EEMUA Publication 227
Management of ageing
electrical assets

PUBLICATION 227

Edition 1

Released by IHS. NOT FOR RESALE

This is a preview. Click here to purchase the full publication.



https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf

Management of ageing
electrical assets

Publication 227/

Edition 1

Copyright © 2021 The Engineering Equipment and Materials Users Association
A company limited by guarantee. Registered in England. Company number 477838.

ISBN 978-0-85931-189-2

Imprint reference 04-2021

Registered and Trading Address: A
EEMUA, Second Floor, 16 Black Friars Lane, London EC4V 6EB
Telephone: +44 (0)20 7488 0801 E E M UA

Email: sales@eemua.org ‘ ,
Website: www.eemua.org

_ This is a preview. Click here to purchase the full publication. SRS



https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf

Publication

Engineering Equipment and Materials
Users Association

About EEMUA

The Engineering Equipment and Materials Users Association is usually known by its initials,
EEMUA. EEMUA is governed by a Council of members. This Council is responsible for the policies,
financing, membership, and strategy of the Association. Any organisation that is a substantial user
or purchaser of engineering products may apply to become a member of EEMUA. Membership is
subject to the approval of Council.

EEMUA Aims

EEMUA aims to improve the safety, environmental and operating performance of industrial
facilities in the most cost-effective way, pursuing and promoting leadership in industrial asset
management by sharing engineering experiences and expertise, and by the active, enlightened
promotion of the distinct interests of users of engineering products. These aims are achieved by
various means, including:

Providing the organisation within which networking, information sharing and collaboration
among users on non-competitive technical matters can take place.

Influencing the way written regulations are interpreted and applied in practice.

Promoting and presenting members’ views, and encouraging the application of good sound
engineering practices.

Developing user guides, specifications, training and competency schemes.

Facilitating members’ participation in national and international standards making.
Influencing relevant national and European legislation and regulation.

The income and resources of EEMUA are applied solely towards the promotion of the aims of
the Association. No profit is transferred by way of dividend, bonus or otherwise to members. The
work of the Association is mainly carried out by members’ representatives on EEMUA Technical
Committees, Working Groups, and Forums, supported by EEMUA staff.

Incorporation, Membership and Other Information

For the purposes of conducting its business, EEMUA is incorporated in England and Wales
as a company, limited by guarantee, not having share capital. All usual aspects of company
management and business administration are dealt with by the EEMUA Executive Director,
including policy implementation and leadership of the Executive team (the staff).

A list of EEMUA publications for sale is given at the end of this Publication. The full list is also on the
Association’s website, including details of on-line shopping facilities.

To enquire about corporate Membership, write to enquiries@eemua.org or call +44 (0)20 7488 0801.
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About this Publication

Legal Aspects

All rights, title and interest in this Publication belong to EEMUA. All rights are reserved. No part of this
Publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means: electronic, mechanical, photocopying, recording or other, without the express prior written
agreement of the EEMUA Executive Director. Infringement of copyright is illegal and also reduces the
Association’s income thereby jeopardising its ability to fund the production of future publications.

It has been assumed in the preparation of this Publication that: the user ensures selection of those
parts of its contents appropriate to the intended application; and that such selection and application
is correctly carried out by appropriately qualified and competent persons for whose guidance this
Publication has been prepared. EEMUA and the individual members of the Work Group that prepared
this EEMUA publication do not, and indeed cannot, make any representation or give any warranty or
guarantee in connection with material contained herein. EEMUA and the individual members of the
Work Group that prepared this EEMUA Publication expressly disclaim any liability or responsibility
for damage or loss resulting from the use or reliance on this Publication. Any recommendations
contained herein are based on the most authoritative information available at the time of writing
and on current good engineering practice, but it is essential for the user to take account of pertinent
subsequent developments and/or legislation.

Any person who encounters an inaccuracy or ambiguity when making use of this Publication is asked
to notify EEMUA without delay so that the matter may be investigated and appropriate action taken.

Consultation and Feedback

EEMUA encourages constructive comments on this Publication from both Members of the
Association and others.

Comments should be sent on the standard feedback form, a copy of which is provided towards the
end of this Publication. An electronic version of the feedback form is available from EEMUA:

e-mail your request for a copy to:
enquiries@eemua.org

or telephone your request to:
+44 (0)20 7488 0801

or download the form from the EEMUA website at:
WWW.eemua.org.

Submit comments by e-mail (preferred) or post.

Comments are considered by the relevant EEMUA Technical Committees and may be incorporated
in future editions of this Publication. New editions are publicised on the EEMUA website.

