l
|‘
i i |
ik |
:“: "
i : " 1
o |I§;‘§ : g

.S, DEFARTMEMT D,F | /

ENERGY)

ELECT / Il
ELE #ThIGITY" -4l

/‘ - 2 3 l
& g
v 8 - VAR
- . =t
i : :
v b e !

AWWWM\HM\W}-. o

NVTIRAY \_

—
BTG —
L
b2 MR 3
-
LTI

?

1 &4 H

\
I ===
¥ it
- MLy =
P \
)
-
yeo
==
.

p

Distribution Service Transformer Sub-Group on Standardization Opportunities
Discussion of Deliverables Dissemination

September 13, 2024



Goal #2 and #3: Core Transformer Configuration

Matrix and Interchangeability Matrix

* Expectations
* In depth technical review by larger group
* Provide comments and edits
 |dentify anything that has been overlooked

* Timeline
» 2 weeks after receipt of information packet
e Coordination of input

* Trades to Consolidate their member's input
* OE and ORNL will facilitate coordinating the Trades input
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Goal #2 and #3: Core Transformer
Configuration Matrix and Interchangeability Matrix

 Documents Prepared for Distribution:
1. DT_HowToUse.pdf
2. Instructions_Configuration_Matrix.pdf
3. DT _Convening_Configuration_Matrix_Deliverable2.pdf
4

Working documents

1. Attributes_Working.xlsx

2. Configuration Form Combined Grouping.xlsx
3. Interchangeability _Matrix_Working.xlsx

5. Instructions_Interchangeability Matrix.pdf
Configuration_Interchangeability Matrix_Short_Form_Deliverable.pdf
7. DT _Convening_Combined Working Documents.pdf
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Goal #2: Core Transformer Configuration Matrix

Distribution Transformer Working Group: Guide to understanding and using the enclosed information

The fiecus of this effort was to support the following short term goals in addition to providing information [ ] D I H OW I O | | Se df
for longer term strategies with input from a selection of Utlities and Trensformer manufacturers. Each []

goal is discussed with some background on why this effort was investigated and some insight on how to
interpret the information provided.

i 2 D t
GOAL #1: Distribution Transformer Taxonomy Table age Ocumen
In the initial discussions, it was dear that there was need to ensure that everyone in the group was using . .
the same terminology and understanding for different critical components and operations within the this [ J D f S h t_T G I
space. A general taxonomy table was derived from IEEE standards, RUS documents, and design I S C u SS I O n O O r e r m O a S
specifications to align the baseline terminology and impact to atngs, design, and manufacturing. This
table is considered a reference for the transformer attributes to be considered for the remainder of the ° Brlef baCk round
discussions and provide a dear communication among varying levels of technical understanding. g
This effort began with an investigation into different attributes related to VA sizing, critical design Why It Was InveStIgated
specifications and accessories. The input provides insight to Utilities and Manufacturers on what the

broader peer groups are doing in their individual systems or regions. This could be used to identify ° H ow to | nte rp ret

transformer sizes or features that @n be consolidated or phased out due to increased standardization or

electrification in the system. The impact of reducing variations could increase the economies of scale for o .
increased manufacturing efficiency while providing the potential for more streamlined inventory to L] H OW It m I g ht b e u S e d
support areas of mutual assistance. This information led to the ceation of spedific configurations to

identify the minimal components to safely operate as compared to a standard baseline and ulimately the

utility customized configuration. The impact of these configuations was reviewed by manufacturers to

identify the impact to the manufacturing process and opportunities for increased manufacturing apacity.

This document was designed to be used as a starting point by utilities for new transformers to understand

each confipuration needs and the impact to manufacturing time and complexity that result in tradeoffs of

ideal functionality and manufacturing throughput. Using this information for new designs could help

decrease the manufacturing time per unit and awoid some critical long lead time components resulting in

an increase of overall transformer manufacturing apacity.

