emission limits and immunity testing levels vary
depending on the environment in which the device is
operating. The environment can fall into one of two cate-
gories. The “First Environment” includes domestic prem-
ises. It also includes establishments directly connected
without intermediate transformation to a low-voltage
power supply network that supplies buildings used for
domestic purposes. The First Environment generally
refers to residential systems connected directly to the
utility and the emission limits are lower for this case.

The “Second Environment” includes all establishments
other than those directly connected to a low voltage power
supply network that supplies buildings used for domestic
purposes. This generally means commercial and industrial
systems. In this case, the emission limits are higher.

Emission limits and immunity testing levels also vary

depending on the technical specifications of the device. A
four category classification system is used to determine a
device’s testing level. The four categories include:

• Category C1 includes devices that have a voltage rat-
ing less than 1000V and are intended for use in the
First Environment.

• Category C2 includes devices that have a voltage rat-
ing less than 1000V, are intended for use in the First
Environment, are neither a plug-in device nor a mov-
able device, and are intended to be installed and
commissioned only by a professional. In this case, a
professional is a person or an organization having
necessary skills in installing and/or commissioning
power drive systems, including their EMC aspects.

• Category C3 includes devices that have a voltage rat-
ing less than 1000V and are intended for use in the
Second Environment only.

• Category C4 includes devices that have a voltage
equal to or above 1000V, or a current rating equal
to or above 400A, or are intended for use in com-
plex systems in the Second Environment.

For applications of a device in Category C4, the user
and the manufacturer must agree on an EMC plan to
meet the EMC requirements of the intended application.

CE Marking
A growing number of drive manufacturers test their equip-
ment in accordance with the relevant European Directives
and then provide the CE mark on the equipment. The CE
mark is a requirement for controls installed in European
locations and provides easier access into the European
market for companies to sell their products without adap-
tation or rechecking. What exactly do the initials CE
mean? The Letters “CE” are the abbreviation of the French
phrase “Conformité Européene,” which literally means
“European Conformity.” By using the CE mark, the man-
ufacturer or his authorized representative asserts that their
product meets the requirements of the applicable European
Directive(s).

The applicability of the European EMC Directive is
based on several factors including End User, Direct
Function and Minimal Adjustments / EMC knowledge.

End User
The European EMC Directive applies to all apparatus and
equipment that is made commercially available as a single
functional unit and is intended for the end user. Variable
frequency drives typically fall into this category since they
can be considered equipment and are routinely sold indi-
vidually to the end user. Individual components and sub-
assemblies that are intended for incorporation into an
apparatus by the end user also fall under this directive.
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An insulated gate bipolar transistor installed in an ABB

ACS550 drive.
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Direct Function
If a product is not sold directly to the end user, it could
still fall under the EMC Directive depending on whether
it has a direct function or not. A direct function is
defined as “Any function of the component itself, which
fulfils the intended use, specified by the manufacturer in
the instruction for use for an end user.” As an example,
electronic components such as resistors, transistors,
capacitors, etc., by themselves do not produce a direct
function for the end user, therefore the EMC Directive
does not apply. However, components such as electric
motors and thermostats do produce a specific function
for the end user and are classified as “direct function.”

Minimal Adjustments and EMC Knowledge
Not all products and components that are classified as
“direct function” fall under the EMC Directive. It depends
on the level of EMC knowledge required by the end user
and whether the product can be used with only minimal
adjustments and connections. If the direct function of the
product requires only simple adjustments or connections,
i.e. “plug and play,” that can be performed by a person
with a minimal understanding of EMC, the EMC Directive
applies. However, if the direct function of the product
requires adjustments or connections that must be per-
formed by a person with a good understanding of EMC
and its implications, the EMC Directive does not apply.

Confused? The flow chart in Figure 4 helps sort out
the decision process for determining whether the
European Directives apply.

Many drives are sold directly to the end user and fall
under the EMC Directive, but some drives are sold as indi-
vidual components and sub-assemblies to panel shops, sys-
tem integrators and other professional assemblers. In the
latter case, the only requirement is to provide instructions
with the drive that can be used by the professional assem-
bler during the manufacturing of the final equipment that

contains the drive. These instructions should provide details
for solving any EMC problems with the final assembly.

EC Declaration
In addition to CE marking, the conformity of a drive
with the EMC Directive shall be certified by an EC dec-
laration of conformity issued by the manufacturer or his
authorized representative established within the
European Community. The EC declaration shall be held
at the disposal of the competent authority for ten years
following the placing of the drive on the market.

The EC declaration of conformity must contain the
following as a minimum:

• a reference to the EMC Directive,
• an identification of the drive to which it refers,
• the name and address of the manufacturer and, where

applicable, the name and address of his authorized
representative in the European Community,

• a dated reference to the specifications under which
conformity is declared, to ensure the conformity of
the drive with the provisions of the EMC Directive,

• the date of that declaration,
• the identity and signature of the person empowered to

bind the manufacturer or his authorized representative.

If neither the manufacturer nor his authorized repre-
sentative is established within the European Community,
keeping the EC declaration of conformity available shall
be the responsibility of the person who places the drive
on the Community market.

In order to be able to issue an EC declaration and CE
marking, the manufacturer is required to develop techni-
cal documentation that provides evidence that the drive
conforms to the essential requirements of the EMC
Directive. The manufacturer or authorized representative
in the European Community must hold the technical
documentation for future use by authorities for at least
ten years after the date the drive was manufactured.

Continue To Think Globally
With the continued globalization of our economy, it is
becoming increasingly important to specify equipment
that can adhere to global standards and not just domestic
standards. To specify drives with the most comprehensive
electromagnetic compatibility, they should be in compli-
ance with EN 61800-3 (IEC 61800-3) for the category C2
(users have technical competence with EMC in the First
Environment). Generally if the drive and its installation
comply with this standard, it will also be in compliance
with the domestic standard, FCC Part 15.

The author would like to thank ABB International for
their technical assistance in preparing this article.

Figure 4. European EMC directive flowchart


