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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 [EEE 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 doc-
ument 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 determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any in-
terested party, regardless of membership affiliation with IEEE. Sugges-
tions 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 mean-
ing 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
committees 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 ad-
dressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

(This Foreword is not a part of ANSI/IEEE Std 936-1987, IEEE Guide for Self-Commutated Converters.)

This guide was prepared by the Self-Commutated Converter Subcommittee of the IEEE Static
Power Converter Committee, Industry Applications Society. Its purpose is to complement other
IEEE standards on static electric power converters and their applications, which mainly concern
externally commutated converter circuits. In many applications, a self-commutated converter is
linked together with an externally commutated converter in the same system, and often in the
same equipment package, such as a rectifier-inverter power supply or an ac drive system. Since
the externally commutated portion of such systems is adequately characterized elsewhere, only
those characteristics that are particular to the self-commutated converter are included here.

At present, the major industrial applications of self-commutated converters are in adjustable-
speed ac drives, uninterruptible power supplies, induction heating supplies, general-purpose ac
supplies, choppers for dc traction and for dc power supplies, and power factor correction equip-
ment. The type of conversion includes all combinations of dc or ac input and dc or ac output. This
guide is intended to be comprehensive regarding types of conversion and, therefore, includes sec-
tions on direct frequency changers, even though that type of equipment is just beginning to find
practical application. Because of potentially wide future development, its inclusion here is be-
lieved to serve a useful purpose.

However, the guide is not intended to be comprehensive regarding types of applications, because
of the wide variety of special conditions that are dependent on the application. General conditions
common to most applications are included. Special conditions are better covered in other stan-
dards concerning the particular application in detail. Nevertheless, it appeared desirable to cover
certain special conditions that are of major concern in one of the most widespread present applica-
tions, namely ac adjustable-speed drives. Here, the interaction of the converter and the motor is
particularly critical and affects the performance of both. An understanding of the behavior and
design of the converter is essential for proper engineering of the drive system. Therefore, descrip-
tions of these interactive effects are presented in the Appendix to guide both the designers and
users of inverter drives.

At the time of approval, the Self-Commutated Converter Subcommittee which prepared this
standard, had the following membership:

W. McMurray, Chairman

D. L. Ashcroft M. Ehsani B. Mokrytzki
W. V. Chumakov R. G. Hoft C.J.Nordby
P. J. Colleran A. J. Humphrey R. G. Schieman™
B. J. Min
*Past chairman
Other individuals who have been contributors are the following:
H. A. Gauper L. Gyugyi E. Yohman
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An American National Standard

IEEE Guide for Self-Commutated Converters

1. Scope

This guide applies to self-commutated elec-
tronic power converters; that is, converters in
which commutation is accomplished by compo-
nents within the converter. In converters using
switching devices that have turn-off capability,
such as transistors or gate turn-off thyristors,
interruption of the current results in a voltage
that commutates the current to another
branch. In converters using circuit-commutated
thyristors, the commutating voltages required
to transfer current from one branch to another
are normally supplied by capacitors. The type
of power conversion may be dc to ac, dc to dc, ac
to dc, or ac to ac.

Externally commutated converters, in which
commutating voltages are supplied by the ac
supply lines, the ac load, or some other ac
source outside the converter, are excluded from
the scope of this guide except where they may
be linked with a self-commutated converter.

2. Definitions

2.1 General. Some of the definitions here have
been taken or derived from one of the following
sources:

(1) ANSI/IEEE Std 100-1984, IEEE Standard
Dictionary of Electrical and Electronics Terms.

(2) IEC Pub 50-551 (1982), International
Electrotechnical Vocabulary, Chapter 551:
Power Electronics.

(3) IEC Pub 146 (1973), Semiconductor Con-
vertors: General Requirements and Line-Com-
mutated Convertors (second edition).

(4) IEC Pub 146-2 (1974), Semiconductor
Converters, Part 2: Self-Commutated Conver-
tors.

In the definitions that follow, adjectives that
are implicit by virtue of the subject of this
guide are often omitted for brevity and clarity
(for example, semiconductor, electronic, etc).

2.2 Basic Terms

2.2.1 Converter or Converter Equipment.
An operative unit for electronic power conver-
sion, comprising one or more electronic
switching devices and any associated compo-
nents, such as transformers, filters, commuta-
tion aids, controls, and auxiliaries.

2.2.1.1 Externally Commutated Con-

verter. A converter in which the commutating
voltages are supplied by the ac supply lines, the
ac load, or some other ac source outside the
converter.
NOTE: Externally commutated converters are excluded

from the scope of this guide, except where they may be
linked with a self-commutated converter.