GOAL#2: Core Transformer Configuration Matrix

GOAL #3: Interchangeability Matrix

Many supply chain influences have been identified throughout this process of defining critical features and
configurations which result in significant impacts to the overzll lead time. This may be due to sole source
vendors, production limiations by preferred vendors, incompatible specifications, or many other factors.
Mot all utilities and even manufacturers may understand the breadth of the supply chain landscape o
understand all the potential vendors available for these criical products. This table provides the
opportunity to leverage inputs from multiple transformer manufactures and wtilities to identify potential
alternatives for compatible or completely interchangeable critical components. This is not an outline of
preferred manufacturers, but mther an insight from the broader peer groups as to manufacturing options.
This document is imtended to be used as a tool to provide more informed and efficient discussions between
manufacturers and utilities to support consistent supply of oritical components and faster acceptance for
identified interchangeable components. This matrix could also be used by manufacturers to proactively
work with utilities to approve alternate vendors identified in the matrix to optimize the lead times based
on component availability. UMilities could further use these references to leverage a larger knowledge
database for critical imterchangeability of areas such as fuses to identify alternatives and proper
coordination.
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Goal #2: Core Transformer Configuration Matrix

DT HowToUse.pdf
* Key Benefits

Clear communication of critical components, requirements, and functionality
Identification of critical attributes and sizing ranges to facilitate:
* Focus on most important sizes and features for electrification for standardization

* |dentify possible sizes/attributes that might be consolidated to streamline the manufacturing process
requirements

* Reduce the overall variations to increase economy of scale for increased manufacturing efficiency and improved
inventory for potential mutual assistance

Starting point for review of transformer design configurations compared with manufacturing complexity
* |dentify tradeoffs between ideal transformer design and impact to the manufacturing process and capacity
* Highlight impact of both labor per unit and lead time of critical long lead time components

* [solate critical areas of design impacts to quantity, types, and mix of materials needed including core design and
sizing, wire sizing, oil volume, etc.

Define critical components that may be lead time constrained, sole sourced, or technologically limited

Broaden the knowledge of functionally compatible components from variety of manufacturers and
utilities specification to provide some flexibility on critical components

Facilitate discussions between Manufacturers and Utilities to support more consistent supply chain and
proactive inventory planning

Reference the interchangeability matrix for larger database of user knowledge for areas such as fuses to
identify new supplier/part family alternatives
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Goal #2: Core Transformer Configuration Matrix

Deliverable #2: Broader input request for Configuration Matrix

Transformer Attribute Consolidation background information provided:

Attribute Consolidation designed to identify the most prevalent transformer kVA sizing requested by the
utilities as well as opportunities for consolidating for both sizing and selected attributes to minimize the
number of transformer variations and streamline the manufacturing process. These opportunities could
be the result of electrification which may increase the minimum transformer size from 10/15kVA to

25/50kVA. This was also expanded to rate critical options and accessories along with the potential for
aftermarket installation at the utlity.

Action:

1. The ask was identification of these sizes, options and accessories rated on a Red,Yellow/Green scale to
identify the high running critical sizes and specifications that should be kept or not altered (RED),
standard volume with flexibility in functionality or specification that could be altered if broadly agreed
{YELLOW), and sizes and specifications that could be remowved or exchanged relatively simply (GREEN).

2. Review of the Summary action points in conjunction with any additional input provided above for
comments, concerns, and suggestions.

Configuration Matrix and Manufacturer Input to Configuration Matrix

There were several topics identified from the attribute consolidation that required some further
refinement on the pessible actions that might be considered to support the target goal of increasing the
number of transformers that could be manufactured while maintaining the necessary operation and
specifications for the utlities. To provide more insight to both the wtilities and manufacturers, the
Configuration Matrix was developed to help understand what funchons and components were necessary
for three different configurations:

*  Minimalist Configuration: absolute minimum components to safely operate a transformer.

* Standard Confipuration: which incuded minimalist with more streamlined components to ensure
full IEEE standard compliance and baseline operation.

* Custom Uility Configuration: fully customizable to each utility spedfiation including component
locations, alternate protections, paint/branding, and specific regional requirements.

