Annex J


Performance Characteristics Subcommittee 
April 15, 2015
San Antonio, Texas 
Chair:  Ed teNyenhuis Craig Stiegemeier
Vice Chair:  Craig Stiegemeier (did not attend)
Secretary:  Sanjib Som
J.1 Introduction / Attendance
The Performance Characteristics Subcommittee (PCS) met on Wednesday, April 15th, 2015 at 3pm with 173 people attending.  Of these, 66 were members and 107 were guests.  Prior to this meeting, the total membership of PCS was 93 members; therefore, quorum was achieved with 70% of the membership in attendance. 

There were 13 guests requesting membership.  

The secretary distributed four rosters for four columns of seating arrangement in the room.

J.2 Approval of Agenda
The Chair presented the agenda and requested comments or objections - there were none.  The agenda had been sent to the members by email several weeks prior to the meeting.
J.3 Approval of Last Meeting Minutes
The chairman presented the minutes of the last meeting held in Washington DC, USA – Oct, 2014. A motion to accept as proposed was given by Steve Snyder and seconded by Hemchandra Shertukde.  The acceptance of the minutes was passed by unanimous vote.

J.4 Chairman’s Remarks
The Chair provided updates on the status of standards under PCS.
PCS is again sponsoring a technical presentation on Thursday 15th April 2015 with the topic being “Transformer Core Grounding and Gassing”.
The Chair informed that 22 members were moved to participant category since they did not meet the attendance requirement.

The following WG and Task Force reports were received next (the reports are below):
· WG on Tertiary/Stabilization Windings PC57.158


E. Betancourt
· WG on PCS Revisions to Test Code C57.12.90


M. Perkins

· TF on Audible Sound Revision to Clause 13 of C57.12.90

R. Girgis
· WG on Non-sinusoidal Load Currents C57.110


R. Marek
· WG on PCS Revisions to C57.12.00




T. Ansari
· WG Shunt Reactors C57.21





S. Som
· IEEE/IEC WG Wind Turbine Generator Transformers, P60076-16
D. Buckmaster
· WG on Loss Evaluation Guide C57.120



M. Miller
· WG 3-ph Transf. Connections C57.105



A. Bromley
· WG on C57.109 - Through-Fault-Current Duration 


V. Mehrotra
· WG on Distributed Photo-Voltaic Grid Transformers C57.159

H. Shertukde
· TF Core Gassing & Grounding





D. Buckmaster
· TF on HV & EHV Transients C57.142




J. McBride
· WG on Neutral Grounding Devices PC57.32



S. Kennedy
J.5 Unfinished (Old) Business

None

J.6 New Business

Hemchandra Shertudke, Chairman of the C57.159 WG, told the PCS that the C57.159 draft is ready for ballot and has been approved by the WG.  A motion that PCS approve the C57.159 draft for SA ballot was proposed by Branimir Petosic and seconded by Anirudth Narain.  The motion was passed by overwhelming majority and there were no negative votes.  
Sheldon Kennedy, Chairman of the C57.32 WG, told the PCS that the C57.32 draft is ready for ballot and has been approved by the WG.  A motion that PCS approve the C57.32 draft for SA ballot was proposed by Philip Hopkinson and seconded by Donald Ayers.  The motion was passed by overwhelming majority and there were no negative votes.  

A motion was received to have PCS to: “Set up a TF to investigate to have a short circuit design criteria similar to the IEC Annex A, Theoretical evaluation of the ability to withstand the dynamic effects of short circuit, in the IEC 60076-5, Ability to withstand short circuit”.  The motion was made by Joe Foldi and seconded by Don Ayers.  There was some discussion where members expressed both appreciation of this provision as well commented on its limitations.  The motion was voted upon and passed with 31 votes for and one vote against (Waldemar Ziomek).  The PCS Chairman will set up a TF to start this task at the next meeting in Memphis.
Having run out of time, adjournment was proposed by Thomas and seconded by Vinay Mehrotra. 

Meeting was adjourned at 4.20 pm. 
Minutes of Meetings of Working Group (WG) and Task Force (TF) Reports (all unapproved).

10.4.1 WG on Tertiary/Stabilization Windings PC57.158

E. Betancourt
Report from PC57.158 WG Meeting

San Antonio, Apr.13, 2015.

Enrique Betancourt/ WG Chair

Marnie Roussell/ Acting Secretary

The WG C57.12.158 met on Apr.13 at 9:30 AM.   There were 23 members out of 30 present so we had a quorum.   There were 45 Guests also present and 1 guest requested membership.

The Agenda and the minutes from the previous WG meeting were approved (Hemchandra Shertukde, Frank Damico) with no comments or amendments.

Next, the Chair presented to the group the comments received from Draft 4A of the Guide for Application of Tertiary and Stabilizing Windings.  Most were editorial in nature. Time was devoted to discussion of recommendations or technical comments received from Bipin Patel, K. Vijayan, and other active members.
Next a draft version of proposed response to comments received from the C57.12.00 ballot, related to the Clause on Thermal Rating of Stabilizing Windings, was presented to the WG for comments and recommendations pertinent to our Guide.

The question about the necessity of a thermal rating for stabilizing windings is still a matter for discussion and attendees were referred to material included in the latest draft of the Guide. The biggest concern seems to be unnecessary over dimensioning of stabilizing windings.  In response to that, it was stressed again that a symbolic kVA rating or a so-called short circuit rating might not be enough to assess transformer capability under transient or permanent unbalanced operation conditions.

Next the subject of having two chapters still missing in our originally proposed table of contents for our document was discussed. The referred material is related to operating performance of Y-Y connected transformers under transient unbalanced conditions, with or without stabilizing windings. Inclusion of these subjects will be dependent on the Chairs ability to get a contribution in the next two months.

A new Draft of the document will be distributed among WG’s membership soon (within 1 month), with editorial and technical corrections.  Right after incorporation of comments, the Draft will be surveyed among the WG and PCS, to try to meet the timing for our work without need for a PAR extension.
A question about the need to include recommendations related to dielectric requirements for tertiary and stabilizing windings was discussed and considered out of the scope of the WG.

The meeting was adjourned at 10:45, with no new business brought up.

10.4.2
Working Group on PCS Revisions to C57.12.90 - Mark Perkins
Mark Perkins, Chairman
Craig Stiegemeier, Secretary

1. Introduction of members and guests

· Mark Perkins presided over the meeting as Chair.  Craig Stiegemeier was secretary. Attendance rosters were circulated for those in attendance to record their presence and confirm their membership or guest status.

· An introduction of members and guests present and their affiliations was conducted.

· A review of the adjusted membership was conducted and 35 of the 54 WG members were in attendance.  This resulted in attendance of 65% of the membership, making this meeting “official” as a quorum was reached.  In addition, 66 guests were present and 14 of those guests requested membership.  A check will be made before the Fall 2015 meeting and if those guests attended the past 2 meetings they will be added to the role of WG membership.

2. Minutes of the Washington DC metro area (Tysons, VA) meeting

A review of the Fall 2014 meeting was conducted by Mark.  Vladimir Khalin made a motion, and it was seconded by Dan Sauer to approve the spring minutes as written.  Minutes were approved by the membership unanimously.

