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Dear Readers,

I'll be honest. When we first decided to do an issue
on the impact of digitalization and diagnostics
on transformer monitoring, I was excited. Then
[ became skeptical: what kinds of articles and
interviews would we get? It is potentially one
of the segments that has seen most significant
changes in transformer technology over the past
few decades, yet I was not certain that it could
carry an entire issue.

Transformer components, bushings, oils & fluids
- our topics for the rest of the year, are pretty
straight forward for the most part. We are familiar
with the topics and know what to expect. With
monitoring and diagnostics, not so much.

But to my great relief and to that of the TT team,
our authors and experts came through for us. The
overall result was more than I had anticipated
and I believe you will enjoy the work of some of
the best and brightest along with some new, next
generation entrants as experts. I'll let the authors
and interviewees speak for themselves, so [ hope
you enjoy this as much as I have enjoyed leading
our editing team on your behalf.

I'd like to weigh in as well, but from a different
perspective. I want to look to what the future might
look like as a result of advances in digitalization,
diagnostics and monitoring technology for power
system overall, not just for transformers.

LETTER FROM
THE EDITOR

In 2018, pre-covid, when the world still met at
conferences and expositions, [ was at a reliability
conference where [ watched a presentation by
Bentley Systems, a company heavily involved in
the work of reliability and maintenance. It was
a presentation on their work with Siemens on a
Digital Twin substation. Since then, there has been
much more information provided on the whole
concept of digital twins, where a series of actual
assets are mimicked through a digital twin, where
simulations can be run showing the impact on a
system or asset digitally, before it is experienced in
real time.

Wikipedia defines a digital twin as "a virtual re-
presentation that serves as the real-time digital
counterpart of a physical object or process.
Though the concept originated earlier the first
practical definition of digital twin originated from
NASA in an attempt to improve physical model
simulation of spacecraft in 2010."

When I saw the digital twin substation, I remarked
to a colleague: “We are seeing the future... that is
for those wealthy enough to make it happen.” That
might be a bit too skeptical, [ realize, because most
good ideas end up coming down in price as com-
petition and advances in technology make it more
cost effective. Butin a very real sense, the creation
of digital twins is really about simulating real time
situations and seeing how a system or an asset
reacts. Digitally “twinning"

systems will become

much more com-

mon place

(6

The advances in
monitoring are still yet

to be realized as we focus
mostly on DGA monitoring,
which is a lagging indicator
of a problem. New solid
state technology is coming
online that will monitor
leading indicators of
failure potential. For me,
that is the most exciting
prospect I have seen
during my time in the
industry.

allowing us

to determine

what the im-

pact will be on the

whole system, when

we make changes to one

of the assets within that
system.

[ firmly believe this is becoming the way power
systems, both large utility scale and industrial
scale, are diagnosed. Monitors, of all types and
complexity, will be deployed throughout these
systems to send real time condition information
back to the digital twin for determination of the
impact on the system.

The advances in monitoring are still yet to be
realized as we focus mostly on DGA monitoring,
which iIs a lagging indicator of a problem. New
solid state technology is coming online that will
monitor leading indicators of failure potential.
For me, that is the most exciting prospect [ have
seen during my time in the industry.



Transformer Technology Summer 2021 13

Issue 14

(6

While the cost and array of
monitoring availability grows,
coupling that with digital twin
concepts is going to make
designing, operating and
maintaining power systems
much more exacting and bring
a degree of certainty that we
have not had before.

While the cost and array of monitoring availabi-
lity grows, coupling that with digital twin concepts
is going to make designing, operating and main-
taining power systems much more exacting and
bring a degree of certainty that we have not had
before.

With that, I'll leave you to enjoy this digital issue
of Transformer Technology, and as always, your
feedback is greatly appreciated. We have created
a TT Community hub with our TT website and
producing these digital "digests” allows uUs to create
audio and video content, which we share through
the months and then along with the written con-
tent, we curate it all into this work.

I hope you enjoy reading it and forwarding it to
your peers and fellow partitioners. Together we
are building a Body of Knowledge unparalleled
in our industry. Thank you for being part of our
TT community.
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Interview with Michael Cunningham
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Cunningham
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Renewables and
sustainability bring
with them challenges,
and the industry needs
to make significant
changes in order to

meet those needs.

We at Camlin
pbelieve that we have
a significant role to
play in that and we
are very excited to
do that.
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Camlin Group, based in Northen Ireland, is a major provider of monitoring

products and services, with a focus on optimising railway and electrical

power infrastructure. Camlin Power has recently undergone rebranding to

become Camlin Energy as the company develops and refocuses to meet the
demands of the sustainable energy future. In this interview, Camlin Energy
Managing Director Michael Cunningham talks about the company'’s present

efforts and its vision for the future.