Manufacturer Input to Configuration Matrioc Once these confipurations were defined, the manufacturers
were asked to provide input on their impact to manufacturing time to understand the potential impact to
increasing the number of deliverable units. This break down is primarily focused on labor, impacts to
design, and improved scaling in the factory. The impact of supply chain on the timeline and availability
were not the primary focus due to variability among manufacturers though comments are included.
Action:

1. Review and comment on the Configuration categories as described in the accompanying Excel file. The
configurations are represented in the three columns so if 3 compenent or function is needed for more
than one configuration the columns are merged accordingly to show that. Please feel free to mark
changes or comments in RED directly in the document or in a column just off to the side. There are
separate tabs for single phase overhead, single phase pad mount, and three phase pad mount.

2. Review and comment on input from the manufacturers on the impact of the different confipurations
mostly targeted to manufacturing labor/scheduling impacts. The impact of supply chain was not
accounted for in the percent labor as this is quite variable, but there are some related comments directly
addressed.

* |Instructions_Configuration Matrix.pdf
* 1 Page Document

e Discussion of Attribute Consolidation
* Brief background

* Requested Action

 |dentification of rating definitions for sizes, options,
and accessories in accompanying Excel file.

* Working Document: Attributes_Working.xlsx
* Review of Summary points from previous input

e Discussion of Configuration Matrix
* Brief background

* Requested Action

e Review and comment on Configuration categories in
accompanying Excel File.

* Working Document:
Configuration_Form_Combined_Grouping. xlsx

* Review and comment on input of Configurations to
Manufacturing process
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Goal #2: Core Transformer Configuration Matrix

Instructions_Configuration_Matrix
. orki
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There were several Options and Accessones which
were identified that could pertain to seversl
defferent transformer configurations. Some of
these Items were identified as potential add-on or Ploase provide Input in the same Red/Yellow/Green
Aftermarket installation opticns. The utilities were |From utilities, the request was to color code the  [format as described to the left for the importance of
asked 10 color code responses in the responses as: diffarent options of accessorios. We atso ask for any
Red/Yellow/Geeen format, Thece are sUll several  [Red — critical to keep comments/Concems/Updates that you would like to

* Please provide input directly in
new column for each group per
instructions

questions with regard to Network transformer
category a5 10 what are custom specifications as

share of the impact of utilizing o not, feasibility,
impact, availabilty of materials, etc. that you see

Worksheet for Interchangeability
Matrix

4 |Critical Design Specifications  |opposed to options/accessories. Grees - units that could be removed or not used |from the Manufacturing perspective,
It 15 expected that this list can be more

The 1ables presented represent the work in compeehansive with mput from Mangfacturers 10
progress from utiity input on areas antical help identify areas for further Interchangeability.
componaents and avallable approved Please 1l in this table foe entical components and
manufacturers that would be interchangeable or | This is 3 simpde list outlining preferred vendor vendors as they relate to the different transformer
compatible aither short term of fong term for and altarnate approved vendors for primary types. There are columng for comments or special

5 Interchanpeability Matrix diiferent transformer types. COMponents, requirements foe further danfication,
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Goal #2: Core Transformer Configuration Matrix

* Instructions_Configuration_Matrix

* Working Document:
Configuration_Form_Combined_Grouping. Xlsx

Paste E@ Copy

Configuration_Form_Cembined_Grouping - Saved - h f elp, and a
Home Insert Share Page layout Formulas Data Review View Help Draw
Er] A& Cut Calibri (Bady) e e AN i é = General v = ?/ Ej R HE 2 ’j“msmv aTe /C) [%_
B I U D # Mie o A = - Merge & Center $ % 9 (—UB ;)03 Conditional FormatAs Cell Inzert Delete Format lsar Sort & Find & Add-ins
< Format Painter T _ = = = He Formatting v Tablev Styles~ - - - Filter~ Select~ -
Clipbosrd Fant Number E E Add-ins
Jfx Mo fusing or Secondary breaker protection
A B C D
Minimalist Configuration Standard Baseline Configuration |Custom Utility Specific Configuration