3. Old Business 

A review of proposed changes to Section 9.3.1 was conducted.  The following proposed addition to section 3 was covered in the last meeting.  This testing approach measures losses and impedance voltage.
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Alternate method for load loss measurement using capacitive compensation at the terminals of the transformer under test

The benefits of this approach include:

· Single Phase or 3 Phase

· Requires no phase angle correction (more accurate)

· Source supplies only real power (0-50 A)

· Capacitors used on load side must be tuned to ZL
· Can use less expensive elements

· Practical for Field Test systems

A measurement protocol for using the alternate method was discussed at the Fall 2015 meeting.  The following refinement/enhancement of that protocol was reviewed:

1. Tune the capacitor to the transformer impedance

2. Apply impedance voltage with source

3. Power Factor will be in the range of 0.9 to 1.0

4. Set the current with Ammeter on Bushing CT

5. Measure real power with the wattmeter

6. Measure Impedance with voltmeter and Bushing CT and Ammeter

7. Subtract the loss of capacitor bank (typical 0.5-2% of LL)

8. Can also be used to determine the phase angle error in loss measurement system

The following calibration checking method was reviewed during the meeting:
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Proposed Changes to Section 9.3.1:

[image: image3.emf]
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The text above in red color includes the following:
An alternate method for either single phase or three phase transformers is to provide capacitive compensation for the transformer impedance at the terminals of the transformer so that the AC source need only supply the real power for the test.  Figure 18 shows the apparatus and connections for a single phase transformer for this alternate method. In this case, the wattmeter will measure the real power of the transformer under test plus the power of the capacitors, which will be very small compared to the power in the transformer. The load loss in the transformer is determined by subtracting the loss in the capacitors from the measured loss.

For modern oil film capacitors, a loss of 0.2 watts per actual kVAR may be used unless a specific capacitor bank loss is known.  This method requires a separate CT or set of CT’s at the transformer for setting the current and measuring the transformer impedance.  Normal bushing CT’s can be used for this purpose as long as the CT and the current measuring device meet the accuracy requirement. The advantage of this alternate method is that the phase angle between the voltage and current at the wattmeter is low (closer to zero degrees) due to the capacitor compensation, so any phase angle errors in the loss measurement circuit are much less significant.  

Bertrand Poulin shared a comparison of the conventional measurement method to the alternate method covered in these minutes for three different cases.

Unit 1 - 374 MVA 1ph 525 / 230 / 13.8 kV

Losses measured at 224 MVA in factory, corrected to 85 °C: 196.4 kW

Losses measured at IREQ Lab, corrected to 85 °C: 194.8 kW

Difference: + 0.82%

Power factor during measurements: 0.00956

Unit 2 - 125 MVA 3ph 315 / 26.4 kV

Losses measured at 125 MVA in factory, corrected to 75 °C: 383.2 kW

Losses measured at IREQ Lab, corrected to 75 °C: 389.2 kW

Difference: - 1.54%

Power factor during measurements: 0.0256

Unit 3 - 560 MVA 3ph 345 / 138 / kV

Losses measured at 336 MVA in factory, corrected to 85 °C: 310.2 kW

Losses measured at IREQ Lab (average of 4 identical units), corrected to 85 °C: 311.7 kW

Difference: - 0.48%

Power factor during measurements: 0.0114

Bertrand suggested removing “bushing” from the CT closest to the transformer.  A discussion suggested that the CT be identified as needing to be a metering class CT.  A question from Dan Sauer on the need for a tuned circuit was reviewed.  Bertrand noted that all loss measurements require a tuned circuit was key to performing this test.  Ramsis Girgis asked if an explanation of the variance was known.  Bertrand noted that uncertainly is certainly possible to cause variation.  Baitun Yang from PA transformer asked about a second measurement using the conventional method.

Ali Naderian reviewed a comparison of measurement methods performed at Kinectrics.

[image: image5.emf]Test#    Load %   (96MVA)  Method 1 (ABB  Truck Loss  Measurement)  Method 2 (At the  transformer HV  terminals)  Difference  %  

Power Loss , kW  Power     loss , kW  

1  Tap 17 -   30%  15.35  15.1  1.6  

2  Tap 17 -   60%  47.5  46.8  1.5  

3  Tap 17 -   100%  130.9  132  0.8  

4  Tap 33 -   160%  367  371.2  1.1  

 


The measurements were all performed within several hours of each other.  The temperature variation was minimal, and none of the values were temperature corrected.

Dan Sauer of Eaton moved and Bertrand Poulin of ABB seconded to perform a survey should be done to pass on the alternate method into C57.12.90.

Ballot Comments from C57.12.90 were then reviewed.  Each comment was covered in an individual discussion.
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X1 and X2 should be changed to Xleft and Xright or
similar because X1 and X2 as shown in Figure 6 implies
subtractive polarity. The first sentence in this clause
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Proposal only lists one method for performing ratio
test on three-phase transformers with inaccessible
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Proposed method should be listed as an optional
method, not the only method. Standard should allow
for testing with a three-phase o simulated three-
phase supply. Modern test equipment has this
feature.
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“The actual per-unit values of hysteresis and eddy-
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Item 231 related to terminal designations was discussed and determined by the WG to not be needed by unanimous vote.

Item 257 related to definition of items in the equations was determined as not being required by unanimous vote as the items are defined elsewhere in the document.  Steve Antosz noted that we may have to revise after IEEE review.

Item 250 related to section 5.3.1 was agreed that it related to analog meters.  Bertrand Poulin suggested that full scale does apply to digital meters in term of inaccuracy is dependent on the full range of the metering device. Jeff Britton from Phenix Technologies noted that normally it’s up to the person performing measurements to make sure the measuring system is accurate to perform the measurements.  It was agreed unanimously to resolve this comment by removing item 1 in section 5.3.1

Item 223 related to 9.5.3 questioned if both Test 4 and Test 2 are redundant.  The working group decided that Test 4 and Test 2 may be redundant to each other.  Joe Foldi suggested that “Tests 1, 2 and 3 or tests 1, 3 and 4 need to be performed” to replace the existing wording.  Bertrand Poulin made a motion and Ajith Varghese seconded the change.  The WG agreed.  In the future we will need to address the accuracy of the working for autotransformers with buried tertiary windings.

Item 222 was rejected since zero sequence was determined to apply only to three phase transformers.

Item 219 regarding section 7.1.4 was discussed.  The wording will be modified as follows: Transformers that have wye connections but do not have the neutral of the wye brought out may be tested either with three phase power or with single phase power. For single phase power the circuit is configured such that there is no shift in the neutral (typically this requires shorting out one phase). When using three phase power, when inequality of the phase voltage is found, the connection should be changed . . . 

Item 109 related to 9.3.2 questioning the purpose of the triangle in Figure 20 (21 in the draft).  This is an amplifier with a feedback capacitor.  This makes the comparison of the inductor and capacitor possible through a 180 degree shift.  Bertrand made a motion and Dan seconded to leave the figure as it is and it was agreed unanimously.  Steve Antosz will provide this explanation to the commenter.

