ANNEX A Bushings Subcommittee

November 1, 2017
Louisville, Kentucky, USA

Chair: Peter Zhao
Secretary: Eric Weatherbee

A.1 Opening of the Meeting

All

Al.2

Al13

Al4

Introductions

The Chair opened the meeting with group introduction.

Attendance

Membership count was taken with the following results: 46 of 61 members were present with 74 guests
for a total of 120 attendees . There were 4 new membership requests. There was a quorum.

New Members

Eight new members were introduced to the SC and added to the roster. The new members were Mr.
Hamid Abdelkamel, Mr. Jonathan Cheatham, Mr. Bill Griesacker, Mr. Ismail Guner, Mr. Axel Kraemer,
Mr. Raja Kuppuswamy, Mr. Bruno Mansuy and Mr. Edward Smith.

Chairman’s Remarks

The Chair stated that FERC (Federal Energy Regulation Commission) asked the transformer
committee for feedback on resiliency of the grid and that any comments or suggestions should be sent
to Transformer Committee Chair Steve Antosz.

The Chair stated that the WGs and TFs must maintain a list of submitted Q&A'’s that will ease the
transition of new attendees to the meetings. These will be posted prior to each meeting so that they
can be reviewed beforehand. This should help eliminate some of the repetition which will allow the
groups to function more efficiently. The Chair also informed the WG Chairs that they should provide the
findings of their BRG (Ballot Resolution Group) to the SC.

The Chair mentioned that there has been some language discrepancies used in the bushing standards
when converting from “oil immersed” to “liquid-immersed”. The bushing standards having been using
the hyphen while the transformers standards do not. He asked the WG Chair to remove the hyphen if
possible but if it cannot be correct due to their status within the ballot process it will be corrected during
the IEEE editorial process.

The Chair introduced Mrs. Susan McNelly, who is the webmaster for the Transformer Committee and
the Transformer Committee Vice Chair. Mrs. McNelly stated that she is seeking a volunteer(s) to assist
with transferring the IEEE website to a new platform. If anyone can assist with this process please
contact her, simcnelly@ieee.org.

The Chair presented the Standards Status Report for bushings, see Appendix A & B. The Chair noted
that 19.02 had an error listing James Smith as Chair while it should be Steve Shull. The unofficial
reference table which was made for the SC meeting was corrected on-the-fly accordingly but the IEEE
Standards Coordinator will be notified after the conference to correct the official version for the next
meeting.

A.2 Working Group and Taskforce reports

A21

C57.19.00-2004 — Peter Zhao, Chair; Eric We atherbee, Secretary

Mr. Zhao informed the SC that the first meeting was held and that all 57 attendees were granted
membership to the WG. It was agreed that the document was in need of revision and that he will
generate a PAR based on the WG discussion and submit it prior to the next meeting. Mr. Zhao



mentioned some of the areas that need to be address such as clarification to bushing loading, addition
or revision to the definitions, considerations for new bushing technologies and including the additional
bushing applications which come through the two new standards which are currently in PAR. See
complete WG minutes in Appendix C of this report.

A.2.2 C57.19.100-2012 — Tommy Spitzer, Chair; Jef f Benach, Secretary
See complete WG minutes in Appendix D of this report.

A.2.3 WG PC57.19.01-2000 — Dr. Shibao Zhang, Chai r; David Wallach, Secretary

Dr. Zhang informed the SC that there was no WG meeting held as the work has been completed for the
PAR. All ballot comments and the revised drafts have gone through circulation twice. The final vote
returned with 102 responses from the 109 pool of ballotters, out of which 89 approved, with 5
disapprovals which was a 94.7% approval rate. All documents were submitted to RevCom for their
review in the upcoming meeting to be held December 5™ 2017.

A.2.4 WG PC57.19.02 Distribution Transformer Bush  ings — Steven Shull, Chair; Ed Smith, Vice Chair
See complete minutes in Appendix E of this report.