Alan Ross: Michael, Camlin has gone through
repbranding and [ know that it is not just a
marketing move. When I think of Camlin,

[ think of the double T - trains and transformers -
because of your transformer monitoring
program. Tell us a little bit about the rebranding
of your power group.

Michael Cunningham: We recently went
through a rebranding of the asset monitoring
portion of the business, moving from Camlin
Power to Camlin Energy, which might seem
as a relatively minor change. However, we did

that because the company is growing from one
phase to the next: from a small or medium-sized
company to a larger company. We recognized
there was a need to restructure and refocus, and
we asked ourselves where we are now, where we
want to go and why we want to do that. We also
recognize that there has been a lot of change
happening in the industry. The challenges and
the opportunities in the industry over the

next decade are huge, probably the biggest
challenges since the beginning of the industry
in its early days of the design of electrical power
as an asset to the society.

Photo: Camlin Energy
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Renewables and sustainability, while essential
for us all, bring with them challenges, and the
industry needs to make significant changes

in order to meet those needs. We at Camlin
believe we have a significant role to play in that
and we are very excited to do that.

[ am the COO of the Camlin Group, but I also run
the Camlin Energy space. Apart from ‘trains and
transformers’, there were a lot of other areas
that we were involved in, and we still are, but

we carved out Camlin Energy into a separate
entity to allow the dedicated focus on the energy
sector. In addition to this refocusing, we recognize
that to create that focus and to play our part
more fully, we have to become more than just a
supplier of boxes of monitoring devices; of DGA,
partial discharge or circuit breaker monitors. We
are creators and providers of solutions.

What really was involved here was going on a
journey with customers. To be able to do that,
we needed to be sure that we had all the right
layers of expertise in place, and that those layers
of expertise were aligned to provide value.
This requires a very clear vision of what our
customer’s journey and the industry’s journey
is going to be like over the next decade. The
restructuring and rebranding is all part of that.
A Everything is changing, you are
exactly right. In North America, we
used to have a step-down grid, but according to
the new FERC requirement No. 2222, utilities
have to take the power generated anywhere
within their grid, regardless of the cost. We have
the electrification of transportation, batteries,
a change in capacitance. What is not changing
is the confusion of the engineers in the
marketplace, especially the older ones like me.
We wish good luck to the next generation and
hope they figure it out. So, thank you for doing
what you are doing and Camlin.

[t sounds like starting the innovation process
starts by questioning what you are trying to
accomplish. Why are we trying to do it? I speak
with a lot of different people in the industry,
and I hear them say, I wish we knew how to get
all of this to work together. How are you going
to affect that at Camlin Energy?
M You touched on something that I
could completely agree with when you
mentioned the reasons for change. Whenever
we were going through the refocusing process, it
would lead us right back to the beginning, and
we would ask ourselves some very fundamental
questions. We are very excited to create the
company based on a very defined Purpose and

Vision, along with a clear set of core values, and
then build everything from that.
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Our purpose is to ‘engineer better futures'.

And then our vision is to ‘optimize the critical
infrastructure all around us’ - the very
infrastructure on which society depends. So, we
go back to the theme of transformers and trains
(laughs). If we are to optimize that, what are

our values? One of our values is that we don't
accept the way it has always been done. That

is at the core of the innovation that we have
always been aiming at.

We recognize that

the models, the

methodologies, the

diagnostics, the tools and

the working practices that

the industry is going to

need in the next decade

are not the ones that were
created a decade ago.

The phrase that we use, which we didn't invent,
but it resonates with us is: “What got us here,
won't get us there.” We recognize that the models,
the methodologies, the diagnostics, the tools and
the working practices that the industry is going
to need in the next decade are not necessarily
the ones that were created a decade ago. This is
not a digital switch that can affect all the changes
required, but a multidimensional journey over

a significant period of time. But there isn't time
to waste. The industry is going to need new
technology, new ways of thinking, new analysis,
new models and all of this in a collaborative

feedback loop that is going to enable the industry
to ultimately serve society's needs.

The reason | am proud to
be part of this industry is
that what we do makes
everything else possible.
All the changes that

are happening and the
sustainable future that we
all require are impossible
without the electricity
industry being at the very
core of that.