Item 108 regarding removing the labels V1 and I1 and replacing D with Det will be resolved by accepting the suggestion, and this was approved unanimously.

Item 107 on 8.3 was resolved by suggesting the addition of a comment that one should consult the loss measurement guide (C57.123) for more information. This was accepted unanimously.

Note that these comment resolution decisions have been forwarded to Steve Antosz to be incorporated into the C57.12.90 resolution. 

Changes to Section 9.3 were next on the agenda, but time was not adequate to complete a review of those comments.  That will be continued at the fall meeting in Memphis.

4. New Business - There was not time for new business.  The review of the methods will be continued at the Fall meeting in Memphis.

5. Attendance roll call – Before the meeting, the Working Group had 54 members.  See above for attendance, which resulted in sufficient membership present for a quorum.

Adjournment – Ramsis Girgis agreed to have intended to make the motion to adjourn, Dan Sauer seconded, and the group passed the motion to adjourn at 12:15 pm
10.4.3 TF on Audible Sound Revision to Clause 13 of C57.12.90 - R. Girgis
The TF met at 1:45 PM, on Monday, April 13, 2015.  Chairman Dr. Ramsis Girgis presided over the meeting.  Secretary Barry Beaster assisted with the administrative duties.  

After the fall meeting, the membership had been adjusted to 39 members.  For review, an agenda of the spring 2015 meeting along with the unapproved fall 2014 minutes were circulated to all members, corresponding members, and guests in attendance at the last meeting. 

The meeting was attended by 27 members, 6 corresponding members, and 60 guests for a total of 93 persons.  A quorum was established.  There were ten requests for TF membership which will be reviewed based on previous meeting attendance. 
After the introductions, Chairman Dr. Ramsis Girgis presided over the technical portion of the meeting. He stated that members of the TF and PCS Subcommittee were surveyed for the 2nd time prior to the fall 2014 meeting in DC with the proposed revision of Clause 13 of C57.12.90 and associated proposed additions / modifications to Table 18 in C57.12.00.  The chairman commented on the great return on the Survey (97 %). He presented a summary of results of the returns of this survey. 

The chairman then reviewed the 4 main comments received from the balloting of the full C57.12.00 and 12.90 Standards in regards to items related to transformer noise. He also presented the resolution of these comments as follows:

· Comment: Remove reference to 50 Hz (Clause 13.5.6.1 of C57.12.90)
· Response: Some overseas suppliers to the North America market have only 50 Hz test facilities 
· Comment: In the example (Clause 13.6.2.2 of C57.12.90), use different values for core noise and load noise
· 60 & 60 dB (A) were replaced with 59 & 61 dB (A)
· Comment: The "Comments" section for Audible Sound Level in Table 18 should  state that the default condition for sound level measurements is the no – load condition at rated voltage when the purchaser's specification does not make it clear at which conditions the sound levels shall be guaranteed. 
· Response: Following statement has been added: “When the purchaser's specification does not make it clear at which condition(s) the sound level shall be guaranteed, the default condition for sound level measurements shall be the no – load condition(s)”
· Comment: Change reference to NEMA TR1-1993, Tables 0-2 and 0-3 to NEMA TR1-2013, Tables 1 & 2 and clarify that the sound limits in the TR1 tables are for no – load noise levels
· Response: Transformers shall meet standard audible no – load sound levels as listed in NEMA TR1-2013, Tables 1 and 2
Sue McNelly asked whether fan noise is part of No Load noise or Load noise.  The chairman responded that, for now, fan noise is part of No Load noise but the plan is that in the next revision of the Standard, fan noise would be included as part of load noise since fans generally operate under load conditions. 

The next item on the Agenda was the development of reference Load noise levels corresponding to the NEMA levels for No – Load noise. First, the chairman presented tested Load noise levels of 212 (50 & 60 Hz) transformers of 20 – 1100 MVA power ratings collected from 5 different major power transformer manufacturers. The tested data was compared with values calculated using the “Reiplinger formula”. The data showed that the Reiplinger’s curve represents a below – average value for load noise. The tested load noise levels generally varied between 15 dB higher to 5 dB lower than those calculated using the “Reiplinger equation”. The Chairman suggested that possibilities for reference load noise levels could be values that are 10 or 15 dB > values obtained using the “Reiplinger Formula”.  Before a final recommendation is made on the reference Load noise levels to be used, the chairman stated that he will approach some of the manufacturers who provided the 50 Hz data to confirm some of the load noise levels that were in a range of over 10 dB higher than the levels calculated using the “Reiplinger’s formula”. The plan is to finalize the recommended reference Load noise levels in the fall meeting of this TF.    

The Chairman then presented data that showed that the suggested Reference Load Noise levels (“Reiplinger formula” + 10) would be in the range of (NEMA – 10 dB) values for the majority of the MVA range. This indicates that Load noise becomes a factor in determining the total noise level of a transformer only for transformers that have no load noise levels in the vicinity of (NEMA – 10 dB) or lower. 

Sanjay Patel of Smit asked whether some of the load noise data provided were measurements during the Heat – Run test. The chairman answered that he intends to ask this question to those who supplied the higher load noise level data. Sanjay then asked whether any of these transformers had sound mitigating techniques. The chairman answered, obviously not, as these noise levels are abnormally high.  He also questioned whether calculated load noise levels were also provided. Ramsis answered that the interest was to collect only measured noise level data.

Thang Hochanh asked whether one would expect a difference between load noise levels measured before or after a heat run. The chairman answered that the effect of temperature is different depending on the transformer design. However, the difference is typically in the 1 to 2 dB range but is not consistent and is within the range of the noise measuring variability.
Mr. Zoilo Roldan of Southern California Edison asked whether the health of the transformer would be affected by high sound levels. The chairman answered that generally it would not, except in cases where the double frequency noise component is high and is caused by significant vibrations of the tank. In this case, it would affect external components such as monitors and other gauges mounted on the tank walls.  

The Chairman then explained that the development of reference Load noise levels is prefaced with the history of the levels of No – Load noise levels from the NEMA TR1 tables.  These No Load noise levels were based on No Load noise levels of transformers designed with no special requirement for low noise; where cores were made of regular grain oriented steels and designed with high flux density, and high noise level fans were used. Many customers specify the need for lower and much lower No Load noise levels than referenced in the NEMA tables. These are typically required to satisfy noise limits of as low as 40 & 45 dB (A) at the boundary at night.

Upon the chairman’s request, Dr. Chris Ploetner of ABB presented an overview of latest revisions and status of the IEC Sound Measurement Standard and the Transformer Sound Application Guide. Both documents have passed the technical review balloting and is expected to be available for publication later this year. Two items in the IEC Standard are different than what we have in the corresponding Clause 13 in C57.1.90. These are:

1. Using an 8 dB limit for the Sound Intensity Index vs. 6 dB in the IEEE Standard. The decision to return to the 8 dB limit was in response to a majority of the country votes. However, the same penalty for such a high index still applies.

2. The Sound measuring contour for ONAN is 1 m for medium and large transformers but stays at 1/3 m for small transformers. This corresponds to the same 1/3 m for all transformers. 

