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Abstract: This guide applies to all types of static power converters used in industrial and commercial power
systems. The problems involved in the harmonic control and reactive compensation of such converters are
addressed, and an application guide is provided. Limits of disturbances to the ac power distribution system
that affect other equipment and communications are recommended. This guide is not intended to cover the
effect of radio frequency interference.

Keywords: harmonic control, harmonics, reactive power compensation

The Institute of Electrical and Electronics Engineers, Inc.

345 East 47th Street, New York, NY 10017-2394, USA

Copyright © 1993 by the Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 1993 Printed in the United States of America
ISBN 1-55937-239-7

Errata information can be accessed at: http://standards.ieee.org/reading/i eee/updates/errata/519-1992.pdf

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the
prior written permission of the publisher.



IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily 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 that 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 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. 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 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 addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE Standards documents are adopted by the Institute of Electrical 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.




Foreword

(This foreword is not a part of IEEE Std 519-1992, IEEE Recommended Practices and Requirements for Harmonic Control in
Electrical Power Systems.)

This recommended practice was prepared by a joint task force sponsored by the Working Group on Power System
Harmonics of the Transmission and Distribution Committee of the IEEE Power Engineering Society and the Harmonic
and Reactive Compensation Subcommittee of the Industrial Power Conversion Committee of the IEEE Industry
Applications Society. This recommended practice is an update of the IEEE guide that was published in 1981. The work
to revise the guide was started in 1984 and has incorporated the evolving understanding of the effect of static power
converters and other nonlinear loads on electric power systems.

This recommended practice recognizes the responsibility that users have not to degrade the voltage of the utility
serving other users by requiring nonlinear currents from the utility. It also recognizes the responsibility of the utilities
to provide users with close to a sine wave of voltage. The recommended practice suggests guidelines for
accomplishing this.

At the time that this standard was completed, the task force had the following membership:
David P. Hartmann, Co-chair (PES)

Ray P. Stratford, Co-chair (IAS)
C. K. Duffey, Secretary

K. Almon R. Ghufarian M. McGranaghan
D. L. Ashcroft W. M. Grady H. Meyer

W. R. Caputo D. K. Guha W. A. Moncrief
K. R. Chakravarthi M. Higgins A. Moore

H. Chandra W. R. Hodgson G. Oliver

W. Dabisza S. Ihara S. Rubino

J. Dalton S. Kapoor R.J. Schieman
W. K. Davis C. E. Johnson J. A. Stewart
M. Doyle T. S. Key L. F. Stringer
A. E. Emanuel J. H. Layne J. K. Winn

J. H. Galloway L. Luck

T. Gentile A. Ludbrook

At the time that it balloted and approved this standard for submission to the IEEE Standards Board, the balloting group
had the following membership:

R. Adapa J. L. Boyer S. B. Dewan
K. Almon J. Boyle D. M. Divan
C.J. Amato W. R. Caputo M. Doyle

W. A. Anderson K. R. Chakravarthi D. L. Duff

J. Arrillaga H. Chandra M. Ehsani

D. L. Ashcroft D. Y. Chen P. Eichin

Y. Baghzouz R.F. Chu A. El-serafi

T. M. Barnes W. V. Chumakov A. E. Emanuel
B. Berman W. Dabisza P. Enjeti

B. Bhagwat J. Dalton P. C. V. Esmeraldo
S. K. Biswas A. M. Dan J. D. Fahey
W. H. Bixby W. K. Davis W. E. Feero
A.J. Bonner S. Deb E. F. Fuchs