A.2.5 WG PC57.19.04 — Scott Digby, Chair; JD Braf a, Vice Chair; Rich vonGemmingen, Secretary

Mr. Scott Digby informed the SC that the WG did not hold a meeting due to the status of the document,
which currently is in the balloting process. The document received an 85% response rate with a 95%
affirmative vote on its first posting. The BRG (Balloting Resolution Group) is currently reviewing the 78
comments that were received. A PAR extension was granted to the end of 2018.

A.2.6 |EC/IEEE 65700.19.03 — Les Recksiedler (IEE E) and John Graham (IEC), Co-Chairs

The first dual logo standard was approved June of 2014, as such, no meeting was held.

A.3 External Liaison Reports
A.3.1 IEC Bushing Standards Activity — John Graham, IEEE Liaison (Retired)
Although Mr. John Graham has retired he did provide a final liaison report which was displayed to the
SC for their review. See complete report in Appendix F of this report.
A.3.2 IEEE 693 - Eric Weatherbee, IEEE Liaison

Mr. Eric Weatherbee informed the SC that he received an update from Mr. Eric Fujisaki, Chair of IEEE
693, who stated that the document has passed on recirculation with an 81% approval rate. They had
received 36 comments which are being reviewed by their BRG. Mr. Fujisaki stated that the comments
all seemed straight forward and therefore he does not anticipate any issues with resolving them. PAR
expires at the end of 2018.

A.3.3 WG PC57.160 Guide for PD Meas. in Bushings an d Inst. Trans. — Thang Hochanh, Chair
See complete WG minutes in Appendix G of this report.

A.4 Unfinished Business
A.4.1 Bushing Overload
Mr. Matt Weisensee was asked to research the bushing overload issue and prepare a presentation for the
SC. Mr. Weisensee presented his findings to the SC and his scope of work proposal for the taskforce.

Complete presentation can be found on the IEEE Transformer Committee Bushing’s webpage. Following
Mr. Weisensee presentation there were several comments made by meeting attendees.



a. Mrs. Susan McNelly stated that previously all of the bushing manufacturers claimed to meet
the overload conditions as specified in the previous iteration of the Bushing Application
Guide. However, when she contacted them to discuss the specifics they all denied being able
to meet what was recommended in the Guide at that time. When the latest version of 19.100
was published it no longer contained a bushing overload recommendation.

b. Mr. Donald Platts stated that we need to be careful when discussing this issue as he had to
clarify several times when people state there is a transformer overload standard which
includes a section on bushings that it is actually a guide. The guide gives an example of
bushing overload for one specific application and is not to be construed as correct for every
situation.

c. A commenter stated that having something similar to IEC, which recommends at the very
least to choose a bushing with a current rating 1.2 times that of the highest rating of the
transformer may help. However, he noted that the top oil temperature should be considered.

d. Mr. David Geibel commented that using the 1.2 recommendation may help some but knowing
the actual application parameters is imperative. Mr. Geibel stated that the Bushing
Application Guide. C57.19.100, explains how to calculate the overload capability but the
entire system needs to be considered. New technology bushings do not have the same
overload capabilities of OIP bushings. In the past, OIP bushings could be overloaded and
take the loss of life from 40 years down to 25 years which may be acceptable. The new
bushing technologies do not have this capability. Once their threshold is passed it can have
immediate consequences.

Following the presentation and discussion the SC voted and approved the formation of the TF to look into
bushing overloading. Mr. Weisensee is seeking members for the TF; the first meeting will be requested to
take place at S18.

A.4.2 Application Guide C57.19.100 as a dual logo D ocument — IEC inquiry

The Chair informed the SC that as previously decided; IEC was contacted and asked to provide the areas
they would like to add or revise if a dual logo document was attempted. So far there has not been any
response from IEC. The Chair stated that he will allow them a two meeting time-span to respond, if they
fail to respond by then it will be considered a closed topic.

A.5 New Business

A.6 Other
A.6.1 Bushing manufacturers sales drawings

Mrs. Susan McNelly commented that she is finding that the bushing sales drawings are stating that they
meet IEEE 19.01/00 but are in fact not compliant dimensionally with the latest standard although they
may meet an older version of the standard but do not state that is the case. This is causing her to
thoroughly review and compare every sales drawing with the standard values to verify they are indeed
complaint with the latest standard which is extremely time consuming. She requests all bushing
manufacturers to clarify what exactly is meant when stating their bushing meets 19.00/01 on their sales
documents.