2.2.1.2 Self-Commutated Converter
(Forced-Commutated Converter). A con-
verter in which commutation is accomplished
by components within the converter.

NOTE: In converters using switching devices that can in-
terrupt or turn off current, such as transistors or gate turn-
off thyristors, rejection of the current produces a voltage
across the device to commutate the current to another de-
vice. In converters using circuit-commutated thyristors, the
commutating voltages required to transfer current from one
device to another are usually supplied by capacitors.
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2.2.2 Rectifier. A converter for conversion
from ac to dc.

2.2.3 Inverter. A converter for conversion
from dc to ac.

2.2.4 AC Converter. A converter for chang-
ing ac power of a given voltage, frequency, and
phase number to ac power in which one or more
of these parameters are different.

2.2.4.1 Frequency Changer. An ac con-
verter for changing frequency.

2.24.2 Direct AC Converter
(Cycloconverter). The ac conversion is ac-
complished directly, without an intermediate
link having different power characteristics,
such as dec or high-frequency ac.

2.2.4.3 DC-Linked AC Converter. A con-
verter comprising a rectifier and an inverter,
with an intermediate dc link.

NOTE: This definition is intended to include only those cir-
cuits in which the dc link is readily identified or explicit,

and not those circuits having an implicit de link but no sin-
gle pair of conductors that can be identified as the dc link.

2.2.4.4 AC-Linked AC Converter. A con-
verter comprising two cascaded frequency
changers in which the intermediate link is usu-
ally a high-frequency tank circuit.

2.2.5 DC Converter. A converter for chang-
ing dc power at a given voltage to dc power at a
higher or lower voltage.

2.2.5.1 Direct DC Converter (DC Chop-
per). The dc conversion is accomplished di-
rectly, without an intermediate ac link.

2.2.5.2 AC-Linked DC Converter. A con-
verter comprising an inverter and a rectifier,
with an intermediate ac link.

2.3 Converter Circuit Elements

2.3.1 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 termi-
nals, monitoring signal terminals, etc.
NOTE: Examples of principal terminals are the anode and
cathode of thyristor or diode devices, the collector and emit-

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

2.3.2 Converter Switching Element. A
part of the converter circuit, bounded by two
principal terminals, containing one or more
semiconductor devices having the property of
controllable or noncontrollable conduction in at
least one direction.

2.3.3 Switching Branch. A part of the cir-

IEEE GUIDE FOR

cuit, including at least one switching element,
bounded by two principal terminals.

NOTE: A switching branch may include one or more simul-
taneously conducting converter switching elements con-
nected together, commutating reactor windings, and other
devices intended to protect the semiconductor devices or to
assure their proper function, such as voltage and current
dividers, snubbers, etc. In the simplest case, a switching
branch may consist of only the switching element, which
may be a single semiconductor device. The adjective switch-
ing may be omitted when the context of converter circuits is
clear.

2.3.3.1 Principal Branch (Main
Branch). A branch involved in the major trans-
fer of energy from one side of the converter to
the other.

2.3.3.2 Auxiliary Branch. A branch other
than a principal branch.

NOTE: Examples of auxiliary branches are regenerative
branches and turn-off branches.

2.3.3.3 Turn-Off Branch. An auxiliary
branch intended to take over the current tran-
siently from a previously conducting principal
branch.

2.3.3.4 Regenerative Branch. An auxil-
iary branch intended to transfer energy from
the load to the supply side of the converter.

2.3.4 Commutating capacitor. A capacitor
that provides commutating voltage for circuit-
commutated thyristors in a self-commutated
converter.

2.3.5 Commutating Reactor
(Commutating Inductor). An inductor hav-
ing one or more windings that modifies or cou-
ples the transient current produced by the
commutating voltage.

2.3.6 Snubber. An auxiliary circuit element
or combination of elements employed to modify
the transient voltage or current of a semicon-
ductor device.

2.3.6.1 Shunt Snubber. Circuit elements,
usually including a capacitor, connected in
shunt with a switching device to limit the rate
of rise of voltage or the peak voltage across the
device (or both) when switching from a con-
ducting to a blocking state, or when subjected
to an external voltage transient.

2.3.6.2 Series Snubber. Circuit elements,
usually including an inductor, connected in se-
ries with a switching device to limit the rate of
rise or fall of current through the device when
switching on or off, respectively.