The chairman thanked Chris for his update and commented that the IEC Application Guide is an excellent and complete document, hence, there would not be a need to develop an IEEE sound application guide; which is a decision already made in the fall 2014 meeting of the TF.
Finally, Pierre Riffon asked about the difference in the equation for calculating the sound measuring contour. Chris Ploetner commented about the (h+2) as the hemisphere factor for distances up to 30 meters.  Some further work on this topic was suggested by the Chair to determine whether the IEEE Formula or the IEC formula is more accurate.

With no further new business, the meeting was adjourned at 2:45 PM.

10.4.4 WG on Non-sinusoidal Load Currents C57.110 - R. Marek
The second meeting of this working group took place at Regency West Ballroom of the Hyatt Regency Riverwalk Hotel.  The meeting was called to order at 3:15 PM by Richard Marek, Chairman. Samuel L. Sharpless was introduced to the working group as Secretary. 

14 members were present at the start of the meeting, representing a quorum of the 26 registered members.  An additional member entered late, resulting in a final attendance of 15 members. There were 38 guests present and 3 of those persons requested membership. 

The meeting agenda was presented. A Motion to approve and accept the agenda was made by Tim Holdway, seconded by Sanjib Som, and approved unanimously. 

Tim Holdway proposed changing a word in the introduction. This change was deemed editorial and was accepted by the chair. Tim Holdway also suggested adding guidance on the use of K-factor. The chair noted that K-factor refers to the transformer capability while the Harmonic Loss Factor defined in this document refers to the load and is independent of the transformer. The chair also stated his opinion that since K-factor was defined in UL standards it was best not to use this term to avoid further confusion about the difference between these two factors. After much discussion, it was the consensus of the group that this was adequately explained in an annex. 

Aleksandr Levin proposed two additional explanatory sentences after line 14 of the introduction regarding transformer efficiency. 

“In addition, the higher harmonic content affects the efficiency of the transformer. The higher loss in this case should be taken into consideration.” 

There was an extended general discussion about the reduced efficiency caused by the harmonic load current and whether the document should provide guidance on how to calculate efficiency. The chair noted his personal opinions that the document was never intended to be precise, but rather to provide conservative calculations to prevent overloading a transformer. Also, the distribution transformers most likely to be evaluated by this document will be included in the DOE efficiency requirements. But the DOE has already defined the method of calculating the efficiency and it is unnecessary to further complicate the issue in this document. A motion to add the proposed text to the introduction was made by Aleksandr Levin, seconded by Vijay Tendulkar and approved by a voice vote, with only one “no” vote recorded. Aleksandr Levin raised a question about a reference to circulating currents in clause 4.1 and whether they were included in the eddy loss calculation. There was a lively discussion with several members speaking in support of adding a clarification on this issue. There were differing opinions as to how the losses due to circulating currents are affected by the harmonic currents. Many others expressed concern against increasing the complexity of the analysis. Again, the chair cautioned against further attempts to be more precise when the document goal was only to approximate in a relatively simple manner. After further discussion about the wording, a motion to add a footnote stating “For the purposes of this document, circulating current losses are included in eddy current losses” was made by Aleksandr Levin, seconded by Vijay Tendulkar, and approved on a 14 to 3 vote. 

Sheldon Kennedy proposed adding the word “small” in the second sentence of clause 4.1.4 making the sentence: “A small dc component of load current will increase the transformer core loss slightly, but it will increase the magnetizing current and audible sound level more substantially.” After much discussion adding the word small was retracted and a motion was made to replace the word “of” with “in” and to delete the word “slightly”. The motion was made by Sheldon Kennedy, seconded by Sanjib Som, and passed unanimously. 

Sheldon Kennedy also proposed changes to the final sentence of section 4.1.4 to clarify the impact of higher DC load current. Other members agreed and recommended expanding his proposed wording. A motion was ultimately made by Sheldon Kennedy, seconded by Sanjib Som, and approved unanimously to adjust the wording as follows: 

“Higher DC load current components may adversely affect transformer capacity causing core saturation, higher var demand, significant current harmonics, core heating, increased winding and structural part losses, and leakage flux patterns accompanied by unusual stray loss effects, and should be avoided.” 

Derek Foster recommended changing the last word of the first sentence in clause 5.6 from “quotation” to “inquiry”. The chairman accepted this recommendation as an editorial change. 

Derek Foster also opened a discussion about the fact that clause 5.6 advises the user that the transformer should be “conservatively sized”. He stated a concern that recommending an increase in the size of the transformer could actually increase the effects of harmonic currents making the problem worse. After some discussion, Derek Foster made a motion to include this information as a footnote. The motion was seconded by Aleksandr Levin and passed unanimously. 

Derek Foster identified a formatting error in clause 5.7, which the chairman agreed to correct in the editorial process. 

Due to a lack of time, no further changes could be considered. The chairman stated that he would send the remaining proposed changes to the members and guests by email for comment and consideration in the form of a survey which requires a vote and that all members are expected to reply. 

There was no new business. 

Tim Holdway motioned for adjournment. The motion was seconded by Casey Ballard, and the motion carried unanimously. The meeting
10.4.5 WG on PCS Revisions to C57.12.00 - T. Ansari
Tauhid Ansari - Chairman 







Enrique Betancourt - Secretary

The PCS Working Group on General Requirements for C57.12.00 met on Monday, April 13, 2015, with 41 members and 63 guests present.   As the Working Group membership stands at 69 members, we did have a quorum and were able to conduct official business.  The following 13 guests requested membership, which will become effective only after attending two (2) consecutive meetings:


Alejandro Macias

Center Point Energy

Amitabh Sarkar

CG Power Systems

Aniruddah Narawane
ABB

Arup Chakraborty

Alstom Grid

Daniel Blaydon

Baltimore Gas & Electric

Darren Brown

Howard Industries

Jason Varnell

SPX Transformers Solutions

Javier Arteaga

ABB

Juan Saldivar

Prolec GE

Paul Morakinyo

PSE&G

Peter Zhao


Hydro One

Philip Hopkinson

HVOLT

Scott Dennis


ABB

The Agenda and the minutes from the previous WG meeting were approved (R. Frosctcher/Raj Ahuja, and Kenneth Skinger/Steve Antosz, respectively) with no comments or amendments.

Next, the Chair Tauhid Ansari presented the first Agenda Item: WG Item 97, Table 18 Operational Tests of LTC Equipment.

This request comes from a comment stated by Joe Foldi at the 2009 Ballot of the standard. It was requested to provide more specific description of the operational tests on the LTC equipment under full voltage (during No-Load test) and under full current (during Load loss test).  The details of the LTC operational test would be described in C57.12.90.

A Task Force formed by Joe Foldi, Tauhid Ansari and Reiner Frotscher prepared a text describing the LTC routine operational test to be completed in two steps:

1) Test on de-energized transformer

a) One complete cycle of operation at 85% auxiliary voltage. Pass criteria: All tap changes shall be completed successfully with no signs of abnormal motor sounds.

2) Test on energized transformer   

a) No-load condition at rated voltage: One complete cycle of operation. 

b) Under Load condition: One complete cycle of operation.

A minimum loading of 80% of the maximum Nameplate current in the regulating winding is recommended, expecting to get meaningful results from the test.