A.6.2 TF Investigation into bushing PD
Mr. Bill Griesacker is seeking members to join his TF that is investigating PD in bushings during

transformer factory testing. Mr. Griesacker is especially in need of bushing manufacturers to join. If
anyone is interested they may contact him following the meeting



A.6.3 Liaison among Bushings and other Subcommittee S
The Chair noticed that requirements for bushings in some other transformer standards, e.g., C57.12.10,

C57.91, are not consistent with current bushing standards. A liaison would be helpful in streamlining
these inconsistencies.

A.7 Adjournment 10:50 am
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PAR .| Project Approval PAR
WG Chair Title Status
Number Type : Date |Expiration| ~'at
e RevCom
PC57.19.01 Shibao Zhang | Revision g:lﬁﬁ;*m:ﬁfmﬁﬂfﬁ;ﬁgs 8Dec2010 | 12312017 |Agenda 05-Dec-
2017
Standard for the Design and Performance WG Draft
PC57.18.02 James Smith New Regquirements of Bushings Applied to Liquid 5-Feb-2016 12/31/2020 it
Immersed Distribution Transformers e
Standard Performance Characteristics and Enonsce Hallal:
. Dimensions for High Current Power P '
PC57.19.04 Scoft Digby New Transformer Bushings with Rated Continuous 16-Jun-11 1213172017 Comment
Current in Excess of 5000 A in Bus Enclosures Heschicn
SASB
tandard Number Title Year Expiration Notes

57 19.00 fpigg:sndﬁa&gh?r;leml Requirements and Test Procedure for Power 2004 123172020
C57.19.01 Eﬁﬁfﬂ‘fﬂﬁ&mm;f“a“““m and Dimensions for | 2009 | 1213472018 |ves, PAR at revCom
£5700-19-03 IEC/IEEE International Standard - Bushings for DC application 2014 | 123172024
C57.19.100 IEEE Guide for Application of Power Apparatus Bushings 012 | 123172022
Approved PAR Extensions (All expire as noted)

PC57.19.04 Standard Performance Characteristics and Dimensions for High Current Power Transformer
Bushings with Rated Continuous Current in Excess of 5000 A in Bus Enclosures

(December 2018)
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Bushing Standards Status (unoffical-reference only)

SubCommittee Chair - Peter Zhao, peter.zhao@HydroOne.com

Standard . . Pub Year PAR Issue
) Title WG Chair o Comments
Project Rev. Due Date Par Expiration
|IEEE 5tandard General Requirements and Test Procedure for Power 2004
€57.19.00 _ ! . v P. Zhao First meeting held 10/31/17 for revision discussions
Apparatus Bushings 12/2020
IEEE Standard Performance Characteristics and Dimensions for Outdoor 2000 2010
PC57.19.01 5. Zhan PAR at RevCom, enda 12/5/17
- Apparatus Bushings € 12/2018 12/2017 vCom, Ag /51
) o Standard for the Design and Performance Requirements of Bushings 2016 B
PC57.19.02 5. Shull M Draft development in progress
- Applied to Liquid Immersed Distribution Transformers " = 12/2020 velop in prog
. B . . 2014
65700-19-03 IEC/IEEE International Standard -- Bushings for DC application L. Rechsiedler 12/2024
Standard Performance Characteristics and Dimensions for High Current
o tararterst i e U _ 2011 PAR Extention granted 12/2017 -> 12/2018
PC57.19.04 Power Transformer Bushings with Rated Continuous Current in Excess S. Dighy MNew . .
. 12/2018 - Ext In Sponsor Ballot: Comment Resolution
of 5000 A in Bus Enclosures
) L ) . 2012 . . . . .
C57.19.100 |EEE Guide for Application of Power Apparatus Bushings T. Spitzer Revision discussion meetings, work in progress

12/2022
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WG C57.19.00 - IEEE Standard for General Requirements and Test Procedure for Power
Apparatus Bushings

MINUTES OF WORKING GROUP MEETING - F17 Louisville, KY

The working group met on Tuesday, October 31, 2017 at 8:00 AM. Rosters were passed out
and intreductions made. All those in attendance were granted membership which totaled 57
attendees.

