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Foreword

(This Foreword is not a part of IEEE Std 519-1981, IEEE Guide for Harmonic Control and Reactive Compensa-
tion of Static Power Converters.)

This guide was prepared by the Harmonic and Reactive Compensation Subcommittee of the IEEE
Static Power Converter Committee. The subject is not new; it has been theoretically and experi-
mentally investigated for more than fifty years. Widespread use of converters, accentuation of prob-
lems, and involvement of nonspecialized personnel are, however, new. When work was started in
1974, static power converters using solid state devices had been used in industry for about ten years.
The technology had progressed to a state that promised increased use of these devices in application
from home use to heavy industrial use. The need for a guide to set practical limits on power system
noise from these devices became apparent.

During the past five years, patterns have been established where the interaction between static
power converters and reactive compensation equipment have led to practices for correcting prob-
lems that occur. This guide has application guidelines to control interaction between these two
types of equipment.

At the time it approved this guide the IEEE Subcommittee on Harmonic and Reactive Compensa-
tion of Static Converters of Electric Power had the following membership:

Ray P. Stratford, Chairman

D. L. Ashcroft 0. Johnson W. E. Newellt
W. H. Bixby A. Kirsh J. H. Ottevangers
J. H. Galloway S. T. Kohn R. G. Schieman
N. C. Herndon A. Kusko D. E. Steeper

D. Human E. J. Luoma L. F. Stringer

A. J. Humphrey* D. McLellont R. V. Wachter

— *past secretary
tdeceased

This guide was prepared by a working group of the IEEE Subcommittee on Harmonic and Reactive
Compensation of Static Converters of Electric Power. The membership of the working group was:

R. P. Stratford, Chairman

D. L. Ashcroft 0. Johnson D. H. Potter
W. H. Bixby A. F. Kirsch R. G. Schieman
W. R. Caputo A. Kusko J. Simons

R. Edward A. Ludbrook H. M. Schlicke
J. H. Galloway E. J. Luoma D. E. Steeper
H. A. Gauper H. A. McColeman L. F. Stringer
N. C. Herndon D. McLellont R. V. Wachter
D. Human W. E. Newell D. C. Washburn
A. J. Humphrey dJ. H. Ottevangers J. A. L Young

tdeceased
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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Commit-
tees of the IEEE Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily mem-
bers 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 in-
terest 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 pro-
duce, test, measure, purchase, market, or provide other goods and ser-
vices related to the scope of the IEEE Standard. Furthermore, the view-
point 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 Stan-
dard 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 determine that they have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEEE. Sug-
gestions 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 con-
currence of a balance of interests. For this reason IEEE and the mem-
bers of its technical committees are not able to provide an instant re-
sponse 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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An American National Standard

IEEE Guide for Harmonic Control and
Reactive Compensation of
Static Power Converters

1. Introduction and Scope

1.1 Introduction. Static power converters of
electric power are widely used in industry for
a variety of purposes, such as electrochemical
power supplies, adjustable speed drives, and un-
interruptible power supplies. These devices are
useful because they can convert ac to dc, dc to
ac, and ac to ac. This characteristic, however,
changes the sinusoidal nature of the ac power
current (and consequently the ac voltage drop),
resulting in the flow of harmonic currents in
the ac power system that can cause interference
with communication circuits and other equip-
ments. When reactive power compensation is
used with converters, resonance conditions can
cause high harmonic voltages and currents
when they occur at a harmonic associated with
the converter.

1.2 Scope. This guide applies to all types of
static power converters used in industrial and
commercial power systems. The purpose is to
discuss the problems, be an application guide,
and recommend limits of disturbances to the ac
power distribution system which affect other
equipments and communications. This guide is
not intended to cover the effect of radio-
frequency interference.

