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Transformer failure and background

Bushing study and analysis




Importance of the Bushing

Withstand electrical stresses (electrical insulation)

. Operate across a wide temperature range (thermal stability)
. Survive oil immersion (oil compatibility)

Maintain mechanical integrity (installation forces and pressure boundary)

. Provide a pressure seal (oil and headspace gas)

Integrate a weld flange
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Bushings Research

Failure
Analysis

Field Testing

Explore possibility of

to determine in-service bushings
potential causes

Lab Test Setup

Develop HV test
setup for screening
new bushings

On-Site Tests

Perform screening
tests on available
stock of new
bushings




Background

Con Edison distribution system uses 28,500
3-Phase network transformers & protectors

Failure rates for these bushings have been
Increasing over the last several years

Con Edison engaged EPRI to conduct
Investigation into:

Quality assurance and inspection with
existing bushing manufacturer

13, 27 & 33 kV primary voltages

Each network transformer uses three MV welded epoxy bushings
to connect to 600 A separable connectors

Feeder open auto
Premature Equipment replacement

Root cause(s) of bushing failures (manufacturing, aging, etc.)
Potential design improvements
Field assessment methods for identifying potential “bad” bushings

Failed sample review
Review of testing procedure



Network Transformer Overview

* Approximately 29,000
transformers

° Primary voltages 13, 27
& 33 kV

* Sizes ranging from 500,
1000, 2500 kVA

* Fully welded tank and
bushings

* Predominantly installed
under sidewalks &
street vaults




Primary Bushings

° Epoxy Bushing

* Steel Flange welded to tank
° Aluminum electrode

°* 13 and 27 kV

* 600 A

* 150 and 200 BIL




Transformer Removals by Mode of Failure
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Termination Population Trends

Count of Transformer Termination Failures [YTD]
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024
4 kv 0 2 0 1 0 0 0 0 0
500 kVA 13 kV 11 17 33 22 19 27 20 19 15
27 kV 53 59 87 91 82 112 90 49 64
13 kV 6 12 17 4 5 10 15 7 18
1000 kVA 27 kV 3 2 5 9 8 5 9 8 7
33 kV 0 0 1 0 0 1 0 0 0
13 kV 0 1 3 1 3 2 0 0 2
2500 kVA 27 kV 1 3 2 5 3 4 1 1 4
33 kV 0 0 1 0 1 0 0 1 1
Totals 74 96 149 133 121 161 135 85 111




Termination Population Trends
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Analyze / determine the root cause
of additional failed bushings and
associated cable accessories

Develop and execute a test
approach to investigate the long-
term performance of medium
voltage epoxy bushings

Identify and assess the
effectiveness of online PD
methodologies by performing field
Inspections to assess the ability to
identify healthy and degraded
bushings

Potential review of new / alternate
bushing designs

Objectives

1. Diclectric Puncture at Flange

4, Diclectric Puncture
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Quality defects that can lead to failure

Defective weld flange shielding

. Defective internal oil seal
and void

Internal tracking
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Field Testing

Queens, NY
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Field Sites
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PRPD Pattern

Data Analysis

1302y
O aw 5946 m

* Explore potential analysis routes using SNy
companion software tools N

— Manual waveform analysis possible via PC-
based tool

— Software-based post-test filtering allows for

elimination of unwanted pulse shapes o
Pulse Shape Frequency Distribution

Peak: 451.7 mif Delay: 320.0 ne Peak: 2.34 MHz 100.00 kMHz

* Heuristics used for analysis
1. Phase-resolved PD pattern 1943y
2. Pulse shape
3. Frequency distribution (FFT) of each pulse

2604 iy 0128 uz/div “H|I|I ot e bt Dt bl st el s ool ol
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Example - Loc 1 Phase A

Peak: 21.67 m Delay: 220.0 ns
__________________________________ 18,65 m/
Waveform
12,80 mtAdivy 0.128 uszdiv
Feak: 781.25 kHz 100.00 MHz
Frequency
Spectrum

Typical uncorrelated noise

Phase-Resolved PD Pattern
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Observations