1. Introductions and distribution of attendance rosters

a. Attendance rosters were circulated.
b. The committee officers were introduced (chair and secretary).
¢. Introductions of attendees and their affiliations were made.

2. The Chair provided some historical information on the state of the standard including
some of the areas he feels should be expanded on.

3. The Chair informed the WG that they are to submit all guestions and comments via the
Process Management Template with the purpose of tabulating a document that will be
available under the IEEE Bushing SubCom webpage. This document will be available for
review prior to the meeting. This will allow a concise history of discussions that have
taken place and allow new aftendees to familianze themselves with topics previously
discussed.

4. The Chair stated that he will seek input from all Bushing WG's and TF's in regards to any
areas of concern they may have with the current document.

5. The WG started by looking at the current Scope and Purpose and discussed how best to
revise these to include the two new standards which are PC57.19.04 - high current
applications and PC57.19.02 - distribution transformer bushings.

a. It was noted that the Bushing standards have not been using the same word
phrases as the transformer standard when updating to replace “oil filled” with
“liquid filled”. Bushing standards have included a hyphen whereas the transformer
standards do not. It was decided that this revision will follow the transformer
standards practice and that the Chair will bring this issue to the attention of IEEE-
SA liaison.

b. The following were changes made to 1.1 Scope:

i. From the first sentence, removed “the power apparatus” preceding
bushings. Removed “that have basic impulse insulation levels of 110kV
and above" proceeding bushings.

ii. Under the statement “This standard does not apply”. Hemoved “oil”
preceding circuit breakers. Added “including sfation service wvoltage
transformers” proceeding instrument transformers. Removed Bushings for
oil-less and oil-poor apparatus. Proceeding dc applications added “See
IEEE Sid 65700-19-03™",

c. The following were changes made to 1.2 Purpose:

i. Removed “the power apparatus” preceding bushings in the first sentence.

i. Added proceeding “See IEEE Std C57.19.01™" “C57.19.04, C57.19.02
(under development),” — will need to review when document is near
completion.
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iii. Added last sentence “IEEE Std. C57.19.100 provides an application guide
for power apparatus bushings defined in this standard™ — will need to
review when document is near completion.

6. The Chair asked for section volunteers to review and submit suggested addition,
omission and revisions prior to the next meeting. The following is a list of the sections
and the corresponding volunteers:

Section 3, Definitions — Dave Geibel [ David Stockton

Section 4, Service Conditions — Peter Zhao / Ryan Musgrove

Section 5, Ratings — Dr. Zhang / Steve Shull / Scott Digby

Section 6, General Requirements — Dave Geibel / Eric Humphrey / David
Stockton

e. Section 7, Test Procedure — Dr. Zhang / Dave Geibel

f. Annex — Eric Weatherbee

7. The Chair will submit a PAR prior to the next meeting.
8. Adjournment
a. Meeting was adjourned at 9:16 am.

gEoop

Minutes by: Eric Weatherbee WG Secretary.
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C57.19.100 Unapproved Meeting Minutes 10/31/17 Fall Meeting

The meeting was called to order at 3:15 with 44 people present, 9 members, 8 guests and 25 new guests
with 1 reguest for membership. Quorum was not achieved. After introductions, a request for patent
disclosures was made and none were presented.

Discussed a conflict between C57.19.00 and C57.19.100 in regard to current ratings with oil
temperatures above 55°C rise. The current wording in C57.19.100 indicates a derating is necessary.
Three manufacturers were present and all indicated that their currently manufactured bushings are
rated for 65° C rise oil.

Shibao advised that the 1976 standard had the value at 85, the 2004 version refers to testing with a 55
degree rise. Most manufacturers test to 65C.

Robert Middleton advised that RIF & RIS synthetic bushings are becoming more common and would like
to have them added to C57.19.100.