1 Phase Overhead

Mild Steel Tank with IEEE C57.12.28 Coating System

ANSI #24 (dark gray) or ANSI #70 (light gray) paint. Coating system to meet IEEE

|409)

No Switches on LV or HV

Dual Voltage switch standard 2:1 ratio

Optional Taps in HV winding, 2 above and 2 below, of 2.5%

4 Position Switches

No fusing or Secondary breaker protection

Current Limiting Fuse

CSP units with LV Breaker

HV breaker (Magnex)

Secondary circuit breaker protection with indictor
light (CSP transformer)

-

Expulsion fuse in HV

= |Config List_ 1P OH Config List_1P Pad EeJiibIR-EIy:NE +

pribook Statistics

£

Minimalist Configuration:
absolute minimum components
to safely operate a transformer.

Standard Configuration: which
included minimalist with more
streamlined components to
ensure full IEEE standard
compliance and baseline
operation.

Custom Utility Configuration:
fully customizable to each
utility specification including
component locations, alternate
protections, paint/branding,
and specific regional
requirements.
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Goal #2: Core Transformer Configuration Matrix

 DT_Convening_Configuration Matrix_Deliverable2.pdf

* Slide deck outlining:
 Summary points of the Attribute kVA sizing and frequency
 Summary points of the Critical options and accessories
* Topics and actions resulting from Attribute working documents

e Configuration Matrix request and consolidated information for each
transformer type

* Input from Manufacturers on impact of the different configurations focused
on labor hours and impact to overall capacity
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Goal #3: Interchangeability Matrix

Deliverable #3: Broader input request for Interchangeability Matrix
Interchangeability Matrix background information provided:

The target of the interchangeability matrix was to provide a listing of critical components that impact the
delivery, capacity, or other supply chain impacts. This listing is compiled from input by multiple
manufacturers and utilities to provide a broad range of knowledge of standard and suitable alternative
suppliers for specific components. In some cases, there are many potential suppliers for a particular
component, all manufacturers or utilities may not have a working relationship or have had the need to
engage multiple suppliers in the past, so this consolidated listing is meant to provide a starting point for
this discussion. This is meant to be a dynamic list to be updated as new vendors, components, or general
information becomes available so the input from the broader engineering community is vital to ensure
current information. The spreadsheet has a main working tab with all the current inputs with a sortable
pull-down menu for each category. To provide more targeted details, there are additional tabs that contain
specific categories for quicker reference whether that be fuses, bushing, or other distinct items.

Action:

1. Review and comment on the Interchangeability Matrix as described in the accompanying Excel file.
Please comment or make additions in RED text so that we can consolidate all incoming input. If there
are components that are not listed that you would like to have added, please make those additions with
whatever information that you have available (i.e. you may not have multiple vendors or part numbers,
but please input what you do have so that we can get further input from other sources.)

2. Comment on what additional information you think would be helpful in this document to provide
sufficient details to proactively coordinate between manufacturers and utilities on what components
can be considered interchangeable.

* Instructions_Interchangeability Matrix.pdf
* 1 Page Document

e Discussion of Interchangeability Matrix
* Brief background
* Requested Action

Review of critical components in accompanying Excel
file.

Working Document: Interchangeability_ Working.xlsx

Comments on additional information that would be
of interest to include to create a proactive discussion
between manufacturers and utilities.
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Goal #3: Interchangeability Matrix