When my friends ask me, What do you actually

do?and [ try to describe it, their eyes just glaze
over. How do you think we get electricity?
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Do the kilowatt fairies just turn the lights on?
There is a whole industry that [ am extremely
proud to be part of. It is propagated by well-
intentioned, intelligent, hardworking people. I am
talking about utilities and technology providers,
even competitors of ours. The reason I am proud
to be part of this is that what we do makes
everything else possible. All the changes that are
happening, and the sustainable future that we
all require are impossible without the electricity
industry being at the very core of that. With the
electrification of heat and transportation, and
the road to net zero, the burden is falling on a

relatively small number of people in the industry.
For us to be part of that, is tremendously exciting.
It is a privilege to be doing something important,
even though most people don't understand it,
and think perhaps that the kilowatt fairies still do
their job (laughs).

That is the way I look at it, and that is what

[ try to describe to people. It is important to
understand those big moving pieces and then
to be able to hold that vision in your head,;
that 30,000-ft view of where we are going
and why; then to be able to build our team
and our layers of value to help that journey.
There will be challenges down the line, but

FEATURE
INTERVIEW



we all are in this together. As the technology
and the methodologies need to progress, we
need to grow and progress as well. The Camlin
rebranding and refocusing is part of that.

A That is a powerful answer. [ think that
people in the industry are going to get
the message that Camlin will meet them where
they are and help them figure out where they are
going. One of the situations that we have today
is the electrification of transportation. Very few
people understand what that's going to do to
the world. Lithium mines are multiplying, green
energy has its benefits, but there is also the issue
of used batteries. Being in business with railway
infrastructure, [ would like to find out how
Camlin Energy looks at the electrification
of transportation from the energy perspective.
M You are right, we are heavily involved
in the electrification of transportation
from a couple of different angles. On the Camlin
Rail side, we are heavily involved in the railway
industry. But if we focus primarily on the power
side, there are two primary aspects - assets and
networks. On the networks side we have also got
a very large role, primarily in the U.K, with the
distribution network operators.

Summer 2021

The mass uptake of electric vehicles, to give

just one example, is having a huge impact on the
electric industry, and we are working to create
network management systems that facilitate
that. If it is not done correctly, the investment
for network strengthening is beyond budget
capability. We have got to work in ways that
simply don't exist at the moment. That is
something that our UK tram is working very
heavily on and is tremendously exciting.

But there is one thing that is coming.

My experience in the industry has been that
network management on one side and asset
management on the other side are quite separate
- it is almost ‘never the twain shall meet. They
have got different methodologies, different
languages, they use different mathematical tools.

But they are going to increasingly crash together
over the next years. There are new models and
there is rethinking required, both in networks
and in asset monitoring. It is going to require data

Networks and asset
management are going

to crash together over the
next few years. It is going
to require rethinking,
data collection methods
that are currently in their
infancy, and data analysis
using new tools such as
machine learning.

creation and collation methods that are currently
in their infancy, and data analysis using new tools
such as machine learning. What is crucial is the
expertise, the knowledge of the assets and the
knowledge of the networks to know what this
data is saying.

When we talk about different voltage levels,

the mass onboarding of wind energy, both
onshore and offshore, creates disturbances on
the network that are significant and also largely
unknown. The impact of those disturbances on
assets is also significant and largely unknown.
What that means is as the network parts of utility
change, evolve and take these necessary steps,
the asset management side of the business is
going to have to change as well.

They have got models about probability analysis
of risk and risk mitigation that they have evolved
and improved over the last 20, 30 years. But does
the maths stack up? I would hazard a guess that
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it probably won't, and we don't know yet. In order
to understand that over the next decade, we as an
industry are going to have to create and deploy
new models. The assets and the networks are either
going to come together in a controlled fashion or
they are going to come together in an uncontrolled
fashion, but they are coming together.

We at Camlin Energy have a part to play; we can
help because we have got the hardware creating he
right data both in the networks and in the assets.
We have got the data collation and diagnostics, the
Al machine learning and crucially the expertise to
understand these new insights. We also partner
and work with others on this journey, refining

and improving existing models, and creating new
models and methodologies that are necessary.

That journey can be taken in a controlled fashion.
It is back to the point of “What got us here won't
get us there.” The pace of change is accelerating

FEATURE
INTERVIEW

to such a degree that the pace of the previous

50 years of change in the industry just won't work.
That is what we are trying to do at Camlin with
this reorganization. We need to be ready for this
journey. We know what all the dots are, but the
challenge is to get the right people together and
connect those dots. That is one of the single most
exciting and most challenging aspects of the next
10 years.

A Michael, it has been an incredible

opportunity for us to talk about the
future. I love the fact that you used the word
purpose when you talked about the rebranding
at Camlin Energy. As the world changes rapidly
around us and we change with it, it is important
to remind ourselves of why we are doing what we
are doing. “What got us here won't get us there”,
but it will be all the more exciting to follow you
on your journey and see where and how Camlin
Energy will go from here.

