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---------------------------------------------------------------------------------------------------------------------MINUTES
PLACE OF MEETING:
Omni Houston Hotel
4 Riverway
Houston, TX 77056
DATE AND TIME:
Monday, March 8, 2010

8:15 AM
PRESIDING OFFICER:
P. Hopkinson, Technical Advisor

	Members Present:
	

	R. Ahuja
	Waukesha Electric Systems

	P. Hopkinson
	HVolt, Inc., Technical Advisor

	M. Kennedy
	Doble Engineering

	S. Kennedy
	Niagara Transformer

	M. Locarno
	Doble Engineering

	R. Marek
	Dupont Advanced Fibers Systems

	H.J. Sim
	Waukesha Electric Systems

	S. Choinski
	NEMA Staff, TAG Administrator


	Members Absent:
	

	C. Colopy
	Cooper Power Systems

	J. Corkran
	Cooper Power Systems

	L. Dix
	Quality Switch

	J. Foldi
	Foldi & Associates


	Others present:
	

	J. Alvarez
	Prolec GE

	P. Arrascaeta
	Cordoba-Argentina

	R. Asano
	ABB

	N. Brush
	Consultant

	A. Cancino
	IEM-Mexico

	R. deFay
	Copper Development Association

	R. Girgis
	ABB

	M. Gromlovits
	Federal Pacific

	J. Haasz
	IEEE

	T. Holdway
	Intermountain Electronics

	M. Heathcote
	Martin Heathcote Associates LTD

	A. Kraemer
	Reinhausen

	P. Jarman
	National Grid, IEC TC14 Chairman

	B. Lopez
	Prolec GE

	D. Marlow
	TBEA Transformer

	H. Nordman
	ABB Oy, Transformers

	D. Patel
	Hammond Power Solutions

	C. Ploetner
	ABB

	J. Puri
	Transformer Solutions, Inc.

	E. Rawls
	Howard Industries

	O. Rolzman
	Intellpower, Australia

	Z. Roman
	Areva T&D

	D. Sawer
	Cooper Power Systems

	M. Schenk
	Siemens

	E. Smith
	H-J Enterprises, IEEE Transformer Committee Chairman

	E. Tolachir
	Tubos trans Electric

	S. Tuli
	Delta-Star, Inc

	T. Turvey
	Specialty Switch


1. CALL TO ORDER

The meeting was called to order, meeting guidelines reviewed and attendance recorded.  The requirements for official TAG membership was discussed.
2. APPROVAL OF THE AGENDA

The Agenda was approved as written.  The Technical Advisor noted that the Agenda was well prepared.
4.
APPROVAL OF THE PREVIOUS MINUTES
Minutes of the meeting held October 26, 2009 in Lombard, Illinois, are submitted for approval.
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5.
REVIEW AND UPDATE OF USNC ROSTERS FOR TC 14
A roster was circulated and corrections were noted.  The official roster of paying TAG members:

Raj Ahuja

Craig Colopy

Jerry Corkran

Larry Dix

Joe Foldi (Liaison to Canada)

Phil Hopkinson (Technical Advisor)

Matt Kennedy

Sheldon Kennedy

Mario Locarno

Rick Marek

Jin Sim

Scott Choinski (TAG Secretary)
6. REPORT ON 2009 PLENARY MEETING

Highlights of the 2009 Plenary meeting of IEC TC14 held in Rosslyn, Virginia.  Discussion occurred in the individual agenda items below.
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7. STANDARDS ACTIVITIES

7.1 IEC 60076-1 Ed. 3.0 - Power transformers - Part 1: General (MT5 Convenor:  P. Hopkinson)
Comments from CDV were addressed by MT5.  An editorial team addressed the editorial comments in January.  A review of the comments and document version are needed and it will then be prepared/circulated as FDIS.  If all goes well, document will be published late this year.
There was a lot of discussion at the Plenary meeting on the meaning of frequent energization.  A questionnaire was circulated to the National Committees and the consensus was more than 24 energizations per year.  This was put into the document.
7.2 IEC 60076-2 Ed. 3.0 - Power transformers - Part 2: Temperature rise for oil-immersed transformers (MT6 Convenor:  A. Bossi)
A meeting was held in January 2010 in Milan.  Technical comments were addressed.  The FDIS should be available for vote this year.
7.3 IEC 60076-3:  Power transformers - Part 3: Insulation levels, dielectric tests and external clearances in air: (MT 60076-3 Convenor: Yukiyasu Shirasaka)
First meeting of MT held November 17-18 at NEMA.  The expected target dates for the development or IEC 60076-3 are as follows:

CD 2010-06, CDV 2011-04, FDIS 2012-01, IS 2012-04
It is expected that Dielectric test tables from the IEEE document will be included. Next meeting scheduled for Paris in a few weeks.

Mr. Raj Ahuja is the US expert
7.4 IEC 60076-10 Ed. 2.0 - Power transformers - Part 10: Determination of sound levels (MT 60076-10 Convenor:  Dr. C. Ploetner)
The WG has not met yet, No US expert identified.

Jeewan Puri has done a lot of work in the IEEE on sound levels.  There was extended discussion on harmonization between IEC and IEEE documents and the value of establishing Joint WGs.
7.5 IEC 60076-16 Ed. 1.0 - Power transformers - Part 16: Transformers for wind turbines applications (WG31 Convenor M. Sacotte)
The commenting period for the CDV closed on 08 January 2010.
No US expert identified.

IEEE TF Wind Power Transformers is looking at this document and the next meeting is Tuesday morning at 8 am.  Will consider becoming a WG.
7.6 IEC/TR 60076-17 Ed. 1.0 - Evaluation of electromagnetic fields around power transformers
Revised draft due to the Secretary /Central Office by 2010-02.  Once the comments have been incorporated the document can be published. There was a discussion about the incorporation of calculation of electromagnetic fields into the document, but it was agreed to invite the Canadian NC to make a proposal for a new work item to include these changes if a suitable convenor is found.

7.7 IEC 60076-18 Ed. 1.0 - Power transformers - Part 18: Measurement of frequency response (PT 60076-18 Convenor: Patrick Picher)

Convenorship was transferred from Paul Jarman to Patrick Picher.  This document has now been progressed to the CD stage.  (14/626/CD). Deadline 19 February 2010.

Matt Kennedy and Mario Lozano are the US experts.
This document is similar to C57.149, which is almost ready for ballot.  C57.149 seems to be more of an application guide.
7.8 IEC 61378-1 Ed. 2.0 - Convertor transformers - Part 1: Transformers for industrial applications (MT7 Convenor U. Piovan)
The next MT meeting was planned for February 2010.  The FDIS will be submitted to the TC 14 Secretary by 2010-06.
Sheldon Kennedy has been identified as the US expert for this standard.

7.9 Other proposed standards

7.9.1 CLC EN 50216-9: Power transformer and reactor fittings - Part 9: Oil-to-water heat exchangers
The Chairman suggested that either all parts of the EN 50216 series or none of the parts should be adopted.  Most comments within 14/615/INF show that the majority of

members are in favor of the adoption.  It was agreed to circulate all 16 parts of the EN 50216 series to NCs asking for comments and a proposal for a Project Leader. The Chairman agreed to consider all comments on the CENELEC documents and reports back during the next meeting.
7.9.2 CLC EN 50216-10: Power transformer and reactor fittings - Part 10: Oil-to-air heat exchangers
See above
7.9.3 CLC/EN/TR 50462 (Rules for the determination of uncertainties in the measurement of the losses on power transformers and reactors)
A Project Team will be formed with Antonio Bossi (IT) as a project leader to simplify the European Standard and to introduce this Standard as IEC Technical Specification into the IEC/TC 14 work program.
7.10 New Projects

7.10.1 IEC 60214-1: Tap-changers – Part 1: Performance requirements and test methods

Revision, Convenor: Axel Kraemer

7.10.2 IEC 61378-2 (Convertor transformers - Part 2: Transformers for HVDC applications)
It was agreed to start the revision of IEC 61378-2 once the outcome of the CIGRE joint working group A2/B4.28 has been published. The Convenor will be Anders Lindroth

7.10.3 IEC 61378-3 (Converter transformers - Part 3:Application guide)
No information available on this project.

7.10.4 IEC 62032 (Guide for the application, specification, and testing of phase-shifting transformers)
This is a dual logo standard (IEC/IEEE). IEEE is revising this Standard (PC57.135). As a dual logo standard the procedure of AC 24/2007 needs to be followed. The Secretary agreed to circulate document PC57.135 as a DC document. This DC will also serve as a call for experts to participate in the joint group to revise IEC 62032. Jin Sim agreed to convene the joint group.  This work should begin when the IEEE document is complete.
7.10.5 Develop a Standard for distribution transformers
There was a general agreement that a new standard for distribution transformers would be useful. However, no Convenor has been identified so the work will not commence.  Will be revisited once IEC 60076-1 is completed.
If this is to proceed, power ratings will need to extend beyond the existing limit of 2.5 MVA up to 10 MVA, voltage ratings up to 69 kV.

A JWG between IEC and IEEE should be considered.  Dave Aho did a lot of work in the past, but is no longer active in the transformer committee.  Perhaps he could be coaxed back for this project.  Mr. Hopkinson will seek other candidates for the Convenor.
8. OTHER ISSUES
8.1 Scope change for TC14 and 60076-1
A comment from the Italian NC results in certain low voltage transformers being excluded from IEC 60076-1 that had previously been procured against it.  It was agreed that these transformers be included, which requires a change to IEC 60076-1 and to the scope of TC14.  Consultation with TC96 is required, and a DC will be circulated to the NCs for comment.

8.2 Energy efficiency
Work is already going on in CENELEC/Europe.  It was agreed to start work with Michel Sacotte as a Project Leader. Michel Sacotte will circulate the new work item proposal.
It seems that there would be a common methodology for determining energy efficiency, though each country may have different efficiency levels.

A lot of work is underway in the US with DOE rulemaking.  MV and Liquid rulemaking is being opened early due to a lawsuit by environmental groups who were looking for the effects of CO2 reductions to be considered.
8.3 IEC 60076-6-1 to cover variable and saturable reactors.
Russia agreed to issue a new work item proposal to produce a standard.  Prof. Andrey Lokhanin will be the project leader.
8.4 Transformers for Off-shore power transmission
No action needed from TC14 at this time, but this may be appropriate for Wind Transformers to consider.

8.5 Transformers for nuclear installations

Proposed to start work on a new IEC standard based on the existing IEEE standards (IEEE 638, 323, 344). It was agreed to issue a DC which will also include a request for nomination of a project leader.
8.6 Upgrade IEC TS 60076-14 (Power transformers - Part 14: Design and application of liquid-immersed power transformers using high-temperature insulation materials) to a full Standard.

Finland proposal.  Work could start next year at the earliest, as the MRD is 2012. An MCR will be issued with the US (Rick Marek) as a Project Leader. Rick Marek agreed to send some documentation to the Secretary for circulation with the MCR.
C57.154 is the complementary IEEE document, but is diverging from -14.  Becoming more of a standard rather than a guide.

8.7 IEEE C57.15 D8.3 - IEEE Standard Requirements, Terminology, and Test Code for Step-Voltage Regulators
It was agreed to circulate a DC asking National Committees for their opinion on whether to issue this draft as a dual logo Standard and to ask the question if they see any conflict with other Standards. Craig Colopy (US) is proposed as a Project Leader and he will consider the comments on the DC.

8.8 TC14 Liaison to ISO/TC 108/SC 5 - Condition monitoring and diagnostics of machines
Matthew Kennedy (US) agreed to take over from Paul Jarman.
8.9 Establishment for Category D liaison with IEEE
It was requested that a category D liaison be established with IEEE – Power and Energy Society Transformers Committee – with several WGs/MTs of IEC/TC 14.  The meaning of Category D liaison is described in the ISO/IEC Directives Part 1 (1.18.3.1). IEEE will need to send a letter to IEC/TC 14 (Secretary/Chairman) requesting the liaison and giving reasons for this liaison. The IEC SMB would need to vote on the liaison. Delegates present were unanimously in favor of establishing this liaison.
Jodi Haasz wasn’t sure if Cat D Liaison is the path to proceed.  The liaisons are for specific WGs and a higher level liaison may be needed.  More discussion between IEEE and IEC is needed.
8.10 JWG between IEC/TC 10 (Fluids for electrotechnical applications) and IEC/TC 14 to revise IEC 61181 (Mineral oil-filled electrical equipment - Application of dissolved gas analysis (DGA) to factory tests on electrical equipment) and IEC 60076-2 (Power transformers, Part 2 Temperature rise for liquid-immersed transformers)

It was agreed to invite IEC/TC 10 to revise IEC 61181. A joint working group would need to be created and the US (Tom Prevost) will offer to lead this project or to assist in the development of the work. US to propose the revision.
8.11 Plenary Meeting 2010
The Chinese NC offered to host the next meeting in China.  The provisional date for the Plenary meeting will be the 18/19 November 2010. The preceding three days will be used for MT/WG meetings.
9.
NEW BUSINESS
There was no new business.

9.
DATE AND PLACE OF THE NEXT MEETING

The next meeting will be held in October, 2010, in Toronto, Canada during the IEEE Transformer committee meetings.
9. ADJOURN

Meeting adjourned at 9:45 am.
	Reported By:
	S. Choinski
	March 8, 2010
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U.S. National Committee of the International Electrotechnical Commission,


A Committee of the American National Standards Institute


Technical Advisory Group for IEC TC 14


TAG Administrator:


National Electrical Manufacturers Association


1300 North 17th Street, Suite 1752, Rosslyn, VA  22209


Tel: 703-841-3252, fax: 703-841-3353


---------------------------------------------------------------------------------------------------------------------MINUTES

PLACE OF MEETING:
The Westin Lombard Yorktown Center

70 Yorktown Center


Lombard, IL 60148

Room:  Magnolia A

DATE AND TIME:
Monday, October 26, 2009


8:15 AM

PRESIDING OFFICER:
P. Hopkinson, Technical Advisor


		Members Present:

		



		C. Colopy

		Cooper Power Systems



		L. Dix

		Quality Switch



		P. Hopkinson

		Hvolt, Inc., Technical Advisor



		J. Foldi

		Foldi & Associates



		S. Kennedy

		Niagara Transformer



		R. Marek

		Dupont Advanced Fibers Systems



		H.J. Sim

		Waukesha Electric Systems



		S. Choinski

		NEMA Staff, TAG Administrator





		Members Absent:

		



		J. Corkran

		Cooper Power Systems





		Others present:

		



		R. Ahuja

		Waukesha Electric Systems



		D. Allen

		Consultant



		J. Alvarez

		Prolec GE



		A. Bartek

		C-K Composites



		N. Brush

		Consultant



		A. Cancino

		IEM-Mexico



		D. Corel

		Sola/Hevi-Duty



		D. Cherry

		ABB



		R. Gauser

		Consultant



		R. Girgis

		ABB



		J. Haasz

		IEEE



		T. Holdway

		Intermountain Electronics



		M. Heathcote

		Martin Heathcote Associates LTD



		T. Holifield

		Howard Industries



		A. Kraemer

		Reinhausen



		P. Jarman

		National Grid, IEC TC14 Chairman



		C. Johnson

		ABB



		K. Livingston

		Great River Energy



		M. Locarno

		Doble Engineering



		D. Marlow

		TBEA Transformer



		J. Melanson

		J. Melanson, Inc



		A. Molden

		AMEESCO



		H. Nordman

		ABB Oy, Transformers



		S. Norman

		AK Steel



		P. Powell

		3P



		L. Powell

		PHI-Pepco



		C. Ploetner

		ABB



		R. Szewczyk

		DuPont Poland



		R. Thompson

		RST Consulting, P.C.



		E. Tolachir

		Tubos trans Electric



		T. Turvey

		Specialty Switch



		D. Vir

		Waukesha Electric Systems



		R. Wicks

		DuPont





1. CALL TO ORDER


The meeting was called to order, meeting guidelines reviewed and attendance recorded


2. APPROVAL OF THE AGENDA


The Agenda was approved as written.


4.
APPROVAL OF THE PREVIOUS MINUTES

The Minutes of the meeting held April 20, 2009 in Miami, Florida were approved as written.
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5.
REVIEW AND UPDATE OF USNC ROSTERS FOR TC 14

A roster was circulated and corrections were noted.  The official roster of paying TAG members:


Craig Colopy


Jerry Corkran


Larry Dix


Joe Foldi (Liaison to Canada)

Phil Hopkinson (Technical Advisor)


Sheldon Kennedy


Rick Marek


Jin Sim


Scott Choinski (TAG Secretary)

Raj Ahuja has requested membership on the TAG.  Mario Locarno, Matthew Kennedy and Subash Tuli inquired about becoming official TAG members.

6. STANDARDS ACTIVITIES


6.1 IEC 60076-1 Ed. 3.0 - Power transformers - Part 1: General (MT5 Convenor:  P. Hopkinson)

14/612/CDV Circulated and voting closes on October 30.  Some editorial comments that were addressed by the MT were not reflected in the draft circulated as CDV.

6.2 IEC 60076-2 Ed. 3.0 - Power transformers - Part 2: Temperature rise for oil-immersed transformers (MT6 Convenor:  A. Bossi)

14/613/CDV circulated and voting closes on October 30.  We need more US participation in this MT.  Rick Marek provided some US comments that have been submitted, and Ramses Girgis has some comments to submit.  The MT has seen these comments previously but have not been adequately addressed.

6.3 IEC 60076-3:  Power transformers - Part 3: Insulation levels, dielectric tests and external clearances in air: (Convenor: Yukiyasu Shirasaka)

14/611/INF:  Comments received to 14/460/MCR.  MT will meet November 17-18 at NEMA.  It was noted that there are no US experts on the MT.  Our expert used to be Loren Waagenar, but he lost his employer’s support.  Our new expert will be Raj Ahuja.

6.4 IEC 60076-10 Ed. 2.0 - Power transformers - Part 10: Determination of sound levels (Convenor:  Dr. C. Ploetner)

Will meet for the first time in January in Japan.


6.5 IEC 60076-16 Ed. 1.0 - Power transformers - Part 16: Transformers for wind turbines applications (WG31 Convenor M. Sacotte)

14/593A/CC - Revised - Compilation of comments on 14/582/CD.


14/618/CDV Circulated and voting closes in January.

Document looks good as it is, but will need some more work.  Dave Buckmaster is leading a TF on wind farm transformers in IEEE.  An immediate revision of the IEC document may be necessary and will be discussed at the Plenary.  Chuck Johnson raised some concerns with the CDV.

6.6 IEC/TR 60076-17 Ed. 1.0 - Evaluation of electromagnetic fields around power transformers

This is based on a CENELEC document, but there is not WG assigned yet.  May need to review if there is still support for this project at the Plenary next month.


