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Distribution Transformer Monitoring \

Distribution Transformers

Challenges

Unlike Power Transformers, distribution
transformers do not have any monitoring in the
existing system.
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W Distribution transformer (66-kV) 1 Transmission transformer (154-kV or over)

Motivation 200

Serious threat to existing transformers:

e Aging infrastructure.

e Changing customer load and behavior.
* Electrification. o
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https://www.tdworld.com/substations/article/20972255/how-transformers-age
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Smart Meter Data for Monitoring \

Solution Challenges

e Distribution transformers are designed to be overloaded
and are often overloaded without proper monitoring.

* Risk of overloading Oil-Immersed Transformers:
 |EEEC57.91-2011
e |EC60076-7:2018

e Loading of transformer alone is not sufficient for
monitoring distribution transformers.

IEEE C57.91 and IEC 60076-7 (better monitoring)

Exponential model to calculate Transformer internal
temperature and Equivalent aging using transformer loading
and ambient temperature data.

Different Installation Date



https://standards.ieee.org/ieee/C57.91/5297/
https://webstore.iec.ch/publication/34351
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Transformer Temperature Model
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Aln Definitions
| * 04 - Ambient Temperature (°C)
Cooler | % * AB7, - Top-oil Temperature rise over
— A0 —C ambient temperature (°C)
Top oil * A8y - Winding Hottest-spot
. By, g1 4 temperature rlose over top-oil
_________ temperature (°C)
:[ 3 64 * 070 - Top-oil temperature (°C)
Ag, Oy - Winding hottest spot
; ; temperature (°C)
i AG, * Fy, - Equivalent Aging (p.u.)
Qil ST
— ) —
AG, Core Formula
0o = 0., + AQ Depend on Transformer
QTO _0 4 -II_— AHTO } loading through
' [ H — YT1o0 H -
Thermal Diagram of Qil Transformers e exponential model.

[ ]
Ref: |EEE C57.91-2011 Fy = e' 383 0x+273



https://standards.ieee.org/ieee/C57.91/5297/
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Smart Meter Data Quality Issues \
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Random Spikes Combination
Challenges
Addressing data quality issues
" — in smart meter data prior to
% B analysis is critical.
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Smart Meter Energy Measurements




Transformer Overloading

1« Loading (k)

1517:00 1517:30

zs Top-0il (B1p)

1517:00 1517:30

» Hottest-Spot
(Oy)

15 17:00 1517:30

A

p.u. Loading

15 18:00

15 18:00

15 18:00

v

15 18:30 15 19:00 15 19:30 15 20:00

= |EEE Top-Oil

15 18:30 15 19:00 15 19:30 15 20:00

- |IEEE Hot-Spot

15 20:00

15 19:30

15 18:30 15 19:00

&

Parameters Impacting Temperature

* Ambient Temperature (8,)

€ Peak overload
9 Duration of overload
9 Duration between overloads

Transformer Aging

Transformer ages by 1-day on a natural day if
8y = 110°C.

Oy > 110°C =» Accelerated Aging

Impacts of Overloading

* Increased probability of transformer failure.

* Reduced useful life of transformer.

e Exposed electrical components due to oil
expulsion.
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Overloading Analysis Tool
From Equivalent Aging
nameplate Transformer N g
details Meta-Data Froa = n=1\1, AA

Y \ 4

Winding Hottest-
Spot

From nearby Top-Qil Accelerated

airport Temperature Temperature 6 Aging F
P Data 6, P 4 Temperature 6y 8INg Yaa
Equivalent Aging
From smart Transformer Fgoa
meter data Load Data K|,

Objective

Given set of transformers =» Rank them based on severity of overload.
Tested on real world data with 1415 transformers.
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[ Proposed Strategy ] [ Base Case ]
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Inference T (kva(t) — 1)

. : : d t=0\rating
% Tx-2 is most overloaded according to Fgq,4 but only 2" most 0L — 20

energy At

overloaded according to OLcpergy-

‘0

®* OLgpergy does not capture duration between overloads.