_ This is a preview. Click here to purchase the full publication. SRR



https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf

Publication

Contents

Preface Vi
Abbreviations/Acronyms used in this Guide IX
1 Introduction 1

2 General management of ageing assets 3
2.1 USUG T OIENCES/TOSOUICES .oooovvveeeeeessssccessseeeessssssssssssssseessssssssssssssssseessssssssssssssssessssssssssssssssesssssssssssssssseessssssss 3
2.2 Benefits of replacement and UPAATING ........cccvvveeceeeesssssisseseeeeesssssssssssssssesessssssisssssssssssssssssssssssesessssss 3
2.3 OTNET CONSIARTATIONS ovvesrvevrersssieivrresssissessssssssssssssssssssssssssssssss s sssssssss s ssssssss s 4
2.4 ODSOIESCONCE. ..ooosoeeveeeeee ettt 4

3 Uninterruptable Power Supplies and Battery Systems 5
3.1 TeChNOIOGY INTIOAUCTION .ot ssssssssssssss s sssssssssssssss s sssssssssssssss s ssssssssssssss s 5
3.2 TYPICAl FQITUIE MIOAES...oooiiirsiieevcirrsssssiieissssesss i ssssssssssss s sssssssssss s ssssssssssss s 6

32T UPS s ssss 585888 6
3.2.2 BATEEIIES...vrveereesseeeeeeeeeseeesssssssesesessses s sssssss 2888 R 6
3.3 Condition MONITONNG LECANIGUES ..o sssssssissssssesessssssisssssssessssssssssssssssesessssss 7
3.3.T TeMPErature MEASUIEIMENT...........cceuuuvmesmmmssssssessesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 7
3.3.2 Battery cell VOItage MEASUIEMENT ........cvievverseissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssee 7
3.3.3 Ripple CUMMENT MEASUTEMENT .cooccoieevvveveeeesescisssssseeessssssssssssssseses s ssssssssssssesssssssssssssssssesssssssssssssssssssssssns 8
3.3.4 Connection resistanCe MEASUMEIMENT ... ceceeeevevvvevsvsssssssssssssssssssesessessssssssssssssssssssssssssssssssssessssssssssssens 8
3.3.5 CAPACITY TEST coieeeeeeeereeesssssssseeeseseees s ssssssess s sssssss 588 8
3.3.6 Battery impedanCe MEASUINEMENT ........vmessseeseeeessssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 8
34 EXPECLEA/ACCEPLEA VAIUES ..o sssssss s ssssssssssssssssssssssssssssssssssssssssssssssssssns 8
3.5 ASSESSING FISK O FAIIUIE c.coossoeeeesesssssee et 9
3.6 Life @XTENSION METNOUS. ....ooocccceveeeeceeeeeeccceseeseeeeseesssssssseseee s ssssssssssssesssssssssssssssseessssssssssssssssssesssssssssssssssseeessesssns 9
3U0.T UPS s ssssss s sssss s 558558 9
310.2 BATTEIIES .ovrreeeseieeeeeerere s sssseseessee s ssss 288k 9
3.7 Equipment specific USEfUl @Xtras/@XaMPIES. ... wwvrieeerssssissssssssnsssssssssssssssssssssssssssssssssssssssssssee 10

M This is a preview. Click here to purchase the full publication. _



https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf

Publication

4 Electrical drives 1
4.1 TechNOlOGY INTFOAUCTION ..ovvvveerveveeceeeeesssssssssesssses s sissssssss s sssssssssssss s ssssssssss s ssssssss s sssssssssssne 11
4.2 TYPICAI FIUIE MNOTES ...t ssssss s sssssss s ssssss s o 11
4.3 Condition MONITOMNG TECANIGUES .....ovoveeeeevverereesses s ssisssssssss s sssssssssssss s sssssssssssss s sssssssssssne 12
4.4 EXPECLEA/ACCOPTEA VAIUES ...covorseeeeeisevessssssesssssssssssssssss s sssssssssssssssssssssssssssssssssssssssssssssss s 12
4.5 ASSESSING TISK OF FAIIUIE c.oooseeee st sssssse s 13
4.6 Life @XIENSION METNOUS...oooceveeeesieeeverisise s ssssss s sssssss s sssss s 13
4.7 Equipment specific Useful @Xtras/@XaMPIES..... v sssssssssssssessssssssssssssssssssssssssssssseee 13

5 Electrical protection devices 14
5.1 TeChNOIOGY INTIOAUCTION coocovvevevveeeeieiesesse s ssssssssssssss s ssssssssssssss s ssssssssssssss s sssssssssssssess s 14
5.2 TYPICAl FQIUIE MOAES....ooveeeriieveresieicesssssisessssssissssssssssssss s sssssssssssssssssssssssssssssssssssssssssssssssssssssses 14
5.3 Condition MONItONNG tECHNIGUES .....uvvvvvvevvereeessssissssseeeesssssssssssssssssssssissssssssssssssssmssssssssss s sssssssssssssssssssss 15
5.4 EXPECTEA/ACCEPTIEA VAIUES ..o sssssssssssssssssssssssss s sssssse 15
5.5 ASSESSING TSK O FAIUIE c.oooss et ssisssssssse s 15
5.6 Life @XTENSION METNOAS........oooiivveeresiisesesssissssss s sisssssssssssssssssssssssssssssssssssssssssssssssssssses 15

