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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Committees
of the IEEE Standards Board. Members of the committees serve volun-
tarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of
the broad expertise on the subject within the Institute as well as those
activities outside of IEEE which have expressed an interest in participating
in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE
Standard does not imply that there are no other ways to produce, test,
measure, purchase, market, or provide other goods and services related to
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at
the time a standard is approved and issued is subject to change brought
about through developments in the state of the art and comments received
from users of the standard. Every IEEE Standard is subjected to review at
least once every five years for revision or reaffirmation. When a document
is more than five years old, and has not been reaffirmed, it is reasonable to
conclude that its contents, although still of some value, do not wholly
reflect the present state of the art. Users are cautioned to check to deter-
mine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any inter-
ested party, regardless of membership affiliation with IEEE. Suggestions
for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning
of portions of standards as they relate to specific applications. When the
need for interpretations is brought to the attention of IEEE, the Institute
will initiate action to prepare appropriate responses. Since IEEE Standards
represent a consensus of all concerned interests, it is important to ensure
that any interpretation has also received the concurrence of a balance of
interests. For this reason IEEE and the members of its technical commit-
tees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal
consideration.

Comments on standards and requests for interpretations should be
addressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA

IEEE Standards documents are adopted by the Institute of Elec-
trical and Electronics Engineers without regard to whether their
adoption may involve patents on articles, materials, or processes.
Such adoption does not assume any liability to any patent owner, nor
does it assume any obligation whatever to parties adopting the
standards documents.
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Foreword

(This Foreword is not a part of ANSI/IEEE Std 995-1987, IEEE Recommended Practice for Efficiency Determination of

Alternating-Current Adjustable-Speed Drives)
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Applications Society. Working Group P995 was established in 1983 to define a consistent method for
determining and specifying the efficiency of large adjustable-speed alternating-current motor-drive
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An American National Standard

IEEE Recommended Practice for
Efficiency Determination of Alternating-Current
Adjustable-Speed Drives

Part 1
Load Commutated Inverter Synchronous Motor Drives

1. Scope

This recommended practice proposes a
method for determining the efficiency of large,
adjustable-speed ac motor-drive systems consist-
ing of a load commutated inverter and a syn-
chronous machine, in which a dc-linked
converter is connected between the line and the
load.

This recommended practice is directed pri-
marily to high-capacity systems (exceeding
1000 hp) and drive systems, which normally
include equipments such as transformers,
reactors, thyristor power converters, and syn-
chronous machines. The drive system configu-
rations, which are covered specifically in this
recommended practice, are shown in Fig 1.

The method recommends that the existing test
standards for the system equipments be used as
reference, supplemented by test and calculations

included herein to account for operating char-
acteristics of the adjustable-speed drive systems.

2. References

The standards listed below cover the defini-
tion of losses and efficiency, and the test meth-
ods for the equipments that are part of the
adjustable-speed drive system. When approved
revisions of the reference standards are issued,
the revision should be used. This recommended
practice should be used in conjunction with the
following publications:

(1] ANSI C50.10-1977, American National Stan-
dard General Requirements for Synchronous
Machines.!

L ANSI publications are available from the Sales Depart-

ment, American National Standards Institute, 1430 Broad-
way, New York, NY 10018.

Fig 1
System Configurations (a) Single Channel System
(b) Dual Channel Parallel System (c) Dual Channel Series System

{a)

(b)
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[2] ANSI C57.16-1958 (R1971), American Na-
tional Standard Requirements, Terminology,
and Test Code for Current-Limiting Reactors.

[3] ANSI/IEEE C57.12.00-1987, IEEE Standard
General Requirements for Liquid-Immersed Dis-
tribution, Power and Regulating Transformers.?

[4] ANSI/IEEE C57.12.01-1979, IEEE Standard
General Requirements for Dry-Type Distribu-
tion and Power Transformers.

[5] ANSI/IEEE C57.12.90-1987, IEEE Standard
Test Code for Liquid-Immersed Distribution,
Power, and Regulating Transformers and Guide
for Short-Circuit Testing of Distribution and
Power Transformers.

[6] ANSI/IEEE C57.12.91-1979, IEEE Standard
Test Code for Dry-Type Distribution and Power
Transformers.

[7] ANSI/IEEE (C57.110-1986, IEEE Recom-
mended Practice for Establishing Transformer
Capability when Supplying Nonsinusoidal Load
Currents.

[8] ANSI/IEEE Std 100-1984, IEEE Standard
Dictionary of Electrical and Electronic Terms.

[9] ANSI/IEEE Std 115-1983, IEEE Guide: Test
Procedures for Synchronous Machines.

[10] ANSI/IEEE Std 444-1973, IEEE Standard
Practices and Requirements for Thyristor Con-
verters for Motor Drives Part I—Converters for
DC Motor Armature Supplies.

[11] ANSI/NEMA MG1-1978, Standards Pub-
lication for Motors and Generators.