D. W. Borst R. W. Dedoncker J. H. Galloway
B. K. Bose P. H. Desai T. Gentile



A. A. Gigis A. LudbrooK R. G. Schieman
S. Goldberg A. A. Mahmoud D. Dietrich

T. Gonen L. Malesani T. Sebastian

M. W. Grady J. H. Mallory P. C. Sen

D. C. Griffith W. A. Maslowski A. M. Sharaf
D. K. Guha A. McEachern R. A. Shinn

E. Gunther M. McGranaghan B. R. Shperling
T. G. Habetler J. C. Mclver B. R. Sims

D. P. Hartmann W. McMurray R. L. Smith

E. A. Harty A. P. S. Meliopoulos W. M. Smith

T. M. Heinrich N. W. Miller S. Victor

G. T. Thomas B.J. Min A. C. Stevenson
M. Higgins A. Mirbod R. P. Stratford
W. R. Hodgson B. Mokrytzki L. F. Stringer

J. Hoffner W. A. Moncrief B. Szabados

D. G. Holmes W. 1. Moo P. Tenti

J. Holtz A. Moore R. Thallam

W. F. Horton R.J. Moran A.m. Trynadlowski
S. Ihara J. 0. Ojo F. G. Turnbull
P. K. Jain T. B. Oliver A. K. Upadhyay
W. Jewell T. H. Ortmeyer J.D. Van Wyk
C. E. Johnson I. J. Pitel S. S. Venkata
W. C. Jordan F. S. Prabhakara V. Wagner

S. Kapoor V. Rajagopalan L. H. Walker
M. J. Kempker K. S. Rajashekara D. J. Ward

T. S. Key S. J. Ranade H. W. Wearsch
P. T. Krein M. H. Rashid C. A. White

A. Kusko E. W. Reid J. K. Winn

J.S. Lai C. E. Rettig X. Xu

J. H. Layne D. D. Robb F. Young

F.C. Lee D. J. Roesler J. A. L. Young
C. P. Lemone S. Rubino F. C. Zach

R. D. Lorenz J. T. Salihi D. G. Zimmerman
L. Luck M. Samotyj P. D. Ziogas

When the IEEE Standards Board approved this standard on June 18, 1992, it had the following membership:

Marco W. Migliaro, Chair
Donald C. Loughry, Vice Chair
Andrew G. Salem, Secretary

Dennis Bodson

Paul L. Borrill

Clyde Camp

Donald C. Fleckenstein
Jay Forster*

David F. Franklin
Ramiro Garcia
Thomas L. Hannan

* Member Emeritus

Donald N. Heirman
Ben C. Johnson
Walter J. Karplus

Ivor N. Knight

Joseph Koepfinger*
Irving Kolodny

D. N. “Jim” Logothetis
Lawrence V. McCall

T. Don Michael*

John L. Rankine
Wallace S. Read
Ronald H. Reimer

Gary S. Robinson
Martin V. Schneider
Terrance R. Whittemore
Donald W. Zipse



\Y

Also included are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal Richard B. Engelman
James Beall David E. Soffrin

Adam Sicker IEEE Standards Project Editor

Stanley Warshaw



CLAUSE PAGE

1.