2. Definitions and Letter Symbols

2.1 Definitions. Definitions given herein are
tailored specifically to the harmonics generated
by static power converters at utility system

frequencies. Additional useful definitions will
be found in ANSI/IEEE Std 100-1977, Standard
Dictionary of Electrical and Electronic Terms,
IEEE Std 223-1966, Standard Definitions of
Terms for Thyristors, IEEE Std 59-1962, Stan-
dard Semiconductor Rectifier components,
ANSI C34.2-1968, Practices and Requirements
for Semiconductor Power Rectifiers, and
ANSI/IEEE Std 444-1973, Standard Practices
and Requirements for Thyristor Converters and
Motor Drives: Part I — Converters for DC Motor
Armature Supplies.

commutation. The transfer of unidirectional
current between thyristor (or diode) converter
circuit elements that conduct in succession.

converter. An equipment that changes electrical
energy from one form to another. A semicon-
ductor converter is a converter that uses thy-
ristors or diodes as the active elements in the
conversion process.

deviation from a sine wave. A single number
measure of the distortion of a sinusoid due to
harmonic components. It is equal to the ratio
of the absolute value of the maximum differ-
ence between the distorted wave and the funda-
mental to the crest value of the fundamental.

deviation from a sine wave, maximum theoret-
ical. For a nonsinusoidal wave, the ratio of the
arithmetic sum of the amplitudes (rms) of all
harmonics in the wave to the amplitude (rms)
of the fundamental.

distortion factor (harmonic factor). The ratio
of the root-mean-square of the harmonic con-
tent to the root-mean-square value of the funda-
mental quantity, expressed as a percent of the
fundamental.
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sum of squares of amplitudes \ %
DF = of all harmorpcs “100%
square of amplitude

of fundamental

filter. A generic term used in describing those
types of equipment whose purpose is to reduce
the harmonic currents or the voltage flowing in
or being impressed upon specific parts of an
electrical power system, or both,

filter, damped. A filter generally consisting of
combinations of capacitors, reactors, and resis-
tors which have been selected in such a way as
to present a low impedance over a broad range
of frequencies. The filter usually has a relatively
low @ (X/R).

filter effectiveness (shunt). Defined by two
terms:

pr = the impedance ratio which determines
the per unit current which will flow into
the shunt filter

ps = the impedance ratio which determines
the per unit current which will flow into
the power source

Pt should approach unity and pg should be
very small at the tuned frequency.

filter, high-pass. A filter having a single trans-
mission band extending from some cutoff
frequency, not zero, up to infinite frequency.

filter, series. That type of filter which reduces
harmonics by putting a high series impedance
between the harmonic source and the system
to be protected.

filter, shunt. That type of filter which reduces
harmonics by providing a low impedance path
to shunt the harmonics from the source away
from the system to be protected.

filter, tuned. A filter consisting generally of
combinations of capacitors, inductors, and
resistors which have been selected in such a
way as to present a relative minimum (maxi-
mum) impedance to one or more specific fre-
quencies. For a shunt (series) filter the imped-
ance is a minimum (maximum). Tuned filters
generally have a relatively high Q (X/R).

harmonic. A sinusoidal component of a periodic
wave or quantity having a frequency that is an

IEEE GUIDE FOR HARMONIC CONTROL AND REACTIVE

integral multiple of the fundamental frequency.

NOTE: For example, a component, the frequency of
which is twice the fundamental frequency, is called a
second harmonic.

harmonic, characteristic. Those harmonics pro-
duced by semiconductor converter equipment
in the course of normal operation. In a six pulse
converter, the characteristic harmonics are the
nontriple odd harmonics, for example, the 5th,
Tth, 11th, 13th, etc.

h=kqt1
k = any integer
g = pulse number of converter

harmonic, noncharacteristic. Those harmonics
which are not produced by semiconductor con-
verter equipment in the course of normal opera-
tion. These may be a result of beat frequencies,
a demodulation of characteristic harmonics and
the fundamental, or unbalance in the ac power
system or unsymmetrical delay angle.

harmonic factor. The ratio of the root-mean-
square (rms) value of all the harmonics to the
root-mean-square value of the fundamental.

harmonic factor 3 5 5
(for voltage) \/E3 ESE E ..
1

harmonic factor _ /‘—132 I+ L2

(for current)
I

impedance ratio factor. The ratio of the source
impedance at the point in the system under
consideration to the equivalent total imped-
ance from the source to the converter circuit
elements which commutate simultaneously.