[12] FISCHER, J.D., So You Don’t Think You
Have a Harmonic Problem. Conference Record,
1979, IEEE Industry and Applications Society
Annual Meeting (Power Systems Protection
Committee), Table 1V, 41D.

3. Definitions

3.1 Basic Terms
3.1.1 converter or converter equipment.
An operative unit for electronic power conver-

2 ANSI/IEEE publications are available from IEEE Ser-
vice Center, 445 Hoes Lane, PO Box 1331, Piscataway, NJ
08855-1331, or from the Sales Department, American Na-
tional Standards Institute, 1430 Broadway, New York, NY
10018.

AC ADJUSTABLE-SPEED DRIVES

sion, comprising one or more electronic switch-
ing devices and any associated components, such
as transformers, filters, commutation aids, con-
trols, and auxiliaries.
direct-current linked alternating-cur-
rent converter. A converter comprising a
rectifier and an inverter, with an interme-
diate dc link.
NOTES: (1) This definition is intended to include only
those circuits in which the dc link is readily identified
or explicit, and not those circuits having an implicit
de link but no single pair of conductors that can be
identified as the dc link.

(2) For the purpose of this recommended prac-
tice the rectifier and inverter are form C converter.

externally commutated converter. A con-
verter in which the commutating voltages
are supplied by the ac supply lines, the ac
load, or some other ac source outside the
converter.

NOTE: For the purpose of this recommended practice,
the term converter should be used.

form C converter. A single converter unit
in which the direct current can flow in one
direction only and which is capable of in-
verting energy from the load to the ac sup-

ply.

inverter. A converter for conversion from
dc to ac.
NOTE: For the purpose of this recommended practice

the load side converter normally operates as an in-
verter.

load commutated inverter. A converter in
which the commutation voltages are sup-
plied by the ac load.

NOTE: For the purpose of this recommended practice

the ac load is a synchronous machine operating as a
motor.

rectifier. A converter for conversion from
ac to de.

NOTE: For the purpose of this recommended practice
the line-side converter normally operates as a rectifier.

3.1.2 convertor circuit elements (see Fig 2)
ac filter. Resistor-capacitor circuits con-
nected in three-phase wye or delta on the

ac terminals of a converter.

converter switching element. A part of
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Fig 2

Converter Circuit Elements

the converter circuit, bounded by two prin-
cipal terminals, containing one or more
semiconductor devices having the property
of controllable or noncontrollable conduc-
tion in at least one direction.

dc filter. A resistor-capacitor circuit con-
nected between the positive and negative
terminals of the dc link.

equalizing resistor. The resistor connected
across the circuit element to equalize the off
state voltage across elements that are con-
nected in series.

principal branch (main branch). A
branch involved in the major transfer of
energy from one side of the converter to the
other.

Full document details: IEEE 995-1987

principal terminal. A terminal (of a device
or circuit element) through which passes the
current transmitting the power that is con-
trolled by the device or circuit element. The
term is used for distinction from control ter-
minals, monitoring signal terminals, etc.

NOTE: Examples of principal terminals are the anode
and cathode of thyristor or diode devices, the collector

and emitter of bipolar transistor devices, and the
source and drain of field-effect transistor devices.

snubber. An auxiliary circuit element or
combination of elements employed to mod-
ify the transient voltage or current of a
semiconductor device during switching.

(1) shunt snubber. Circuit elements,
usually including a capacitor and a resis-
tor connected in shunt with a switching
device to limit the rate of rise of voltage
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or the peak voltage across the device (or
both) when switching from a conducting
to a blocking state or when subjected to
an external voltage transient.

(2) series snubber. Circuit elements,
usually including an inductor, connected
in series with a switching device to limit
the rate of rise or fall of current through
the device when switching on or off, re-
spectively.

switching branch. A part of the circuit,
including at least one switching element,
bounded by two principal terminals.

NOTE: A switching branch may include one or more
simultaneously conducting converter switching ele-
ments connected together, commutating reactor wind-
ings, and other devices intended to protect the
semiconductor devices or to ensure their proper func-
tion, such as voltage and current dividers, and snub-
bers. In the simplest case, a switching branch may
consist of only the switching element, which may be a
single semiconductor device. The adjective switching
may be omitted when the context of converter circuits
is clear.

AC ADJUSTABLE-SPEED DRIVES
3.1.3 Circuit Properties

commutation. The transfer of current from
one converter switching branch to another.

commutating voltage. The voltage that
causes the current to commutate from one
switching branch to another.

NOTE: In an externally commutated converter, the

commutating voltage is supplied by an ac source
outside the converter.

3.2 Performance Characteristics

direct current. The time average value of
the current in the dc link.

line-side converter alternating current.
The magnitude of the current expressed in
amperes of the rms value of current at the
output terminals of the line-side interface
and the input terminals of line-side con-
verter.

Fig 3
Waveform Definitions
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