6.7 IEC 60076-18 Ed. 1.0 - Power transformers - Part 18: Measurement of frequency response (Convenor: Paul Jarman)


Paul Jarman reported that there have been 2 meetings of this group and is getting close to issuing a CD.


6.8 IEC 61378-1 Ed. 2.0 - Convertor transformers - Part 1: Transformers for industrial applications (MT7 Convenor U. Piovan)

14/610/CDV Circulated, closed October 9.


14/623/RVC - Voting result on 14/610/CDV


Sheldon Kennedy is the US expert for this document and reported that this is a very good document.


6.9 Other proposed standards


6.9.1 CLC EN 50216-9: Power transformer and reactor fittings - Part 9: Oil-to-water heat exchangers

Has been offered to IEC/TC 14 by CENELEC with the aim of its inclusion into the international standardization process.

14/615/INF - Compilation of comments on document 14/605/DC

This will be discussed at the Plenary in November.  Normally, IEC rejects component standards.

6.9.2 CLC EN 50216-10: Power transformer and reactor fittings - Part 10: Oil-to-air heat exchangers

Has been offered to IEC/TC 14 by CENELEC with the aim of its inclusion into the international standardization process

14/616/INF - Compilation of comments on document 14/606/DC


This will be discussed at the Plenary in November.  Normally, IEC rejects component standards.

7. OTHER ISSUES

7.1 Plenary Meeting 2009

The US will host the next TC14 Plenary meeting November 19-20, 2009, in Washington, DC.


14/617/DA -Draft agenda for the meeting to be held in Washington/DC, USA, on Thursday 19 November 2009 and Friday 20 November 2009.

MT5 will meet November 16-17, 2009.


MT 60076-3 will meet November 17-18, 2009.


Some MT members may not have received notification of the MT meetings.


A revised agenda was circulated as 14/617A/DA, and was reviewed.


The proposed dual logo IEEE C57.15- IEEE Standard Requirements, Terminology, and Test Code for Step-Voltage Regulators is on the agenda for discussion.

9.
NEW BUSINESS

There was no new business.

9.
DATE AND PLACE OF THE NEXT MEETING


The next meeting will be held in March, 2010, in Houston, Texas during the IEEE Transformer committee meetings.

10. ADJOURN


Meeting adjourned at 9:25 am.

		Reported By:

		S. Choinski

		October 26, 2009
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U.S. National Committee of the International Electrotechnical Commission,



A Committee of the American National Standards Institute



Technical Advisory Group for IEC TC 14



TAG Administrator:



National Electrical Manufacturers Association



1300 North 17th Street, Suite 1752, Rosslyn, VA  22209



Tel: 703-841-3252, fax: 703-841-3353



---------------------------------------------------------------------------------------------------------------------MINUTES


PLACE OF MEETING:
The Hilton Miami Downtown



1601 Biscayne Blvd.



Miami, Florida  33132


Soprano Room


DATE AND TIME:
Monday, April 20, 2009



8:15 AM


PRESIDING OFFICER:
P. Hopkinson, Technical Advisor



			Members Present:


			





			S. Choinski


			NEMA Staff, TAG Administrator





			P. Hopkinson


			Hvolt, Inc.





			R. Girgis


			ABB





			S. Kennedy


			Niagara Transformer





			J. Lackey


			PowerNex Associates Inc





			P. Hopkinson


			Hvolt, Inc., TA





			S. Kennedy


			Niagara Transformer Corporation





			R. Marek


			Dupont Advanced Fibers Systems





			H.J. Sim


			Waukesha Electric Systems








			Members Absent:


			





			C. Colopy


			Cooper Power Systems





			J. Corkran


			Cooper Power Systems





			J. Foldi


			Foldi & Associates





			G. Morehart


			ACME Electric Corporation





			P. Powell


			PEPCO





			B. Simpson


			Innovative Paper Technologies








			Others present:


			





			R. Asano


			ABB





			R. Benson


			Consultant





			A. Cancino


			IEM-Mexico





			J. Caskey


			NEMA





			D. Cherry


			ABB





			L. Davis


			Reuel





			K. DelaHoussaye


			Howard Industries





			L. Dix


			Quality Switch





			R. Dong


			Progress Energy





			D. Dorris


			Nashville Electric Service





			C. Drexler


			Kentucky Association of Electric Cooperatives





			M. Espindola


			ABB





			M. Jaroslewski


			Delta Star





			A. Johnson


			Norplex-Micarta





			J. Luksich


			Cooper Power Systems





			H. Nordman


			ABB Oy, Transformers





			J. Lopez


			GE





			D. Perco


			PTE





			J. Puri


			Transformer Solutions





			S. Razuvayev


			Delta Star





			D. Stankes


			3M IPT





			K. Sundhvist


			Nynas AB





			E. Tenyenhuis


			ABB





			L. Tong


			SYGT





			R. Wicks


			DuPont








1. CALL TO ORDER



The meeting was called to order, meeting guidelines reviewed and attendance recorded


2. APPROVAL OF THE AGENDA



The Agenda was approved as written.


4.
APPROVAL OF THE PREVIOUS MINUTES


The Minutes of the meeting held October 6, 2008 in Porto, Portugal are not available.



5.
REVIEW AND UPDATE OF USNC ROSTERS FOR TC 14


A roster was circulated and corrections were noted.


6. REVEW OF PLENARY MEETING HELD IN SAO PAULO, BRAZIL, NOVMBER 19, 2008


6.1 Mr. Jim Fyvie stepped down as Chairman at the end of the meeting.  Paul Jarman of the UK is the new Chairman


6.2 Mr Phil Hopkinson asked the question if frequency conversion factors as given in IEEE C57.12.90 should be introduced in IEC Standards


8 countries were in favor, 5 countries against and 1 country abstained.



The Chairman suggested deferring this issue as the voting result is too close and IEEE is already producing a document which could later be adopted as a dual-logo Standard



6.3 IEEE Standard C57.15 D8.3 – potential documents for dual-logo Standard


Mr Charles Jacquemart suggested that the US NC could circulate a NP to P-Members to see if there are enough P-Members supporting this proposal. The work could be done under a Joint IEC/IEEE Working Group according to AC 22, 2008.



By show of hands, the following countries supported this proposal: Brazil, US, Italy and Nigeria.



6.4 IEEE C57.123 as a potential dual-logo Standard according to AC 22, 2008


Mr Karl-Heinz Haeger (DE) recommended not including IEEE C57.123 as an IEC/IEEE dual-logo Standard. After some discussion there was no support for the inclusion of this IEEE Standard as a dual-logo Standard.


It was suggested that the lack of support for the IEEE standards was due to protectionism.  Delegates were looking after their own national or company’s interests.  Another possibility is that the delegates recognize that dual logo documents are not very useful.  A base document with a header and footer attached is not a very useful document.  Any changes needed to be acceptable to IEC need to be made to the document before it is offered to IEC.  A better route may be to use a joint working group between IEC and IEEE.


6.5 Establishment for Category D liaison with IEEE


IEEE should send a request to IEC to specify which WG they want a category D liaison with, within IEC/TC 14. Phil Hopkinson agreed to take this message back to IEEE.  Jin Sim has been proposed to be a Cat D Liaison to MT5, however the proper paperwork has yet to be completed.


6.6 Plenary Meeting 2009


The US has been asked to host the 2009 TC14 Plenary meeting.  An invitation has been issued to host the meeting November 19-20, 2009, at/near the NEMA offices in Rosslyn, VA.  Working group and Maintenance Team meetings will be held November 16-18.


This is an excellent opportunity for US members to attend the meeting as an observer, and a few of the attendees expressed interest.
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7. STANDARDS ACTIVITIES



7.1 PNW 14-597 Ed. 1.0 - Measurement of Frequency Response for Power Transformers (Convenor:  Paul Jarman)


This is a new project that will be titled IEC 60076-18 Power transformers – Part 18: Measurement of frequency response.  Experts are sought for the WG, and no one expressed interest in participating.
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7.2 IEC 60076-1 Ed. 3.0 - Power transformers - Part 1: General (MT5 Convenor:  P. Hopkinson)


All comments to the 2nd CD have been addressed and the document will be circulated as CDV by June 2009


7.3 IEC 60076-2 Ed. 3.0 - Power transformers - Part 2: Temperature rise for oil-immersed transformers (MT6 Convenor:  A. Bossi)


All comments to the CD have been addressed and the document will be circulated as a 2nd CD by June 2009



7.4 IEC 60076-3:  Power transformers - Part 3: Insulation levels, dielectric tests and external clearances in air:



This is a new project, with Mr. Shirasaka (Japan) is the Convenor.  Experts are sought for the MT.  Rick Marek and Ramsis Girgis are to be nominated to USNC as experts.


A new scope has been proposed. Comments (approval, additions, etc.) are requested by TC14 by 15 May 2009



Scope for the maintenance of IEC 60076-3 Power transformers –Part 3 Insulation Levels, Dielectric tests and external clearances in air.


The scope of work for the maintenance team to revise IEC 60076-3 is as follows:



1) Consider the work of the Joint IEC/CICRE working group on UHV and propose dielectric test levels for transformers with Um > 800kV.



2) Consider means of improving the clarity of the document, for example by splitting the document into parts relating to specific voltage ranges.



3) Consider whether all the test connections given in the document are still relevant and practically used.



4) Ensure that phase to phase test levels are adequate for three phase transformers tested using a single phase test supply.



5) Consider whether a reduction in the number of possible test voltages given in tables is possible and whether the test level tables relating to ‘North American practice’ need to be revised following the recent revision of the equivalent IEEE document.



6) Consider whether greater compatibility with IEEE test methods and levels is possible or desirable.



7) Consider whether any changes to IEC 60060 are relevant to this document



8) Make any technical and editorial changes required to improve the accuracy and clarity of the document, or to bring it up to date.
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7.5 IEC 60076-10 Ed. 2.0 - Power transformers - Part 10: Determination of sound levels (Convenor:  Dr. C. Ploetner)


This is a new maintenance project, and the Convenor will be Dr. C. Ploetner.  Ramsis Girgis and Jeewan Puri are to be nominated to USNC as experts


Proposed scope revision – comments (approval, additions, etc) are requested by TC14 by comments: 1 May 2009.


Proposed scope for the establishment of a new maintenance team for the Revision of IEC 60076-10 Power Transformers - Determination of Sound Levels



Since edition 1 of IEC 60076-10 in 2001 was published, it was possible, to carry out sound intensity and additionally or alternatively sound pressure measurements. In between, many results, based on measurements in test laboratories of transformer manufacturers, are available. Evaluations demand clarifications in revision work. Among others, following items should be processed by the maintenance team:



1. When both measurements (sound pressure and sound intensity) are carried out under similar conditions, a deviation between sound pressure and sound intensity measurement is detected.



2. It was found, that the mainly historically justified measuring distance of 0.3m and its application rules cause under certain conditions erroneous measurements.



3. The correction due to the background noise should be improved and be more severe. The same applies to the correction due to reflexions of the measured values (corrections, caused by reflexions, should be proven by measurements).
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7.6 IEC 60076-12 Loading guide for dry-type power transformers (MT 27 Convenor: M. Sacotte)



The work on this project is complete and the standard was published November 5, 2008



7.7 IEC 60076-14 TS Ed.2: Power transformers - Part 14: Design and application of liquid-immersed power transformers using high-temperature insulation materials (MT4 Convenor:  R. Marek)



The work on this project is complete.  It has been approved and will be registered as a Technical Specification by April 2009
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*******NOTE:  The remaining agenda items were not addressed due to time constraints.******



7.8 IEC 60076-16 Ed. 1.0 - Power transformers - Part 16: Transformers for wind turbines applications (WG31 Convenor M. Sacotte)


Currently at CD.  Comments to be addressed by WG.



7.9 IEC/TR 60076-17 Ed. 1.0 - Evaluation of electromagnetic fields around power transformers


Based on CLC/TR 50453.  TC14 is setting up a project team to examine the comments on 14/602/DTR and develop a final version of the IEC technical report.  All members of TC14 have been invited to propose experts and a project leader.
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7.10 IEC 61378-1 Ed. 2.0 - Convertor transformers - Part 1: Transformers for industrial applications (MT7 Convenor U. Piovan)


a) in November 2008 the MT reviewed the comments of the national committees (document: 14/577/CC) on 14/572/CD - IEC 61378-1 Ed.2 and added the part about thermal tests.


b) The Revised - Compilation of comments on 14/572/CD - IEC 61378-1 Ed.2: Converter transformers - Part 1: Transformers for industrial applications (document: 14/577A/CC) was circulated among the national committees on November 28, 2008.


c) the MT7 will meet from February 17 to 19 to discuss the part about transductors and produce a second draft for circulation.
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7.11 Other proposed standards


7.11.1 CLC EN 50216-9: Power transformer and reactor fittings - Part 9: Oil-to-water heat exchangers


Has been offered to IEC/TC 14 by CENELEC with the aim of its inclusion into the international standardization process.
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7.11.2 CLC EN 50216-10: Power transformer and reactor fittings - Part 10: Oil-to-air heat exchangers


Has been offered to IEC/TC 14 by CENELEC with the aim of its inclusion into the international standardization process
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8. OTHER ISSUES


Transformer efficiency may be addressed by TC14 in the future.  An excerpt from SMB/3970/R is provided below



Power transformers IEC/TC14 - Priority 1



SG1 Recommendation 3a:



IEC/TC 14 “Power transformers” to develop a common classification and associated calculation methods for power transformers with a view to facilitate harmonization of energy labelling schemes existing at various national and regional levels. It is anticipated that the resulting IEC publication will be of particular interest for use in industrial distribution systems. 



Note 1: Attention is drawn to (among others) CENELC EN 50464-1:2007, which provides a loss level classification for three-phase oil-immersed distribution transformers 50 Hz, from 50 kVA to 2 500 kVA with highest voltage for equipment not exceeding 36 kV. See item 4 in SMBSG1/Italy02 for further national standards to be considered in this context.



Note 2: As a first step of harmonisation, a Technical Report or a Technical Specification could be considered, however, eventually an International Standard seems to be desirable.



approved (SMB/3718B/R SMB/3718C/CC)



SG1 Recommendation 3b:



Furthermore, a guideline document (Technical Report) is required on the choice of the optimal transformer in a given application.



approved (SMB/3718B/R SMB/3718C/CC)



9.
NEW BUSINESS


There was no new business.


9.
DATE AND PLACE OF THE NEXT MEETING



The next meeting will be held in October, 2009, in Chicago, Illinois during the IEEE Transformer committee meetings.



9. ADJOURN



Meeting adjourned at 9:30 am.


			Reported By:


			S. Choinski


			April 20, 2009
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Foreword 




This Technical Report was prepared by Technical Committee CENELEC TC 14, Power Transformers. 




The text of the draft was circulated for vote in accordance with the Internal Regulations, Part 2, 
Subclause 11.4.3.3 and was approved by CENELEC as CLC/TR 50453 on 2006-01-14. 




This Technical Report supersedes R014-001:1999. 
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Introduction 




EMC is covered by three kinds of standardisation documents: 




• Basic Standards: 




Basic Standards are mainly informative documents covering disturbance phenomena, disturbance 
levels and test and measurement techniques. For example, EN 61000/IEC 61000 is a Basic Standard. 




• Generic Standards: 




Generic Standards are intended to cover a range of products for which no Product Standard exists. For 
example, EN 61000-3 and EN 61000-4, EN 61000-1 and EN 61000-2 are Generic Standards. 




• Product Standards: 




Product Standards are intended to deal with a specific family of electrical or electronic equipment. 




Power transformers however, are considered as passive equipment and as such, the above referenced 
documents are not applicable. 




This Technical Report is intended to give guidance on EMC phenomena associated with power 
transformers. 
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1 Scope 




This Report provides guidance for the evaluation of electromagnetic fields around power transformers. 




This Report applies to power transformers covered by EN 60076 series with the following characteristics: 




- apparent rating P: 5 kVA ≤ P ≤ 1 000 MVA 




- insulating level, according to EN 60076-3: 




• high voltage winding: Um from 7,2 kV to 525 kV 




• low voltage winding: Um up to 525 kV 




Reactors are excluded from the present Report. 




Continuous conducted and radiated emissions are considered for power transformers operating under 
nominal working conditions of voltage and current. 




Fault conditions and low occurrence transient events, such as 




- short-circuits, 




- lightning and switching transients, 




- overloads (inrush currents, etc.), 




- overvoltages, 




- tap-changer operations, 




are not considered as normal working conditions. 




Immunity conditions are considered to ensure the power transformer operates as intended in its normal 
working environment. The immunity capability of the power transformer is considered for steady state and 
transient working conditions. 




2 References 




The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 




EN 60076 series Power transformers (IEC 60076 series) 




EN 61000 series Electromagnetic compatibility (IEC 61000 series) 




IEC 60050-161 1990 International Electrotechnical Vocabulary  
Chapter 161: Electromagnetic Compatibility 




3 Definitions 




The definitions quoted in IEC 60050-161, in EN 60076 series as well as those mentioned in the above 
referenced standards apply. 
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4 Emission 




4.1 Radiated emission 




4.1.1 Power frequency magnetic field 




The most significant value of the power frequency magnetic field is due to the current flowing in the LV 
terminals. The magnetic field of the transformer, produced by the currents flowing in the windings, can be 
neglected. 




The power frequency magnetic field radiated by a transformer without enclosure along its lateral faces has 
the same order of magnitude as the field radiated by the currents flowing in the LV terminals. 




The effect of this field can be reduced by providing a suitable enclosure or shielding. 




As a guide, magnetic fields from simple busbar arrangements can be calculated to provide approximate 
values for the transformer environment, as illustrated in Annex A. 




4.1.2 Power frequency electric field 




The electric field is produced by the energized conductors. The magnitude of the electric field in space is 
proportional to the voltage level and is highly dependent on the position and shape of the other conducting 
objects (energized or grounded) in the close environment. 




Except for some special dry type transformers without an enclosure, the electric radiated field is only 
significantly produced by the busbars and terminals. 




For liquid immersed transformers supplied by screened cables (e.g. oil immersed with plug-in bushings) 
and dry type transformers in enclosure, the electric field is negligible. 




As a guide, electric fields from simple busbar arrangements can be calculated to provide approximate 
values for the transformer environment, as illustrated in Annex B. 




4.1.3 Radio frequency fields (corona effect) 




The main source of field is due to corona and partial discharges from high voltage busbar connections 
and surface partial discharges on the bushings. The source of radio frequency field from the inner parts of 
the transformer is negligible in comparison. The dominant radio frequency field is determined by external 
factors and not by the transformer. 




NOTE EN 55016-1-x describes measurement techniques and CISPR 18 gives some typical levels found near overhead lines and 
other high voltage equipment. 




4.2 Conducted emission 




4.2.1 Harmonics of no-load current 




The no-load current and the harmonics of the no-load current are significantly lower than the nominal 
current, except for some special designs. 