Photo: Camlin Energy
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TOTUS is the ONLY
Transformer Monitor that can

separate PD in the Bushings
from PD in the Main Tank.

THE BENEFITS OF MONITORING
PD IN BUSHINGS WITH TOTUS

Early detection of PD can significantly improve
risk diagnosis, driving quick and accurate

decision making. Recognising the PD pattern
makes it possible to understand the nature of
the defect and correlate with other parameters
to determine the best technical action.

Online PD monitoring can:
Detect anomalies at EARLY stage
@ of degradation, in particular on
RIP bushings

Detect failures not easily detectable

with standard tests

Correlated PD with Leakage current
to determine failure mode and

indicate appropriate offline test

Camlin Energy Ltd Email: mail@camlingroup.com Tel.: +1-773-598-4126
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Integrated Condition Monitoring:
Merging Data from Relays and Asset
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Austin Byrne leads the enhancement, pro-
motion, development and delivery of GE's
Monitoring & Diagnostics software solutions
and applications. He is also responsible for
operating transversely across Grid Automa-
tion product lines, focusing primarily on inte-
grated condition monitoring within the elec-
trical utility and industrial substations. He
joined GE in July 2010 as the software quality
manager for Monitoring & Diagnostics before
moving into product management in 2013.

Introduction

All businesses share a common goal —
implement operational efficiencies
whilst maintaining a reliable service for
their customers. Achieving this goal
relies on information about the asset
condition and in today's environment,
this is increasingly challenging due to
the abundance of aging assets across
the globe and businesses focused
heavily on reducing spend. Hence the
common phrase: "do more with less".

Figure 1. Example of ICM Topology

Data drives the decisions businesses
take to implement and achieve the
expected efficiency and reliability
results. Data derived from the critical
components and assets is at the

core of the service provided to their
customers and is responsible for their
operational process delivery. There
has never been more data in the world
than right now. It is estimated that 2.5
quintillion bytes of data is created each
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HERE HAS NEVER BEEN MORE DATA IN THE WORLD THAN

RIGHT NOW. IT IS ESTIMATED THAT 2.5 QUINTILLION BYTES OF
DATA IS CREATED EACH DAY, WITH THAT PACE ACCELERATING

DUE TO CONNECTED DEVICES AND THE INTERNET OF THINGS.

day, with that pace accelerating due to
connected devices and the Internet of
Things [1].

However, this abundance of data must
be derived and refined in to precise,
strategic, and actionable information.
Data is derived using communication
networks and refinement comes in the
form of its analysis and interpretation.

In this article, we will focus on the
concept of integrated condition
monitoring (ICM) which can play a key
role in the capture, accurate analysis,
and interpretation of data. ICM is the
mechanism by which the data from
multiple online and offline sources
and assets is captured and analysed
together to provide a holistic picture
of an asset's condition at an individual
and fleet level. ICM also focuses on
situational information as part of the
assessment to better understand the
impact of operational fluctuations and
external events. When deployed at

a fleet level, ICM can provide a more
accurate picture of the operational risk
exposure of an organisation based

on the potential of assets failing and
the overall impact of the unexpected
downtime as well as repair/
replacement costs. ICM can also help
organisations develop a successful
condition-based maintenance strategy.

CM IS THE MECHANISM BY WHICH THE DATA FROM MULTIPLE

being made available to applications
where the data can be analysed in a
timely manner by the right people.

When considering a new deployment
of a remote online monitoring system,
planning this connectivity will be an
important step in that process. If

the remote monitoring devices have
already been deployed, fortunately, it
is typically quite straightforward to
retrospectively setup and establish
communications with the remote
monitoring devices.

However, in both instances,
engagement between the
organisation's IT suppliers, the end
users of the data and the vendors is
critical. Between the IT department
and the end user, an architecture
needs to be developed that shows
where the data needs to travel from
and reside at, and which zones

or network substructures it must
navigate to get to where it needs to
be. Once that is understood, the IT
department and the selected vendor
or vendors can then develop a
topology that can be used to provide
the communication path as per
Figure 1. This could be as simple as
connecting an ethernet cable and
opening specific network ports on an
existing IT infrastructure. Or it could

NLINE AND OFFLINE SOURCES AND ASSETS IS CAPTURED
ND ANALYSED TOGETHER TO PROVIDE A HOLISTIC PICTURE

o

Data Analysis Challenge

Unfortunately, underutilisation of data
continues to be an oversight in many
organisations, hindering their ability
to achieve their mission statements.
There are a number of causes of this,
with the most common and obvious
cause coming from not connecting
remote monitors to an IT (Information
& Technology) infrastructure and

F AN ASSET'S CONDITION AT AN INDIVIDUAL AND FLEET LEVEL.

require a more comprehensive

setup that requires deployment

of dedicated wired/wireless
communication devices and a
network for transmitting the data
along with application-to-application
synchronisation servers.