Tx-2 Loading and temperature

[ Hot-Spot Temperature ]

----- temperature limit

Increased Probability of Failure

i Mﬁmlr memv'

300
normal life
—— Winter
250 Summer
200}
o
5
%150
= Accele ”\"i “ : glng
2100 I ‘ "
50
0
U U Y Ul
Inference

a0 01807 200 0007

Time

% Significant overloading (>2.0 p.u.) in the winter.
+» Transformer still in operation after violating failure limits.
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[1] V. Muthukaruppan, et. al., “Overloading Analysis of
Distribution Transformers using Smart Meter Data”, IEEE
ISGT, 2022.
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Severe Transformer Shortage

750.0kVA Installed Rating

100 () Base Rating
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Problem
e US s suffering from severe shortage of “ \
transformers (small distribution to large Loading over

power transformers)!1. 3-year period
* Bottleneck for grid modernization,
electrification, and renewable integration.

8

Efficiency (%)

» Aggravated by aging infrastructure. Efficiency close to 100%
. o < >
o)

Opportunity ﬁ

e Large apartment transformers with many smart ’ ! il | L L il L il

meters are severely underloaded. Losang P
e Can be replaced with an appropriate size. p.u. Loading vs Efficiency
* Replacement requires detailed economic and

Rating of Transformer: 750 kVA
No. of Customers: 83
Average Loading: 0.1153 p.u.

risk analysis.

[1] How a transformer shortage threatens the grid, Oct 2022 (Link)



https://www.eenews.net/articles/how-a-transformer-shortage-threatens-the-grid/

(epes | O IEEE
Transformer Swap Tool i

[ Simulated Cold Load PickUp ]

Existing Transformer Transformer Parameter
Rating List List “
Pad Pole Cluster Pad Pole Cluster "
Mounted Mounted Type Mounted Mounted Type -
70
Rating List for Search Appropriate Parameters 5 w .
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Transformer Type and Phase Analysis o

Dataset

[ Simulated Load during Extreme Weather ]
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Search Criteria:

. - ~ 95% PI Upper Bound
Risk Associated 1. Transformer Temperature < 200C o S
1. Instantaneous failure above 200C 2. Top Oil Temperature < 12000 -
2. Oil Expulsion above 120C 3. Short Term OverLoad < 300%
3. Overload limit of 3 times rating 4. Transformer Temperature < 140C

4. Risk of Gassing above 140C

kW

Y

3 Set of Transformer Rating for
replacement

50-

Search Based Planning Tool | -




Results (Pad Mounted Tx)
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Transformer PM-3ph

» Proposed Rating is maximum of

—e— |Proposed Rating
B Original Installed Rating
BN Rating based on 3-yr data
B Extreme Weather Rating
B Cold Load Rating

Increasing Order of
Transformer Rating
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Significant Reduction in Transformer
size for Large Transformers
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Challenge Potential Usage of Tool
+» Utility will not purchase new transformer of s For a given transformer can decide which of the
smaller rating for replacement, must be available stock of replacement transformer will
available in stock provide most benefit.
+** Not all replacements make economic sense ** For a range of transformer ratings installed (say
since transformer age has a significant impact. 500kVA) and a replacement transformer in stock

helps decide which transformer replacement will

provide most benefit.
Transformer Transformer
Purchase Dat Cost Data

| J Inference
> +* If proposed rating is higher than installed rating,
[Proposed Rating——>{> TR e Com then no use in replacing the transformer.
Remaining Life Swap Tool > NPV “* Newer the proposed transformer and older the
f P d . o . . .
Transtormar D> original installed transformer higher the benefit
in replacement.

For more details refer to our previous webinar Smart Meter Data Analytics for Distribution Transformer Asset Management (link)


https://www.youtube.com/watch?v=BpL2XBNq8eI
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Conclusion and Future Work \ ops |

 Three different data-driven tools:
* Online monitoring and overloading analysis tool.
 Underloaded Transformer replacement tool.
* Cost benefit tool for swapping transformers.

e Future Direction

* Electrification poses severe threat to distribution transformers.

* Proposed tools can be easily extended to study impact of future
electrification on transformers at different levels of the circuit.
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