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Abstract: Identification of the key parameters that can be monitored for obtaining an indication of
the condition of liquid-immersed transformers is covered by this guide. It also covers risk/benefit
analysis, sensor application, and monitoring systems application. This guide does not cover
interpretation of monitoring results.
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Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both pubic a.d
private uses. These include both use, by reference, in laws and regulations, and use in/ pri ate . 21f-
regulation, standardization, and the promotion of engineering practices and methods. By« . akii.g this
document available for use and adoption by public authorities and private users, the IEEE does 1.3t waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE Standards documents should be aware that these documents may < superseded at any time
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Errata

Errata, if any, for this and &ll cthkerostandards can be accessed at the following URL:
http://standards.icee.org/findstds/errata ‘ndc..ntml. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to uc mos.ibility that implementation of this standard may require use of subject matter
covered by patent rig ts. 1,y publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statem.nt of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA “Veu:ite at http://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whe her the Submitter is willing or unwilling to grant licenses under patent rights without
compe. sation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
.1y urn®ir discrimination to applicants desiring to obtain such licenses.

+'ssential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
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Introduction

This introduction is not part of IEEE Std C57.143-2012, IEEE Guide for Application for Monitoring
Equipment to Liquid-Immersed Transformers and Components.

For many decades, transformer users have sought ways to assess the general condition of electrical power
apparatus and identify specific problems. Over the years, diagnostic tests have been developed, based on
available technology. In the last few years, a sophisticated means has evolved for collecting a great deal of
diagnostic information while the equipment is in service.

Periodic off-line diagnostic tests still play an important role in industry. However, “continuous” or ‘on-
line” monitoring can overcome some of the fundamental limitations of off-line tests, in that it can increas>
the performance and reliability of substation power apparatus, it can reduce maintenance cot's; a.d it can
aid in the optimization of apparatus operations and maintenance procedures and help manage 1. = growing
risk of an aging population of transformers and components.

Starting in the 1980s, industry and electric utilities shifted their strategies and resour«=s tro. \ construction
and expansion, to maintenance and diagnostics for the plants that were built in th> devolopraent boom of
the 1960s and 1970s. Maintenance records were retrieved, tabulated, and an~lyZcl: daiioases were created.
Maintenance technology evolved through the following four levels:

— Corrective: Ensuring that equipment is operating and function.l

— Preventive: Optimizing the performance of the equipment

— Predictive: Diagnosing impending downtime for ma'ntei.xnce

— Strategic/optimization: Operational controls and corpora.e wide asset management

Today, plant optimization systems have become fairly comuion, and the leading edge of technology is now
focused on predictive maintenance systems. Howver, the monitoring of transformers and other electrical
apparatus has several challenges: the reliabliitv of tae electronic equipment, cost of the monitors,
continuing development of the sensors and ni:an.foring systems, performance under harsh field conditions,
lack of availability of field expertise, date coiection, and interpretation.

This guide describes most of the cor inucus on-line monitoring and diagnostic methods that are in common
practice at the time this guide waz w itten, and provides additional information in the case of developing
techniques. This guide addre;se: transformer operational parameters that can be monitored and the risks
and benefits of the moniori. . ¢ also provides specification considerations for monitoring hardware,
software, and communicai.on systems. For the purposes of this guide, the term transformer refers, but is
not limited to: genetato: step-up transformers; autotransformers; phase-shifting transformers; regulating
transformers; intertie *ra.smission transformers; DC converter transformers; instrument transformers;
retail, custome~; or indus. -ial service transformers;, and shunt, series, and saturable reactors.
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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

On-line monitoring of power transformers and associated accessories is becoming an essential feature of
electric utility systems. The justification for on-line monitoring is driven by the need to increase the
availability of power transformers, re-direction of time and/or operational-based maintenance to condition-
based maintenance, asset and life management and failure cause analysis.

1.1 Scope
This guide covers identification of the key parameters that can be monitored for obtaining an indication of

the condition of liquid-immersed transformers. It also covers risk/benefit analysis, sensor application, and
monitoring systems application. This guide does not cover interpretation of monitoring results.

1.2 Purpose

The purpose of this document is to provide guidance to those who specify, apply, install and use on-line
monitoring equipment on liquid-immersed power transformers and their components.
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