Purchaser specifications may contain requirements. 
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5 Immunity 




Control devices of transformers should be suitable to operate correctly in electromagnetic environment, 
according the relevant standards (see note in 5.1). 




5.1 Radiated disturbances 




Transformers are not generally sensitive to radiated magnetic, electric or electromagnetic fields. 




NOTE Cases of maloperation due to radiated disturbances are known. It was found that the transient magnetic field under short 
circuit conditions could operate Buchholz relays of the magnetic reed type. This problem can be overcome with suitable shielding. 




5.2 Conducted disturbances 




Power transformers may be subjected to the following conducted disturbances: 




• network voltage fluctuations; 




• frequency variations; 




• voltage harmonics; 




• fast transients; 




• lightning and switching transients; 




• current harmonics. 




The immunity of power transformers to transient overvoltages is demonstrated by the tests specified in 
EN 60076-3. 




Continuous overvoltages beyond that specified in EN 60076-3, significant frequency variations and high 
levels of voltage and/or current harmonics are admissible only when agreed between purchaser and 
supplier. 
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Annex A 
(informative) 




 
Method of calculation of power frequency magnetic field 




Consider 3 bars (or bushings) parallel to the z axis and crossing the xy plan at the points A, B, and C. In 
these bars are flowing three currents IA, IB and IC (three-phase symmetrical currents) which create a 
magnetic field. 




 ( )I I sin tA = × −ω π2
3  (A.1) 




 ( )I I sin tB = × ω  (A.2) 




 ( )I I sin tC = × +ω π2
3  (A.3) 
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z 




1 m 




M (x,y) 




 




Figure A.1 - Currents and magnetic fields in busbars 




Each bus-bar generates at the point M (x,y,o), a magnetic induction B. With an infinite length of bar, the 
induction generated by the current IA at the point M is given by the Ampere’s law: 




 2
0




2
MA




MAIB A
A




→




→
→ ⊗×=




π
µ




 (A.4) 
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The contribution of the 3 bus-bars lead to a resulting magnetic field B which magnitude is given by 
following formula:  
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 (A.5) 




When considering all the points M located on the rectangle of the above figure and for infinite length of 
bars, the maximum value of Btot is reached at the point Mo (0,1,0), with the following formula: 




 ⎟⎟
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Influence of the length of the bus-bars: 
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Figure A.2 - Influence of the length of the bus-bars 




For bus-bars having a length L, the magnetic induction at the point Mo is given by the formula:  
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− d




dIBtot  (A.7) 




with  




B (T):  r.m.s. value of flux density calculated at the point Mo 




I (A):  r.m.s. value of current flowing in each of the bus-bars 




d (m):  distance between bus-bars 




α (radian): angle as shown in the above figure 
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The corresponding magnetic field (H) may be obtained immediately: 




 H = B/µ0 (A.8) 




With a bar 0,5 m long and with a distance between bars d = 0,6 m, the calculated field at Mo is given in the 
following table: 




Table A.1 - Magnetic fields corresponding to typical currents 




Current 
 




A r.m.s. 




Maximum magnetic field at 1 m from 
centre of busbars 




A/m r.m.s. 




100 2,9 




500 14,7 




1 000 29,5 




5 000 147 




 




This method may be used to calculate magnetic fields in other arrangements. 
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Annex B 
(informative) 




 
Method of calculation of power frequency electric field 




The calculation of electric field is very complex and in most cases requires the use of sophisticated 
computer software. Analytic calculations can only be performed in some cases, when the geometry of the 
energized and grounded elements is very simple (as illustrated in Figure B.1). 




Consider a conductor of cylindrical shape (with an infinite length and a diameter d) energized by an 
electric potential, and overhanging an infinite grounded plan. 




The calculation is performed using the method of the equivalent electric image, as illustrated in Figure B.1. 




The two following systems are equivalent: 
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Figure B.1 - Calculation systems 




At the point M, located on the straight line AA’, the electric field is given by the formula: 
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finally: 
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At the point O, the calculation results in: 
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Finally:  
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Um: highest voltage of the system for a three phase network 




 V V V Um− = =' /2 2 3  (B.6) 




Table B.1 - Calculated electric field 




Um 




 




 




 
kV 




Minimal 
insulating 
distance 




EN 60076-3 
m 




Distance h between 
terminal and 




measuring point 
 




m 




Diameter d  
of the energized 




conductor 
 




mm 




Calculated E at 
distance h from 




energized 
conductor 




kV/m 




  0,3 12 6,0 
7,2 0,09 0,5 12 3,3 




  1,0 12 1,4 




24 0,225 0,5 12 10,8 
  1,0 12 4,8 




  0,5 12 16,3 
36 0,315 1,0 12 7,2 




  1,0 15 7,4 




72,5 0,63 1,0 15 15 
  2,0 15 6,7 




  1,5 15 15,8 
123 1,05 2,0 20 11,9 




  3,0 20 7,4 




145 1,25 2,0 20 14 
  3,0 20 8,7 




  2,0 20 23,6 
245 1,8 3,0 20 14,7 




  3,0 30 15,7 




  3,0 40 20,2 
300 2,65 5,0 40 11,1 




  5,0 50 11,6 




  5,0 50 20,2 
525 4,2 10,0 50 9,1 




  10,0 70 9,5 
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Secretariat Name or signature of secretary 
BSI UK Bernd Borchert 
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Membership of Project Team IEC 60076-18 




Task : 




      
 
 
Convenor : Mr Patrick Picher (t.b.c.) 
 
 
Members : 
 




NAME, ADDRESS E-MAIL, PHONE, FAX 




  




  
EXPERT - Country: CA  Document: 14/597/NP 
Patrick Picher,    
 
 
 
EXPERT - Country: CZ  Document: 14/597/NP 
Mr Leos VALENTA,  
RSTrafo, s.r.o., 
 Na Harfe 9a,  
190 00 Praha 9,  
Czech Republic,   
 
 
EXPERT - Country: GB  Document: 14/597/NP 
Paul Jarman:  
 
  
 
EXPERT - Country: IT  Document: 14/597/NP 
Mr. Zunino Stefano –  
TERNA –  
Via Ostiense 92 –  
00154 ROMA 




 
 
EXPERT - Country: PL  Document: 14/597/NP 
Mr. Pawel Warczynski,  
Power Research and Testing Company  
ENERGOPOMIAR-ELEKTRYKA Ltd.,  
PL - 44-101 Gliwice,  
ul. Swietokrzyska 2;  
 
EXPERT –country: RU Document 14/597/NP 
Alexander Drobyshevski 




picher.patrick@ireq.ca 
 




 




 
valenta@rstrafo.cz 
 




 




 




 




paul.jarman@uk.ngrid.com 
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Would National Committees please add their nominated experts to the IEC Expert Management 
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Email from the Russiona NC: 
 
Dear Mr Bernd Borchert , 
 
We would be extremely grateful to you if you could help us with the 
created 
difficult situation. The Russian expert Alexander Drobyshevski (Member 
of 
IEC TC 14/MT 2; Member of CIGRE WG A2.26 "Frequency Response Analysis" 
(disbanded in 2008); co-author of  CIGRE Brochure 342 
Mechanical-Condition 
Assessment of Transformer Windings using Frequency Response Analysis 
(FRA)) 
would like to take part in work at the document 14/597/NP "Measurement 
of 
Frequency Response for Power Transformers". Unfortunately, data on his 
intention to take part in work at this document appeared in Russian 
National Committee for IEC too late (date of voting and inclusion of 
experts has already passed). The Russian NC for the  IEC makes greater 
apologies for delay and would be very grateful to you if you could help 
to 
include the expert Alexander Drobyshevski in working group which will 
work 
at the document 14/597/NP if it is still possible. All necessary data 
about 
this expert are in the attached file. 
 
Thank you for cooperation and understanding. 
 
Best regards, 
 
Mrs Natalia P. Pankratova , 
 
Assistant Secretary of Russian National Committee for
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Result of Voting on NP - Document 14/597/NP 
Project: PNW 14-597 Ed.1 
Measurement of Frequency Response for Power Transformers 
 
Circulation Date: 2008-12-19 Closing Date: 2009-03-20 
Country Status Received Approving CD CDV Participation Comments 
Australia P 2009-03-12 Y Y N N - 
Belgium P 2009-02-20 Y N N N - 
Brazil O 2009-03-20 A N N N - 
Canada P 2009-03-10 Y N N Y - 
China P 2009-03-12 Y N N N - 
Czech Republic P 2009-03-20 Y Y N Y - 
Denmark P 2009-03-20 A N N N - 
Egypt P 2009-03-20 Y Y N N Y 
Finland P 2009-02-25 Y Y N N - 
France P 2009-03-20 Y Y N Y Y 
Germany P 2009-03-17 N N N N Y 
India P 2009-03-16 Y N N N - 
Ireland P 2009-02-24 Y Y N N - 
Israel P 2009-03-19 A N N N - 
Italy P 2009-03-18 Y Y N Y Y 
Japan P 2009-03-19 Y N N N Y 
Korea (Rep. of) P 2009-03-20 Y Y N N - 
Mexico P 2009-02-27 Y Y N N Y 
Netherlands P 2009-03-17 A N N N - 
Norway P 2009-02-09 Y N N N - 
Poland P 2009-03-05 Y N N Y - 
Portugal P 2009-03-20 A N N N - 
Romania P 2009-03-20 Y Y N N - 
Russian Fed. P 2009-02-16 Y N N N - 
Serbia P 2009-03-19 Y N Y N - 
Slovakia P 2009-03-20 Y N Y N - 
Slovenia P 2009-03-18 Y Y N N - 
South Africa P 2009-03-20 Y Y N N - 
Spain P 2009-03-17 Y Y N N - 
Sweden P 2009-03-18 A N N N - 
Switzerland P 2009-03-20 Y N N Y Y 
Turkey P 2009-03-20 A N N N - 
U.S.A. P 2009-03-19 Y Y N N - 
Ukraine P 2009-03-18 Y Y N N Y 
United Kingdom P 2009-03-19 Y Y N Y - 
   Approval Criteria Result 
Number of P-members:   39   
P-members voting:   28   
P-members approving:   27 = 96.4 % > 50% APPROVED 
P-members ready to participate in the development   
and approving addition of the proposal:   7 




>=4 (if <=16)  
>=5 (if >= 17) 




APPROVED 




The final result of voting will be indicated in the Report of Voting (RVN), as P-members have the possibility to nominate 
an expert one month after the closing date -- complete information in AC/172/2000 




NOTES  
1. Approving: Does the National Committee approve the addition of the new proposal to the program of work of the 




committee [Yes/No] ? 
2. Only votes received from P-members before the closing date are counted in determining the decision. 
3. P-members not voting: Austria; Iran; Nigeria; Pakistan; Thailand;(5). 
4. CD/CDV: Does the National Committee agree with direct submission of the draft accompanying the proposal as 




a Committee Draft/Committee Draft for Voting [Y if Yes] ? 
5. Participation : Is the National Committee prepared to participate in the development of the project 




[Yes/No] ?   (Only those voting in favour of the proposal itself have their willingness to participate considered as 
part of the final decision.) 




6. Acceptance criteria for TS/IS: 
o approval of the work item by a simple majority of the P-members voting  
o at least 4 P-members in the case of a committee with 16 or fewer P-members, or at least 5 P-members 




in the case of committees with 17 or more P-members, have nominated or confirmed the name of an 
expert and approved the new work item proposal 
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Date Document Project Nr. 
2009-03 14/597/NP 17501 




 
National 




Committee 
Line 




number 
Clause/ 




Subclause 
Paragraph 




Figure/ 
Table 




Type  
of comment 




(General/ 
Technical/Editorial)




COMMENTS Proposed change OBSERVATIONS OF THE SECRETARIAT 
on each comment submitted 




CH-01    G Expert nomination Here the Swiss expert: 
Dr. Thomas Heizmann 
Fachkommission für 
Hochspannungsfragen (FKH) 
Voltastrasse 9 
8044 Zürich 
 
Office 
Rue du Littoral 58c 
2025 Chez-le-Bart 
 
Telephone     +41 32 725 24 85 
Facsimile +41 32 835 11 30 
Mobile   +41 79 418 37 92 
Email: heizmann@fkh.ch 
 
 
 




 




DE    General The German national committee does 
not support the New Work Item Proposal, 
to produce a standard for frequency 
analysis. 
Justification: 
Actually, the FRA-measurements are still
under basic development. The only 
success from these works is, that 
measurements are reproducible under 
certain circumstances. Further published 
investigations show, that FRA-
measurements are still not sensitive 
enough, to detect mechanical damages 
after short-circuit stress or transportation 
stress. 
Following that it is too early, to develop a
standard for a measurement, which 
generates results that cannot be 
evaluated. 
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20-3-2006 14/597/NP  




 
National 




Committee 
Line 




number 
Clause/ 




Subclause 
Paragraph 




Figure/ 
Table 




Type  
of comment 




(General/ 
Technical/Editoria




l) 




COMMENTS Proposed change OBSERVATIONS OF THE SECRETARIAT 
on each comment submitted 




EG  Purpose 
and 
justificati
on 




 Technical  to power transformers, voltage transformers 
and reactors. 




 




EG 4 1  Technical  It is applicable to power transformers, 
reactors, voltage transformers, phase 
shifting transformers 




 




EG  2  Technical  IEC60076-1- IEC60044-2 
 




 




Fr 
 




  General The French National Committee casts a 
positive vote and proposes the following 
experts: 




  




    MM. Frédéric WALTER  
(FRANCE TRANSFO) 




Email : frederic.waIter@fr.schneider-
electric.com 




 




and 




M. Eric ORTEGA  
(JST (TRANSFORMATEURS) 




Email : eric.ortega@jst-
transformers.com 




 




 In this new working group 
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Clause/ 




Subclause 
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Figure/ 
Table 




Type  
of comment 




(General/ 
Technical/Editoria




l) 




COMMENTS Proposed change OBSERVATIONS OF THE SECRETARIAT 
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IT 
 
 
 
 
 
 
 
 
 
 
 
 
 




   G These are Mr. Stefano Zunino details: 
 
 
Stefano Zunino 
TERNA 
Via Ostiense 92 
00154 ROMA (RM) 
Italy 
 
Phone: +39 06.83138819 
Fax:      +39 06.83138731 
Email: stefano.zunino@terna.it 




  




JP 1   General Japanese National Committee agrees to 
produce a new working group relating to 
Frequency Response Analysis for Power 
Transformer. However, discussion for 
this issue is not enough to produce an 
International Standard and detailed 
evaluation method still hasn’t been 
authorized. So we recommend 
establishment of Draft Technical Report 
for measurement method without 
mention specific measurement device 
and object product range. 




  




MX   G The Mexican National Committee 
supports the devolpment of this project. 




  




UA    Technical  There is a proposition to consider not 
only measurement of frequency 
response, but also to consider the 
possibility of calculation of frequency 
response of transformer (auto-
transformer or reactor) by a 
manufacturer.  
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 14/599/INF 
For IEC use only 
 2009-02-13 




 
 
 
 
INTERNATIONAL ELECTROTECHNICAL 
 
TECHNICAL COMMITTEE NO.14 – POWER TRANSFORMERS 
 
Report of activity of MT7 on project : IEC 61378-1 Ed. 2.0 Converter transformers - Part 1: 
Transformers for industrial applications 
 
(As per item 5.6 of the report of the meeting in Sao Paulo in November 2008 – 14/596/RM)  
 
 
Convenor:  Ugo Piovan 
 
Status: 
 
The activities within IEC/TC 14/MT 7 are the following: 
 




a) in November 2008 the MT reviewed the comments of the national committees (document: 
14/577/CC) on 14/572/CD - IEC 61378-1 Ed.2 and added the part about thermal tests. 
 




b) The Revised - Compilation of comments on 14/572/CD - IEC 61378-1 Ed.2: Converter 
transformers - Part 1: Transformers for industrial applications (document: 14/577A/CC) was 
circulated among the national committees on November 28, 2008. 




 
c) the MT7 will meet from February 17 to 19 to discuss the part about transductors and 




produce a second draft for circulation. 
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 14/605/DC 




For IEC use only 




 2009-04-10 
 
 
INTERNATIONAL ELECTROTECHNICAL COMMISSION 
 
IEC TC 14 
Power Transformers 
 
 
 
 
Dear Member,  
 
 
CLC EN 50216-9: Power transformer and reactor fittings – Part 9: Oil-to-water heat exchangers 
 
 
 
The above document has been offered to IEC/TC 14 by CENELEC with the aim of its inclusion into the 
international standardization process. 
 
CLC EN 50216-9 may be introduced into the work programme as a NP, CDV (fast-track) or as maintenance 
work. 
 
IEC national committees are requested to send their feedback to the IEC electronic voting system by 
 




2009-06-12 at the latest. 
 
 
Thank you. 
 
Yours Sincerely, 
 
 
 
Bernd Borchert 
Secretary to IEC/TC 14. 
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Foreword 




This European Standard was prepared by the Technical Committee CENELEC TC 14, Power 
transformers. 




The text of the draft was submitted to the formal vote and was approved by CENELEC as EN 50216-9 on 
2008-10-21. 




This European Standard is to be read in conjunction with EN 50216-1:2002, Power transformer and 
reactor fittings - Part 1: General. 




The following dates were fixed: 




– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 




 
 
(dop) 




 
 
2009-11-01 




– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  




 
(dow) 




 
2011-11-01 




__________ 
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1 Scope 
EN 50216-9 deals with oil-to-water heat exchangers that means a heat exchanger for the cooling of the 
transformer oil using a forced oil circuit and a forced water circuit. 




The oil-side of the oil-to-water heat exchangers is not included in the scope of the Pressure Equipment 
Directive 97/23/EC according to Article 1, § 3.12. The water-side falls into Article 3, § 3 of the Pressure 
Equipment Directive, therefore the rating plate must not contain a CE sign according to Article 15 of the 
Pressure Equipment Directive. 




This standard establishes essential dimensions and the requirements to ensure interchangeability and 
adequate mounting of the oil-to-water heat exchangers. 




