SPECIFYING ADJUSTABLE FREQUENCY DRIVES

Specifying Adjustable Frequency Drives for
Electromagnetic Compatibility in HVAC Applications

A review of EMC standards and what drives specifiers should recommend

“

Photo 1. Meeting EMC Standards — ABB’s ACH550 AC Drive family combines sim-

plicity, convenience, fieldbus connectivity, harmonic mitigation and programmability
to a degree not seen in drives hefore. A built-in EMI/RFI filter guarantees trouble-free

operation of surrounding equipment and instrumentation. And the 208/240 and 380/480-

volt class of the drives meets compliance to CE’s 1t Environment standards.
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lectromagnetic compatibility (EMC)
Eis the ability of electrical / electronic

equipment to operate in its installa-
tion environment while neither causing nor
experiencing electromagnetic interference
(EMI). EMI is any interference with nor-
mal equipment operation caused by abnor-
mal energy entering the equipment either by
conduction though wiring connections or
by radiated wave reception. Radiated EMI
is also called radio frequency interference
(RFI). Conducted EMI is also called high-

frequency line noise.

Codes and standards in the U.S.

In the U.S., there are no codes and standards
that specifically and completely cover elec-
tromagnetic compatibility of adjustable fre-
quency drives (AFDs).

FCC rules and regulations

Part 15 of the Federal Communications
Commission (FCC) rules and regulations
covers unlicensed equipment that emits
radio frequency energy. Part 15 would ap-
ply to any AFD as an “incidental radiator.”
The operation of any equipment covered
by Part 15 is subject to the general condi-
tions of operation listed under paragraph
15.5. The essential requirements of 15.5
are that the equipment must not interfere
with any licensed broadcast, navigation or
safety services and must accept any inter-
ference caused by other equipment. Under
Part 15.13, the manufacturer of an inciden-
tal radiator “shall employ good engineering
practices to minimize the risk of harmful
interference.”

Microprocessor controlled AFDs are also
covered by FCC Part 15 as “digital devic-
es.” As commercial or industrial equipment,
AFDs are “exempted devices ... subject only
to the general conditions of operation in 15.5
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[described above]...” However, the FCC strongly recom-
mends that “the manufacturer of an exempted device
endeavors to have the device meet the specific technical
standards [of Part 15].”

Part 15 lists limits for radio frequency voltage con-
ducted to the public utility power lines by digital devic-
es. The range of frequencies covered is 0.15 to 30 MHz.
Part 15 also lists limits for the field strength of radiated
emissions from digital devices. The range of frequen-
cies covered is 30 MHz and above. At frequencies lower
than the radio frequencies regulated by the FCC, volt-
ages conducted to the power lines would be considered
to be harmonic distortion voltages. Harmonic distortion

issues are covered by IEEE Standard 519.!

Evaluating a drive as an FCC Part 15 digital device
A drive’s microprocessor is not likely to be a signifi-
cant source of EMI. The most significant potential
source of EMI and RFI in a drive is the power switch-
ing circuitry. This potential is largely unrelated to the
design of the microprocessor or other type of control
circuitry. EMI is generated in a drive by switching the
output terminals back and forth between the posi-
tive and negative sides of the DC bus to synthesize an
AC output waveform. Each time the output transistor
switches operate, the terminal voltage jumps (in a 480
V drive) from 650 volts of one polarity to 650 volts of
the opposite polarity. This nearly instantaneous volt-
age change has the potential to generate a significant
amount of radio frequency energy.

Evaluating the drive as a microprocessor controlled
digital device does not correctly target the most signifi-
cant source of EMI.

Requiring a drive to meet FCC requirements
Since the applicable requirements are not very specific
or restrictive, almost any drive could be said to meet
the requirements of Part 15 without actually provid-
ing a significant level of electromagnetic filtration.

A drive could be required to meet the conducted and
radiated emission limits listed in Part 15 for a Class A
or Class B digital device, but Part 15 does not contain
or specify a testing procedure that is designed for use
with drives. Without specifying a suitable testing pro-
cedure, any declaration that a drive meets the specified
limits might be suspect.