I * T product. The inductive influence expressed
in terms of the product of its root-mean-square
magnitude in amperes (I) times its telephone
influence factor (TIF).

kV ¢ T product. Inductive influence expressed
in terms of the product of its root-mean-square
magnitude in kilovolts (kV) times its telephone
influence factor (TIF).

line voltage notch. The dip in the supply voltage
to a converter due to the momentary short-
circuit of the ac lines during a commutation
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COMPENSATION OF STATIC POWER CONVERTERS

interval. Alternatively, the momentary dip in
supply voltage caused by the reactive drops in
the supply circuit during the high rates of
change in currents occurring in the ac lines
during commutation.

power factor, displacement. The displacement
component of power factor; the ratio of the
active power of the fundamental wave, the
watts, to the apparent power of the funda-
mental wave, in volt-amperes (including the
exciting current of the thyristor converter
transformer).

power factor (total). The ratio of the total
power input in watts to the total volt-ampere
input to the converter.

NOTES: (1) This definition includes the effect of har-
monic components of current and voltage, the effect of
phase displacement between current and voltage, and
the exciting current of the transformer. Volt-amperes is
the product of rms voltage and rms current.

(2) The power factor is determined at the ac line
terminals of the converter.

pulse number. The total number of successive
nonsimultaneous commutations occurring with-
in that converter circuit during each cycle
when operating without phase control. It is
also equal to the order of the principal har-
monic in the direct voltage, that is, the number
of pulses present in the dc output voltage in
one cycle of the supply voltage.

quality factor. Two 7 times the ratio of the
maximum stored energy to the energy dissipated
per cycle at a given frequency. An approximate
equivalent definition is that the Q is the ratio
of the resonance frequency to the bandwidth
between those frequencies on opposite sides of
the resonance frequency where the response of
the resonant structure differs by 3 dB from
that at resonance. If the resonant circuit com-
prises an inductance L and a capacitance C in
series with an effective resistance R, the value
of Q is:

1({L\*%
o-3(¢)

short-circuit ratio. Of a semiconductor con-
verter is the ratio of the short-circuit capacity
of the bus in MVA at the point of converter
connection to the rating of the converter in
MW.

IEEE
Std 519-1981

telephone influence factor (TIF). Of a voltage
or current wave in an electric supply circuit,
the ratio of the square root of the sum of the
squares of the weighted root-mean-square values
of all the sine-wave components (including
alternating current waves both fundamental
and harmonic) to the root-mean-square value
(unweighted) of the entire wave.

2.2 Letter Symbols. The following set of letter
symbols is used in thyristor converter circuit
analysis and calculation of converter character-
istics.
2.2.1 Subscripts
O = at no load; for example, E4,
1 = at rated load, or fundamental; for ex-
ample Eq, or I
= direct current and voltage
= order of harmonic
= ideal
= converter side of transformer, phase-to-
phase, e]
= line side of transformer
p = inherent
pu = per-unit quantities
s = converter side of transformer, phase-to-
neutral

2.2.2 Letter Symbols

o = delay angle

v = margin angle (for inverter operation)

U = commutation angle

p¢ = impedance ratio

ps = impedance ratio

cos ¢; = displacement power factor (including
transformer exciting current)
cos § = distortion component of power factor
ap, = amplitude of sine term for the h har-
monic in Fourier expansion (crest
value)

b = amplitude of cosine term for the h
harmonic in Fourier expansion (crest
value)

¢p = amplitude of resultant for the h har-
monic in Fourier expansion (crest
value)

Dy = commutating reactance transforma-
tion constant (applies only to the first
mode of operation after the light load
transition)

E. = crest working voltage
E4 = average direct voltage under load
E4, = theoretical direct voltage (average
direct voltage at no load or light
transition load, assuming zero phase

l—'l—lt:‘&
[

=
|

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:04:59 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 519-1981


http://www.avadocuments.com/doc/ieee-519-1981
http://www.avadocuments.com/doc/ieee-519-1981

IEEE

Std 519-1981

IEEE GUIDE FOR HARMONIC CONTROL AND REACTIVE

control and zero forward voltage Py = output power, in watts

drop) g = pulse number of a converter
Eg = direct rated voltage R, = line-to-neutral commutating resis-
E43x = commutating voltage tance for a set of commutating
E; = total forward voltage drop per circuit groups, in ohms

element R., = equivalent line-to-neutral commutat-

= initial reverse voltage

= ac system line-to-line voltage

= ac system line-to-neutral voltage

= direct-voltage drop caused by resis-

ing resistance, in ohms, for a set of
commutating groups referred to the
ac (primary) winding of a converter
transformer

tance losses in transformer equip- R, = line-to-neutral commutating resis-
ment, plus interconnections not in- tance, in ohms, for a single commu-
cluded in E; tating group