2 Normative references 
The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendment) applies. 




EN 50216-1:2002 Power transformers and reactor fittings - Part 1: General 




EN 60296 Fluids for electrotechnical applications - Unused mineral insulating oils for transformers 
and switchgear (IEC 60296) 




EN 60721-3-4 Classification of environmental conditions - Part 3: Classification of groups of 
environmental parameters and their severities - Section 4: Stationary use at non-
weatherprotected locations (IEC 60721-3-4) 




EN 1092-1 Flanges and their joints - Circular flanges for pipes, valves, fittings and accessories , 
PN designated - Part 1: Steel flanges 




EN 1561 Founding - Grey cast irons 




EN 1653 Copper and copper alloys - Plate, sheet and circles for boilers, pressure vessels and 
hot water storage units 




EN 10025:1990 1) Hot rolled products of non-alloy structural steels - Technical delivery conditions 




EN 10027-2 Designation systems for steels - Part 2: Numerical system 




EN 10088-2 Stainless steels - Part 2: Technical delivery conditions for sheet/plate and strip of 
corrosion resisting steels for general purposes 




EN 10130 Cold rolled low carbon steel flat products for cold forming - Technical delivery 
conditions 




EN 12451 Copper and copper alloys - Seamless, round tubes for heat exchangers 




EN 12452 Copper and copper alloys - Rolled, finned, seamless tubes for heat exchangers 




EN 12502-1 Protection of metallic materials against corrosion - Guidance on the assessment of 
corrosion likelihood in water distribution and storage systems - Part 1: General 




EN ISO 3506-1 Mechanical properties of corrosion-resistant stainless steel fasteners - Part 1: Bolts, 
screws and studs (ISO 3506-1) 




ISO 4406 Hydraulic fluid power - Fluids - Methods for coding the level of contamination by solid 
particles 




                                                      
1) Replaced by EN 10025 series, Hot rolled products of structural steels. 
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3 Definitions 
For the purposes of this document, the following terms and definitions apply. 




3.1  
single tube 
tube conducting the water in the oil filled compartment, either plain tubes which have the inner water side 
and the outer oil side with plain surface or finned tubes which have the outer oil side finned for increasing 
the heat transfer area from oil to tube 




3.2  
double tube 
consists of two telescope tubes without blocking fluid. The inner water side of the inside tube is a plain 
tube. The outer oil side of the outside tube is either a plain tube or a finned tube. The inner side of the 
outside tube or the outer side of the inside tube has regularly groves for the leakage detection 




3.3  
tube bundle 
number of parallel tubes to get the adequate heat transfer surface and the appropriate plates 




3.4  
single tube arrangement 
the heat exchange from oil to water is conducted with a bundle of single tubes. For safety reasons of the 
transformer the oil pressure outside the tubes must always have a higher value than the water pressure 
inside the tubes, so that even in the case of heat exchanger untightness no water penetrates into the 
transformer oil 




3.5  
double tube arrangement 
the heat exchange from oil to water is conducted with a bundle of double tubes. The double tube system 
has sufficient security for the transformer. The oil pressure outside the tubes may be less than the water 
pressure inside the tubes 




3.6  
tube plate 
the cooling tubes are rolled or welded oil-tight and/or water tight on both ends into the plates - for double 
tubes one end into two plates, for single tubes into one plate. With the tube plates the oil side is tightened 
against the water side 




3.7  
water channel 
the water side of the heat exchanger is connected via the water channels 




3.8  
leakage detection 
due to a leakage oil or water in the space between the double tubes would be detected 




4 Requirements 




4.1 Rated values 
Values for inquiry (minimum): 




- single tube / double tube heat exchanger 




- water quality (see A.6) 




- rated cooling capacity Qr kW 




- water temperature at inlet t1’ °C 




- water temperature at outlet (max.) t1’’ °C 




- average oil temperature t2m °C 




- oil temperature difference (min. value/max. value) ∆t2 K 




- water flow quantity (max.) V1 m³/h 




- max. operating pressure (water side) p1 kPa 
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For an order the following rated values should be fixed: 




- single tube / double tube heat exchanger 




- materials 




- rated cooling capacity Qr kW 




- rated water flow quantity V1 m³/h 




- rated oil flow quantity V2 m³/h 




- water temperature at inlet t1’ °C 




- water temperature at outlet  t1’’ °C 




- oil temperature at inlet t2’ °C 




- oil temperature at outlet t2’’ °C 




- water side pressure drop ∆p1 kPa 




- oil side pressure drop ∆p2 kPa 




- max. operating pressure (water side) p1 kPa 




- max. operating pressure (oil side) p2 kPa 




4.2 Rated cooling capacity 
The rated cooling capacity of the heat exchanger is the minimum capacity, which the manufacturer has to 
guarantee. For a heat exchanger in new condition the value is based on the following: 




- rated water and oil flow quantities in connection with the particular permitted static pressure drops; 




- oil-to-water heat exchangers must be designed with a capacity margin of min. 25 %. 




For new heat exchangers the capacity with the margin has to be achieved with the rated values for oil flow 
quantity, water flow quantity, oil temperature at inlet and water temperature at inlet. 




4.3 Mechanical design 
The mechanical design is based on the ambient conditions according to EN 50216-1, Clause 3, and on a 
maximum oil temperature of 100 °C and a maximum water temperature of 50 °C. Deviating temperatures 
and ambient conditions as well as other insulating fluids must be agreed between manufacturer and 
purchaser. 




The cooling tubes and plates are oil tight and water tight connected. The tube bundle could expect the 
following execution (execution be agreed between manufacturer and purchaser): 




- one side with floating head cover, the bundle can be pulled out; 




- fixed tube plate and stationary heads. 




The water channels are removable and can separately be emptied. Removing of a water channel must not 
influence the oil circuit. 




On the oil-side the heat exchanger must be vacuum proof. 




The heat exchanger has to be designed for unprotected outdoor installation. The heat exchanger must be 
completely drainable and ventable on the oil side and on the water side. 




For material selection criteria refer to A.6. 




The maximum permissible oil pressure in service for the heat exchanger is limited to 350 kPa. 




The maximum permissible water pressure in service for heat exchanger with single tubes is limited to 
340 kPa. 




The maximum permissible water pressure in service for heat exchanger with double tubes is limited to 
800 kPa 2). 




                                                      
2) For higher water pressure in service, design and test values must be enlarged adequate and the rules of PED 97/23/EC must be 




followed. 
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4.4 Corrosion protection 
Common screws and nuts: Stainless steel according to EN ISO 3506-1. 




4.4.1 Inner surface water side (standard) 
Water channels are protected with epoxy coating. Thickness minimum 150 µm or according to special 
agreement. 




Several selections are given in Table A.2. 




4.4.2 Inner surface oil side (standard) 
Oil resistant protection, minimum resistant for 100 °C 3) temperature. 




4.4.3 Outer surface 
Corrosion protection and coating must be agreed between manufacturer and purchaser. The required 
environmental conditions must be followed. 




The severities of the environmental conditions are classified in EN 60721-3-4. 




5 Designation 




5.1 Designation of the heat exchangers 
The following oil-to-water heat exchangers are differentiated: 




- single tube arrangements 




Type OWSA  oil-water heat exchanger with single tubes, 
    vertical suspensory type 




Type OWSB  oil-water heat exchanger with single tubes, 
    horizontal type 




Type OWSC  oil-water heat exchanger with single tubes, 
    vertical standing type 




- double tube arrangements 




Type OWDA  oil-water heat exchanger with double tubes, 
    vertical suspensory type 




Type OWDB  oil-water heat exchanger with double tubes, 
    horizontal type 




Type OWDC  oil-water heat exchanger with double tubes, 
    vertical standing type 




EXAMPLE for designation: 




oil-water heat exchangers with double tubes, vertical standing type (OWDC), 
rated capacity 250 kW (250), top oil temperature rise 43 K (43), form D, 
 
Heat exchanger EN 50216-9–OWDC–250/43–D 




5.2 Rating plate information 
The rating plate must have the following information and has to be attached clearly readable on the 
assembled heat exchangers: 




- sign or name of supplier; 




- designation according to EN 50216-9, 5.1; 




- serial number; 




- manufacturing year. 




                                                      
3) Deviations in the temperature must be agreed between manufacturer and purchaser. 
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Rated values: 




- rated capacity in kW; 




- rated oil- and water-flow quantity in m³/h; 




- min./max. operating water flow quantity in m³/h; 




- inlet and outlet temperatures oil-side and water-side in °C; 




- pressure drop in the heat exchanger oil side/water side in bar; 




- max. pressure in service for oil-side in kPa; 




- max. pressure in service for water-side in kPa; 




- max. design temperature for oil-side in °C; 




- min. ambient temperature (water-side completely empty) in °C; 




- mass of heat exchanger without oil and water in kg; 




- oil and water quantity for filling in dm³. 




Rating plate material: corrosion resistant and acid proof 
(other versions of the rating plate upon agreement) 




6 Tests 
6.1 Routine tests 
6.1.1 Tightness tests 




6.1.1.1 Tightness test oil side 
The oil side of the oil-to-water heat exchanger has to be filled with transformer oil with the temperature of 
(60 ± 5) °C and a pressure of 500 kPa. After deletion of the last leakage the test pressure must be 
performed for a period of 6 h without any leakage (visual inspection). 




The oil side of the oil-to-water heat exchanger may be submitted to the following alternative tightness tests 
by agreement between manufacturer and purchaser: 




- hydraulic test with transformer oil filled at ambient temperature and pressure of 500 kPa for 3 h; 




- pneumatic test with compressed air under water at 500 kPa for 2 h. 
For the above mentioned period no leakage (by visual inspection) has to be detected. 




6.1.1.2 Tightness test water side 




6.1.1.2.1 Single tube arrangement 
The water side of the oil-to-water heat exchanger with single tubes has to be filled with eased water 
(drinking quality) under a pressure of 500 kPa. After deletion of the last leakage the test pressure must be 
performed for a period of 2 h without any leakage. 




The water side of the oil-to-water heat exchanger with single tubes may be submitted to the following 
alternative tightness tests by agreement between manufacturer and purchaser: 




- pneumatic test with compressed air under water at 500 kPa for 2 h. 
For the above mentioned period no leakage (by visual inspection) has to be detected. 




6.1.1.2.2 Double tube arrangement 
The water side of the oil-to-water heat exchanger with double tubes has to be filled with eased water 
(drinking quality) under a pressure of 1 200 kPa 4). After deletion of the last leakage the test pressure must 
be performed for a period of 2 h without any leakage. 




The water side of the oil-to-water heat exchanger with double tubes may be submitted to the following 
alternative tightness tests by agreement between manufacturer and purchaser: 




- pneumatic test with compressed air under water at 1 200 kPa for 2 h. 
For the above mentioned period no leakage (by visual inspection) has to be detected. 




                                                      
4)  For higher water pressure in service, design and test values must be enlarged adequate and the rules of PED 97/23/EC must be 




followed. 
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6.1.2 Visual inspection of the surfaces 




6.1.2.1 Outside surface 
Visual the surfaces shall be free of damages, deformations and dirt. Every sort of filling compounds shall not 
be used. 




6.1.2.2 Inside surface oil side 
Visual the surfaces shall be free of damages, deformations and dirt. Oil side the heat exchanger shall be 
flushed with transformer oil via micron filter until size and amount of particles is less than the agreed limited 
value. The flushing oil shall be in accordance to EN 60296. During flushing the oil flow velocity shall be 
sufficient. Thereupon the heat exchanger is ready to operate. Number and size of particles, as well as 
particle test procedure and flushing velocity or other cleaning criteria (e.g. according to ISO 4406) have to be 
agreed. 




6.1.2.3 Inside surface water side 
Visual the surfaces shall be free of damages, deformations and dirt. 




6.2 Type tests 




6.2.1 Test of the rated values 
Usually this test is performed together with the transformer. Separate type tests should be fixed by a 
special agreement between supplier and purchaser. 




6.2.2 Test of the outside painting 
The layer thickness of each single layer shall be in accordance with the purchase specification. Works 
inspection or another suitable inspection can be agreed between purchaser and manufacturer in relation 
to the surface protection according to 4.4. 




7 Preparation for transport and storage 
The oil has to be drained completely after flushing with transformer oil via micron filter. All flange openings 
shall be closed using blind flanges. As an option, on purchaser demand, the heat exchanger shall be filled 
under an overpressure of approximate 30 kPa with nitrogen or synthetic air (humidity less than 10 %) 
using a valve installed in one of the blind flanges. For long-term storage, that has to be indicated by the 
purchaser, the overpressure must remain minimum 5 kPa and therefore has to be checked regularly. 




After flushing with fresh water the heat exchanger must be completely emptied. 




Water side flanges, thread holes for water side venting and thermometer pockets have to be protected 
against penetration of subjects. 




8 Mounting and service, service conditions 
Free water run-out at heat exchanger outlet shall be assured for single tube arrangements. The oil-side 
pressure must be always higher than the water-side pressure for single tube arrangements. The  
water-side pressure shall be limited with suitable arrangements. 




Heat exchanger, which are not in service, shall be completely drained, cleaned, dried and closed. 




The heat exchanger should be controlled periodically on the water-side in dependence on the water quality 
and cleaned if necessary. 




Insoluble impurities, especially suspended solids will cause short cleaning periods. This could be avoided 
e.g. when using screens or filters. 




Min. water-flow volume for guidance: approx. 80 % of rated water-flow volume 




Max. water-flow volume for guidance: approx. 110 % of rated water-flow volume 




Thze above mentioned  regulation is valid without any consideration of the tube material. The extension of 
a.m. limitations for min, and max. water flow volume has to be checked carefully especially under 
consideration of the max. allowable water velocity and pressure. 
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Annex A  
(normative) 




 
Details to the heat exchangers 




A.1 Masses and dimensions 
The masses and dimensions of a heat exchanger are usually fixed in the offer. The dimensions A, B, C in 
the following Figures A.2 to A.4 are the minimum values for a short offer. 




In general, dimensions and nozzle position/orientation should be agreed between manufacturer and 
purchaser dependent on the flow rates. 
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A.2 Collection and forms of suspensory types 




 
Enlarged construction: Form A 




Figure A.1 – Collection and forms of suspensory types 




Designation of an oil-to-water single tube heat exchanger of suspensory type, rated capacity 100 kW, top 
oil temperature rise 45 K, form A: 




Heat exchanger EN 50216-9-OWSA-100/45-A 
NOTE 1 Position of oil inlet/outlet or water inlet/outlet is arbitrary. 




NOTE 2 Thermometer pocket positions in the middle or on the edge according to manufacturers decision. 




Position of flanges for water connection as well 
as position of controls and fasteners must be 
agreed if deviating from the forms below. 
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A.3 Collection and forms of horizontal types 




 
Enlarged construction: form A 




Figure A.2 – Collection and forms of horizontal types 




Designation of an oil-to-water double tube heat exchanger of horizontal type, rated capacity 1 000 kW, top 
oil temperature rise 45 K, form A: 




Heat exchanger EN 50216-9-OWDB-1000/45-A 
NOTE Position of oil inlet/outlet or water inlet/outlet is arbitrary. 




Position of flanges for water connection as well 
as position of controls and fasteners must be 
agreed if deviating from the forms below. 




View “X” 
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A.4 Collection and forms of vertical standing types 




 
Enlarged construction: form A 




Figure A.3 – Collection and forms of vertical standing types 




Designation of an oil-to-water double tube heat exchanger of vertical standing type, rated capacity 
1 600 kW, top oil temperature rise 45 K, form A: 




Heat exchanger EN 50216-9-OWDC-1600/45-A 
NOTE Position of oil inlet/outlet or water inlet/outlet is arbitrary. 




Position of flanges for water connection as well 
as position of controls and fasteners must be 
agreed if deviating from the forms below. 















EN 50216-9:2009 – 14 –  




A.5 Parts list 




Table A.1 – Devices 




Number per type Designation Remarks 




OWSA 
OWDA 




OWSB 
OWDB 




OWSC 
OWDC 




  




1 1 1 Connection flange  
EN 1092-1/A-DN 15/PN 6 




For oil draining,  
for connection of drain valve 




1 1 1 Vent plug Venting oil-side 




6 5 6 Locking screw For locking of the thermometer 
pockets and water drain threads 




2 2 2 Plate support  




1 1 1 Cleaning orifice for water  
compartment 




 




2 2 2 Thermometer pocket G ¾  Immersion depth 100 mm,  
internal thread  
G ¾ x 20 mm (oil-side) 




2 2 2 Thermometer pocket G ¾ Immersion depth 65 mm,  
internal thread  
G ¾ x 20 mm (water-side) 




2 2 2 Flange connection  
EN 1092-1-PN 10 




Nominal diameter according to d3, 
connection of oil-side 




2 2 2 Flange connection  
EN 1092-1-PN 10 




Nominal diameter according to d4, 
connection of water-side 




1 - 1 Flange connection  
EN 1092-1-DN 15 PN 6 




Thread M10,  
thread length min. 12,5 mm, 
venting connection water-side 




1 1 1 Earthing stud M12  




2 - 2 Lifting lug a  
a Lifting lug for each component with 30 kg mass and more is provided. 
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A.6 Materials – Common selection of materials 
Common requirements for fresh water in drinking quality: 




- shell: minimum steel S 235 JRG2 according to EN 10025 according to 
manufacturers decision; 




- tube plate (single tube): CuZn38AlFeNiPbSn according to EN 1653, minimum R390; 




- tube plate oil side (double tube): steel S335 J2G3 according to EN 10025; 




- tube plate water side: CuZn38AlFeNiPbSn according to EN 1653, minimum R390; 




- tubes oil side: Cu-DHP-R220 material-no. CW024A according to EN 12451 or 
EN 12452; 




- tubes water side: Cu-DHP-R220 material-no. CW024A according to EN 12451 or 
EN 12452; 




- baffles / pass partion: low carbon steel according to EN 10130, surface type (B), surface 
treatment: extra plain (b) or stainless steel according to EN 10088-2; 




- water channel: GG-25 according to EN 1561 or minimum S 235 JRG2 according to 
EN 10025 according to manufacturers decision; 




- venting and locking screws  
- water side: non-corrosive material; 




- oil side: standard material; 




- common screws and nuts: stainless steel according to EN ISO 3506-1. 




The a.m. materials require fresh water in drinking quality for cooling water without harmful substances. 
A typical analysis for fresh water is shown in A.7. For other water qualities the people running the heat 
exchanger must give water analysis according to EN 12502-1 for an adequate material selection. There is 
the recommendation to submit several analysis for one-year runtime period. 




Water analysis should contain the following data: 




Sampling temperature Iron/manganese content Water type (e.g. fresh water) 




pH value content of chloride  content of ammonium 




total degree of hardness content of sulphate  free oxygen 




carbonate hardness (m-value) content of nitrate electrical conductivity 




free CO2 (p-value) content of phosphate suspended solids 
 




In special cases, e.g. near the coast, the cooling water must be considered at the same time as river 
water, brackish water and sea water but with regard to time different in combination (mixed water). For 
this special case usually material Titan has to be used. 




Drawing water samples particularly this circumstance must be considered. 