6 Power cables 17

6.1 Technology introduction
6.2 TYPICAl FQIUIE MOAES.....ovvoverrrsiisisssseeess s ssisssssssss s sssssssssssss s sssssssssssssss s sssssssss s ssssssssssssne

6.2.1 Cabling environment
6.2.2 Cable UV degradation
6.2.3 Degradations associated with cable trays

0.2.4 MOISTUNE INGIESS worrresesessssssssssssssssss s sssssssssssssssss s sssssssss s 18
6.2.5 PlaCliCIZET MIGTATION.ciiirevrrrrseieverrrssiiseesesssssessssssssssssssssssssssssssssssssssassssssss s ssssssssssssssssssssssssssssssssss 19
6.2.6 OXYGEN AEGIAAATION cocvvvvvereeversiieesesisess s sssssss s sssssss s s 19
0.2.7 WATET TIOBING ettt eeveeeesessssssssss s ssssssssss s R R 19
6.2.8 EIECHNICAl TrOOING covvvveeevveverssiesce s sssssssssssssssss s ssssssses s 19
6.3 Condition MONITONNG tECANIGUES ....ooooooceeeveveeeee st ssssissssssss s ssssissssssesss s sssssssssnee 19
6.4 EXPECTEA/ACCEPLIEA VAIUES .o sissssssssss s sssssssssssss s sssssssssssssss s sssssssssssne 20
6.5 ASSESSING TISK OF FRIUIE c.ovveeeeeee st 20
6.6 Life @XtENSION METNOUS.....coooiverreeersiieessisssssissssssssssssss s sssss s ssssss s s ssssses 20

_ This is a preview. Click here to purchase the full publication. SRR



https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf

Publication

7 Switchgear (HV and LV) 21
7.1 TeChNOIOGY INTIOAUCTION cooooeeevevceereeieieseseesessssissssssssssss s sssssssss s sssssssssss s sssssssss s sssssssssssess s 21
7.2 TYPICAl FQIUIE MOAES...oooievveeiievrresiieee i ssssssss s sssssssssssssssss s sssssssssssssssssssssssssssssssssssse 21
7.3 Condition MONITONNG tECANIGUES .vvvvveveeverersiisssssssees s ssissssssssssssssssssssssssssss s ssssssssssssssssssns 21
7.4 EXPECTEA/ACCEPTEA VAIUES ... sssssss s ssssssssssssssss s ssssssse 22
7.5 ASSESSING F1SK OF fAIUIE .ot 22
7.6 Life @XTENSION METNOAS.......ooviivveeresiesieesssissssssssisssssss s sssisssssssssssssss s sssssss s s sssssse 22
7.7 EQUIpPMENT SPECITIC USEIUI EXLIAS c.ooosecrevevvveeeeessssssssssseeee st sssssissssssse s sssmssssssssss s ssssssssssssens s 22

8 Transformers 23
8.1 TeChNOIOGY INTIOAUCTION .coooooveveveveeeesiissessses s ssssssssss s ssssssssssss s s 23
8.2 TYPICAI FQIIUINE MNOTES....oooieverrriiieresiieessss s ssisssss s sisssssssssssssss s s s s sssssse 23
8.3 Condition MONITONNG tECANIGUES .....ooocoeveeveveeeeesesssiisssssese i sssssssssss s ssssssssssssss s sssssssssssne 24

8.3.T ON LINE TOSTING worvrvtuvvureuveuieeseeseseesessesessessessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssssssssss 24
8.3.2 OTNET ON-LING TOSTS oooveevressiieersssssisssssssssssessssssssssss s ssssssssssssssssssssssssssss s ssssssssssssssssssssssssssssssss 25
8.3.3 Off-liN@ TESLS v sssissss s ssss s s ssss s 25
8.4 EXPECEA/ACCEOPTIEA VAIUES ..ooooeeeeereecrrssiesesssissssssssssssss s ssssssss s sssssssssssssss s sssssssssssssssssssssssssse 26
8.5 ASSESSING TISK OF FIUIE oo 26
8.6 Life @XTENSION METNOAS.......ooriivveeresieieeesssissssss s sssssss s sssssss s ssssssssssssssse 27
8.7 Equipment specific Useful eXtras/@XamMPIES. ..o 28