E; = transformer dc (secondary) winding R, = effective resistance of the ac (primary)
line-to-neutral voltage (rms) winding

E, = direct-voltage drop caused by com- Rs = effective resistance of the direct-
mutating reactance current (secondary) winding

f = frequency of ac power system S = circuit factor [1 for single-way; 2 for
F; = I.X./E; commutating reactance factor bridge (double-way)]

= transformer dc winding (secondary)

coil rms current

line-to-neutral commutating reac-
tance, in ohms, for a set of commu-

I3 = average dc load current of the recti- tating groups
fier, in amperes Xepu = per-unit commutating reactance
I, = transformer exciting current Xen = equivalent line-to-neutral commu-
I, = direct current commutated between tating reactance, in ohms, for a set of
two rectifying elements in a single commutating groups referred to the
commutating group ac (primary) winding of a converter
I = harmonic component of I of the order transformer (X, = Dy Xe)
indicated by the subscript Xg = line-to-neutral commutating reac-
= tance, in chms, for a single commu-
Iq PP tating group
2 Xy, reactance of supply line, in ohms (per
equivalent totalized harmonic com- line)
ponent of I, Xipu = per-unit reactance of supply line, ex-
I, = alternating line current (rms) pressed on base of rated volt-amperes
Iy, = alternating line current (crest value) at the line terminals of the trans-
I, = transformer ac (primary) winding coil former ac (primary) windings
current Xtpu = per-unit reactance of transformer, ex-
L1, = alternating line current corresponding pressed on base of rated volt-amperes
to the current in the ac (primary) at the line terminals of the trans-
winding during load loss test in ac- former ac (primary) windings
cordance with 8.3.2.1 ANSI/IEEE Z, = line-to-neutral commutating imped-
Std 444-1973 ance, in ohms, for a set of commu-
L, = transformer dc winding (secondary) tating groups
line rms current Zen equivalent line-to-neutral commu-
I, = fundamental component of I, tating impedapce, in ohms, for a set
Ii, = power component of Ij, in watts of commutating groups referred to
Lq = reactive component of I the ac (primary) winding of a con-
Ly = inductance of the dc reactor, in v_erter transformer ) )
henrys Zg hne-to:neutral commut'atmg imped-
n = number of simple converters ance, 1n ohms, for a single commu-
p = pulse number of commutating group tating group
P, = transformer load losses, in watts (in-

NOTE: Commutating reactances due to various circuit
elements may be indicated by subscript as in Xy, X0,
or X.1 and X, for transformers and line, respectively.

10

cluding resistance and eddy current
losses)

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 17:04:59 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 519-1981


http://www.avadocuments.com/doc/ieee-519-1981
http://www.avadocuments.com/doc/ieee-519-1981

COMPENSATION OF STATIC POWER CONVERTERS

3. References

[1] CHRISTENSEN, E. F., Analysis of Recti-
fier Circuits. AIEE Transactions, vol 63, 1944,
pp 1048-1058.

[2] READ, J. C. The Calculation of Rectifier
and Converter Performance Characteristics.
Journal IEE, vol 92, pt II, 1945, pp 495-509.

[3] PELLY, B. R. Thyristor Phase-Controlled
Converters and Cycloconverters. New York:
John Wiley, 1971.

[4] TRUXAL, J. G. Automatic Feedback Con-
trol System Synthesis. New York: McGraw-
Hill, 1955, pp 375-390.

[5] KIMBARK, E. W, Direct Current Trans-
mission — vol I, New York: Wiley-Interscience,
1971 (see Ch 8, Harmonics and Filters, which
includes a list of 62 references).

[6] AIEE COMMITTEE REPORT. Inductive
Coordination Aspects of Rectifier Installations.
AIEE Transactions, vol 65, 1946, pp 417-436.

[7] Survey of Arc-Furnace Installations on
Power Systems and Resulting Lamp Flicker.
Subcommittee Report, AIEE Transactions, vol
76, pt II, Sept 1957, pp 170-183.

[8] CONCORDIA, C., Selection of Buffer Re-
actors and Synchronous Condensers on Power
Systems Supplying Arc-Furnace Loads. AIEE
Transactions, vol 76, pt 1L, Jul 1957, pp 123~
135.