 




The materials commonly used are: 




- Tube plates (single tube) and water side (double tube): 




S235JRG2 / 1.0038; CuZn38AlFeNiPbSn-R390 / CW715R; CuZn39Pb0.5 / CW610N; 
CuZn38Sn1As / CW717R; CuZn38Sn1 / 2.0530; CuZn39Sn1 / CW719R; CuNi10Fe1Mn / CW352H; 
CuNi30Mn1Fe / CW354H; X5CrNiN19-9 / 1.4315; X3CrNiCu19-9-2 / 1.4560; X6CrNiTi18-9 / 1.4301; 
X6CrNiTi18-10 / 1.4541; X6CrNiMoTi17-12-2 / 1.4571; Ti1 / 3.7025 




- Tubes water side: 




Cu-DHP-R220 / CW024A; CuNi10Fe1Mn-R290 / CW352H; CuZn28Sn1As-R320 / CW706R; 
CuZn28Sn2As-R340 / CW702R; CuNi30Mn1Fe-R370 / CW354H; X5CrNiN19-9 / 1.4315; 
X3CrNiCu19-9-2 / 1.4560; X6CrNiTi18-9 / 1.4301; X6CrNiTi18-10 / 1.4541;  
X6CrNiMoTi17-12-2 / 1.4571; Ti1 / 3.7025 
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Table A.2 – Examples for material selection depending on water quality 




Cooling agent 




Tubes, water-side Water channels Tube plates,  
water-side 




Material  
Material-No. 




Velocity of water 
in m/s 




max./min. 




Material 
Material-No. 




Surface 
protection 




Material 
Material-No. 




Fresh water 
(drinking water) 




Cu-DHP-R220 
CW024A 1,5 / 0,7 




GG-25 
0.6025  




CuZn38AlFeNiPbSn
CW 715 R 




S235JRG2 
1.0038 




Protective 
coating based 




on epoxy 




Deionat a 




Cu-DHP-R220 
CW024A 2,0 / 0,7  




X6CrNiTi18-10 
1.4541 4,0 / 1,0  X6CrNiTi18-10 




1.4541 




CuNi10Fe1Mn-R290 
CW352H 2,5 / 1,5 




Stoved-
enamel 
coating CuZn38AlFeNiPbSn




CW 715 R 




River water 
(polluted) 




CuZn28Sn1As-R320 
CW706R 2,0 / 1,0  




X6CrNiMoTi17-12-2 
1.4571 4,0 / 1,0 




 X6CrNiTi18-10 
1.4541 




Plastic coating X6CrNiMoTi17-12-2
1.4571 




Sea water CuZn20Al2As-R340 
CW702R 2,2 / 1,0  




CuZn38AlFeNiPbSn
CW 715 R Brackish water, 




polluted sea 
water 




CuNi30Mn1Fe-R370 
CW354H 3,5 / 1,5 Rubber 




coating 




Mixed water Ti1 
3.7025 4,0 / 0,8   Ti1 




3.7025 
NOTE   Material numbers for steel are in accordance with EN 10027-2. 
a Additives to the cooling agent must be discussed with the supplier due to material selection. 




A.7 Example for fresh water 




Table A.3 – Average values for chemically neutral water (fresh water) 




pH value 6 - 8 Silicium (SiO2-
crystalline) 




≤ 10 ppm 




Total hardness 15 - 20 °dH free CO
2
 (p-value) ≤ 15 ppm (correl. to 




carbonate hardness) 




Carbonate hardness 0 - 18 °dH  Natrium Na ≤ 20 ppm 




Chloride content 10 - 50 ppm (= mg/l) Susp. solids < 800 µm ≤ 10 ppm 




Sulfate content ≤ 50 ppm Electrical conductivity < 3 000 µS/cm 




Nitrate content  ≤ 15 ppm Oxygen content 8 - 12 ppm 




Ammonium-NH4  ≤ 1 ppm    




NOTE   Values for analysis according to EN 12502-1. 




 




For some values the simultaneous existence of different substances result in a deviation of the normal 
average (e.g. higher pH-value for a lower carbonate hardness). 
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Annex B  
(normative) 




 
Rating conditions of the heat exchangers 




The following calculation rules are applicable, if the service conditions for an oil-to-water heat exchanger 
differ from the rated values and the cooling capacity for these conditions must be defined (e.g. for the heat 
run test values). The cooling capacity has to be recalculated using the diagrams in this Annex B. 




The calculation rules consider the selection of plain or finned tubes. 




B.1 Definitions, symbols 
 Designation Dimension 




 - rated value Index r  - 




 - service value Index B - 




 - water temperature at inlet / outlet t1’ / t1’’ °C 




 - oil temperature at inlet / outlet t2’ / t2’’ °C 




 - water mass factor M1 - 




 - oil mass factor M2  - 




 - water flow quantity V1 m³/h 




 - oil flow quantity V2 m³/h 




 - cooling capacity Q kW 




 - specific gravity of oil ρ2 kg/m³ 




 - capacity factor depending  
on mass flow 




(QB / Qr)M  - 




 - capacity factor depending on  
  temperature 




(QB / Qr)T  - 




B.2 Calculation of capacity in service 




B.2.1 Service capacity for different temperatures at inlet according to Figure B.1 
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B.2.2 Service capacity for different mass flows  
according to Figure B.2 for plain tubes – according to Figure B.3 for finned tubes 5) 




ρ2r  = 880 – 0,65 . t2r‘ 




ρ2B  = 880 – 0,65 . t2B‘ 
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B.2.3 Service capacity for different mass flows and different temperatures 
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For changing of volume flows or the oil side temperatures the pressure drops have to be discussed with 
the heat exchanger manufacturer. 




B.2.4 Example for calculation of 25 % capacity margin of new heat exchangers 




Cooling capacity of the new heat exchanger e.g. Qr = 400 kW, this means 1,25 x 400 kW = 500 kW. The 
oil cools down from 70 °C inlet temperature to 60 °C outlet temperature. The cooling water is heated from 
30 °C to 42,5 °C. 




e.g. 400 kW heat transfer this means that t2’ = 62 °C, t2’’ = 54 °C will be reached and the temperatures of 
t1




’ and t1’’ will remain unchanged.’ 




                                                      
5) Plain or finned tubes according to manufacturers decision. 
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B.2.5 Conversion diagrams 




Figure B.1 – Capacity factor depending on inlet temperatures of oil and water 




 




Valid for: 




- rated temperature water inlet    t1r = 30 °C 




- rated temperature oil inlet    t2r = 70 °C 




 




Formula for calculation of the capacity factor: 




( ) BtA
Q
Q
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with: A = - 0,000 026 6 t1‘ + 0,027 008 9 




 B = - 0,000 064 1 t1‘ ² - 0,017 95 t1‘ + 1,059 4 
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Oil mass factor 




Figure B.2 – Capacity factor depending on mass for plain tubes 




 




Calculation formula for capacity factor: 




( )B




r M




Q
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Q
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2ln  




with: A = 0,223 442 ln (M1) + 0,457 108 




 B = 0,254 369 ln (M1) + 1,003 416 
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Oil mass factor 




Figure B.3 – Capacity factor depending on mass for finned tubes 




 




Area quotient of tube outside (oil side) to inner side (water side): 




Fa / Fi ≈ 3,6 




Finned tubes with other area quotient are possible. 




 




Calculation formula for capacity factor: 




 ( )B
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with: A = 0,333 115 ln (M1) + 0,321 075 




 B = 0,553 51 ln (M1) + 1,003 211 
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Annex C 
(informative) 




 
Example for calculation of capacity in service 




 
This annex includes an example based on the calculation rules stipulated in Annex B. 
 
Starting data: Double tube heat exchanger with finned tubes and rated values (e.g. from offer): 
 - rated cooling capacity Qr = 1 000 kW 
 - water temperature at inlet t1r’ = 30 °C 
 - oil temperature at inlet t2r’ = 70 °C 
 - water flow quantity V1r = 86 m³/h 
 - oil flow quantity V2r = 150 m³/h 




Requested: Service cooling capacity considering the following values: 
 - water temperature at inlet t1B’ = 25 °C 
 - oil temperature at inlet t2B’ = 62 °C 
 - water flow quantity V1B = 94,6 m³/h 
 - oil flow quantity V2B = 140 m³/h 




From Figure B.1: with t1B‘ = 25 °C and t2B‘ = 62 °C: 




9,0=
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

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Tr




B




Q
Q  




Rated oil temperature at inlet: t2r‘ = 70 °C 
Service oil temperature at inlet: t2B‘ = 62 °C 




Specific gravity of oil ρ2r = 880 – 0,65 x 70 = 834,5 kg/m³ 
 ρ2B = 880 – 0,65 x 62 = 839,7 kg/m³ 




Water mass factor M1  =  94,6/86   = 1,1 




Oil mass factor M2  =  140/150 x 839,7/834,5  = 0,939 




From Figure B.3: with M1 = 1,2    M2 = 0,939 
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Service cooling capacity: 
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QB = 1 000 x 0,9 x 1,08 = 972 kW 
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Foreword 




This European Standard was prepared by the Technical Committee CENELEC TC 14, Power transformers. 




The text of the draft was submitted to the formal vote and was approved by CENELEC as EN 50216-10 on 
2008-10-21. 




This European Standard is to be read in conjunction with EN 50216-1:2002, Power transformer and reactor 
fittings - Part 1: General. 




The following dates were fixed: 




– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 




 
 
(dop) 




 
 
2009-11-01 




– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  




 
(dow) 




 
2011-11-01 




__________ 
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1 Scope 
EN 50216-10 describes oil-to-air heat exchangers that means a heat exchanger for the cooling of the 
transformer oil using a forced oil circuit and a forced air circuit. 




The oil-to-air heat exchangers are not included in the scope of the Pressure Equipment Directive 
97/23/EC according to Article 1, § 3.12. 




This standard establishes essential dimensions and the requirements to ensure interchangeability and 
adequate mounting of the oil-to-air heat exchangers. 




2 Normative references 
The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendment) applies. 




EN 50216-1:2002 Power transformers and reactor fittings - Part 1: General 




EN 60296 Fluids for electrotechnical applications - Unused mineral insulating oils for transformers 
and switchgear (IEC 60296) 




EN 60721-3-4 Classification of environmental conditions - Part 3: Classification of groups of 
environmental parameters and their severities - Section 4: Stationary use at non-
weatherprotected locations (IEC 60721-3-4) 




EN 754-2 Aluminium and aluminium alloys - Cold drawn rod/bar and tube - Part 2: Mechanical 
properties 




EN 1092-1 Flanges and their joints - Circular flanges for pipes, valves, fittings and accessories , PN 
designated - Part 1: Steel flanges 




EN 1386 Aluminium and aluminium alloys - Tread plate - Specifications 




EN 10025:1990 1) Hot rolled products of non-alloy structural steels - Technical delivery conditions 




EN 10130 Cold rolled low carbon steel flat products for cold forming - Technical delivery conditions




EN 10217-1 Welded steel tubes for pressure purposes - Technical delivery conditions - Part 1: Non-
alloy steel tubes with specified room temperature properties 




EN 12451 Copper and copper alloys - Seamless, round tubes for heat exchangers 




EN ISO 3506-1 Mechanical properties of corrosion-resistant stainless steel fasteners - Part 1: Bolts, 
screws and studs (ISO 3506-1) 




ISO 4406 Hydraulic fluid power - Fluids - Methods for coding the level of contamination by solid 
particles 




3 Definitions 
For the purposes of this document, the following terms and definitions apply. 




3.1  
oil header 
oil collecting and guiding compartment with flange connections to connect the heat exchanger with the 
oil circuit of the transformer 




3.2  
tube sheets 
tubes are connected at both ends with tube sheets. The connection must be oil tight 




3.3  
heat exchanger 
device for exchanging heat from one medium to the other 




                                                        
1) Replaced by EN 10025 series, Hot rolled products of structural steels. 
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3.4  
cooling unit 
unit, consisting of heat exchanger, fan with air chamber and oil pump 




3.5  
turbulators 
inserts to generate turbulent oil flow 




3.6  
passes 
number of passes via heat exchanger. Number “1” means that the oil is streaming in one way without 
any redirection from one oil header to the other (oil inlet and outlet in the opposite oil headers) 




4 Requirements 




4.1 Rated values 
Values for inquiry (minimum): 




- rated cooling capacity Qr kW 




- maximum air temperature at inlet t1´ °C 




- average oil temperature t2m °C 




- oil temperature difference (min. value/max. value) ∆t2 K 




- maximum sound power level Lw dB(A) 




- direction of air flow through heat exchanger forced / induced draught 




- minimum ambient temperature  °C 




 




For the case of order the following rated values should be fixed: 




- rated cooling capacity Qr kW 




- rated air flow quantity V1 m³/s 




- rated oil flow quantity V2 m³/h 




- direction of air flow through heat exchanger forced / induced draught 




- air temperature at inlet t1’ °C 




- air temperature at outlet  t1’’ °C 




- oil temperature at inlet t2’ °C 




- oil temperature at outlet  t2’’ °C 




- air side pressure drop  ∆p1 Pa 




- oil side pressure drop  ∆p2 kPa 




- maximum sound power level (without tolerance) Lw dB(A) 




- minimum ambient temperature °C 




4.2 Rated cooling capacity 
The rated cooling capacity of the heat exchanger is the minimum capacity, which the manufacturer has 
to guarantee. It is based on following conditions of heat exchanger at its time of manufacturing. 




No margin above defined rated cooling capacity; additional cooling capacity has to be agreed between 
purchaser and manufacturer. 




Unless otherwise agreed between purchaser and manufacturer the calculation of rated cooling capacity 
must consider dry ambient air at a pressure of pabs = 101,3 kPa and all types of transformer oil 
according to EN 60296. 
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Rated air-and oil-flow under consideration of permissible pressure drop. 




The direction of air through the heat exchanger is forced or induced draught (shall be presented in the 
printout). 




The point of operation on the fan characteristic curve for nominal air duty shall be at least 15 % below 
the area of instability. Thereby all resistances for the air flow are considered (heat exchanger, direction 
changes, protection screen, measures for noise reduction). The difference of at least 15 % is the 
maximum pressure loss caused by possible air side fouling. 




Conversion of rated cooling capacity into other operating conditions can be calculated according to 
Annex B. Changes of flow quantities should generally be co-ordinated with the manufacturer. 




4.3 Mechanical design 
The mechanical design is based on environmental conditions described in EN 50216-1, Clause 3. The 
maximum oil temperature is 100 °C. Other environmental conditions, temperatures as well as other 
cooling liquids shall be agreed between manufacturer and purchaser. 




On their air side the cooling pipes are equipped with cooling fins. The environmental conditions have to 
be considered for the choice of the materials and/or the combination of the tubes and cooling fins. 




Connection between cooling pipes and tube sheets has to be oil tight. Excessive thermal expansion has 
to be avoided by appropriate design features.  




The heat exchanger has to be designed for outside mounting without further protection and without any 
place to cumulate rain or condense water. 




For transformers with frequency 50 Hz the resonance frequency of the operable heat exchanger must 
not be in the range of (80 – 320) Hz, for transformers with frequency 16 2/3 Hz not in the range of  
(25 – 180) Hz. Tolerances are not considered. 




Vibration of pipes with fins or coil body has to be avoided by an appropriate number of supports. 




Headers carry flanges for connection to the oil circuit. Types of flanges and fixing have to be agreed. 
The number of oil side passes is odd for the flange arrangements A1, B1, C1 and even for A2, B2, C2 
according to Figure A.2. 




It must be possible to clean the heat exchanger on the air side by means of water under high pressure. 




The heat exchanger has to be vacuum proof. 




For material selection criteria refer to A.4. 




The maximum permissible oil pressure in service for the heat exchanger is limited to 350 kPa. 




4.4 Protection of surfaces 




4.4.1 Inner surfaces 




Oil-proof and heat-resistant (min. 100 °C 2)) protection. 




4.4.2  Outer surfaces  




Pipes and fins protected against corrosion. 




The joints between tubes and tube sheets must be closed long term flexible and heat resistant up to 
100 °C 2). 




The corrosion protection system has to be agreed between manufacturer and purchaser considering the 
environmental conditions. 




The environmental conditions must be according to EN 60721-3-4. 




                                                        
2) Deviations in the temperature must be agreed between manufacturer and purchaser. 
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5 Designation 




5.1 Designation of the heat exchangers 
The following heat exchangers are differentiated: 




- OAA oil-to-air heat exchanger with vertical cooling pipes and horizontal air direction 




- OAB oil-to-air heat exchanger with horizontal cooling pipes and horizontal air direction 




- OAC oil-to-air heat exchanger with horizontal cooling pipes and vertical air direction 




- OAxF fan arrangement is forced-draft type 




- OAxI fan arrangement is induced-draft type 




EXAMPLE: 




Designation of an oil-to-air heat exchanger with vertical cooling pipes, horizontal air direction of forced 
draft type, rated cooling capacity 315 kW (315), oil temperature rise 45 K (45), arrangement of flanges 
C1 according to A.1.2: 




Oil-to air heat exchanger EN 50216-10–OAAF-315/45-C1. 




5.2 Rating plate information 
The rating plate shall carry following data. It has to be observable when the heat exchanger is 
assembled to the transformer: 




- manufacturer; 




- designation according to 5.1; 




- serial number; 




- year of manufacturing; 




- maximum oil pressure at service [kPa]; 




- maximum oil temperature [°C]; 




- minimum ambient temperature [°C]. 




Rating data: 




- rated cooling capacity [kW]; 




- rated air flow / oil flow quantity [m³/h]; 




- temperature for air and oil at inlet and outlet [°C]; 




- pressure drop of oil and air [kPa/Pa]; 




- type of tubes 3): 




  -   oO oval tube without turbolators, 




  -   oR circular tube without turbolators, 




  -   mO oval tube with turbolators, 




  -   mR circular tube with turbolators; 




- mass of heat exchanger without oil [kg]; 




- oil volume [dm³]. 




Design of rating plate: 




- material: consistent against rust and acids. 




Other designs are possible by special agreement. 




                                                        
3) Select correct type. 
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6 Tests 




6.1 Routine tests 




6.1.1 Tightness tests 




The oil-to-air heat exchanger has to be filled with transformer oil with a temperature of (60 ± 5) °C and a 
pressure of 500 kPa. The pressure shall be applied for 6 h, starting after removal of all leaks. At the 
visual inspection no further leakiness must be recovered. 




The oil side of the oil-to-air heat exchanger may be submitted to the following alternative tightness tests 
by agreement between manufacturer and purchaser: 




- hydraulic test with transformers oil filled at ambient temperature and a pressure of 500 kPa for 3 h; 




- pneumatic test with compressed air under water at 500 kPa for 2 h; 




- for the above period any leakage (by visual inspection) has to be detected. 




6.1.2 Visual inspection of the surfaces 




6.1.2.1 Outer surfaces 




Visual the surfaces shall be free of damages, deformations and dirt. Every sort of filling compounds 
shall not be used. 




6.1.2.2 Inner surfaces 




Visual the surfaces shall be free of damages, deformations and dirt. The heat exchanger shall be 
flushed on the oil-side with transformer oil via micron filter as long as size and amount of particles is 
less than the agreed limited value. The flushing oil shall be in accordance to EN 60296. During flushing 
the oil flow velocity shall be sufficient. Thereupon the heat exchanger is ready to operate. Number and 
size of particles, as well as particle test procedure and flushing velocity or other cleaning criteria (e.g. 
according to ISO 4406) have to be agreed. 