9 Generators and motors 29
9.1 TeChNOIOGY INTIOAUCTION coocoeeeveveeeresiieieseeesssssissssssssssss s sssssssss s ssssssssssss s sssssssssss s 29
9.2 TYPICAl FQIUIE MOAES...ocoiiereeiievessiieeeesssiiess s sssssss s sssssss s sssssss s sssssss s ssssssssssssssse 29
9.3 Condition MONITONNG TECANIGUES .cuvvvvvvvvvvereresissssssseesss s ssisssssssss s sssissssssssss s sssssssssssssssssssns 30

9.3.1 Stator Winding Off-LiNE TESES ..o sessssssssssssesesssssssisssssseesssssssssssssssesssssssssssssssssseesssssss 31
9.3.2 Stator Winding Insulation Resistance and Polarisation INAeX...........cvvvveereessssiisrersneessssss 31
9.3.3 Loss Angle and WindiNg CAPACItANCE .....uwvvevreneeeeressisssessssissssssssisssssssssssssssssssssssssssssssssssssssonss 31
9.3.4 Partial Discharge Testing from Maching TErmMINalS ...........evvveveeeesssssissseeeeesesssssissssseeessssss 32
9.3.5 Partial Discharge LOCatioN DETECTION .....vmmeverresmmeeerrsssmmssssssssmssssssssssssssssssssssssssssssssssssssssssssssssssees 32
9.3.6 WINAING DC RESISTANCE w.evvvvveeecerescccesssvveeeesssssssisssssseessssssssssssssssessssssssssssssssessssssssssssssssesssssssssssssssssesssssss 32
9.3.7 WINAING AC IMPEAANCE .c...vvvvereriiesseseeeess s ssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 32
9.3.8 GENETATON STATON COMNE TOSTS coorerrrireereeeeeesssesssssssssssssssississsssssssssssssssssssssssssssssssss s 33
9.3.9 RemMOte rODOLIC INSPECTION .coooooccevvvveveeessssssissssssseesssssssissssssse s sssssssssssesssssssssssssssse s sssssssssssses s 35

M This is a preview. Click here to purchase the full publication. _



https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf

Publication

0.4 EXPECLEA/ACCEPTEA VAIUBS .covvoovvvveceeeiiisssssees s ssisssssssssssssssssssssssssssssssssssssssssssss s ssssssssssssss s 35

9.5 ASSESSING F1SK O fAIIUIE oo sssssss s s ssssssss s sssssss s sssssse 35

9.6 Life @XTENSION METNOAS......cvvriieererrsieieresssieessss s sssssssssssssssssssssssssss s sssssss s ssssss s sssssssssssssssssne 36
Appendix A Example inspection templates 37
Appendix B Equipment Assessment Process 56
Appendix C Examples of ageing-related failures 62
References 63
Bibliography 65
EEMUA Publication: Feedback Form 66
Tables
Table 1. Vented lead acid (VLA) battery — common causes of failure.........eeeeesseeesssssreee 6
Table 2: Valve regulated lead acid (VRLA) battery — common causes of failure.........ireenn, 6
Table 3:  Nickel cadmium battery — common causes Of fAllUre ... 6
Table 4:  Battery degradalioN...... . cceeissssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssosee 7
Table 5:  Battery deSign [fe DY TYDE ....ceeeceeessieessssssssssessssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssee 9
Table 6:  Frequency Of UPS MAINTENANCE .....ooowvvveveeceeeeessesssseessssssssesssssssssesssssssssssssssssssssssssssssssssssssssssssssssees 9
Table 7. Frequency of Dattery MaiNtENANCE .......wveeeiceenrssissssssssissssssssisssssss s sssssssssssssssssssssnes 10
Table 8: Transformer life @XPECIATION ... sssssssssssses s sssssssssssss s 26

_ This is a preview. Click here to purchase the full publication. SRR



https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf

Publication

Preface

The idea of ‘Asset Management’ has been around for a long time. EEMUA itself was originally
founded in 1949 with the tagline “Leadership in industrial asset management” and has been
instrumental in promoting good practice ever since. More recently however, it has developed
into an engineering discipline in its own right, with increasing emphasis on the systems used by
organisations to manage their assets over their full lifecycle.

To that end, plenty of guidance has been written that outlines general good practice, and some
(including the Health and Safety Executive Research Report 823 Plant Ageing Study) has been
published that specifically focuses on the management of ageing assets. Over time however, the
members of EEMUA's Electrical Engineering Committee (ELC) found themselves discussing issues
related to ageing electrical assets more and more frequently. With increasing UK regulator focus on
the topic, it was clear that guidance more tailored to specific equipment types was required, not
only to help improve standards across industry but also to help agree on accepted good practice.

This publication does not therefore aim to cover old ground but rather focus on equipment
specific details such as failure rates, maintenance regimes and life extension techniques.

I hope you find this guidance useful and if you would like to contribute to future editions as we
plan to expand the number of equipment types covered, please do get in touch.

Huw Jones
Chairman, EEMUA Electrical Committee
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