Introduction, Scope, and APPIICATION .....cevviiriiiiiiiiiienie ettt ste et esttesbeesteesabeesaeesateesbeesabesnbeesaseenseens 1
I O U5 o T L Uo7 () o USRS 1
L2 SCOPE -ttt e bt et e a e et e a e bt et a e e an e ne e s e h e aneer e neeaeenneene 1
1.3 APPLCALION ...ttt et ettt ettt et et a e et a e e he e ane st r e neeaeenneene 2
RETEIEIICES ...ttt st ettt e b e s a e b e e et e bt e et e bt eateeh e et e eb e e bt satenbesatenbeembenbeensenbeans 2
Definitions and Letter SYMDOLS ......oociiiiiiiiiiieiie ettt ettt st e stee s beesaeesate e beesabeesbeesasesnseenns 2
3.1 DEEINITIONS ...c.utiitieeieetie et et e ettt e et e st e et e et eebe e tae e bt e sseesse e saeessaesseanseassseanseesssaansaessseanseeasseanseesssannseens 2
3.2 LEtter SYMDOIS ..ottt ettt ettt b ettt ettt a bttt bt e e nee 5
HarmoniC GENETALION ......c.eitiiuieiieiieie ettt ettt ettt ettt e bt et esbe et e sbe e besbe e besbe et e s bt e beeaeenbeeneenseenes 7
1 CONVETLRLS ..uveueentieieenteetenttete st et e st et et et eat et e st e sbeestesbeembe s bt e st ebee bt e e s et e e et et e estesbeemtesbeemeesueensesmnennesanennens 7
4.2 ATC FUIMACES ....eonviiiiiiiiteieeteste ettt ettt ettt et sa e st sb e et s bt et e s bt eat e bt et e bt et e sbe et e sbeentesbeenaesaee 15
4.3 StatiC VAR COMPEINSALOT ....ccuteriieiieriteiienteenieesteesteessteesteessessteesssesseesssessseesssessseesseessseesseessseessaessseenne 16
4.4 Inverters for DiSPersed GENETAION .........c.uiirveerieriierierieerte et eitesteeteesteesseeseteesseesareebeesssesnseesssessseenns 16
4.5 Electronic Phase CONtIOL........coccooiiiiiiiiiiiiniiiintetieeete ettt ettt ettt sttt et sbe et svee e saee 17
4.6 CycloCONVETtEr HATMONICS ..o..veruvieiieeiiiiieeiiesitesieeitesiteesteesiteebeesiteesbeesateesseesssesssaenssesnseesssesnseesssesseenne 18
4.7 SWitch MOde POWET SUPPIIES ..c..vieiieeiiiiiieiiieiie sttt et ste et e st e et e sateebeesttesbeesaeesabeesseesaseessnesnseenne 18
4.8 Pulse Width Modulated (PWM) DIIVE ......cccviiieiiiieiiieeciiee ettt etee ettt e e tve e e vee e aae e svaaeseseeenens 19
System Response CharaCteriSTICS ........coouiruiiuiriiriieieiieeerte et sttt st se et e e re e saeesnesaeeneseeesnesanens 19
ST B € 153 1 1< v | B OO OO OO O OO OO USRS U RPN 19
5.2 ReSONANT CONAITIONS ..c.utitieiiiiientietesteete sttt et et et et et eate bt e st e sbee bt sbee bt sut e besbtebeestenbeentesbeentesbeensesae 21
5.3 Effect of SyStem LOAGING .....cocveruieiiiiiiieiieiee ettt sttt b et sb et s e e e 22
5.4 Typical System CharaCteriStICS . ...ccueruteruirtierteriieieetente ettt ettt ettt ettt estesate bt e tesbees e sbe e tesbeenteseeenaesaee 24
Effects Of HAIMOMNICS ...c..ooiviiiiiiiiiiienieeencee ettt sttt st ettt ettt sbe et sbe et saeene st enaeenees 27
6.1 GENETAL....eouviiiiieiieeie ettt ettt et e et e et e e s tbe e sbeeetbe e beeeabe e beesabe e beeatb e e baeeabe e baearbeenteeerbeeseeanseeraennreanes 27
6.2 MOOTS ANA GENETALOTS ......veevrierieeiieeteeeteeteesteesteessseesseessseesseessseasseessseasssessseessseasssensessseesseesssessssensseees 27
6.3 TTANSTOTINETS .. .eevieeiieiieeteeete et te et e et e et esteesteestbe e beeesseesseessseasseessseesaessseessseassaenseesssasseessseesssennseanes 29
0.4 POWET CADIES....ccuiiiiiiiiiieiiecie ettt et e vt e st e e ste et e e beeeaaeebeessbeesseessseesaassseessaeassaenseessseasseessseessaennseanes 29
6.5 CAPACILOTS. ..cueutenreueiuieiteeeieett ettt et sttt ettt et et e st eat e bt e bt e bt e bt se e et e b e na e e et et et eneeateneentebe s bt sat et e benaenaemnenee 30
6.6 Electronic EQUIPIMENL.....cc.cotiiiiriiiiitecrtetetetet ettt ettt ettt ettt et et sae st be e e nee 31
LN A Y (<1 1<) 1V SRS 32
6.8 Switchgear and REIAYING ........coceeiiiririiriinicieeeet ettt ettt ettt ee 32
6.9 Telephone INLEITEIENCE. ......c.coutruiriiriiriietitetet ettt sttt ettt be et sae et be e sa e e 33
6.10 StatiC POWET CONMVETTETS ... .eeiuvieteeeireerieeteeeteesteesteesteesseesseesseesseesseessseesssessseessseasseessesssseesseessseesssensseenes 36
Reactive Power Compensation and Harmonic CONtrol ...........cooevieriiieniiienenieieeeeieeeieetesee et 37
7.1 Converter POWET FACLOT .....c.cocuiriiiiiriiiiiiiientceet ettt sttt st ettt st s e 37
7.2 Reactive POWET COMPENSALION ...eevuviriiirieriieniieesiienieeieesteesteesteesteeseteesseesaseessaessseenseessessseessseessaessseenne 41
7.3 Control of Harmonic CUITENLS .........coceeviirierierienienienieetenteeteeieetesteentesieesteeseesaeessesbeeesesbeenesseensesseensesnes 45
F N §E £ T (11 1T Ta SRS 47