Proposed pass criteria for conditions A and B include oil DGA, uniform profiles for supply voltage and current and observed sound during switching operations. Additional tests, e.g. Dynamic Resistance Measurement (DRM), or a repetition of the test may be appropriate to confirm abnormal results.

Intense discussion followed the presentation of the proposal, with following highlights:

· It is important to consider possible trip-off of electronic test systems

· Significant part of the text presented belongs to C57.12.90

· The test should be rather called for by user’s specifications

· Applied test voltage oscillates during tap change and may cause large current flow

· 80% rated current might not be exactly right for the Load Test

· IEC standards currently include a load test in which it is required to change the tap just above and below reversing switch operation, not the entire tap range.

· The regulating winding might get overheated during the test, for LV LTC applications

· Dissolved gas criteria might be insufficient to capture evolving failures

· Gas data might be required from several LTC manufacturers

· A wrong connection of the preventative auto may produce catastrophic factory and field failures

Finally, a motion was stated (S. Antosz/J. John) and passed by the Group, to survey among the WG’s membership a new version of the text, starting with the question of if the Group wants to incorporate the new text in C57.12.00. The WG chair will arrange the proposed survey.

The meeting was adjourned at 6:00 PM.

10.4.6 WG Shunt Reactors C57.21 - S. Som

Chairman: Sanjib Som (sanjib.som@siemens.com)

Secretary: Arturo Del Rio (Arturo.delrio@trench-group.com)
The working group met in the Regency Center Room of the Hyatt Regency Hotel on Tuesday April 14, 2015, at 9:30 AM.

The meeting was called to order at 9:30 AM by Chairman Sanjib Som

There were a total of 59 participants: 11 Members and 48 Guests out of which 9 Guests requested membership.

The meeting was opened with the introduction of participants and the circulation of attendance roasters.

11 of the current 14 WG Members were present and quorum to carry out business was met.

Meeting Agenda

· Meeting agenda, which was circulated among members and guests on March 30, 2015 by email, was presented to the audience.

· Motion to approve the agenda was made by Klaus Pointner and seconded by Enrique Betancourt.

· There were no objections or comments and the agenda was approved.

Minutes from previous meeting

· The minutes from the F14 meeting in Washington, which were circulated on March 30, 2015 by email, were presented to the audience.

· Motion to approve the meeting minutes was made by Enrique Betancourt and seconded by Mike Sharp.

· There were no objections or comments and the F14 meeting minutes were approved.

Old Business:

1. Loss measurements be performed at rated MVAr instead of rated voltage:

Discussion was opened by Bertrand Poulin who pointed out that the standard is not consistent as section 7.1.1 requires that the losses be measured at rated voltage and frequency whereas section 7.1.2 requires that the losses be corrected for rated MVAr as a quality check.  If this is the case, it is suggested the loss measurements be performed at rated MVAr.  This inconsistency should be addressed in the revision of the document as it affects loss tolerance for commercial evaluation in section 7.1.2.1. and loss tolerance as quality check in section 7.1.2.2.  

Kris Ploetner pointed out that the IEC standard requires correction to rated current.

It was agreed to carry this topic over for further discussion once the WG divides the work into several groups.

2. Luc Dorpmanns to make a proposal to include variable shunt reactors (tap changer type)

Luc Dorpmanns was not present in the meeting.  This topic will carry over to the next meeting.  Sanjib Som will send follow up email to Luc.

3. Altitude correction table additional information by  Daniel Kramer

Daniel Kramer was not present at the meeting.  On email communication to WG Chair, prior to the meeting, Daniel indicated that the correction factors in the present standard for altitude are very conservative and can be left unchanged for thermal and dielectric aspects.

4. Review definition of linearity

Bertrand Poulin opened the discussion on this topic by stating that there may be different ways of measuring linearity most obvious being measuring RMS current at different applied voltages.  There is also measuring peak current at different applied voltages.  Some users may prefer reconstructing the magnetizing curves.  Each method requires meeting certain criteria.

These measurements are not trivial and the standard should cover a clear description of the measurement method either for AC or DC currents.

Kris Ploetner pointed out that the DC current method could be adopted from IEC standards.  Bertrand Poulin will provide a write up on this proposal.

5. Insulation class 150 or 155 for dry type

No discussion in this meeting.   This item is to be carried over for further discussion once the working subgroups are formed.

6. Proposal to make vibration test a routine test (Darren Joe Meisner)

Darren Joe Meisner opened the discussion on this topic making a motion that the vibration test be specified in the standard as a routine test for oil filled reactors.  His motion was seconded by Daram Vir.  Bertrand Poulin and Kris Ploetner questioned if this is really necessary and if acoustic noise test would be preferred; vibration test is a good test as a type test to identify any resonance within the gapped-core and the reactor.

It was pointed out that for field measurements, vibration test and vibration tracking over time is easier to perform and also help troubleshoot installation problems with the foundation.

Joe Meisner will provide some examples and technical background to support this position.

As both sound and vibration tests are important, the motion was amended to request that both vibration and sound test be specified as routine tests in the standard.  The amended motion was seconded by Dharam Vir. This motion was passed with 7 members in support and 0 against.

7. Section 4 – Inputs from Gael Kennedy

Topic skipped for discussion in future meetings.  Sanjib Som will follow up by email with Gael.

· In order to facilitate progress, subgroups were set by the Chair to work on different sections of the standard. The following members volunteered to work on:

Sections 1 through 4: Sanjib Som, A. Del Rio.

Sections 5 through 9: Darren Joe Meisner, Subash Tully, Rogerio Verdorin, Raj Ahuja.

Section 10: Bertrand Poulin, Shamum Hakim, Subash Tully, Klaus Pointner, Kris Ploetner

Sections 11 and 12: Mike Sharp

Pictures: Rogerio Verdolin.

Members and guests were requested that if anyone wished to participate in the above groups or if anyone’s name is not included inadvertently in the list, they were to contact the WG Chair.

New Business:

Michael Thompson from Power System Relaying Committee pointed out that the standard lacks reactor characterization for dry type and oil filled reactors as the standard is organized.  Is this an issue? He comes across air core EHV 345 KV and air core oil filled reactors.  This characterization as oil-filled core-type or air-core dry-type or oil-filled air-core is important from the protection point of view.  Michael will follow up with email to the WG Chair with this request.

Meeting adjournment: Raj Ahuja proposed and Dharam Vir seconded.

Meeting was adjourned at 10:30 am.

10.4.7 IEEE/IEC WG Wind Turbine Generator Transformers, P60076-16 - D. Buckmaster
WG P60076-16 Standard Requirements for Wind Power Generator Transformers

Chairman: David Buckmaster; Vice Chair: Phil Hopkinson; Secretary: Donald Ayers

The Working Group on Wind Power Transformers was called to order at 9:30 a.m. CST on Tuesday, April 14, 2015 at the Hyatt regency Hotel, San Antonio, Texas. There were 108 attendees, 35 members present of a membership of 66 and 74 guests. A quorum was present.

