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Introduction

This introduction is not part of IEEE Std C57.149-2012, IEEE Guide for the Application and Interpretation of
Frequency Response Analysis for Oil-Immersed Transformers.

Frequency Response Analysis (FRA) testing has gained popularity for assessing the mechanical integrity of
oil immersed transformers. Due to limited understanding and available information regarding FRA
requirements and specifications for instrumentation, procedures for performing the tests, and analysis of
results, the Performance Characteristics Subcommittee formed the Working Group PC57.149. The primary
objective of the Working Group PC57.149 was to compile and validate FRA experiences and technique- to
develop a FRA application and interpretation guide that would benefit the industry.

viii
Copyright © 2013 IEEE. All rights reserved.



https://www.stdhive.com/standards/ieee-c57149-2012-pdf/

Contents

L. OVETVIEW ...ttt sttt ettt et h et ettt ettt b e s bbbt es b et et e bt s bt e bt e bt eb e e st esa et e st e e b e sbeebeemeennentens 1
L BT eTe) oL OO O OO TSPRTRPPPROP 1
LL2 PUIPOSE ettt ettt ettt ettt et e b e st e bt e s et e e bt e s ab e e bt e e st e ettt e sab e e bt e e sabeebbeesabeenbteennbeeaes 1

2. DIETINTEIONS ..ttt ettt ettt et et s a e e s h e bt e bt e s bt ea e e eb e e e bt et e e bt embeeeaesaeenbeenbeenteenneeae 2

3. FRA MEASUICINENT OVEIVIEW .....eetietieniieiieiiiesttenteenteenteeutesteesteenbeenteentesaeesseesaeeseenteenteeneesseenbeenbeensesneesaeenees 4
Bl USE OF FRA L.ttt et ettt e h e b e bt e bt et e et e s atesbe e et e et eateeneeebeenbeenbean 4
3.2 FRA DaSe liNe MEASUICTIICNL ......cc..eeueiitietieiieieeite st sttt et eite et e st et e bt et estesatesbeesbeebeenteeseesseenseenneas 5
3.3 FRA diagnoStiC aPPIlICATION .....eeueiiiieeitieeitieeiieeiteetteeiteetteeteeeveesteeenseessseeenseesnsaessseesnsaessseesnseeenseens 5
3.4 Recommended FRA measurement test Parameters ..........cceeereeereeeriieereeesieeesieesieeesseessseeesseesnseeeseens 6

4. Making an FRA MEASUICIMENL .........ccveruieriieiieieeiiesiiesteeteetestesetesseeseesseessessaessaeseesseensesssessnesseesseenseenseans 6
4.1 TSt PIOCEAUIES ......ueeeueeeeeetietieteeteetestesetesteesteenseessessaeseenseenseensesssesaeesseenseanseasseessenssaseenseensennsesnnennes 6
4.2 Test eNVIrONMENTt PrEPATAtION .....eeuveeerererererertreteeteeereseresseesseenseesesssesssesseesseenseesseessesssesseessesssesssesssesses 6
4.3 TSt ODJECE PIEPATALION ....e.vvevieeieieeieeieseiesteeteeteeevessaesseeseeseensessseseeesseeseenseessesssessaenseenseensennsesnsesnes 7
A4 TESE SEL...ueietetett ettt ettt ettt et st s ae e a e a et e ea e et b ettt e bt e sanenae 7
A5 TESE LRAAS ...ttt ettt b et b ettt ettt b e bbbt st be bbbt entent 8
4.0 MEASUTCITIENIE LYPES ..vievreererierreererierteensreesseessseesseeasseessseessseessseessseessseessseessseensseessssessseesssesssseessesnsees 9
4.7 Load Tap Changer (LTC) and De-Energized Tap Changer (DETC) positions ...........cccecveerveenveennen. 9
4.8 TSt COMMECTIONS ....eveuetetientienieeie et stte st e et et ee e et e st e e b e et e embesaeesbeesbe e bt emteea e e ebeeebe e beenbeembesmeesaeenaeenteenes 10

5. TESt DOCUMEIEATION. ...ceutieuiieitieiieetie ettt ettt ettt ettt eat e et esb e e b e e bt e beeabesaeesaeesbee bt enteenteeneeebeenbens 17
R O 5313 (o6 1B (o) § RO OO OO PSSP 17
5.2 TESETECOTAS ..uventiiiiieieeitetet ettt ettt h et ettt b e st b e ebe bt et et et e st e bt sae e bt ebeesteaentenbeneeas 17

6. Measurement analysis and INEEIPIETATION .......ccververierieriieiieieeteeteseestee e eteeaeseeseeesseesseenseensesssessnenseens 20
LT I 633 o4 LD T} USSR 20
6.2 Trace CRATACLEIISTICS ...eouveiureiiestietieieeteetteette st e bt e e et e seee st e s st e st esseenseessesssesseenseenseansesnsesssesneenseenseenes 20
6.3 TTACE COMPATISON ...evveeierireeeiertieteeteesteeetesseesseesseessesnsesssesseesseesseanseanseassesssenseenseensennsesnsesssesneesseensennes 21
6.4 FRA relationship to other transformer dia@noStiCs .........ceveverieriieriieiiieieeieeiese e 24
6.5 FaIlUIe MOGES .....eeuiiiiiiiie ettt ettt et et b e b e b et e et st e seeesaeenaeebeenee 25
6.0 IMOACIINE. ...ccuviiiiiieiie ettt ettt e et e et e e bt e steeeabeesabeeeabeessseessseesnsaeasseessseesssaesnsaessseesnsaensseessseenssenn 51

Annex A (Iinformative) FRA thEOTY ....cc.iiiiiiiiiieiieciteeee ettt ettt s e be e s e e s ebeesnbeesssaesnseennns 53

Annex B (informative) BibliOGraphy........cccveiciiiiiiiiiiieiiiecieecie ettt ettt ettt ve e e e ssaeennseesnaeennseas 60

X
Copyright © 2013 IEEE. All rights reserved.






IEEE Guide for the Application and
Interpretation of Frequency Response
Analysis for Oil-immersed
Transformers

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or
environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http:/standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This guide is applicable to the measurement of Frequency Response Analysis (FRA) of an oil-immersed
power transformer. The guide will include the requirements and specifications for instrumentation,
procedures for performing the tests, techniques for analyzing the data, and recommendations for long-term
storage of the data and results. This guide can be used in both field and factory applications.

1.2 Purpose
The purpose of this guide is to provide the user with information that will assist in making frequency

response measurements and interpreting the results from these measurements. It will provide guidance for
all current methods employed in taking these measurements.
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