Vi



viii

CLAUSE PAGE

10.

11.

12.

13.

14.

8.1 Harmonic Current CalCULAtIONS ........c.eeruieriuieriieiiiienieeiterie et esite et esteesteesieesabeesisesbeesbaesseenseesaseenseesans 47
8.2 System Frequency Response CalCUlations..........c.eevieriierieriiieniieeieeniteeieeste st eseesteesiaesreeseeesbeesaaesaeas 48
8.3 Modeling Guidelines for Harmonic ANALYSIS .....ceeeverriierieriiienienieenieeieenteeieesreeieesitesreeseeesseesseesaees 50
8.4 Telephone INEITETEICE. .....ccc.eiiiiiiiirie ettt et ettt s te e beesat e e baesabeesbtesabeesaesabeensaesasas 52
8.5 Line Notching Calculations (for Low-Voltage SYStemS)......c.covuerriierirriieenieiiienieeieeniieeieeneesveeseeesaees 53
8.6 Total Harmomnic DIStOTTION .....c..ueiruieriieiiierieeite sttt ete ettt et ste e teesateesaaesaseesbaesaseenseesnseensaesanas 56
8.7 System Calculations (Low Voltage, BElow 1000 V) .....cooiiriiiiiiiniiiiiiieete ettt 57
8.8 Displacement Power Factor Improvement Calculation ...........c.ceevueeririiienieniiienieeieenieeieesee e 58
IMEASUIEIMENES .....viieurieiieeteeeteeeteesteeereesseeesseesseessseeseesssaassessssasssaasssassaessseanseessseanseessseansessssessssenssessseesssennseeses 60
L B € 1< 115 v | USSR SRUUSUPRRPRNt 60
9.2 Basic Equipment Used for the Analysis of Nonsinusoidal Voltages and Currents ..........cc..ceceeveeeennenne. 61
9.3 Requirements for Instrument RESPONSE .........ccveiiiiiiiiiiiinieieecee e 61
9.4 Presentation Of Harmomnic Data.........ccuieiieiiiiiieiiecie ettt sve et sveesieeeveesteesbeesseessseessnesnsaenns 63
9.5 Transducers for Harmonic MEaSUICIMENLS ..........ccverveereeriueerieeieeneeeteeseesseessressseesseessseesseessseesssessseenes 65
Recommended Practices for Individual CONSUIMETS .......ccc.eeruieriieriiiiiiieenieniieniteeieeniteereesieesbeesaeesareesssesaseennes 68
JO. T GONETAL ...t ectie ettt ettt e ettt e et e e teeeabe e beeesbeesbeessbeeasaassseansaassseensaasssaasseessseassaensseansaenseesnseaseennss 68
10.2 Development of Current DiStOrtion LAMIES ........coueoueueiriieirienirinenenestetenesteteeeeeeee e nee 69
10.3 Limits on Commutation INOTCHES .........c.eiieiiiiiiiieeiiieeeieeeeieeereeeete e et e et e e steeeenreessnseeesssaeensssessnsens 70
10.4 Current DiStOrtion LAMIES ........cc.eieeiuiieiciieeeiiieeeieeesiieeeste e et e esteeeeeteeessseeessseeessseeesssseesssseeessseeeasssesssssees 71
LT 31T SRS 74
Recommended PractiCes fOr ULIITIES . ......ueeiiiiiieriieeieiieerie ettt ettt e sveesteeseteesteessaeebeesaeesnsaesssasnseennns 76
L1 T GENETAL ...ttt ettt ettt ettt e e s it e et esat e e bt e sabe s s beesabeenseesateenbaesabeenbeesabeenbeesabeenseenates 76
11.2 Addition Of HaIMOMICS. ....ceecuiiriiieiienieiitesie ettt sttt et ste st esabe et esateessaesaseebeesabeeseesabeenseesases 76
11.3 Short-Duration HarmOMNICS .....cc.uieuieriiiiienie ettt sttt ettt et ste e bt eseteesatesateesbeesaseenseesaseenseesases 77
11.4 Abnormal Conditions for Harmonic Problems ..........c.c.eevieriiiniiniiiiieiieeeesieerteeeenee e 77
11.5 Voltage DIStOrtion LIMIES ....eeviierieriiiiiesieeitie sttt sit et e st ebeesabeesbeeseteesaaesaseesbeesaseeseesnseeseesases 77
11.6 Limits of Interference With Communication CITCUILS ........cccueeruierrueerierrieeniesieenteeieeseeeseesereesseessnesanes 78
Recommended Methodology for Evaluating New Harmonic SOUICES ..........cccvvierierierieeieniieieseeeeeeeeee e 79
| €< 1T | USSP 79
12.2 Identifying Harmonic AnalysisS ODJECTIVES ....c..ceruiriiriirientieierieeie ettt sttt 80
12.3 Developing Initial System Model/Perform Preliminary Simulations ..........cccceceeveniinenienenienenienene. 80
12.4 Performing Harmonic MEaSUIEMEILS ........ccoueiueeriirieriirienteetenieetesitentesiee st sitesbesstesbeeatesbeeseesbeeneesbeeneeeaee 80
12.5 Performing Detailed SImUIAtiONS ........cooueiiiiiiiiiiiiieieetet ettt e 80
12.6 Developing Solutions to Harmonic Problems. ..........coeeiiriiiiriiiinieieneeteieete e 80
APPICAION EXAMPIES ...evviiiiiiiieiieiieesie ettt ettt ettt et e site st e sabe e bt e st e e bt e sateenbeesaseenbeesabeenseesaseesaesnsesnses 81
13.1 Example of Large Industrial Plant Furnished at Transmission VOItage .........ccceeevieienienenienieeieeeene 81
13.2 Example of Several Users on a Single Distribution Feeder............ccooiriiniriininieneeeeeeeeeee 82
BIBIHOGIAPNY ...ttt bttt ettt st 92