[9] KENDALL, P. G. Light Flicker in Relation
to Power-System Voltage Fluctuation. Proceed-
ings IEE, vol 113, 1966, pp 471-479.

[10] MULCAHY, J. A. and LUDBROOK, A. A.
New Flicker Correcting System for Arc Fur-
naces. Journal of Metals, Apr 1967, pp 63-66.

[11]1 FRANK, H. and LANDSTROM, B. Power-
Factor Correction with Thyristor-Controlled
Capacitors. ASEA Journal, vol 44, 1971, pp
180-184.

[12] Thyristor-Switched Capacitors Curb Fur-
nace Flicker. Electrical Review, Aug 9, 1974,
pp 164-166.

[13] OLTROGGE, A. R. Fundamental Criteria
for Large Arc Furnace Power Systems. Journal
of Metals, Jan 1971, pp 53-64.

11

IEEE
Std 519-1981

[14] JOHNSON, E. R., Static High Speed VAR
Control for Arc Furnace Flicker Reduction.
Proceedings American Power Conference, vol
34, 1972, pp 1097-1105.

[15] ANSI C34.2-1968 (R 1973), Practices and
Requirements for Semiconductor Power Recti-
fiers?

[16] ANSI/IEEE Std 18-1980, Shunt Power
Capacitors

[17] ANSI/IEEE Std 100-1977, Standard
Dictionary of Electrical and Electronics Terms

[18] ANSI/IEEE Std 444-1973, Standard Prac-
tices and Requirements for Thyristor Converters
and Motor Drives: Part I — Converters for dc
Motor Armature Supplies

[19] IEEE Std 59-1962, Standard for Semi-
conductor Rectifier Components

[20] IEEE Std 223-1966, Standard Definitions
of Terms for Thyristors

[21] ANSI/IEEE Std 368-1977, Recommended
Practice for Measurement of Electrical Noise
and Harmonic Filter Performance of High-
Voltage Direct-Current Systems.

[22] IEEE Std 469-1977, Recommended Prac-
tice for Voice-Frequency Electrical-Noise Tests
of Distribution Transformers

4. Converter Theory and Harmonic Generation

4.1 Introduction. A power converter by defini-
tion changes electrical energy from one form to
another. This change is accomplished by peri-
odic switching in the conducting circuits of the
converter. A three-phase bridge converter (see
Table 6, Circuit No 23, ANSI C34.2-1968,
[15]), for example, connects the line-voltage
with the highest instantaneous value of voltage
to the load. (See Fig 1.) The switches in the
example of Fig 1(a) are thyristors. Combina-
tions of one odd and one even numbered thy-
ristor will connect the ac source to the load.

IANSI documents are available from the American
National Standards Institute, 1430 Broadway, New
York, N, Y. 10018.
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(a) Table 6, Circuit No 23 [15]

(b) Transformer dc Winding Volts

(¢) Current in Rectifying Elements

(d) Voltage Across No 1 [15]
Rectifying Element

(e) Current in dc Winding R;

(g) ac Line Current H, for
Table 6, Circuits No 24 and No 25 [15]

(f) ac Line Current H, for
Table 6, Circuits No 23 and No 26 [15]
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The resulting unidirectional voltage is made up
of the tops of sinusoidal waves, each top sixty
degrees wide. It is a dc voltage with superim-
posed high-frequency ripple. Harmonic analyses
show that the ripple voltage consists of the
supply voltage with a frequency of multiples of
six times the fundamental frequency.

The dc load circuit and the dc load itself con-
tain inductance which will flatten the load cur-
rent. In converter theory, for convenience sake,
the dc current is considered to be constant. As
shown in Fig 1(f), the line currents at the ac
side will consist of flat topped waves. Power,
the product of current and voltage, at the dc
side contains harmonics due to the harmonics
in the voltage. Since no energy storage can take
place in the elements of a converter, the power
balance of input and output requires harmonics
in the input power, and thus harmonic currents
will flow in the supply lines. Energy balance
considerations show, and Fourier analysis of
the square waves confirms, that each 6n har-
monic in the dc voltage requires harmonic cur-
rents of frequencies 6n + 1 and 6n - 1 in the ac
line. The magnitude of the harmonic current
is inversely proportional to the harmonic
number.
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29, 31, etc are 180° out of phase, thereby
cancelling these currents when they are used in
a circuit such as Table 6, Circuit No 31 [15].