6.2 Type tests 




6.2.1 Test of the rated values 




Usually rated values are tested together with the transformer. Separate type tests must be agreed 
between manufacturer and purchaser.  




6.2.2 Test of the outside painting 




The thickness of painting must be according to the ordering data. With respect to the protection of 
surfaces, described in 4.4, an inspection on manufacturers site or other tests can be agreed between 
manufacturer and purchaser. 




7 Preparation for transport and storage 
Immediately after the flushing procedure the transformer oil has to be removed entirely by using filters. 
All flanges are closed with covers. As an option, on purchaser demand, the heat exchanger shall be 
filled under an overpressure of approximate 30 kPa with nitrogen or synthetic air (humidity less than 
10 %) using a valve installed in one of the blind flanges. For long-term storage, that has to be indicated 
by the purchaser, the overpressure must remain minimum 5 kPa and therefore has to be checked 
regularly. 




All threats and thermometer pockets are to be closed to keep them clean.  




8 Mounting and service, service conditions 
All characteristics described in this standard, mainly rated cooling capacity, are based on the pre-
condition that there are no reductions of free air flow caused by any arrangements on sites.  
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Annex A 
(normative) 




 
Design details of heat exchangers 




A.1 Dimensions and designs 
Dimensions indicated for the drawings below, the exact position of flanges and their diameter, as well 
as fixing of heat exchangers have to be agreed generally. Arrangement of lifting lugs, air- and drain 
plugs have to be chosen according to the design of the heat exchanger. 




A.1.1 Schematic design of cooling unit (without oil pump) 




 
Figure A.1 – Schematic design of cooling unit (without oil pump) – Arrangement of flanges A1 




Air 
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A.1.2 Versions of flange arrangement 




 




Versions A1, B1, C1 can be used laterally 
reversed and are to be marked in that 
case with “*” (for example A1*). 




 




Detail nozzle position must be agreed 
between manufacturer and purchaser. 




 




Figure A.2 – Versions of flange arrangement 
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A.3 Parts list 
Table A.1 – Parts list 




Number Description Remark 
2 Connection flanges EN 1092-1/01/…/PN 10 For connection to oil circuit, diameter to be agreed
1 a Plug for air release Venting of oil circuit 
1 a Plug for draining Residual oil 
2 Lifting lugs For transport, assembly and disassembly 
1 Blind flange including gasket and fastenings For closing oil circuit during transport or storage 
1 Blind flange with vent including gasket and 




fastenings 
For closing oil circuit during transport or storage 
and filling with synthetic air 




2 Earthing cam  
1 Rating plate See 5.2 
1 U-bolt cable hanger Fixing of cable 
NOTE Further equipment to be agreed additionally. 
a Number and location defined by number of passes and mounting position. 




A.4 Constructional materials – Common selection of materials 




Example aluminium, aluminium alloy: 
- tube sheets: aluminium alloy EN-AW 6061 according to EN 1386 
- tubes: aluminium alloy EN-AW 3003 according to EN 754-2 
- side walls: mild steel S235JRG2 according to EN 10025 
- header: mild steel S235JRG2 according to EN 10025 
- flanges: mild steel S235JRG2 according to EN 10025 
- supporting sheets: rimmed steel DC01 according to EN 10130, surface type (B), 




surface treatment extra smooth (b) 
- screws and nuts: non-magnetic material according to EN ISO 3506-1 




Example steel, mild steel: 
- tube sheets: mild steel S235JRG2 according to EN 10025 
- tubes: according to EN 10217-1, minimum mild steel S235JR 
- side walls: mild steel S235JRG2 according to EN 10025 
- header: mild steel S235JRG2 according to EN 10025 
- flanges: mild steel S235JRG2 according to EN 10025 
- supporting sheets: rimmed steel DC01 according to EN 10130, surface type (B), 
  surface treatment extra smooth (b) 
- screws and nuts: non-magnetic material according to EN ISO 3506-1 




Commonly used materials: 
Tube sheets: 




S235JRG2 / 1.0038; P265GH / 1.0425; EN-AW 6061; EN AW-AlMg1SiCu;  
X5CrNiN19-9 / 1.4315; X3CrNiCu19-9-2 / 1.4560; X6CrNiTi18-10 / 1.4541;  
X6CrNiMoTi17-12-2 / 1.4571 




Tubes: 
S235JRG2 / 1.0038; P235GH-TC1 / 1.0305; Cu-DHP / CW024A according to EN 12451; 
EN-AW 3003; EN AW-AlMn1Cu; X5CrNiN19-9 / 1.4315; X3CrNiCu19-9-2 / 1.4560; 
X6CrNiTi18-10 / 1.4541; X6CrNiMoTi17-12-2 / 1.4571 




Side walls, header, flanges, supporting sheets: 
S235JRG2; X5CrNiN19-9 / 1.4315; X3CrNiCu19-9-2 / 1.4560; X6CrNiTi18-10 / 1.4541; 
X6CrNiMoTi17-12-2 / 1.4571 
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Annex B 
(normative) 




 
Performance of heat exchangers 




B.1 Performance of heat exchangers 




 
 




The rated cooling capacity follows the 
relation: 




 




Qr = V1 ⋅ c1 ⋅ ρ1 ⋅ (t1‘‘ - t1‘) 




 




Qr = V2 ⋅ c2 ⋅ ρ2 ⋅ (t2‘‘ - t2‘) 




 




Figure B.1 – General diagram for cooling temperatures 




 




In the range of ambient temperature from +10 °C to +40 °C, cooling capacity is with reduced, but for 
many cases sufficient, accuracy proportional to oil temperature difference ∆t when oil temperature at 
inlet changes but rated flow quantities remain constant (see 4.1). 




In case of deviation of air temperature at inlet, all other temperatures (t1‘‘, t2‘, t2‘‘) change in the same 
way if cooling capacity and flow quantities remain constant. 




CAUTION: Change of air flow quantity always causes change of sound power level! 




 




Basic values for calculation 
Dry air at a pressure of pabs = 101,3 kPa 4): 




- density ρ1 = 1,292 x 273,2 / (273,2 + t1‘) kg/m³ 




- specific heat capacity c1 = 1,006 + 0,000 05 x t1‘ kW s/(kg K) 




 




Transformer oil according to EN 60296: 




- density ρ2 = 880 – 0,65 x (t2‘+ t2‘‘) / 2 kg/m³ 




- specific heat capacity c2 = (493 + 1,177 x (t2‘+ t2‘‘) / 2) x 10-6 kW h/(kg K) 




 




                                                        
4) Temperature when entering heat exchanger. 
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B.2 Variation of cooling capacity as function of average oil temperature rise 




 




Figure B.2 – Variation of cooling capacity as function of average oil temperature rise 




 
The conversion covers the range of ± 25 % (corresponding to roughly ± 10 K). 
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B.3 Variation of cooling capacity for modified flow quantities 
B.3.1 Variation of cooling capacity as function of air flow quantity 




 




Figure B.3 – Variation of cooling capacity as function of air flow quantity 




Oil flow quantity and temperatures for oil inlet and outlet remain constant, air side pressure drop and 
temperature of air at outlet change. 
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B.3.2 Variation of cooling capacity as function of oil flow quantity 




 




Figure B.4 – Variation of cooling capacity as function of oil flow quantity 




Air flow quantity remains constant as well as air temperature at inlet and outlet and average oil 
temperature difference. Oil side pressure drop and oil temperature at inlet and outlet are changed. 
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4. P-members not voting: Austria; Egypt; Iran; Nigeria; Pakistan; Serbia; Thailand; (7). 
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Annex 
Date Document Project Nr. 
 14/591A/DTS  




 
National 




Committee
Line 




number
Clause/ 




Subclause 
Paragraph 




Figure/ Table
Type  




of comment 
(General/ 




Technical/Editorial)




COMMENTS Proposed change OBSERVATIONS OF THE SECRETARIAT 
on each comment submitted 




JP 1 4.2 End of 
page 9 




Editorial “concided” to be changed to 
“considered”.  




Change “concided” to “considered”. Accepted 




JP 2 4.3 Table 1 Editorial “Polyphenylene Sufide” to be 
changed to “Polyphenylene Sulfide”.




Change “Polyphenylene Sufide” to 
“Polyphenylene Sulfide”. 




Accepted 




NL  4.2 Equation 
(2) 




Editorial Text "in logarithmic coordinates" 
may be unclear 




Put text in parentheses, and add 
some more clarification: 
"(in logarithmic co-ordinates of  L 
against 1/T)" 




Accepted and changed logarithmic 
to semi logarithmic 




NL  4.2 Figure 1 Editorial X axis runs from right to left 
(which is usual in an Arrhenius plot, 
but may be confusing to those not 
familiar with it) 




Arrow "x" should point to the left; 
add clarification to the key below the 
graph: "1/T is normally represented 
right-to-left, so that higher 
temperatures are at the right hand 
side of the graph" 




Accepted 




NL  4.3, 
4.5 




Table 1, 
Table 3 




Editorial Decimal points and decimal 
commas may create confusion 




Use one consistent decimal symbol Accepted 




PT  Content
s 




4.2 
Equation 
(2) 




 
Editorial 




Instead of: 
“Ln(L)= Ln(a+b/T)” 
Should be: 
“Ln(L)= Lna+b/T” 




 Accepted 
 




     
SK 




 
 




 
     




  The Slovak National Committee 
supports the document 
14/591/DTS, with some editorial 
comments. 
                                                          




 Acknowledged 




    SK1 
     




Page 3 Content
s 
 




11.3.2 
 




    Ed 
   




Evaluation of temperature rise 
tests… 
 




To put the dash: temperature-
rise..(in many places in a whole draft 
of standard) 




Accepted.  However, according to 
the IEV the hyphen is only used 
when modifying the word “test”, as 
in temperature-rise test.  Winding 
temperature rise does not use a 
hyphen. 
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National 
Committee




Line 
number




Clause/ 
Subclause 




Paragraph 
Figure/ Table




Type  
of comment 




(General/ 
Technical/Editorial)




COMMENTS Proposed change OBSERVATIONS OF THE SECRETARIAT 
on each comment submitted 




 
SK2 




 
Page 7 




 
Definitio
ns 
 
 




   
    3.3 




 
    Ed 
  




 
..interval in Celsius… 




 
  …interval in degrees Celsius… 




Accepted 
 




    
SK3 




 
Page 
25 




 
   8.1 
 




 
fourth 




 
    Ed 




 
…withstand short circuits.. 




 
To put the dash: short-circuits.. 




Accepted 




 
SK4 




 
Page 32




 
  11.3.2 
 
 




  
    Ed 




 
Missing the numbering of equations 




 Accepted  Numbering added 
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FORM MCR (IEC)  




2009-01-09 ® Registered trademark of the International Electrotechnical Commission 




 




14/601/MCR
MAINTENANCE CYCLE REPORT




IEC/TC or SC 
TC 14 




Date of circulation 
2009-02-27 




Title of the TC or SC concerned 
Power performers 




 




Publication number:   
IEC 60076-10 Ed. 1 




Original publication date:  
2001-05 




Title of publication: 
Power transformers - Part 10: Determination of sound levels 




 
The Maintenance Team makes the following recommendation for the above publication (check one of the alternatives) 
 
  The publication is to be withdrawn  




Reasons for the withdrawal: 
      




Date of withdrawal *:       
National Committees objecting to this decision should inform Central Office within two months. 




 The publication is reconfirmed and the next review will take place in      . 
The maintenance result date for the publication is      . 




 
 The publication is to be revised and will be included in the work programme with the following title: 




Power transformers - Part 10: Determination of sound levels 
 
 




(Titre F): 
      
 




 The publication is to be amended and will be included in the work programme 




The project is assigned to Maintenance Team: MT 60076-
10 




Name, address and e-mail of project leader Dr. Christoph 
Ploetner  
christoph.ploetner@siemens.com  
 




Project plan: 
Proposed target date 
for submission of a  




CD:  2010-10 CDV:  2011-03 FDIS:  2012-07 Date of publication as an IS:  
2012-10 




The date and place of the next MT meeting are:  or arrangements for electronic operations are annexed . 
National Committees objecting to this recommendation should inform the TC/SC secretary, with copy to the Central Office, within 
two months, otherwise the recommendation will be considered as being approved. 




  
Secretariat Name or signature of secretary 
BSI - UK  Bernd Borchert 




 
 
NOTE: Please find attached a proposal for the scope of the revision of IEC 60076-10. 
 
The TC 14 P-members are requested to review the proposal attached and send their comments 
(approval, additions, etc.) to the secretary of TC 14, with copy to the Central Office. Deadline for 
comments: 1 May 2009. 
 
 




* normally the maintenance result date given in the publication or approved by the Standardization Management Board 




® 
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Proposed scope for the establishment of a new maintenance team for the Revision of IEC 60076-10 
Power Transformers - Determination of Sound Levels  
 
Since edition 1 of IEC 60076-10 in 2001 was published, it was possible, to carry out sound intensity and 
additionally or alternatively sound pressure measurements. In between, many results, based on 
measurements in test laboratories of transformer manufacturers, are available. Evaluations demand 
clarifications in revision work. Among others, following items should be processed by the maintenance 
team: 
 
1. When both measurements (sound pressure and sound intensity) are carried out under similar 
conditions, a deviation between sound pressure and sound intensity measurement is detected. 
 
2. It was found, that the mainly historically justified measuring distance of 0.3m and its application rules 
cause under certain conditions erroneous measurements. 
 
3. The correction due to the background noise should be improved and be more severe. The same 
applies to the correction due to reflexions of the measured values (corrections, caused by reflexions, 
should be proven by measurements). 
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 2008-12-12 
INTERNATIONAL ELECTROTECHNICAL COMMISSION 
 
TECHNICAL COMMITTEE No. 14: POWER TRANSFORMERS 
 
 
Unconfirmed report of the meeting of IEC/TC 14 held in the Sheraton WTC Hotel, Sao Paulo, 
Brazil, on Wednesday 19 November 2008 
 
PRESENT 
 
Chairman -  Mr Jim Fyvie (United Kingdom) 
 
Secretary – Mr Bernd Borchert (United Kingdom) 
 
IEC Central Office - Mr Charles Jacquemart  
 




 
COUNTRY DELEGATE 
  
Brazil Mr Marcos Alves 




Mr Roberto Asano 
Mr Sergio Kamikata 
Mr Raphael Kasal 
Mr Francisco Rebordao 




  
China Mr Chuanlong Mi 




Mr Wenhai Li 
Mr Dehua Wang 
Mr Tian Wenge 
Mr Xianzhong Zhang 
Mrs Liu Yan 
Mr Liu Jie 
Mr Qi Wang 




  
Egypt Mr Abd El Mohssen Hegazy 




Dr Fathi Tahoun 
  
Finland Mr Hasse Nordman 
  
France Mr Jean-Christophe Riboud 




Mr Michel Sacotte 
  
Germany Mr Karl-Heinz Haeger 
 Mr Manfred Stach 
  
Indonesia Mr Johnni Ronald Simanjuntak 




Mr Alihuddin Sitompul 
Mrs Subyantoro Sumaryono 
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Italy Mr Antonio Cammarota 
Mr Flavio Mauri 
Mr Massimo Pompili 
Mr Gian Franco Giorgi 
Mr Vander Tumiatti 




  
Japan Mr Yukiyasu Shirasaka 




Mr Katsutoshi Toda 
Mr Takahito Idda 




  
Kenya Mr Mangieli Kioko 
  
Mexico Mr Alvaro Cancino Quiroz 




 
Nigeria Mr Thomas Inugonum 




Mr Samuel Abiola Olawoyin 
Mr Abdul-Aziz Daudu 
Mr Richard Adedotun 
Mr Albert Wilberforce 




  
Russian Federation Mr Anatoly Panibratets 
  
Saudi Arabia Mr Abdulhameed Alohaly 




Mr Basem Salameh 
Mr Majed Al Hamrani 
Mr Ahmed Alzahrani 
Mr Othman Ainatheer 




  
Sweden Mr Anders Lindroth 
  
United Kingdom Mr A C Hall 




Mr Paul Jarman  
  
USA Mr Scott Choinski 
 Mr Phil J. Hopkinson 




Mr Richard P Marek 
Mr Hyeong Sim 
 




Note: The Delegation Leaders are underlined   
 




  
DOCUMENT 
REFERENCE 
 




1 Opening of the meeting (9.00 am) 
 
The Chairman opened the meeting, welcomed members 
and new affiliated members to the meeting and thanked the 
Brazilian host for the arrangements of the meeting.  
 
The Chairman welcomed the Technical Officer from IEC, Mr 
Charles Jacquemart to the meeting. 
A roll-call took place and everybody introduced themselves.  
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2 Approval of the Agenda 
 
The agenda was approved without comments. 
The Secretary named the reference documents form 
INFOSYS with regards to the agenda. 
 
 




14/583A/DA 
 
 




3 To note the minutes of the meeting of IEC/TC 14 held in 
Mexico City, Mexico on 07 June 2007. 




 




  
The Minutes of the Meeting were approved without 
comments.  
 
 




14/561/RM 
 




4 Information from the IEC Central Office 
 
NOTE: All presentations and reports given at the meeting 
are available from the IEC document server under reference 
14/595/MTG. 
 
Mr Charles Jacquemart (IEC, Technical Officer) gave a 
presentation on the latest developments within IEC and 
explained the major changes that have recently been 
introduced in the development of Standards.  
Mr Jacquemart said that 3 Standards have been published 
by TC 14 since the last Meeting in Mexico City, namely IEC 
60076 Parts 6, 12 and 15. 
He also provided some information about the SBP, which 
now replaces the SPS. 
The committee was also informed about the new edition of 
the IEC Supplement to the ISO/IEC Directives. 
An explanation of the various tools within the IEC website 
was given.  
Mr Sam Hall (UK) raised the question if a 'Good Working 
Practice' document should be produced for TC14. This was 
discussed in length, but no decision has been taken. In this 
context Mr Jacquemart referred to the guidance kits 
available on the IEC web site under TISS. 
 




 




   
5 Progress on current projects  




 
5.1 IEC 60076-1 Ed. 3 (MT 5 – Mr Phil Hopkinson) 
 
(INFOSYS documents 9 and 12 refer) 
 
Mr Phil Hopkinson (US) gave a presentation on the 
development of IEC 60076-1. (INFOSYS doc 18 refers) 
New target dates:  
CDV – January 2009 
FDIS – December 2009 
At this point Mr Phil Hopkinson asked the question if 
frequency conversion factors as given in IEEE C57.12.90 




 
 
 
 















  14/596/RM 4




should be introduced in IEC Standards (slide 7 of the 
presentation refers)  
8 countries were in favour, 5 countries against and 1 country 
abstained.  
The Chairman suggested deferring this issue as the voting 
result is too close and IEEE is already producing a 
document which could later be adopted as a dual-logo 
Standard.  
 