IEEE Recommended Practices and
Requirements for Harmonic Control in
Electrical Power Systems

1. Introduction, Scope, and Application

1.1 Introduction

The uses of nonlinear loads connected to electric power systems include static power converters, arc discharge devices,
saturated magnetic devices, and, to a lesser degree, rotating machines. Static power converters of electric power are the
largest nonlinear loads and are used in industry for a variety of purposes, such as electrochemical power supplies,
adjustable speed drives, and uninterruptible power supplies. These devices are useful because they can convert ac to
dc, dc to dc, dc to ac, and ac to ac.

Nonlinear loads change the sinusoidal nature of the ac power current (and consequently the ac voltage drop), thereby
resulting in the flow of harmonic currents in the ac power system that can cause interference with communication
circuits and other types of equipment. When reactive power compensation, in the form of power factor improvement
capacitors, is used with these nonlinear loads, resonant conditions can occur that may result in high levels of harmonic
voltage and current distortion when the resonant condition occurs at a harmonic associated with nonlinear loads.

1.2 Scope

This recommended practice intends to establish goals for the design of electrical systems that include both linear and
nonlinear loads. The voltage and current waveforms that may exist throughout the system are described, and waveform
distortion goals for the system designer are established. The interface between sources and loads is described as the
point of common coupling; and observance of the design goals will minimize interference between electrical
equipment.

This recommended practice addresses steady-state limitation. Transient conditions exceeding these limitations may be
encountered. This document sets the quality of power that is to be provided at the point of common coupling. This
document does not cover the effects of radio-frequency interference; however, it does include electromagnetic
interference with communication systems.
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