* |Instructions_Interchangeability Matrix

» Working Document: Interchangeability_Mat
rix_Working.xlsx

jeability_Matrix_Warking.xlsx (3) No Label = Saved v £ search RE s
File Home  Insert  Draw  Pagelayout  Formulas  Data  Review  View  Automate  Help  Table Design | © comments | | & share
E& ot Calibri v 11 E P General - =) @ Normal 2 Bad & = 2 AutoSum %? /C) ISQI
[3Copy ~ ) .
Paste b _ I U S A § v 9% 9 <49 .09 | Condiionsl Formatas Good Neutral Calcu Insert Delete Format © Clear~ Sort& Find& | Sensitivity | Add-ins
~  <¥ Format Painter Formatting ¥ Table - ~ - Filter  Select ~ -
Clipboard & Font ] Alignment ) Number [ Styles Cells Editing Sensitivity | Add-ins ~
133 - 2 -
A B 3 i J K L o
1 Confi ti Transhormer | -1 Columnl - Column2 - Colbmn3 | - - Columnd - Appr - ColumnG | - Approved Manutacturer 7 | - Columnd | - - Colurmnil -~ Approved Manutacturer 1 Columniz)
2 Configuration | Type: Size Primary Companent Categoy Model # Marmf acturer Model # Marufacturer Model # Model # Marufacturer Model #
Minimal (M
Standard (51,
3 Custom® OH. Ph, ete. VA Fuse, Sticker, MOV Protection, Marking
4 Alkwa Transformer Tank Bronze Grownd Clamps 1= Kearney Penn Union
8 Alkwa Pressure Relief Vakves Dualitral Beta Heartland
3 Alkwa Bushing Wells 125KV BIL HY Bushing Elastimeld ERMCO Central Moloney Cooper
7 Allkwa ishing Wells 190k BIL HY Bushing Elastimald Central Moloney Heoward
8 ase Pax Az y-0-net assembly otection Cooper,
3 ase Pax Az y-o-net fuse holders otection oper
1 ase Pa va w=o-net oil drip shields otection CentralMoloney Howard RTE Cooper] ERMCO
1t s Tow Wolage K WBuzhing Tooper TCerwralMaloney Foward FrlErtempizes
12 e ibver Optic Ol L evelIndic ator 115 3K units] Trayer Heartlsnd
1 e on—PCELabel Almetek LEM
" s ay-o-ret Fuze EAMCO Cooper
15 s Current Limiting Fuse Cooper GEMerzen Hi-Tech
1 Tagnes Frotetion Tooper TIRETSVED:
i TPhaze Pad Maanex Frotection Cooper WXIAETSTEDE
18 TPhase Pad Magnex Protection Tooper WHIAEISYETD
9 Magnex atection Cooper TAETSYET
20 Magnex atection Cooper TAETSYET
21 Magnex ‘rotection Cooper TAETSTEZS
22 Magnes rotection Cooper TAETSYESD
23 ELSP rotection Cooper UC05030C100
il EL rotection Cooper UC05040C100
Ed EL rotection Cooper UC05050C100
kL ase Pa EL: otection Cooper UCO5065C100
& ase Pa EL: otection Cooper UCO5100C100
El [3E hotection Cooper UCOS125C100
28 EL: hotection Cooper UCOS1500100
a0 Sticker larking Almetek 1726
a Sticker larking Almetek 17262
32 BayoretFuze otection Cooper 4000353C04
33 [ BayoretFuze otection Cooper 4000353CT0
34 TPhaze Pad BayonetFuze Frotection Cooper q00N353CT
5 TPhase Pad BayonetFuse Protection Tooper 000353018
E3 rotection Cooper qU00353CTT
7 iotection Cooper CEUCOS080CT00
Ed rotection Cooper CEUCO5 1650100
Edl 'rotection Cooper 4000353C06
40 rotection Cooper 4000353C08
Ll rotection Cooper CEUCZ3030C100
42 rotection Cooper CEUCZ3050C100
43 ase Pa otection Cooper CEUCZ3080C100
4 ase Pa Kit otection Cooper 3638535A0G
45 ase Pax rotection Cooper TS
4% otection Tooper T3S
47 otection Tooper T,
48 otection Tooper PSS
) otection Tooper NOZEE
) otection Tooper TR
5 rotec Tooper Tz
52 1Phas=Pad Magnex Shunt Kit Protection Cooper MAOWO0Z3
53 1Phas=Pad Magnesx Shunt Kit Protection Cooper MAOWO0ZS
s Full Working Sheet Kl ]
Ready T Accessibility: Investigate & Display Settings H el