The following guests requested Membership on the Working Group:

Larry Christodoulou, Electric Power Systems, Nashville, TN

Edwardo Garcia, Siemens, Irapuato, Mexico

Willie Mangum, Niagara Transformer, Buffalo, NY

Rodrigo Ronchi, WEG-Voltran, Huehuetoca, Mexico

Mario Locarno, Doble, Boston, MA

Jerry Allen, Metglas, Conway, SC

Thang Hochanh, ALSTOM Grid, St. Jean-sur-Richelieu, Quebec, Canada

Xose Lopez-Fernandez, Universidade deVigo, Vigo, Spain’

Oscar Pinon, Weg-Voltran, Tizayuca, Mexico

Verena Pellon, Florida Power & Light, Juno, FL

This will bring membership of the committee to 71 Members.
Eric Davis made a motion to accept the agenda for the meeting and was seconded by Chuck Johnson. The motion passed unanimously.

Tim Holdway made a motion to accept the minutes from the Fall 2014 meeting and was seconded by Chuck Johnson. The motion passed unanimously.

Dave Buckmaster said that the working group needed to appoint a Resolution Committee to address the 70 plus comments received from the balloting. Paul Jarmin expressed a preference to have a joint IEEE-IEC resolution committee. It was agreed to establish a committee. A request was made for volunteers for the IEEE committee and the only volunteer was Casey Ballard. The leadership said that they would work with Casey Ballard to fill out the remainder of the resolution committee, preferably four more individuals.

Paul Jarmin explained that the IEC comment period will end in July. After receiving the comments the process would take about six months. An objective of the Fall 2015 meeting was set for the resolution committee to complete their task. The objective would be to have a new draft by the Spring meeting in 2016.

A general discussion was had covering gassing issues, arc flash, switching transients and units established in coastal environments.

Alvaro Portillo stated that after a lengthy investigation of failures in off shore locations, the design of the nacelle was modified to filter out the salty, humid environment. The result was a marked increase in the life of the transformers in those locations. Chuck Johnson further supports that idea of filtering the environment versus enlarging the BIL clearances on units.

It was related that some manufacturers have already begun implementing design recommendations to limit exposure to arc flash hazards.

Tim Holdway moved and Casey Ballard seconded a motion to adjourn the meeting. The meeting was adjourned at 10:15 CST.

10.4.8 WG on Loss Evaluation Guide C57.120 - M. Miller
Chair: Michael Miller

Vice-Chair: Rogerio Verdolin

Par status: Par approved

Par expiration date: December 31, 2016

Current draft being worked: D14
1. Attendance

a. Members: 






12

b. Guests: 






56




c. Guests granted membership from last meeting: 
3 

d. Guests requested membership



1

e. Total:







72

2. The meeting was called to order at 11:00 am on Tuesday, April 14, 2015.  

3. The minutes of meeting from the Working Group Fall 2014 meeting in Washington, DC could not be approved since there was no quorum. To have a quorum we needed 13 members to be present.

4. The chair went through the most updated draft that was revised for this meeting, P57.120 D14. 

5. A list of terms was included in the new draft, Section 3. 

6. Publicly available information on wholesale electricity prices, transformer costs, and other dollar values: William Bartley has informed that according to the IEEE legal department we cannot have dollar values in the standard. He suggested including the reference letter from IEEE that allowed the dollar values for illustrative purpose in the standard. He stated that could be an obstacle to have the people from RevCom for approval. 

7. Rogerio has reviewed the Section 5.4.1.1 including values of generation costs from National source, EIA, U.S. Energy Information Administration, Updated Capital Cost Estimates for Utility Scale Electricity Generating Plants, April 2013. 

8. Michael stated that it is very difficult to provide distribution and transmission cost, which are very utility specific. Michael removed the costs out of the Sections related to distribution and transmission. 

9. Due to timeline, utilities that do not generate anymore and deregulated utilities would not be included in the document.  

10.  William Bartley agrees that using the values of the cost of generation capacity from EIA would be fine. He suggested not used ball park numbers from the industry for the other costs. 

11.  Mahesh Sampat stated that these costs of power transformers are listed in the US Department of Energy report. He provided the document to Rogerio. (Mike, I have a copy of the document, however the document does not have the front page, which I could not use to refer in this Meeting minutes).

12.  The chair will send the updated draft this summer for review. 

13.  Donald Platts suggested cutting all of the examples with costs from the document, pasting into a working group report and publishing in the IEEE Transformer Committee. This document would be used as a reference in the standard. The dollar values would be included in the paper. The document could be published at the same time of the standard or before.

14.  The Chair will work in order to put everything together for review at the next meeting and see what the end users would prefer to have in the standard. At the same time the chair will do a research to find out transformer costs data from DOE. 

15. Estimate Timeline was presented during the meeting:

a. Final Draft from WG – April 2015

b. MEC (Editorial Review) – May 2015

c. Initial Ballot (30-day) – Jul 2015

d. Comment Resolution – Nov 2015

e. Re-Circ Ballot (10-day) – Dec 2015

f. Submit to REVCOM – Oct 2016

g. REVCOM Meeting – Dec 2016

Mike indicated that with the changes requested at this meeting the timeline for final draft will be pushed back a meeting so this timeline will be adjusted.

16.  The meeting adjourned at 12:00 PM

10.4.9 WG 3-ph Transf. Connections C57.105 - A. Bromley
Chair: Adam Bromley

Vice-Chair: Rogerio Verdolin

Par status: Approved, Expiration Date: December 31, 2019
1. Attendance

a. Members: 



9

b. Guests: 



18

c. Guests requested membership
0

d. Total:




27

2. The meeting was called to order at 1:45 pm on Tuesday, April 14, 2015.   

3. Chair presented agenda for the meeting. A motion to approve agenda for the meeting was made by John John and was seconded by Rudra Kharel. 

4. Chair presented the Title and Scope of the draft document. A motion to approve the minutes from the last meeting was made by Alejandro Macias and was seconded by Rudra Kharel. 

5. Par status: Par approved, expires December 31st, 2019.

6. Chair states that there were comments made during Reaffirmation Balloting process in 2008. 

7. Rogerio Verdolin and David Walker will review the references. It was suggested to find out on which context the reference was used in the standard. Some references might be outdated. 

8. John John has volunteered to review the comments from the Excel file presented by the Chair. 

9. The meeting adjourned at 2:45 PM

10.4.10 WG on C57.109 - Through-Fault-Current Duration - V. Mehrotra
V. Mehrota – WG Chairman

Jason Varnell - WG Secretary 


This was the first meeting since the PAR was approved. Four of the seven members were present at the meeting so a quorum was achieved. There were a total of 19 people present which consisted of 4 members and 15 guests. Two guests requested membership. The agenda for Tuesday’s meeting and the minutes from the Fall 2014 Task Force meeting were approved. 

The Working Group was informed that the PAR was approved on March 26th and that it has an expiration date of December 2019.  The revised scope and purpose which was a revision from the Fall 2014 Task Force meeting were presented.

The remainder of the meeting was spent discussing comments that were provided from an active group working on C37.91. Michael Thompson submitted the comments prior to the meeting and represented the C37.91 group at the meeting.