Figure 1 exemplifies the several
typical assets at an electrical
substation and remote monitors and
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sensors that can be deployed. Some
of the devices might be simple, like
a weather station. However, an asset
like a power transformer consists of
various components: transformer
tank with active part and oil-paper
insulation, tap changer, bushings,
cooling unit and conservator, to
mention some. Advancements in
sensing devices and analytics allow
the implementation of solutions
that go beyond the well-established
Dissolved Gas Analysis (DGA)
including on-load tap changer,
cooling unit or bushing monitoring.
An integrated monitor covering all
components might help to simplify
the data influx.

Another not so obvious cause of
data underutilisation comes from

a lack of awareness of the valuable
data being generated by equipment
classified as non-monitoring, such
as relays and digital fault recorders
along with other systems.

Types of Data

When it comes to ICM, there

are different types of data being
analysed, some of which are defined
below:

* Symptomatic Data — This is data
gathered on an asset which is a
symptom of an issue rather than
the result or cause of a problem.

* Fault Data — This is data captured
when a fault occurs causing an
event such as a trip; it can be the
result or cause of a problem.

* Environmental Data — Data
captured about the external
environment in which the asset is
operating, over which there is little
or no control.

e Operational Data — This is data
measured and captured on the
operation of the asset such as
load, energisation, tap changes,
thermal, cooling control, etc.

Symptomatic and fault data can
sometimes get confused. For
example, when dissolved gases
start to generate in an oil filled
transformer, it is symptomatic of
several issues, such as insulation
breakdown, loose connections,
overheating, damaged or worn
components, etc. Whereas fault



data would be considered data, such
as over voltage which can cause
damage to the equipment if it is not
prevented.

Symptomatic data can often be a
precursor to a serious fault and hence
be detected well before fault data is
generated and captured. However,
symptomatic data can also be caused
by benign changes in the operation of
the asset, environmental variation or
it can even be the expected behaviour
of an asset.

Here in lies the challenge: without
downtime and invasive internal
examinations, how can you identify
if the symptoms recorded are an
indication of an issue? If so, how
serious is the issue, the damage
being done, what is the root cause
and is the asset in danger of failing
unexpectedly?

THE SUCCESS OF ANY ASSET MANAGEMENT

STRATEGY RELIES HEAVILY ON HOW THE

INFLUX OF DATA IS MANAGED AND EFFICIENTLY

EVALUATED.

Management of the Data

The good news is that by applying
an ICM methodology and cross-
corelating the multiple sets of data
available, it is possible to better
understand the asset condition.

Advancements in data science have
enabled manufacturers to reuse
existing parameters measured by a
device to extract further information.
Reapplication of existing sensors in
equipment is becoming more and
more prevalent as product vendors
develop new techniques and firmware
to extract and provide new data. The
extra information that is extracted
from the data generated by such
equipment enables organisations to
gain more insights into the connected
critical assets.

The success of any asset
management strategy relies heavily
on how the influx of data is managed
and efficiently evaluated. More and
more organizations are looking

INTEGRATED
CONDITION
MONITORING






INTEGRATED
CONDITION
MONITORING

HE KEY PREMISE OF INTEGRATED CONDITION MONITORING
(ICM) IS THE COMBINATION AND ADVANCED ANALYSIS OF
ALL THE RELEVANT DATA GENERATED. BY COMBINING THE

DATA FROM MONITORING AND NON-MONITORING EQUIPMENT

ALONG WITH EXTERNAL DATA SOURCES, A MORE COMPLETE
PICTURE OF THE ASSETS SITUATION PAST AND PRESENT CAN

i

E CREATED.

to software in the form of asset
management applications, to enable
business outcomes by managing the
vast amounts of data and turning the
valuable data into information and
asset insights.

Understanding the differing types
of data, how it is to be presented in
an asset management application

and how it will be analysed is critical.
Using data analysis and diagnostics
tools as detailed in standards such

as IEEE C57.104 [2] helps with the
interpretation of asset data. Asset
management applications capable of
performing automatic analysis of data
to derive an assets health or risk of
failure focus attention and streamline
data analysis to assets in need.
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Summary

As shown in Figure 1, there is a vast
amount of data and information
gathered for assets, captured by an
array of equipment connected to the
asset as well as external sources.

By analysing the data sets separately,
the subject matter expert's ability and
opportunity to accurately diagnose
the asset is vastly hampered.