5.2 IEC 60076-2 Ed.3 (MT 6 – Mr Antonio Bossi) 
 
Mr Flavio Mauri (Italy) gave a report as the Convenor Mr 
Antonio Bossi was not present. (INFOSYS document 6 
refers) 
Target date for circulating a CDV: 2009-06 




 
 
5.3 IEC 60076-12 (MT 27 – Mr Michel Sacotte) 
 
Mr Michel Sacotte introduced his report 
 
The Secretary reported that IEC 60076-12 has been 
published on 05 November 2008 
 
 
5.4 IEC/TS 60076-14 (MT 4 – Mr Richard P Marek) 
 
Mr Richard P Marek introduced his report. The document 
(reference 14/591/DTS) was under circulation at the date of 
the meeting. 
 
 
5.5 IEC 60076-16 (WG 31 – Mr Michel Sacotte) 
(INFOSYS document 13 refers) 
 
Mr Sacotte (France) gave further information on his report. 
 
The CD closed and the comments have been circulated 
under ref. 14/593/CC.  
 
The next step would be a CD2 or possibly CDV in March 
2009. 
 
 
5.6 IEC 61378-1 Ed. 2 (MT 7 – Mr Ugo Piovan) 
 
Nobody was available to report. The TC 14 secretary will 
send a reminder to the project leader. 
 




   
6  Strategic planning 




 
 




6.1 Update of the Program of Work of TC 14 as recorded by IEC 
Central Office 




14/588/PW 
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The Secretary presented the programme of work and new 
forecast dates were agreed. The amended work programme 
will be submitted to the SMB after the meeting as part of the 
report to the SMB. 
 
- IEC 60076-3: 
Mr Paul Jarman (UK) proposed to start work on a revision of 
IEC 60076-3.  
The following countries were in favour: IT, DE, US, UK and 
JP. 
Mr Shirasaka (Japan) was nominated as the Project Leader. 
A MCR will need to be circulated and Mr Paul Jarman 
agreed to provide a scope. 
 
- IEC 60076-10 
It was agreed to revise IEC 60076-10. Mr Paul Jarman (UK) 
and Mr Karl-Heinz Haeger (DE) agreed to draft a scope for 
this revision. 
A MCR will be circulated.    
 




 




6.2 To review the Strategic Policy Statement (SPS) 
The Secretary presented a draft Stratetic Policy 
Statement (SPS), which was circulated during the 
meeting for comments. New Maintenance Result Dates 
were agreed.  




It was agreed that the Secretary takes the information 
from the SPS to produce the Strategic Business Plan 
(SBP. The Secretary than circulates the draft SBP as a 
DC (draft for comment) with a six weeks comment 
period.  




Any comments received will than be considered and the 
SBP submitted to IEC/Central Office.  




 




   
7 IEEE Standard C57.15 D8.3 – potential documents for dual-




logo Standard  
 
Mr Charles Jacquemart suggested that the US NC could 
circulate a NP to P-Members to see if there are enough P-
Members supporting this proposal. The work could be done 
under a Joint IEC/IEEE Working Group according to AC 22, 
2008. 
 
By show of hands, the following countries supported this 
proposal: Brazil, US, Italy and Nigeria. 
 
- It was also agreed to discuss IEEE C57.123 as a potential 
dual-logo Standard according to AC 22, 2008. 
 
Mr Karl-Heinz Haeger (DE) recommended not including 




AC/2008-22 
 
 
 
 
 
 
 
 
 
 
 
14/543/DC 
14/546A/INF 
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IEEE C57.123 as an IEC/IEEE dual-logo Standard. After 
some discussion there was no support for the inclusion of 
this IEEE Standard as a dual-logo Standard. 
 




8 Liaison – to receive reports and to confirm the Liaison 
8.1 IEC/TC 10 (Mr A C Hall)   
 
Mr Sam all submitted a liaison report. This report will be 
circulated after the meeting. 
 
8.2 IEC/SC 17C (Mr R JeanJean) 
 
Mr Jean Jean was not present at this meeting. Mr Sacotte 
reported that Mr Jean Jean has retired. It was agreed that 
there is no need for a liaison with TC 17C, therefore the 
liaison should be disbanded. 
 
8.3 IEC/TC 42  (Mr A C Hall) 
Mr Hall submitted a liaison report. This report will be 
circulated after the meeting. 
 
8.4 IEC/TC 89  (Mr J Bjarne Sund) 
 
Mr J Bjarne Sund was not present at the meeting.  
 
It was reported that Mr Bjarne Sund has retired many years 
ago. 
 
8.5 IEC/TC 112  (Mr A C Hall) 
 
Mr Hall submitted a liaison report. This report will be 
circulated after the meeting. 
 
8.6 CIGRE SC A2  (Mr J Fyvie) 
 
Mr Yukiyasu Shirasaka from Japan gave a presentation on 
the CIGRE UHV Symposium which aims to agree on one 
single voltage.  
The report from the CIGRE Chairman P. Boss, on his White 
Paper was noted and will be circulated after the meeting. 
This lists all the currrent work carried out by the Transformer 
committee of CIGRE. 
 
8.7 ISO/TC 108/SC 5  (Mr Paul Jarman)   
 
Mr Paul Jarman reported on the activities within ISO/TC 
108/SC 5. 
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No work has been progressed within this working group. 
There is nothing further to report. 
 
8.8 Establishment for Category D liaison with IEEE 
 
IEEE should send a request to IEC to specify which WG 
they want a category D liaison with, within IEC/TC 14. 
Phil Hopkinson agreed to take this message back to IEEE.  
 
8.9 Mr Flavio Mauri reported on the activities in the 
committee on Bushings. (document SC 36/140/INF was 
presented) 
 
Decision 5 of document 36A/140/INF - Unconfirmed Minutes 
of Joint TCs Officers Meeting (Paris, December 4th, 2007)   
- was discussed: 
 
'The following decision was taken, without any objection: 
 
- TC10 has to consider the product TC ‘s as clients and 
it can not start any new standard subjects without any 
market interest. 
 
- TC14 asks TC10 to propose to set up a new JWG with 
title: “Condition assessment of insulating liquids used in 
electrical equipment – Guidance” under the Convenorship of 
Prof. Massimo Pompili. 
 
- Following the needs of several IEC TCs, TC10 will propose 
to prepare a TR (Joint Work) with title: “Method to identify 
insulating liquids - Fingerprint”. 
 
- The principle of one joint meeting a year is accepted.' 
 
The Chairman asked for delegates to this Joint Working 
Group. Nobody volunteered. It was decided to refer this 
issue to CIGRE. 
 
 




9 Any other business 
 
9.1 Introduction of the new Chairman fro IEC/TC 14 
The Chairman introduced Mr Paul Jarman as his successor. 
A brief outline of his c/v was given.  
Paul Jarman thanked the NCs for their support to his 
nomination. He also thanked Jim Fyvie for the work he has 
done so far as a Chairman. 
Mr Charles Jacquemart from IEC/CO presented the 
Chairman with a scroll and thanked the Chairman for his 
previous work. 
 
9.2 Proposed addition of CLC/TR 50453 into the work 




 
 
 
 
 
 
 
 
 
 
 
 
 
14/566/DC 
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programme of IEC/TC 14 
 
After some discussion it was agreed to include CLC/TR 
50453 into the work programme of IEC/TC 14. A DTR vote 
with a voting period of 2 month will be initiated by the 
Secretary. 
9.3 Proposed addition of CLC/TR 50462 into the work 
programme of IEC/TC 14 
 
There was no support during the Meeting to include CLC/TC 
50462 into the work programme of IEC/TC 14.  
The German delegation commented that this Standard has 
never properly been tested and should only exist as a 
European Standard. This was supported by the UK 
delegation.  
The Italian delegation proposed to discuss this issue again 
during the next Meeting.   
 
9.4 Proposed addition of CLC/EN 50216-11 into the work 
programme of IEC/TC 14 
 
Only Italy was in favour of the introduction of CLC/EN 
50216-11 into the work programme of IEC/TC 14, however, 
there are many parts to this Standard.  
 
The Technical Officer suggested that if any country feels 
strongly to have this CLC/EN Standard implemented within 
IEC, a new work item proposal can be submitted by his 
national committee.   
 
9.5 Introduction of a new work item from the UK (Paul 
Jarman) 
 
Mr Paul Jarman announced that the UK delegation is 
submitting a new work item proposal.  
 
 




14/568/INF 
14/587/INF 
 
 
 
 
14/585A/DC 
14/594/INF 
 
 
 
 
 
 
 
 
 
 
14/586A/INF 
 
 
 
 
 
 
 




10 Close of meeting – Date and venue for the next  meeting 
 
The Chairman closed the Meeting and thanked everybody 
for their participation. He also thanked the host for the 
excellent organisation of the Meeting. 
 
IEC/TC 14 received an invitation to meet in October 2009 in 
conjunction with the IEC General Meeting in Tel Aviv/Israel. 
Mr Isaac Akerman (Israel NC) gave a short presentation 
about Tel Aviv and answered questions which were of some 
concern to delegates.  
He pointed out that working days are from Sunday to 
Thursday in Israel and the meetings will take place in the 2 
weeks from 11 – 22 October 2009. 
 
This presentation will be circulated after the Meeting.  
 
Mr Phil Hopkinson said that the US may not be able to 
participate. Mr Phil Hopkinson also offered to host the 
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Meeting in the US; however this has not been confirmed by 
the US NC. 
The Chairman asked the delegates who would be able to 
attend the meeting in Israel, 11 delegates were in favour 
After long discussion it was agreed to accept this invitation 
to Israel.  




***** 

















_1329547853.pdf
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 2009-11-27 
INTERNATIONAL ELECTROTECHNICAL COMMISSION 
 
TECHNICAL COMMITTEE No. 14: POWER TRANSFORMERS 
 
 
UNCONFIRMED MINUTES OF THE MEETING OF IEC/TC 14 HELD AT THE HOLIDAY INN 
HOTEL, ROSSLYN AT KEY BRIDGE, WASHINGTON D.C., USA, ON THURSDAY 19 
NOVEMBER AND FRIDAY 20 NOVEMBER 2009 
 
PRESENT 
 
Chairman – Mr Paul Jarman (United Kingdom) 
 
Secretary - Mr Bernd Borchert (United Kingdom) 
 
IEC Central Office - Mr Charles Jacquemart  
 


 
COUNTRY DELEGATE 
  
Austria Mr Wolfgang Schirl 
 
Canada 
 


 
Mr Joseph Foldi 
Mr Christoph Ploetner 
 


China Mr Chuanlong Mi 
Mr Dehua Wang 
Mr Xianzhong Zhang 
Mr Juntao Zhong 
Mrs Liu Yan 
Mr Jian Wang 
Mrs Peipei Zhang 
Mr Zhongguo Zhang 
Mr Quin Li 
Mr Shuqi Zhang 
Mr Bo Li 
Mr Zhenyan Guo 


  
Finland Mr Hasse Nordman 
  
France Mr Michel Sacotte 
  
Germany Mr Karl-Heinz Haeger 
 
 
Italy 


Mr Axel Kraemer 
 
Mr Flavio Mauri 
Mr Antonio Cammarota 


  
Japan 
 
 
 
Mexico 


Mr Yukiyasu Shirasaka 
Mr Takayuki Kobayashi 
Mr Yoshihito Ebisawa 
 
Mr Juan Castellanos 
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COUNTRY DELEGATE 
 
 
Netherlands 


Mrs Tania Kalinka Cerda Sauvage 
 
Mr Andre van Boetzelaer 
Mr Huub Reijnders 


  
Russian Federation 
 
 
Sweden 


Mr Andrey Lokhanin 
Mr Vasily Larin 
 
Mr Anders Lindroth 


  
United Kingdom Mr Thomas Breckenridge 
  
USA Mr Scott Choinski 
 Mr Phil J. Hopkinson 


Mr Richard P Marek 
Mr Jin Sim 
Mr Matthew Kennedy 
Mr Larry Dix 
Mr Raj Ahuja 
 


Note: The Delegation Leaders are underlined   
 


  
DOCUMENT 
REFERENCE 


1 Opening of the meeting (9.00 am) 
 
The Chairman opened the meeting, welcomed members to 
the meeting and thanked the American host (NEMA) for the 
arrangements of the meeting and the US National 
Committee for the invitation.  
 
The Chairman welcomed the Technical Officer from IEC, 
Charles Jacquemart, to the meeting. 
A roll-call took place and everybody introduced themselves. 
Phil Hopkinson welcomed delegates to the beautiful city of 
Washington.  
Scott Choinski invited delegates to a dinner in a restaurant 
in Georgetown, sponsored by NEMA. 
Delegates from 14 countries (RU, JP, CN, CA, UK, FR, DE, 
US, AT, FI, IT, MX, NL, and SE) attended the meeting.  
  
 


 


2 Approval of the Agenda 
 
The agenda was approved without comments. 
 
The Chairman suggested to discuss 'Transformers for 
Offshore substations' under 'Any Other Business' (This was 
discussed und item 6 Strategic planning) 
 


14/617A/DA 
 


3 Note the confirmation of the minutes of the meeting 
held in Sao Paulo/Brazil on 19 November 2008 


14/596A/RM 
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DOCUMENT 
REFERENCE 


The Minutes of the Meeting were approved without 
comments.  
 
3.1 – Matters arising from the last meeting 
 
 
3.1.1 – To decide on the need for a 'Good working 
practice' document 
Proposal from the Chairman: No good working practice 
document is required in view of the information 
available on the IEC website 
 
The issue of a 'Good Working Practice' document was 
discussed and it was agreed not to develop such a 
document.  
 
 
 


4 Information from the IEC Central Office 
 
NOTE: All presentations and reports given at the meeting 
are available from the IEC document server under reference 
14/627/MTG. 
 
Charles Jacquemart (IEC, Technical Officer) gave a 
presentation on the latest developments within IEC and 
explained the major changes that have recently been 
introduced in the development of Standards.  
Charles Jacquemart said that 2 Standards have been 
published by IEC/TC 14 since the last Meeting in Sao Paulo, 
namely IEC 60076-12 and IEC/TS 60076-14. 
 
The editing stage within IEC was explained. IEC will edit the 
draft at CDV stage during the voting period and the IEC 
editorial comments will be sent to the TC 14 Secretary who 
will forward to the Convenor and Chairman.  
It was agreed that in general documents should be sent to 
BSI for editorial checks before CDV circulation in order to 
reduce the number of editorial comments after the CDV 
vote.  
Charles Jacquemart pointed out the changes within the new 
7th edition of Part 1 of the IEC/ISO Directives. 
 
A CD can now be circulated for a period of 2, 3 or 4 months; 
this will be decided by the Technical Committee. It was 
agreed that the circulation will be 3 months, unless the 
Chairman, Secretary and Convenor decide that a different 
balloting period is appropriate for a specific document. 
 
Members preferred to see the CDV time reduced. This can 
not be decided by IEC, as this period is based on internal 


14/627/MTG 
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DOCUMENT 
REFERENCE 


CENELEC requirements in the case of parallel voting 
documents. France proposed to contact CENELEC to 
shorten the CDV commenting time. Charles Jacquemart 
proposed that the request would need to be made through 
European National Committees. Most members agreed to 
the reduction of the CDV circulation time. 


Action: France 
 


The Chairman asked about the reason for the period of 4 
weeks for circulation of documents before a meeting. An 
option was to use the IEC Collaboration tool for circulation of 
documents before the meeting. The intention will be that 
documents could be circulated after the 4 week deadline. 
 
The presentation from Charles Jacquemart will be circulated 
after the meeting as part of 14/627/MTG.  
 
Christoph Ploetner (Canada) pointed out that Convenors 
who volunteer for a project should make sure they have the 
time to carry out the work. This is very important to develop 
a good Standard. 


   
5 Progress on current projects  


 
5.1 IEC 60076-1 ed3 (MT5 – Phil Hopkinson) 
- Power transformers, Part 1 General 
Status: CDV closing date 30 October 2009 
Matters arising from the MT5 meeting held on 
Tuesday/Wednesday 
 
Phil Hopkinson gave a presentation on the development of 
IEC 60076-1. This presentation will be circulated after the 
meeting.  
The Maintenance Team considered all technical comments 
at the MT meeting. 
 
A discussion took place to change the scope of IEC 60076-
1 or even the main scope of IEC/TC 14. This would need to 
be coordinated with IEC/TC 96. A continuation of this 
discussion will follow under Strategic Planning. 
 
The Chairman proposed to issue a document for comment 
(DC) for circulation to National Committees to get a view 
what the term 'frequent energization' means within their 
country. The commenting period will be six weeks. The 
Secretary will send the replies to the Chairman. US, IT and 
FR are against circulation of such a DC, but there was the 
majority in favour. 


Action: Chairman 
 


The question of Energy efficiency was discussed. A 
possibility could be to produce a guide on energy 
efficiency. This will be further discussed under Strategic 
Planning. 


 
 


14/612/CDV
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DOCUMENT 
REFERENCE 


 
Within IEC 60076-1 a reference will be made to IEEE 
C57.142, as an informative reference in the Bibliography. 
FR is against this decision and the majority was in favour. 
 
 
Christoph Ploetner (Canada) asked if the term 'ambient 
temperature' should still be used, as there is a mix of 
different terms in the Standard. It was proposed to use the 
term 'external cooling medium'. However, the main issue is 
to use the same term within the Standard. Another option 
was to define the word 'ambient' in the Standard. 
It was agreed to use the term 'external cooling medium' 
instead of 'ambient' when referring to temperature. 
 
For the future it was agreed that if the CDV has line 
numbers then the commenting template with line numbers 
should be used and if not the one without line numbers 
should be used. This will make the compilation of 
comments easier.  
 
Editorial comments on the CDV will be discussed in 
January 2010 in London and the FDIS should be available 
by Spring 2010. 
 
 
 
5.2 IEC 60076-2 ed3 (MT6 – Antonio Bossi) 
- Power transformers, Part 2 Temperature rise for liquid-
immersed transformers  
Status: CDV closing date 30 October 2009 
 
Flavio Mauri presented a report from the Convenor, 
Antonio Bossi, which was circulated before the meeting 
under reference number 14/624/INF. 
 
The next meeting is planned for January 2010 in Milan. 
The FDIS should be available for vote by March 2010. 
 
 
 
5.3 IEC 60076-3 ed3 (MT60076-3 – Yukiyasu Shirasaka) 
- Power transformers, Part 3 Insulation levels, dielectric 
tests and external clearances in air 
Status: AMW 
 
The Convenor, Yukiyasu Shirasaka, presented his brief 
report which will be circulated after the meeting. 
 
A PT meeting was held on Tuesday and Wednesday 
before the TC meeting.  
 