2.3.6.3 Polarized Snubber. A snubber,
including a diode, in which the limiting action
depends on the direction of voltage or current.
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SELF-COMMUTATED CONVERTERS

2.3.7 Clamp. An auxiliary circuit element or
combination of elements employed to limit the
peak voltage or current of a semiconductor de-
vice.

2.3.7.1 Voltage Clamp. A clamp that lim-
its the peak voltage across a semiconductor de-
vice.

2.3.7.2 Current Clamp. A clamp that
limits the current through a semiconductor de-
vice.

2.4 Circuit Properties

2.4.1 Principal Current (of a Converter
Switching Element or Branch). The on-state
current of the semiconductor devices in a
switching element or branch flowing between
its principal terminals.

NOTE: The principal current is often referred to as the cur-
rent of the switching element or branch.

2.4.2 Commutation. The transfer of current
from one converter switching branch to an-
other.

2.4.2.1 Commutating Voltage. The volt-
age that causes the current to commutate from
one switching branch to another.
NOTES: (1) In an externally commutated converter, the
commutating voltage is supplied by an ac source outside the
converter.
(2) In a self-commutated converter using switching devices
that have turn-off capability, such as power transistors or
gate turn-off thyristors, the commutating voltage results
from the interruption of current in the outgoing device
branch.
(3) In a self-commutated converter using circuit-commu-
tated thyristors, the commutating voltage is normally sup-
plied by capacitors.

2.4.2.2 Direct Commutation. A commu-
tation between two principal switching
branches without the involvement of other
switching branches. In converters using devices
such as power transistors or gate turn-off
thyristors, this is accomplished by turning off
the switch in the outgoing branch and turning
on the switch in the incoming branch. In con-
verters using circuit-commutated thyristors,
commutating capacitors coupled to the switch-
ing branches turn off the outgoing switch when
the incoming switch is turned on.

2.4.2.3 Indirect Commutation
(Auxiliary Commutation). A commutation
between a principal switching branch and an
auxiliary switching branch succeeded by a
commutation to the next principal switching
branch. Indirect commutation is employed in
some types of converters using circuit-commu-
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tated thyristors, where the auxiliary branch in-
cludes a commutating capacitor(s) to turn off
the outgoing principal switch when the auxil-
iary switch is turned on.

NOTE: In some converter circuits, several auxiliary
branches may be involved consecutively.

2.4.2.4 Complementary Commutation.
Commutation occurs from one to the other of a
complementary pair of principal switching
branches arranged as a two-pulse group that
conduct in alternate but not necessarily equal
time intervals. The commutation may be direct
or indirect.

NOTE: An example of a converter employing complemen-
tary commutation is given in Fig 1.

Fig1
Three-Phase Bridge Converter Employing
Complementary Commutation

NOTE: The principal switching branches 1-6 are numbered
in the order in which they begin conduction.
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2.4.2.5 Sequential Commutation. Com-
mutation occurs from one to the next of three or
more principal switching branches arranged as
a multipulse group that conduct in cyclic se-
quential order for usually (but not always)
equal time intervals. The commutation may be
direct or indirect.

NOTE: An example of a converter employing a sequential
commutation is given in Fig 2.

2.4.3 Pulse Number (of a Group of Prin-
cipal Branches or of a Complete Con-
verter). The number of nonsimultaneous com-
mutations from one principal branch to another
during one cycle of operation, considering the
group or the complete converter, respectively.

2.4.4 Time Intervals During Operation

2.4.4.1 Conducting Interval. An interval
during which the principal current flows
through a switching element.

2.4.4.2 Blocking Interval. An interval

Fig 2
Three-Phase Bridge Converter Employing
Sequential Commutation

NOTE: The principal switching branches 1-6 are numbered
in the order in which they begin conduction.

IEEE GUIDE FOR

during which voltage is impressed across a
switching element in its off-state.

2.4.4.3 Overlap Interval. The time inter-
val during which two commutating converter
branches are carrying principal current simul-
taneously.

2.4.4.4. Commutation Interval. The time
interval between the application of commutat-
ing voltage to a pair of commutating branches
and the cessation of the resulting transient cur-
rents.
NOTE: The commutation interval is the same as the over-

lap interval in an externally commutated converter in
which the commutating voltage is supplied by the ac line.