The key premise of integrated
condition monitoring (ICM) is the
combination and advanced analysis
of all the relevant data generated.

By combining the data from
monitoring and non-monitoring
equipment along with external data
sources, a more complete picture of
the assets situation past and present
can be created.

Advancements in interoperable data
analysis software, equipment and
sensors help organisations adopt
ICM as it greatly simplifies the
integration process and information
extraction. By utilising data science

and algorithms, software applications
can automatically detect correlations
in the data and further streamline
data analysis, subsequently allowing
the experts to focus more of their
attention on the information that truly
matters, freeing up more time for
strategic planning.

When applied across an entire fleet
of critical assets responsible for
operational process delivery, for
example, the transformers, circuit
breakers and motors used in the
day-to-day operation of utilities and
industrial organisations, the results
and information about each asset
analysed can be combined to create
a more comprehensive fleet overview.
This ready to use information pool
provides important details on the
condition and health of the entire
fleet, thus allowing organizations to
understand their asset risk exposure,
providing them with the information to
pre-empt, plan and reduce downtime
as well as deploy a successful
condition-based maintenance
strategy reducing future risk.

INTEGRATED
CONDITION
MONITORING
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A transformer’s lifetime is determined in large
part by the condition of its solid insulation.

The presence of oxygen in transformer oil
accelerates ageing of its solid insulation, most
importantly the paper within its windings.

With increased use of sealed transformer designs,
the issue of air leaks as a source of oxygen has
grown in importance.

Air leaks into the transformer are often caused
by embrittlement of gaskets or the rubber bag.
Therefore, monitoring and confirming proper
sealing against ambient air ingress is crucial to
maximizing your transformer’s operational life.

Figure 1.

SHORTCOMINGS OF TRADITIONAL METHODS

Traditionally air leaks have been detected by measuring oxygen and nitrogen
from standard DGA oil samples. However, the challenge with sampling at the
transformer site, followed by transportation and handling of the samples, is the
risk of contamination from ambient air. Such contamination can be identified by
observing nitrogen level fluctuations in DGA results over extended periods of time
(Figure 1).

Figure 2.

Nitrogen and oxygen measured in a laboratory from DGA oil Nitrogen and oxygen data from a PAS based DGA monitor

samples of a sealed transformer 1990-2008.

Some online monitors have integrated oxygen measurement and nitrogen
levels are calculated based on the oxygen values. However, these calculations
assume that the oil is saturated to ambient air with a constant oxygen-nitrogen
ratio. It is imperative to take into account that such calculated nitrogen values
are valid for free breathing transformer only — but not at all valid for sealed
transformers.

Figure 2 compares data from a photoacoustic (PAS) based DGA monitor
against laboratory reference results. The data reveals that the calculated nitrogen
values from the online monitor show significant bias compared to laboratory
measured values. This is due to the transformer being sealed, that is, not exposed
to ambient air. Worse still, the large fluctuation in data over 18 months makes
determining possible diffusion of air into the transformer tank very hard.

compared against laboratory (lab) references.
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Figure 3.
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Figure 4.

Nitrogen and oxygen data by a GC based DGA monitor with Total pressure of gases measured with the Vaisala online DGA

laboratory (lab) references.

monitor OPT100 and laboratory (lab) defined nitrogen and oxygen.

The example in Figure 3 compares an online gas chromatograph (GC) based
DGA monitor against laboratory-measured references. Although the readings are
closer to the reference values, a well-defined trend cannot be determined.

Figure 4 shows pressure data from a Vaisala OPT100 on a sealed transformer
with a pre-identified air leak issue. Prior to degassing (October 2017), the oil
was saturated to ambient air. The total pressure of dissolved gas was 800 mbar,
equivalent to partial pressure of nitrogen in air. All oxygen entering the system
was consumed simultaneously. As can be seen from the graph, the pressure
value mirrors the laboratory-measured nitrogen concentration. The laboratory in
question has exceptionally good reproducibility, which makes comparing the two
parameters easy and reliable. Since degassing, air had leaked in again, resulting
in 75% saturation to ambient air nitrogen in the oil.

Photo: Vaisala
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A New
Method

MEASURING TOTAL GAS PRESSURE

The Vaisala OPT100 DGA monitor uses partial vacuum to extract gases from
the transformer oil. It also includes a pressure sensor, which makes it possible to
determine the air leaks by measuring total gas pressure (TGP).

Issue 14

Total Gas Pressure is the sum of the partial pressures of all gases dissolved
in the oil. In case of an air leak into the transformer tank, the largest portion of
gases would be nitrogen and oxygen. Both can be completely extracted from oil,
because of their poor solubility. The proportion of fault gases in the total pressure
value are negligible. Even if all oxygen had been consumed, the pressure value
would give a reliable indication of a leak. A leak can be identified this way because
the nitrogen value will both dominate and increase over time as it is neither
formed nor consumed in the transformer.