Full Working Sheet Tab has
full listing of components
that can be viewed in a
sortable pull down table

Additional Component
Specific tabs targeted at
Protection, Bushings, etc.
provide easier direct
reference

Additional components,

vendors, or notes can be
added based on feedback
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Goal #2 and #3: Core Transformer
Configuration Matrix and Interchangeability Matrix

* Configuration_Interchangeability Matrix_Short Form D
eliverable.pdf

* This is a combined document that has the how to use along with
some instructions for embedded forms of the excel spread sheets
to simplify the request as needed.

* Feedback was that with several documents some people might
be confused or just overwhelmed

* Simplify the further information feedback request to help
encourage comments and engagement
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Goal #2 and #3: Core Transformer
Configuration Matrix and Interchangeability Matrix

* DT_Convening_Combined_Working_Documents.pdf

* Slide deck outlining:

* Consolidated set of meeting slides covering the working discussions from
Meetings 1-8

* Meeting slides for meetings 9-14
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Questions
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DT convening group goals

Short Term Goals

o 1. Create a distribution transformer taxonomy- this is to ensure that not only everyone in this group is on
the same page, but that we could share with manufacturers and other stakeholders so that we are all speaking
the same language.

° 2. Create a core transformer configuration list: This would be broken down into three categories
e a. Red- spec to keep or to not be altered
*b. Yellow- spec not functionally necessary but will require an organizational acceptance or can be altered
e c. Green-spec can be removed or can be exchanged

e 3. Development of the interchangeability matrix

Long Term Goals

° 4, R&D on flexible transformers- Use these discussions to inform R&D on flexible transformers, that could
be used interchangeably in the event of extreme weather etc.
o5, Procurement strategies- Collectively identify enhancements to existing planning and procurement

processes necessitated by the emergence of supply chain constraints.
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Project Timeline (Separate Utility and Manufacturer Meetings)

02 020 020 - 11/15
X R Zm 09/20 - 10/18 11/29
Meeting #7

Meeting #1 Meeting #3 Meeting #5 Meeting #7.1

Week of 10/30 & Week of 11/13 &

Week of 8/7 Week of 8/21 Week of 9/18 Week of 10/2 Week of 10/16 11/6 11/27

Meeting #2 Meeting #4 Meeting #6
Meeting #6.1
[ 5 X (X [ X
A 08/23 = 10/04 ) 11/01

11/08
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Project Timeline (Combined Utility and Manufacturer Meetings)

0% 00 00 ;.&% 00 o9 e
s 12/06 s 1/31 @ 3/6 - 424 @ 6/26 - 724
Meeting #8 Meeting #10 Meeting #12 Meeting #14 Meeting #16 Meeting #18
° L4 L4 : L4 9 e
Week of Week of Week of : Week of Week of
12/04 Week of 1/8 1/29 2/14 Week of 3/4 Week of 6/3 6/24 Week of 7/8 7/22
. . ‘ . .
Meeting #9 Meeting #11 Meeting #13 Meeting #15 Meeting #17
(3 X 09 e 0% - 090
@ 110 A 214 am 3127 % 6/05 @ 7/10

@ Meeting
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Configuration Matrix and Interchangeability Matrix

« Common Configuration Matrix
« Potential to reduce number of DT types up to 40%

« ldentify areas of electrification that will drive new minimum sizing and
Impact for example using 25 or 50KVA as compared to smaller 10-15kVA
units

* Improve longer term mutual assistance with more standard offerings

* Improve Manufacturing Efficiency to increase overall capacity

 Use Configuration Matrix for utilities to understand the drivers for
manufacturing complexity

» Potential to streamline the manufacturing process and improving economy
of scale

* |dentify Interchangeable components and potential new vendors

* Provides a listing of critical components that impact the delivery, capacity,
or other supply chain impacts for Distribution Transformers.

» Create Living Library for critical components and vendors
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