Christoph Ploetner requested that the appropriateness of 
using 'Um' as the basis for the test levels should be 


14/613/CDV
14/624/INF


14/608/MCR
14/611/INF
14/621/INF
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considered by the MT. This was accepted by the 
Convenor. 
The points raised in the presentation were considered as 
broadly acceptable, but comments will be made on the CD 
in the normal way. 
 
The expected target dates for the development or IEC 
60076-3 are as follows: 
CD 2010-06, CDV 2011-04, FDIS 2012-01, IS 2012-04 
 
 
5.4 IEC 60076-10 ed2 (MT60076-10 – Christoph 
Ploetner) 
- Power transformers, Part 10 Determination of sound 
levels 
Status: AMW 
 
The WG has not met yet.  
 
The Convenor proposed to revise the Guide IEC 60076-10-
1 at the same time as the main part 10. Germany did not 
agree.  
The Chairman asked around if both documents should be 
revised at the same time. 
The following were against this proposal: FR, DE, SE 
but UK, US, FI, IT, NL, AT were in favour. 
 
Charles Jacquemart proposed and it was agreed that the 
Secretary will issue a MCR with a proposed scope for the 
revision of IEC 60076-10-1. The Project Leader will be 
Christoph Ploetner (Canada), who agreed to provide a 
document to be attached to the MCR. 


Action: Secretary and Canada 
 
5.5 IEC 60076-16 ed1 (WG31 – Michel Sacotte) 
- Power transformers, Part 16 Transformers for wind 
turbine applications 
Status: CDV closing date 08 January 2010 
 
The Convenor, Michel Sacotte, presented a brief report 
which will be circulated after the meeting as part of 
14/627/MTG. 
 
The commenting period for the CDV closes on 08 January 
2010. 
 
 
5.6 IEC/TR 60076-17 ed1 (Paul Jarman) 
- Power transformers, Part 17 Evaluation of 
electromagnetic fields around power transformers  
Status: DTR closing date was 01 May 2009 
- to consider specific comments on  14/602/DTR 
 
The comments were discussed during the meeting. The 


14/601/MCR


14/618/CDV


14/602/DTR
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comment from Canada were noted and it was decided not 
to modify the table.  
The comments from Egypt were agreed. 
 
The Chairman agreed to incorporate the agreed comments 
into the draft and send the revised draft to the Secretary / 
Central Office by 2010-02. 


Action: Chairman 
 
Once the comments have been incorporated the document 
can be published.  There was a discussion about the 
incorporation of calculation of electromagnetic fields into 
the document, but it was agreed to invite the Canadian NC 
to make a proposal for a new work item to include these 
changes if a suitable convenor is found. 
 
 
5.7 IEC 60076-18 ed1 (PT60076-18 – Patrick Picher) 
Status: NP closed 20 March 2009 
- Power transformers, Part 18 Measurement of frequency 
response  
- to agree change of convenor from Paul Jarman to Patrick 
Picher 
 
This document has now been progressed to the CD stage. 
(14/626/CD). Deadline 19 February 2010 
 
It was also agreed to change the Convenor to Patrick 
Picher (Canada) from Paul Jarman (UK). 


Action: IEC/CO 
 
5.8 IEC 61378-1 ed2 (MT7 – Ugo Piovan) 
- Convertor transformers, Part 1 Transformers for industrial 
applications  


 Status: CDV closed 09 October 2009 
 
Flavio Mauri presented the report on behalf of Ugo Piovan.  
The next MT meeting is planned for February 2010. 
The FDIS will be submitted to the TC 14 Secretary by 2010-
06. 


Action: Project leader 
 


14/597/NP
14/607/RVN


14/610/CDV
14/623/RVC


 


   
6  Strategic planning 


 
 


 6.1 Update the Program of Work of TC 14 as recorded by 
IEC Central Office 
 
 
6.2 Agree on changes to the maintenance review dates 
 


14/622/PW
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The Maintenance result dates have been reviewed and 
amended. (see attached) 
 
6.3 Proposal to revise IEC 60214-1 (Tap-changers - Part 
1: Performance requirements and test methods) and -2 
(Tap-changers - Part 2: Application guide) 
 
It was agreed to issue a MCR for Part 1 only. Axel Kraemer 
(DE) agreed to be the Project Leader.  
The Project Leader to provide a scope and target dates. 


Action: Germany 
 


6.4 Proposal to revise IEC 61378-2 (Convertor 
transformers - Part 2: Transformers for HVDC 
applications) and -3 (Converter transformers - Part 3: 
Application guide) 
It was agreed to start the revision of IEC 61378-2 once the 
outcome of the CIGRE joint working group A2/B4.28 has 
been published. The Convenor will be Anders Lindroth 
(Sweden), who agreed to submit a document for circulation 
with the MCR at the appropriate time. 


Action: Sweden 
 
6.5 Proposal to revise IEC 62032 (Guide for the 
application, specification, and testing of phase-shifting 
transformers) 
 
This is a dual logo standard (IEC/IEEE). IEEE is revising this 
Standard (PC57.135). As a dual logo standard the 
procedure of AC 24/2007 needs to be followed.  
The Secretary agreed to circulate document PC57.135 as a 
DC document. This DC will also serve as a call for experts 
to participate in the joint group to revise IEC 62032. Jin Sim 
agreed to convene the joint group. 


Action: Secretary 
 


6.6 Proposal to develop a Standard for distribution 
transformers 
 
A discussion took place if there is a need for such a 
Standard.     


 There was a general agreement that a new standard for 
distribution transformers would be useful. However, no 
Convenor has been identified so the work will not 
commence. Once IEC 60076-1 is complete, the 
proposal from CENELEC to develop a Standard on 
distribution transformers will be considered again.  
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7 To review the Strategic Business Plan (SBP)  


The Secretary received the following statement from the 
Czech Standards Institute before the meeting: '…agree with 
the documents 14/614/INF in all extend' 
 
The draft Strategic Business Plan was presented and the 
Chairman gave a presentation on the important points that 
need to be decided on before the document is updated. 
 
Following a comment by the Italian NC on the 60076-1 CDV 
that certain low voltage transformers would be excluded 
from the standard that had previously been procured against 
it, it was proposed that they should be included by changing 
the wording. This would technically require a change in the 
scope of TC14.  
 
China agreed that the inclusion of low voltage to low voltage 
transformers in the scope of TC14 and 60076-1 was 
required. 
 
Since the scope of IEC/TC 96 includes transformers of up to 
1100 V but only covers these transformers for certain 
aspects, like health and safety a consultation with this TC is 
necessary. 
 
To change the scope of a Technical Committee, a 'Question 
of principle' would need to be submitted to the IEC SMB. To 
give NCs the possibility to comment on the proposed 
change of scope a DC document will be circulated to 
National Committees. It was agreed that this process should 
be started and the Chairman agreed to send the proposed 
change to the scope the Secretary for circulation as a DC. 


Action: Chairman, Secretary 
 
The question was raised if work should be started on Energy 
efficiency.  
The Chairman reported that work is already going on in 
CENELEC/Europe.  
It was agreed to start work with Michel Sacotte as a Project 
Leader. Michel Sacotte will circulate the New work item 
proposal.  


Action: France 
 
 
Russia proposed to add controllable reactors to the SBP. 
This was agreed.  
 
Russia agreed to issue a new work item proposal to produce 
a standard IEC 60076-6-1 to cover variable and saturable 
reactors. Prof. Andrey Lokhanin will be the project leader. 
The main part of IEC 60076-6 will not be revised at this 
stage.  


Action: Russia 


14/614/INF
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China requested that transformers for nuclear installations 
should be added to the SBP. This was agreed as there are 
already existing Standards within IEEE (IEEE 638, 323, 
344). 
It was proposed to start work on a new IEC standard based 
on the existing IEEE standards. It was agreed to issue a DC 
which will also include a request for nomination of a project 
leader. The Chairman agreed to provide the Secretary with 
some documentation for DC circulation. 


Action: Chairman, Secretary 
 
 
The Chairman brought up the question raised by IEC SMB 
that Offshore power transmission should be considered by 
relevant TCs. He considered this to be relevant to TC 14, 
but it was agreed that no specific action was required at this 
stage.   
Finland proposed to upgrade IEC TS 60076-14 to a full 
Standard. Work could start next year at the earliest, as the 
MRD is 2012. An MCR will be issued with the US (Rick 
Marek) as a Project Leader.  Rick Marek agreed to send 
some documentation to the Secretary for circulation with the 
MCR.  


Action: US and Secretary 
 
The meeting frequency was discussed and it was agreed to 
meet in 12 months time again. 
 
12 month – US, DE, FR, IT, MX, NL, CN, SE, RU,  
18 months – AT  
 
The next question was whether to hold the TC meetings 
separately to the IEC General Meeting.  
 
CA, MX, CN, US were in favour of holding the meetings in 
conjunction with the General Meeting. DE, RU, FR preferred 
that the meetings would be held separately. Other delegates 
had no opinion. It was therefore concluded that the 
Chairman and Secretary would decide as appropriate. 
 
 


8 IEEE document - potential document for dual-logo 
Standard 
 
8.1 – IEEE C57.15 D8.3  - IEEE Standard Requirements, 
Terminology, and Test Code for Step-Voltage 
Regulators 
 
A paper copy of the draft was circulated during the meeting 
for discussion and an electronic copy will be circulated after 
the meeting.  


AC/2008-22
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Phil Hopkinson gave an outline on the draft IEEE C57.15 
D8.3. 
There was the option to make it a dual logo standard or to 
change it and make it an IEC Standard. 
It was agreed to circulate a DC asking National Committees 
for their opinion on whether to issue this draft as a dual logo 
Standard and to ask the question if they see any conflict 
with other Standards. Craig Colopy (US) is proposed as a 
Project Leader and he will consider the comments on the 
DC. 


Action: Secretary and US 
 


9 Liaison – to receive reports and to confirm the liaisons 
and liaison officers 
 
9.1 IEC/TC 10 - Fluids for electrotechnical applications 
(Mr Sam Hall)  
The Chairman reported, as Sam Hall was not attending the 
meeting. The report will be circulated after the meeting. 
 
9.2 IEC/TC 36 – Insulators 
It was agreed to discontinue the liaison with IEC/TC 36. 
 
9.3 IEC/SC 36A – Insulated bushings 
It was agreed that Flavio Mauri (Italy) will act as liaison 
officer. 
 
9.4 IEC/TC 37 – Surge arresters 
It was agreed to discontinue the liaison with IEC/TC 37. 
 
9.5 IEC/TC 42  - High-voltage testing techniques (Mr 
Sam Hall) 
 
The Chairman reported, as Mr Hall was not attending the 
meeting. The report will be circulated after the meeting. 
The Chairman pointed out that IEC 60060-1 has passed the 
CDV vote and will be important to the work of MT 60076-3. 
 
9.6 IEC/TC 89 – Fire hazard testing (Mr John-Bjarne 
Sund) 
John-Bjarne Sund did not attend the meeting. The Chairman 
presented a report which will be circulated after the meeting. 
 
9.7 IEC/TC 95 - Measuring relays and protection 
equipment 
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It was agreed to discontinue the liaison with IEC/TC 95. 
 
9.8 IEC/TC 112 - Evaluation and qualification of 
electrical insulating materials and systems (Mr Sam 
Hall) 
The Chairman reported, as Sam Hall was not attending the 
meeting. The report will be circulated after the meeting. 
Rick Marek agreed to be a Deputy Liaison officer for IEC/TC 
112, in case Sam Hall was not able to attend a meeting. 
 
9.9 IEC/TC 114 - Marine energy - Wave, tidal and other 
water current converters 
It was agreed not to establish a liaison with IEC/TC 114. 
 
9.10 CIGRE SC A2  - Transformers (Mr Shirasaka)  
Yukiyasu Shirasaka gave a presentation on the activities 
within CIGRE SC A2. This presentation will be circulated 
after the meeting. 
 
9.11 ISO/TC 108/SC 5 - Condition monitoring and 
diagnostics of machines  (Paul Jarman) 
So far the Chairman acted as a Liaison Officer, but he does 
not want to continue. Matthew Kennedy (US) agreed to take 
over from Paul Jarman. 
 
9.12 Establishment for Category D liaison with IEEE 
 
It was requested that a category D liaison be established 
with IEEE – Power and Energy Society Transformers 
Committee – with several WGs/MTs of IEC/TC 14.  
The meaning of Category D liaison is described in the 
ISO/IEC Directives Part 1 (1.18.3.1). 
IEEE will need to send a letter to IEC/TC 14 
(Secretary/Chairman) requesting the liaison and giving 
reasons for this liaison. The IEC SMB would need to vote on 
the liaison. 
Delegates present were unanimously in favour of 
establishing this liaison. 


Action: IEEE/US 
 
9.13 Proposal for a new liaison with IEC/TC 96 - 
Transformers, reactors, power supply units and similar 
products for low voltage up to 1100 V - 
 
It was agreed not to establish a full liaison with IEC/TC 96, 
however, the Chairman is prepared to keep an eye on the 
developments within IEC/TC 96 and to agree the scope 
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changes with IEC/TC 96. 
Action: Chairman 


 
 
9.14 Proposal for a new liaison with IEC/TC 115 - High 
Voltage Direct Current (HVDC) transmission for DC 
voltages above 100 kV (provisional) - 
 
China (Li Bo) agreed to be the official Liaison for IEC/TC 
115. 
 
 


10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Any other business 
10.1 Introduction of CLC/EN 50216-9 (Power transformer 
and reactor fittings -- Part 9: Oil-to-water heat 
exchangers) into the work programme of IEC/TC 14 
 
The Chairman suggested that either all parts of the EN 
50216series or none of the parts should be adopted. 
Most comments within 14/615/INF show that the majority of 
members are in favour of the adoption.  
It was agreed to circulate all 16 parts of the EN 50216 series 
to NCs asking for comments and a proposal for a Project 
Leader. The Chairman agreed to consider all comments on 
the CENELEC documents and reports back during the next 
meeting.   


Action: Secretary and Chairman 
 
10.2 Introduction of CLC/EN 50216-10 (Power 
transformer and reactor fittings -- Part 10: Oil-to-air heat 
exchangers) into the work programme of IEC/TC 14 
 
See above 
 
10.3 Introduction of CLC/EN/TR 50462 (Rules for the 
determination of uncertainties in the measurement of 
the losses on power transformers and reactors) into the 
work programme of IEC/TC 14 
The Czech Standards Institute submitted the following 
statement before the meeting: 'We agree with the 
introduction of document CLC/EN/TR 50462 into the work 
programme of IEC/TC 14' 
 
It was agreed to introduce EN TR 50462 into the IEC/TC 14 
work programme. A Project Team will be formed with 
Antonio Bossi (IT) as a project leader to simplify the 
European Standard and to introduce this Standard as IEC 
Technical Specification into the IEC/TC 14 work programme. 
The Italian NC is invited to submit a new work item proposal 


 
14/605/DC
14/615/INF


14/606/DC
14/616/INF
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for circulation to IEC/TC 14 to transform CLC TR 50462 into 
a IEC/TS. 


Action: Italy 
 


10.4 Proposal from Germany to create a JWG between 
IEC/TC 10 (Fluids for electrotechnical applications) and 
IEC/TC 14 to revise IEC 61181 (Mineral oil-filled 
electrical equipment - Application of dissolved gas 
analysis (DGA) to factory tests on electrical equipment) 
and IEC 60076-2 (Power transformers, Part 2 
Temperature rise for liquid-immersed transformers) 
 
It was agreed to invite IEC/TC 10 to revise IEC 61181. A 
joint working group would need to be created and the US 
(Tom Prevost) will offer to lead this project or to assist in the 
development of the work. US to propose the revision. 
 
The Chairman agreed to contact the Chairman of IEC/TC 10 
once the proposal is received. 


Action: US and Chairman 
 
 
Date and place of the next meeting 
 
The Chinese NC offered to host the next meeting in China. 
The provisional date for the Plenary meeting will be the 
18/19 November 2010. The preceding three days will be 
used for MT/WG meetings. 
The Chairman thanked the Chinese delegates for their kind 
offer. 
 
 
Close of the meeting 
The Chairman asked for comments on improvements of 
future meetings. It was agreed to draft resolutions during 
future meetings.  
The Chairman thanked everybody for attending the meeting 
and the host, Scott Choinski and NEMA for the provision of 
the excellent meeting room facilities and the dinner on 
Thursday night. 
 
Annex 1: IEC TC 14 roster (by country, head and 
delegates) 
 
Annex 2: TC 14 maintenance cycles as agreed at the 
meeting  
 


***** 















Work Programme Publication Number Publication Date Review Date MRD proposed dates 


X IEC 60076-1 Ed.  2.0 1993-03-19 2010 MT 5 IEC 60076-1 Ed.  3.0 (CCDV)


X IEC 60076-1am.1 Ed.  2.0 1999-09-30 2010 19 IEC 60076-1 Ed.  3.0 (CCDV)


X IEC 60076-1 Ed.  2.1 2000-04-07 2010 IEC 60076-1 Ed.  3.0 (CCDV)


X IEC 60076-2 Ed.  2.0 1993-04-07 2009 MT 6 IEC 60076-2 Ed.  3.0 (CCDV)


X IEC 60076-3 Ed.  2.0 2000-03-21 2010 24 IEC 60076-3 Ed.  3.0 (AMW)


IEC 60076-4 Ed.  1.0 2002-06-06 2010 2011


IEC 60076-5 Ed.  3.0 2006-02-07 2010 MT2 2011


IEC 60076-6 Ed.  1.0 2007-12-13 2011 MT3


IEC 60076-7 Ed.  1.0 2005-12-15 2010 MT1 2011


IEC 60076-8 Ed.  1.0 1997-11-14 2010 19 2011


X IEC 60076-10 Ed.  1.0 2001-05-22 2010 25 IEC 60076-10 Ed.  2.0 (AMW)


IEC 60076-10-1 Ed.  1.0 2005-10-17 2010 25


IEC 60076-11 Ed.  1.0 2004-05-27 2010 2011


IEC 60076-12 Ed.  1.0 2008-11-05 2011 MT 27


IEC 60076-13 Ed.  1.0 2006-05-24 2009 28 2011


IEC 60076-14 TS Ed.  2.0 2009-05-13 2012 MT 4


IEC 60076-15 Ed.  1.0 2008-02-27 2010 WG 30 2012


IEC 60214-1 Ed.  1.0 2003-02-12 2009 26 2010


IEC 60214-2 Ed.  1.0 2004-10-14 2009 MT26 2012


IEC 60616 TR Ed.  1.0 1978-01-01 2010 2012


X IEC 61378-1 Ed.  1.0 1997-09-10 2009 MT 7 IEC 61378-1 Ed.  2.0 (CCDV)


IEC 61378-2 Ed.  1.0 2001-02-08 2010 21 2011


IEC 61378-3 Ed.  1.0 2006-04-27 2010 21 2012


IEC 62032 Ed.  1.0 2005-03-02 2010
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