2.4.4.5 Turn-Off Time (Applies to Con-
verters that Use Circuit-Commutated
Thyristor Devices). The time interval be-
tween that instant when the principal current
of a thyristor device has been reduced to zero
and that instant when the same thyristor de-
vice is again subjected to voltage that could
cause conduction.
NOTE: For proper operation, the turn-off time, {,, made
available by the action of the circuit must exceed the turn-
off time, ¢4, required by the thyristor device for recovery of
its voltage-blocking ability. Both the available and required

turn-off times depend on the operating conditions of the
converter. See Fig 3.

r_——_{_—__r‘_———_l
O— TL e 1 ! 2.5 Characteristics Related to Converter
| I : b : 2.5.1 Efficiency (of Power Conversion).
: 1 = 3 | 5 | The ratio of active (real) output power and ac-
F gy PRy P Py tive (real) input power.
—O
DC | | NOTE: Both powers are to be taken as the total average
——|—— o
: ] AC power as given by the formula:
| < o
_)—_ ] — 1
~—l= | — 2
: a | ! sl |2 | T
I I N where
T L] !
O— —T -— T = the period for ac and the ripple period for dc
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(a) Two 3-Pulse Commutating Groups: P, N

_ |
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(b) Conducting Intervals of Principal
Switching Branches 1-6
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2.5.2 Ripple Content. The periodic ac func-
tion that may be superimposed on a steady
zero-frequency (dc) voltage or current.

2.5.3 Harmonic. A sinusoidal component of
a periodic wave or quantity having a frequency
that is an integral multiple of the fundamental
frequency.

NOTE: For example, a component, the frequency of which is

twice the fundamental frequency, is called a second har-
monic.

2.5.3.1 Harmonic, Characteristic. Those
harmonics produced by semiconductor con-
verter equipment in the course of normal oper-
ation. In a six-pulse converter, the characteris-
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tal components from a nonsinusoidal periodic
function.

2.5.3.4 Harmonic Components. The
components of the harmonic content as ex-
pressed in terms of the order and rms values of

1 . L.
THYRISTOR ,“— ‘o'—", the Fourier series terms describing the periodic
VOLTAGE —t,—> ! function.
o ! : -t 2.5.4 Relative Characteristic Factors

2.5.4.1 Relative Harmonic Content. The
ratio of the rms value of the harmonic content
to the rms value of the total nonsinusoidal pe-
riodic function.

2.5.4.2 Relative Fundamental Content.
The ratio of the rms value of the fundamental
component to the rms value of the total nonsi-

’
s’ nusoidal periodic function.
2.5.4.3 DC Form Factor. The dc form fac-
Eﬁmg;?ﬂ—\ tor of a periodic function is the ratio of the rms
o - value to the mean value, averaged over a full
N period of the function.
| ! 2.5.4.4 Distortion Factor. The ratio of the
THYRISTOR :‘——‘o——’} [ rms value of the harmonic content to the rms
VOLTAGE r——xq _{__..I value of the fundamental quantity.
jo t

-V

(sum of squares of
amplitudes of all harmonics)*

d =
amplitude of fundamental component
(b) Improper Operation ¢ < tg 0
Soc2
“~ Gy
Fig 3 _ V=2 T
Turn-Off Time for Circuit-Commutated ¢
Thyristors

tic harmonics are the nontriplen odd harmon-
ics, for example, the 5th, 7th, 11th, 13th, etc.

h=kqgxtl
where

k = any integer
q = pulse number

2.5.3.2 Harmonic, Noncharacteristic.
Those harmonics which are not produced by
semiconductor converter equipment in the
course of normal operation. These may be a re-
sult of beat frequencies, a demodulation of
characteristic harmonics and the fundamental
component, unbalance in the ac power system,
or unsymmetrical control of the converter.

2.5.3.3 Harmonic Content. The function
obtained by subtracting the dc and fundamen-

11

2.5.4.5 Displacement Power Factor.
The displacement component of power factor;
the ratio of the active power of the fundamental
wave, in watts, to the apparent power of the
fundamental wave, in volt-amperes. It is also
equal to cos¢;, the cosine of the phase dis-
placement angle between the fundamental
component of the voltage and current on the ac
side of a converter.

2.5.4.6 Power Factor (Total). The ratio of
the total active power in watts to the total ap-
parent power in volt-amperes (the product of
rms voltage and rms current) on the ac side of
the converter.
NOTE: This definition includes the effect of harmonic com-
ponents of current and voltage, as well as the effect of
phase displacement between current and voltage. If either
the voltage or the current is an undistorted sine wave, and
d is the distortion factor of the other, then the following re-
lationship is true:

Cos ¢y

total power factor = ——=—=x
P V1i+ad:

Documents
Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 09:38:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 936-1987


http://www.avadocuments.com/doc/ieee-936-1987
http://www.avadocuments.com/doc/ieee-936-1987