The first comment sought clarity on the definition of “normal base current” as defined in section 3.1. Michael Thompson elaborated that more detail should be provided to clearly indicate that the normal base current be defined as the current through the transformer windings. Jason Varnell suggested wording that would match C57.12.00 Sections 7.3.2 and 7.3.3. It was determined that the definition could be updated to match C57.12.00 Sections 7.3.2 and 7.3.3.

The second comment sought clarity on the term “times rated current.” The group from C37.91 would like to see consistency in referring to this term and terms like “normal base current” to have reference to the current through the winding, which should differentiate discrepancies in line and winding current depending on the transformer connection. It was agreed that the term “winding” can be added when referring to these currents. Jason Varnell suggested using the definition from C57.12.00 Section 7.1.5.1 for “times rated current.”

The third comment was regarding Figure 1 and how the curve is currently defined to be T=1250/(I^2) however that it is not true for values of 2 to 5 times normal base current. The group from C37.91 would like Figure 1 to indicate that for current magnitudes between 2 and 5 that the duration is as defined by Table 2 and not the function T=1250/(I^2). It was agreed that clarity could be added to describe the function as seen between the entire range of 2 to 50 times rated current.

The next series of comments focused primarily on the guide’s usage of “worst-case” fault. The C37.91 group requested more information regarding the pre-fault conditions such as pre-fault voltage (in terms of per unit of rated voltage). It was noted that there are operating conditions as defined by C57.12.00 Section 4.1.6.1 that are unknown or not considered during the fault current calculations which may influence the magnitude of the “worst-case” fault. Therefore the application of this guide may difficult without clearly defining the worst-case fault current.  The chair stated that the transformer should be designed for all types of faults and that the magnitude and the type of fault that produces the worst case will change from transformer to transformer depending on several factors such as winding connection.  Jason Varnell suggested that the definition of the worst-case short circuit current should be identical to that as defined in C57.12.00 Section 7 unless otherwise stated by the customer.  It was suggested that the working group submit a request for the Working Group on the Continuous Revisions of C57.12.00 to provide an interpretation of the pre-fault operating conditions for determining symmetrical short circuit current per C57.12.00 Section 7.  

The next comment asked for rewording of the definition of “transformer short circuit impedance” as defined in section 3.2.  It was determined that the definition should clearly indicate the difference between the sum of the transformer and system impedance and then cases where only the transformer impedance is used. It was determined that this definition should be identical to how it is defined in C57.12.00 Section 7.

Brian Penny made a motion to adjourn, which was seconded by Gylfi Olafsson. The meeting adjourned at 3:00pm.

10.4.11 W G on Distributed Photo-Voltaic Grid Transformers C57.159 - H. Shertukde
Chairman: H. Shertukde

Secretary: S. Levin

The Working Group met in the Regency West Room of the Hyatt Regency Hotel. This was a sixth meeting of the WG.

The meeting was called to order at 1:45 pm by Chairman H. Shertukde.

The meeting was convened with 45 participants present, 21 of them are members (that constitutes a quorum out of 33 current members in the roster).  

Old Business

Fall 2014 Washington Meeting Minutes were approved.

New business

Meeting Agenda was approved.

1. Secretary A. Levin updated WG on the results of the vote on the Draft Guide approval.  More than 75% of the members have approved the Draft and agreed to send it to the Performance Characteristics SC for the approval and recommendation for the Initial Sponsor Ballot. The secretary asked everyone who is a member of the Performance Characteristics SC to take part in the vote on our Guide. 

2. Some additional comments were received from the WG members during the ballot.

WG reviewed the comments – most of them were addressed in the Draft revision 4.2 that has been sent to Performance Characteristics SC.

The following comments were discussed:

· Comment on the DOE efficiency standard. P. Hopkinson proposed the motion to include a note in the final version of the Guide on the exclusion of DPV system step-up transformers from DOE (maybe in the future, they will be included). S. Kennedy seconded. Motion passed unanimously.

· Comment on too tutorial nature of the Guide. C. Johnson said that this is Guide and it shall include some tutorial on the subject. WG didn’t feel that we need to address this generic comment at this point. 

· Comment on impedance measurement. A. Laurino commented on the measurement of L1L2-H and L1-H, L2-H impedances: in case of 2-story arrangement of LV manufactured with foil type conductor with one HV winding (see case c) on Fig. 7) of the Guide, the difference between the mentioned above impedances can be significant.  WG decided to add comment on this case in the final version of the Guide.

· E. Betancourt commented that the L1-L2 impedance test can be challenging (the nominal winding current can be difficult to achieve). WG agreed to add the comment to the final revision that during L1-L2 test, the acceptable test current is equal or more than 50% of the single LV nominal current.

· Comment on DC bias. V. Tendulkar talked about low frequency (1Hz) current bias in addition to DC current bias.   

· A. Narawane raised the question whether voltage harmonics can be significant and cause any problems (core saturation, heating). This aspect is not discussed anywhere in IEEE standards. This trigged a discussion, where S. Sarkar commented that, if harmonics are controlled following IEEE 519 recommendations, it shall not present any problem for the transformer. V. Tendulkar talked about the fact that inverter will generate some voltage harmonics and the manufacturer shall be aware about this. P. Hopkinson thinks that there will not be any appreciable effect of the voltage harmonics, especially high frequency ones, because the voltages of the harmonics are very low and will not cause a core saturation and overheating. K. Vedante was in agreement. WG Secretary asked V. Tendulkar to provide wording that can describe the issue and identify information that needs to be included in the transformer specification.    

3. WG reviewed the current Draft 4.2 of the Guide.

4. The next step is the PC SC decision and submitting for the balloting.

With no old or new business the Meeting adjourned at 3:00 PM.

10.4.12 TF Core Gassing & Grounding - D. Buckmaster
TF Core Gassing and Grounding

Chairman: David Buckmaster
Secretary: Donald Ayers

The final meeting of the task force was held starting at 3:19 p.m. CST on Tuesday, April 14, 2015 at the Hyatt Regency Hotel, San Antonio, Texas. 41 attendees managed to sign the attendance roster prior to completion of the meeting.  Of those signing, 9 were members and 35 were guests. Many other attendees did not have time to sign the attendance roster. At the chairman’s discretion, all present were declared members,  thus a quorum was present.

The task force meeting was called to order by David Buckmaster.

Subhas Sarkar made a motion to approve the agenda.  It was seconded by Ned Brush and unanimously approved.

Subhas Sarkar made a motion to approve the previous meeting minutes. It was seconded by Ned Brush and was unanimously approved.

Dave Buckmaster discussed the status of the task force work and that the adopted wording was passed on to the working groups responsible for revising C57.12.00 and C57.12.90 for consideration for inclusion in the next revision of their documents.

A question concerning the relationship between the proposed partial discharge test and the class II transformer test was discussed.

It was noted that the C57.127, Guide for the Detection of Acoustic Emissions from Partial Discharges in Oil-Immersed Power Transformers, is also addressing the issue of core gassing and detection.

With the defined task of the group completed, Hemchandra Shertukde moved that the task force be disbanded. It was seconded by Wally Binder and passed unanimously.

Hemchandra Shertukde moved that the meeting be adjourned. It was seconded by Wally Binder and passed unanimously.