Discussion on adding new bushing gasket materials if needed. See the Secretary if interested in
addressing this section and addressing the Gasket seal between the tank and bushing base.

Typically bushings are designed to a 70C temperature at the top terminal of the bushing. A 30 degree
rise over ambient temperature is also not recommended.

Brad Staley from SRP discussed temperature ranges and overrating them to ensure they are not de-
rated for 40F temperature swings.

Additional discussions held on temperature ratings and a loading guide for bushings.
Also discussed:

1. Current ratings for terminals

a. Bushing top connection Terminal sizes are getting smaller in size and thickness. They
are now heating up under the current guide. Terminal manufacturers do not provide
current ratings unless requested.

2. Test connections and their weight

a. The need for a guide for a not to exceed weight/length of test accessories is needed so
that they do not affect the test.

3. Special considerations for bushings used in iso-phase bus.

a. Thisis addressed in C57.100.04 for 50004 bushings and above. Bushings Below 5000A
should be addressed as well. The problem is due to a more than 30C rise over ambient
of the connections in the bus.

4. Discussion on PD in bushings and opening the bushing to relieve the pressure. A request for
section on opening the bushing to atmosphere be included.
5. Discussion held on horizontal and vertical clearances during bushing test.

A PAR will be requested after the next meeting with the revision needing to be completed by Dec. 2022.
The meeting was adjourned at 4:26 pm

Tommy Spitzer, Chair
Jeff Benach, Secretary
October 31, 2017
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Distribution Transformer Subcommittee
Task force / Working Group Report

Document &: PC57.19.02

Document Title: Standard for Design and Performance Reguirements for Bushings
Applied to Liquid Immersed Distribution Transformers

Chair: Steve Shull Vice-Chair Ed Smith
Secretary Martin Rave
Current Draft Being Worked On: D1 Dated: March 2017
Meeting Date: October 31, 2017 Time: 11:00 am — 12:15 pm
Attendance: Members 26

Guests 29

Total* 55

* For details of attendance, please refer to AMS system of the Transformers Committee

Meeting Minutes ! Significant Issues / Comments:

The meeting was called to order by the Chair at 11:00 am, the roster was circulated, followed with
an introduction of members and guests. A check for quorum was made and achieved. The Chair
made a call for any Essential Patent Claims, and none were brought forward. A motion was
made by Dan Sauer and seconded by Ron Stahara for approval of the agenda. The motion was
unanimously approved. A motion was made by Dan Sauer and seconded by Ron Stahara for
approval of the Spring 2017 meeting minutes. The motion was unanimously approved.

The various Task Forces presented the results of their reviews:

Table 1 — Cantilever Design Test Reguirements
Dan Sauer (Chair), Josh Yerdell, Mike Thibault, and Marek Kornowski
Dan Sauer presented the Task Force proposal for a distribution transformer
buszhing cantilever test procedurs. The cantilever strength and design test
requirements in C57_.19.00 and C57.19.01 were reviewed and modified by the
Task Force for the distribution transformer bushing proposal. The discussion
following the presentation focused on the proposed torque values and whether
the reguirement should be for the bushing to be mounted to a standard fixture
or representative transformer tank wall. If the bushing iz mounted to a
representative transformer tank wall, a standard thickness for the tank wall
needs to be determined.

The Chair requested the Task Force to reassess the proposed cantilever test
procedure based on the Working Group discussion and provide
recommendations regarding torque values and bushing mounting requirements
(standard test fixture or representative transformer tank wall). Carlos Gaytan
haz been added to the existing Task Force.

Figure 1 - Standard Stud Current Values
Dave Geibel (Chair), Carlos Gaytan, Ali Ghafourian, Dan Saur, and Weijun Li
Dave Geibel presented the Task Force research of information regarding
standard stud/bolt sizes, associated nominal current ratings, and the resulting
temperature rize of the studfiolt. The presentation highlighted the importance
of the stud/bolt temperature in contact with the oil, the stud/bolt temperature in
contact with bushing “plastic® materials, the stud/bolt temperatures in proximity