Figure 5. Figure 6.
Total pressure of gases in the insulation oil of a brand-new transformer Nitrogen and oxygen data from a PAS based DGA monitor
as measured with the Vaisala OPT100 online DGA monitor. compared against laboratory (lab) references.

Figure 5 highlights a new, sealed transformer. The total pressure of dissolved
gases forms a practical quality control measure. When commissioning a new
transformer, its tank is filled with dry oil, degassed in a vacuum. This means
that the gas pressure at the point of energizing the transformer will be very
low (<100 mbar). If that is not the case, it can be assumed that there may be
an issue either with the sealing or with the commissioning process itself. It is
likely that in any case there will be a slight increase in gas pressure during the
first few weeks after commissioning as gas, nitrogen, or dry air, trapped in solid
insulation dissolves in the oil.

A well-sealed transformer will maintain low levels of gas pressure for a long
period of time, up to the full lifetime of the transformer. This can be seen in the
example in Figure 6, which shows data collected with a Vaisala OPT100 from
a 29-year-old 100 MVA transmission transformer. Remarkably, the oil in this
particular transformer had not been treated since its commissioning in 1989. The
total gas pressure is low and remains stable at about 250 mbar, representing 25%
ambient pressure.
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Total Gas Pressure — Proving Its Reliability

Given that oxygen and nitrogen are not relevant
parameters in the standard transformer fault diagnostics
methods, their actual concentration in oil is not needed
online — only information on whether oxygen has access
to the tank.

IR technology cannot measure oxygen and other
technologies such as electrochemical cells are typically
not long lasting. In response, Vaisala has developed
a new, reliable and intuitive air leak detection method
based on pressure measurement.

Some laboratories report a parameter referring to all
dissolved gases e.g. total partial pressure in relation to
ambient pressure. This is comparable to the new total
gas pressure parameter, considering also the differences
in conditions where the values are defined.

The latest IEEE C57.104 standard and CIGRE TB771
consider the oxygen-nitrogen ratio in respect to typical
values of fault gases in transformers. The ratio is only
used to distinguish sealed units from free breathing
ones. This approach was used to evaluate a large

database where the transformer design information was
mostly absent.

Oxygen and nitrogen measurements as such have no
diagnostics value and are not necessary parameters in
online monitoring. More crucially, the oxygen-nitrogen
ratio is not a good indicator for air leaks either, as oxygen
may be consumed in the transformer and thus remain at
a low value even when new air is constantly leaking in.

As per the standard, it is not possible to say if the
transformer is a sealed or free-breathing one by looking
at the oxygen-nitrogen ratio of a specific sample, as
factors such as sample contamination can influence
this ratio.

Total Gas Pressure gives a direct and intuitive
indication on the design: pressure values that are
stable and clearly below ambient pressure tell us that
a transformer is sealed. TGP at ambient levels is an
indication that the transformer is a free-breathing one
or one with a severe air leak. And finally, TGP values at
100-200 mbar above ambient are typical for nitrogen
blanketed transformers.

Photo: Shutterstock
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Introduction:
Why are we here?

Condition monitoring can
provide valuable warnings about
transformer health, including
identification of deterioration,
change in operational state, and
impending failure. To realize the
potential of condition monitoring,
we need to understand what

it actually measured, how that
measurement relates to failure
modes which may apply and
determine how to act on that
information. This article looks

at two straightforward condition
monitoring applications which
resulted in expected results in one
case and unexpected results in
the other.

A simple analogy for condition
monitoring is a car tire pressure
warning light: it can tell you that
the pressure has fallen below a
certain level and may even tell you
what the pressure is, but it doesn't
tell you why the pressure has fallen
— S0 we are detecting a possible
problem rather than diagnosing

a problem. And we do need to
remember that it is a possible
problem, as the sensor itself may
be at fault: if the tire pressure is
indicated to be negative, say, we
may suspect a problem with the
sensor and monitor.

With a car tire, we have the tire
specification and manufacturer's
recommendations, so we know
what the pressure should be: we
have expectations. We should
also have expectations when
applying condition monitoring

to transformers: what do we
expect the top oil temperature to
be under certain load/ambient
conditions? What about dissolved
gas analysis — how well does the
online monitor match lab results?
If we know what to expect then we
can identify measurements which
are unexpected or anomalous and
worthy of deeper investigation.
(We could get into a whole
discussion on false positives and
false negatives at this point — but
let's save that for another day:.)