The meeting was adjourned at 3:30 p.m. CST.

10.4.13 TF on HV & EHV Transients C57.142
- J. McBride
Chairman – Jim McBride 

Secretary – Tom Melle
1) Welcome and Chair’s Remarks. TF objectives were presented.

2) Circulation of Attendance Sheets 

3) There were 100 people in attendance with 26 members present.  Quorum was achieved.

4) Spring and Fall 2014 Meeting Minutes presented and approved with no opposition 

5) It was noted that those members who had not attended two of the prior three meetings were moved to Guest status. The Chair asked any interested Guests or former Members to please request membership at this meeting.  
6) Chair briefly reviewed the case studies which are basis of the TF work and described the failure categories that have been identified in the preliminary task force paper.
These Failure Categories were :

A - System faults and capacitor switching produces traveling waves with reflections that excite lightly loaded transformers to resonance 

B – Generator step-up transformers operating in back feed mode are excited to resonance by system transients

C- High frequency switching operations close to the transformer terminals which excite internal resonance due to multiple re-ignitions and restrikes.

7) Chair requested the TF membership propose any additional types of transient interactions for consideration (e.g. Capacitor bank interaction).  The chairman noted that one such interaction might be capacitor bank switching.  Pierre Riffon has commented that some capacitor banks interactions should be considered as inrush current oscillations within the local system.  This is due to that circuit design some capacitor bank interactions may be of a lower frequency oscillations and not traveling waves type interactions.

8) Phil Hopkinson inquired into the frequency ranges per category.
A – System Fault and capacitor (primarily 10-50 kHz range). 

B – Lightning and High Frequency switching operations (100 – 2 MHz)
9) Phil Hopkinson began a discussion of possible upstream/downstream interactions of two transformers. Discussion ensued around the topics of breakers with and without closing resistors, TRV caps, and surge arrestors. A request was made to possibly include a paragraph on downstream – upstream descriptions. Phil Hopkinson volunteered to write the descriptions in a paragraph for the TF paper. 

10) It was discussed that snubber circuits are not a likely solution to protect HV/EHV transformers from the transients in question. It was also agreed that surge arrestors will not protect from dV/dt only amplitude.

11) It was suggested the TF paper include information on mitigation of interactions described in the summary paper.  Chair noted that some mitigation information is included in the paper.  However, this information could be expanded.  It was noted the TF paper is comprised of approximately four pages so far, with an estimated seven pages total, providing room to include mitigation and conclusions.

12) The chair requested that members present volunteer to assist with the recommendations and conclusions sections of the summary paper.  Several members agreed and volunteered to write the conclusions section: Mike Spurlock, Pierre Riffon, Rogerio Verdolin, and Xose Lopez.

13) Chair reviewed some of the comments received from Loren Wagenaar.  Loren had suggested that fast front switching impulse tests and special terminated lightning impulse tests may be beneficial in verifying the ability of transformers to handle service conditions not normally covered by standard factory tests.  The chair questioned whether these types of tests should be suggested in the summary document.  There was some discussion on whether additional factory acceptance tests (e.g. Fast Front / Switching Surge or special terminated Impulse tests) should be investigated in order to better protect transformers from the transients under study.

14) The chair commented that both Loren Wagenaar comments and Jin Sim had previously suggested design reviews be expanded to include the TF topics, stressing that good communication between manufactures and end-users regarding transients has become necessary.  It was also mentioned that Loren Wagenaar has reviewed and accepts the TF work so far.

15) Phil Hopkinson questioned whether a truly representative and reproducible wave shape could be designed for factory acceptance test.  Bertrand Poulin responded that certain utilities have altered their specifications to include an increase in BIL levels and associated test voltages. Bertrand also stated that adding the criteria for Fast Front Switching Impulse waves seldom leads to a design change and that the myriad of different transformer designs will produce many different responses to (factory) transient test waves.

16) A suggestion was made to consider the special terminated lightning impulse testing with open ended (ungrounded) non-impulsed windings.  It was clarified that the open-ended non-impulsed windings should be connected to a HV surge arrestor.  A factory impulse tests with very high voltage surge protectors may be more severe than anything that can occur in the field. 

17) Bertrand Poulin explained that, in particular, lightly loaded systems (e.g. a GSU in backfeed mode) are more vulnerable to oscillating current between the LV-HV windings. These transients are likely to create high turn-to-turn and disk-to-disk voltage stress. In these situations, the HV will usually fail near the line-end as the wave must travel to the HV winding regardless of the downstream/upstream interaction.  Mike Spurlock commented that in some cases the voltages deep in the winding tend to be driven higher than at the line-end. 

18) It was questioned whether suggesting possible additional factory acceptance test is appropriate for the TF scope.  This inclusion of this as a possible mitigation method will be considered further by the TF.

19) After some discussions, a motion was made by Phil Hopkinson to proceed to revise C57.142 to include information and conclusions from the TF paper. The motion was seconded by Hemchandra Shertukde and passed with 15 approvals counted and one abstention. 

20) The Chair requested all members/guests please review and provide comments and/or data for the task force summary paper. 

21) Xose Lopez-Fernandez presented CIGRE work that is ongoing on white box, black box, grey box modeling methods that are described in detail in the CIGRE brochure on interactions.  One of the goals for the working group is to provide standardization of the format used to identify transformer requirements. Another goal is to create a way to link the system model to the transformer model in order to study and predict possible interactions.

22)  Motion to adjourn the meeting made by Sanjib Som and the meeting was adjourned at 3:29PM.

10.4.14 WG on Neutral Grounding Devices PC57.32 - S. Kennedy
Fred Elliott - WG Secretary

Sheldon P. Kennedy - Chair

Tom Melle - Vice Chair

The Neutral Grounding Devices working group was called to order at 4:45 PM on April 14, 2015.  
 1.
Quorum was established by a head count and confirmed by the attendance rosters after the meeting – 11 working group members were present with 19 guests.  5 members were absent.

 2.
Minutes from the last meeting were approved - motion by Klaus Pointner, seconded by Sergio Pannetta and unanimous vote results.
 3.
The Capacitor Subcommittee of the T&D Committee has a GMD blocking capacitor document in development.  Capacitors are outside the scope of this group.  The Forward of C57.32 will include this information.

 4.
Tom Melle (vice chair) is maintaining the official draft document.  Draft 15.1 was surveyed to the working group prior to the meeting.

 5.
A motion was made by Don Ayres that general Clauses 4 through 9 be removed since the relevant information from these clauses has been included in the individual equipment clauses.  The motion was seconded by Mike Sharp.  After discussion, the motion was approved unanimously.

 6.
The tables from the original IEEE 32 will be included in an informative annex for historical reference.

 7.
Since the completion of this project is on a tight timeline, another PCS survey will not be conducted.

 8.
A motion was made by Don Ayers to recommend balloting of Draft 16.  Sergio Pannetta seconded the motion.  The draft will contain the final changes from this meeting and all outstanding editorial corrections.  The working group members voted unanimously to approve the motion.

9.        A balloting resolution group was formed of the task force leaders and the working group officers.

The meeting adjourned at 5:30 pm.
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