The conducted emission limits listed in Part 15 were
revised in 2002 to “harmonize our domestic require-
ments with the international standards developed by
the International Electrotechnical Commission (IEC),
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International Special Committee on Radio Interference
(CISPR)” [see FCC 02-157]. The CISPR 11 standard
provides a suitable test procedure for testing drives to
verify conformance with these limits.

The radiated emission limits specified by CISPR 22
are lower than the limits listed in Part 15. Accordingly,
in 2003, Part 15 was revised to include 15.109(g):

“As an alternative to the radiated emission limits
shown in paragraphs (a) and (b) of this section, digital
devices may be shown to comply with ... (CISPR) Pub.
22 (1997)...” (see FCC DA 03-3848).

CISPR 22 covers digital devices, while CISPR 11
covers industrial scientific and medical equipment. The
U.S. Food and Drug Administration encourages manu-
facturers of electromedical equipment to use CISPR 11.

EU Council Directives

In the European Economic Community, the EU
Council Directives set standards for various products.
Many of these standards are derived from standards

written by the International Electrotechnical Com-
mission (IEC). The EMC Product Standard for Power
Drive Systems, EN 61800-3 (or IEC 61800-3), is used
as the main standard for adjustable speed drives. This

standard contains test procedures that are specifically
suitable for drives and the standard is quite compre-
hensive. It covers both the drive’s electromagnetic

emissions and its immunity from received emissions.

IEC 61800-3 defines two installation environments
First Environment
“The First Environment includes domestic premises. It
also includes establishments directly connected without
intermediate transformer to a low-voltage power sup-
ply network which supplies buildings used for domestic
purposes.”

Second Environment

“Second Environment includes all establishments other
than those directly connected to a low-voltage power
supply network which supplies buildings used for do-

mestic purposes.”

IEC 61800-3 defines sale or distribution to two
levels of customer competence

Unrestricted Distribution

“Unrestricted distribution is a mode of sales distribution
in which the supply of equipment is not dependent on
the EMC competence of the customer or user for the
application of drives.”
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Restricted Distribution

“Restricted distribution is a mode of sales distribution
in which the manufacturer restricts the supply of equip-
ment to suppliers, customers or users who separately or
jointly have technical competence in the EMC require-
ments of the application of drives.” The installer must
install the drive in conformance with the instructions
provided in the installation manual.

Edition 2 of IEC-61800-3

The terminology of product standard IEC-61800-3,
edition 2, differs somewhat from edition 1. Categories
C1 through C4 replace distribution terminology.

Additional information
Additional information is available in two ABB
publications:

e Technical Guide No. 2, EU Council Directives and
Adjustable Speed Electrical Power Drive System

e Technical Guide No.3, EMC Compliant Installa-
tion and Configuration for a Power Drive System

Recommendations to specifiers

For drives with the most comprehensive electromag-
netic compatibility, specifiers should require drives to
meet the IEC 61800-3 EMC standards and emission
limits for Restricted Distribution, and installation in
the First Environment. Manuals should be required
to include instructions for installing the drive equip-
ment so that it meets the specified emission limits as
installed.

Drives that meet the above requirements will typi-
cally meet the technical requirements of FCC Part
15, including the emission limits for a Class A digital
device.
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Government Printing Office web site. #
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Awareness 0f
Hazard Locations

Fundamentally, the focus of hazardous
location code rules is to keep fuel sources
separated from electrical arcs and heat.
With this principal as a given, Hazardous
Locations takes the reader step-by-step
through area classification, the various
methods of protection, interaction of
with
types of electrical equipment, wiring

protection techniques speciﬁc
requirements, and then hones in on
special occupancies such as commercial
garages, aircraft hangars, motor fuel
dispensing facilities, bulk storage plants,
spray, dipping and coating processes,
and health care facilities and more.
You will appreciate this logical and
straightforward information or training

material.
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