The square current waves of Fig 1(c) are
based on the assumption that the line current
will transfer instantaneously when the higher
ac voltage causes a diode to start conducting. In
practice there will be reactance in the circuit
which will cause the current transfer to be
more gradual (Fig 2), reducing the slope of the
leading and trailing edges of the square waves
and reducing the magnitude of the ac current
harmonics. The time to transfer current is
called the commutating angle (u). Figure 3
shows the relationship of theoretical value to a
typical value of harmonic current.

The switching elements of the bridge in Fig
1(a) are diodes. They will start conducting as
soon as a voltage is applied in the forward, or
current-carrying, direction, Thyristors not only
need a forward voltage, but also a firing pulse
to start conducting. Output voltage can be con-
trolled by delaying the firing pulse with refer-
ence to the voltage cross-over time. Firing
delay influences the manner in which current
is transferred from phase-to-phase, and thus
also influences the magnitude of the current
harmonics. The delay angle is called «.

h =kqtl This example of one use of a semiconductor
I~ h device demonstrates the production of harmonic
h currents. These currents flowing in the circuits
where of a power system can cause problems if a
h = harmonic order resonant circuit exists at the frequency of any
k = any integer of these currents. These currents can exc1!:e
q = pulse number of circuit thgse resonant cirqmts and produce lgrge_oscﬂ-
I = fundamental current lating currents which can overload circuit ele-

Therefore, for a 6-pulse converter, such as
Table 6, Circuits 23, 25, or 25 [15] the har-
monic currents in the ac power supply would
theoretically be:

Harmonic Order and
Current Magnitude in Per Unit
of the Fundamental

5 7 11 13 17 19 23 25
0.2000 0.1429 0.0909 0.0769 0.0588 0.0526 0.0435 0.0400

A transformer connection of Y-Y (Table 6,
Circuit No 24) [15] or A-A (Table 6, Circuit
No 25) [15] would reflect an ac line current
as shown in Figure 1(g). This has the same
harmonics as Table 6, Circuit No 23 and
Circuit No 26 [15] except the 5, 7, 17, 19,

13

ments causing failure or operation of protective
equipment. These higher than fundamental fre-
quency currents can produce noise on com-
munication circuits, either voice or data trans-
mission, by electrostatic or electromagnetic
coupling.

The ability of the thyristor to delay the com-
mutation of the current to the more positive
phase (operation at reduced voltage output)
increases the angle by which the voltage leads
the current, and thus reduces the power factor.
Some installations compensate for this reduc-
tion in power factor by capacitors; this increases
the chance of setting up parallel resonances.

The electrical circuit within an industrial
plant is not isolated from the utility providing
the electric power. The resonant conditions
described in this Guide are a result of the
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combination of inductive and capacitive reac-
tances in the total circuit. Resonant problems
that arise must be solved by a joint effort
between the industrial user and the utility by
approaching the problem on a system basis.

This guide suggests limits of voltage distortion
and recommends practices to minimize the
effects of the harmonic currents from static
power converters.

5. Reactive Power Compensation and
Harmonic Control Techniques

5.1 Converter Power Factor. The power factor
of a converter is made up of two components:
displacement and distortion. The effect of the
two are combined into the total power factor.
Their relationship is shown in Fig 4.

The displacement component is the ratio of
the active power of the fundamental wave, in
watts, to the apparent power of the funda-
mental wave, in voltamperes. This is the power
factor as seen by the utility metering by watt-
hour and varhour meters. The distortion com-
ponent is that part associated with the har-
monic voltages and currents present.

The power factor of a six pulse converter on

E a theoretical square wave current basis is:

PF = 3/, = 0.955 (@ =0)
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A twelve pulse converter has theoretical value
of approximately 0.988.

=%%inT
PF = T sin q
where

q#*1

For purpose of calculations, transformer
magnetizing current is neglected. With com-
mutation overlap and phase retard, the equa-
tion becomes:

_ Edr .Id
V3ELL
1

V1-3f (1)

PF

3 o o
== cosae — —
n Eqo
where
Eq =Eq + B + B¢
E4 = average direct voltage under load
E, = resistance drop
E; = total forward drop per circuit element
Iy=d-c load current supplied by the con-
verter, in average amperes
Ej, = primary line-to-line rms voltage

Fig 4
Relationship Between Distortion
Displacement and Total Power
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