1. No correlation to energizing voltage
2. No distinct pulse shape

3. Broad-spectrum noise

18



Example - Loc 3 Phase C

Peak: 451.1 mif Delay: 220.0 ns

Phase-Resolved PD Pattern

Waveform
PEDA i Adive 0128 yzdiv -:’}'.L_,."" '=-.,:_":f'-':'h‘?f"d-i-_:;.:{':--_---_---_-ﬂ-"T-__-.-'__'--- _"-:h- -Lh-?':-:q:‘-"}?:__---_---_---_---f—,.
FPeak: 1.56 MHz 100.00 MHz :
Frequency
Spectrum
Observations
1. Correlated to energizing voltage
L R S 2. Distinct pulse shape

3. Concentrated spectrum
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Example Loc 3 Phase C - Closer Look

Peak: 2265 m\ Delay: 320.0 ne
Phase-Resolved PD Pattern
1333 mW
Waveform
2604 i Adie 0,128 uzidiw
Peak: 16.41 MHz 100.00 MHz
Frequency
Spectrum
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Smaller pulse height compared to other pulses but includes high frequency components
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Example Loc 3 Phase C - Closer Look

Peak: 2265 m\ Delay: 320.0 ne

Phase-Resolved PD Pattern

1333 1302y
Waveform OMax: EEE.E/\

Question
What portion of PRPD pattern
IS due to this PD source?

Frequency

o

haze offzet; 07

Smaller pulse height compared to other pulses but includes high frequency components
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Applying Filters - Phase C

Software Filters (User-Defined)

% Filters

Filter 1

P'ea:k: S?IE.S I'I'I"':.-" [I[?lela_l,lil 32El.i] iz

--------------------------------------------
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260.4 i Adive : P 0128 ustdiv

Filter 2

Filter 3

1.302 W
Ak ax: 4306 m

Filker 1 actje.
Filter 2 agtive.
Filter 3 aictive.

Classic “rabbit ear’
PD pattern

Internal PD Indicated




Phase Localization - Apply Filters to Phases A & B

Phase A

1.302Y

Gk 3631 m .

- Some coupling from
Fiter 2 e Phase C to Phase A

Filter 3 atctive.

I o

...................................................................................

Peak: 276.8 mv

Delay: 320.0 nz

Sample Pulse

164.0mh B

2604 miv'Sdiv 0128 us/div

Phase B

Filker 1 actje.
Filter 2 actre.
Filker 3 active.

_____________________________________________________________________________________

Peak: 287.1 m¥

Delay! 320.0 nz

Sample Pulse

1538 mv B

2604 oS 0128 us/div

Phase C is the likely source
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PD Assessment - Post Analysis

Transformer Transformer Age
Manufacturing Installation | (at time of test) Initial PD Assessment
Date Date [Years]
5/16/2023 7/18/2023 <1 No PD Detected
9/27/2000 1/19/2001 22 PD Detected Same signal on all phases
8/13/2002 12/24/2002 21 PD Detected Phase C
3/21/2001 3/5/2001 22 No PD Detected
5/25/2006 6/15/2006 17 No PD Detected
1/7/2008 2/5/2008 15 No PD Detected
-- -- <1 No PD Detected

No PD Detected
Data was examined for similar waveshapes to those bushings
where PD was detected, none were observed in these units
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Screening Tests

Astoria Yard
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On Site Screening Tests

Screen new bushings using partial discharge to
select candidates for laboratory aging test

3 PD detection instruments
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Temporary Test Area

/ HV Controls
Safety Barrier HV Transformer\

Non-conductive stands

\ Pig\tail

Oil Tank

\

Ground lead I

1
Ground Stick / Data Ac

Bushing

q

>
>
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PD Assessment - Post Analysis

Aged Bushings New Bushings

PD Detected
PD Detected 13.8%

19.0%

86.2%




Bushing Endurance Test Setup

Series connected bushings MV cable with separable connectors
(with T-bodies) x

Bushings

Aging Test Parameters

internally
connected
Current S
Loading CT ource
Modified |
Transformer Tank
(with oil) ‘



Next Steps

* Endurance testing of new bushings
— New samples with and without PD

* Additional field tests

— Revisit selected locations
— Additional locations

* EXxploring new transformer bushing
designs
— Screening tests
— Aging test

30



Questions?
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