All according to plan

This case is one where a rise in
current was used as an indicator
of bushing deterioration; a rise was
detected, but the speed with which
the deterioration developed was
unexpected. In 2012, a monitor
was making hourly measurements
of leakage current magnitude

and phase on two sets of three
Trench bushings on a transmission
transformer. Figure 1 shows the
leakage current for all 6 bushings
over a 24-hour period: HV bushing
results overlaying well at about
24.5 mA and the LV set consistently
at about 7 mA —in line with
calculated values for the system
voltage and the individual bushing
C1 nameplate values.

There was a sudden rise in the
leakage current over two hours,
generating a high-level alert. The
owners had a response plan which
they acted upon, requiring the
transformer to be de-energized

30
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within two minutes of receiving the
alert for offline testing. The plan was
followed, the bushing was tested,
showing elevated power factor and
capacitance, and replaced. The
subsequent bushing tear-down
confirmed advanced deterioration.
The case is discussed with the
original utility in a paper entitled
“Condition Monitoring in the Real
World" presented at the International
Doble Client Conference of 2012 [1].

This case underlines the need for

a response plan when applying
monitoring, and also the need to
learn about relevant failure modes.
Unlike GE Type-U bushings which
have a known failure mode where
deterioration is usually reflected in
power factor rise over several weeks
to months, for the Trench bushing

in this case, the owners thought a
catastrophic failure was possible
within 'about five more hours'.
Consequently, for such bushings, we
now usually recommend monitoring
at the 1-5 minute interval level.

Three HV bushing
leakage currents

20

15

Three LV bushing

One LV bushing leakage current rises
by ~50% in 2 hours

/
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Leakage current magnitude for two bushing sets on a transmission transformer
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1.2

Y3 Bushing Relative Power Factor
1 (RPF) rising over several weeks

0.8

06 —Y1RPF

e e TN —— RO
04 [ re——

Y3 RPF

0.2

All according to plan,
then there is a change

02/07/2020 12:00
07/07/2020 12:00
12/07/2020 12:00
17/07/2020 12:00
22/07/2020 12:00
27/07/2020 12:00
01/08/2020 12:00
06/08/2020 12:00
11/08/2020 12:00

In this case, a bushing shows a
gentle rise in power factor over a
period of several weeks, as shown
in Figure 2. These results are from a Figure 2.

relative power factor analysis of the Relative Power Factor for a set of three bushings
currents from a set of three tertiary

bushings. The rise is unexpected,

with the other two bushings 1

ShOWing the eXpeCted form Of Y3 Bushing Relative Power Factor
almost constant power factor. 1| (RPF)and True Power Factor (TPF)

rising over several weeks while other
bushings are fairly constant

—Y1TPF
—— Y24k
Y3 TPF
Y1 RPF
——Y2 RPF
——Y3 RPF

0.8

Relative power factor has been

successful in detecting and 056
diagnosing bushing issues for
over 20 years, using the individual
leakage currents from a set of three 02
bushings. However, it is always

useful to have a ‘check’ on the 0
results, if possible. In this case a

voltage reference was available for

each phase, and ‘true power factor'

values were calculated based on

the loss angle between the bushing

leakage current and the instrument
transformer voltage. Figure 3 Figure 3.

shows the three relative power Relative Power Factor and True Power Factor for a set of three bushings
factor values, and the three true

power factor values: the two gently

rising values are from one bushing.

0.4

02/07/2020 12:00
07/07/2020 12:00
12/07/2020 12:00
17/07/2020 12:00
22/07/2020 12:00
27/07/2020 12:00
01/08/2020 12:00
06/08/2020 12:00
11/08/2020 12:00

1.2

Y3 Bushing RPF and TPF

The bushing remained in service, 1 | rising over several
d h d weeks, then falling over
and somet |ng UﬂeXpeCte several subsequent ——YRIEE

e weeks

happened: the power factor of the
suspect bushing, from both relative 06
and true values, started to fall, as

shown in Figure 4, heading back to
previous levels. 02

——Y2uRE
\YSAER
Y1 RPF
——Y2 RPF
——Y3 RPF

0.4

Although unlikely, we might ask
whether the bushing has stopped
the deterioration and put itself
back together. Generally, once the
insulation has deteriorated, it only
deteriorates further over time — so
we need to find a way to rationalize
the results in terms of what could Figure 4.

happen in practice. Bushing Power Factor — unexpected results

02/07/2020 12:00
12/07/2020 12:00
22/07/2020 12:00
01/08/2020 12:00
11/08/2020 12:00
21/08/2020 12:00
31/08/2020 12:00
10/09/2020 12:00
20/09/2020 12:00
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the insulation has
deteriorated, 1t only
deteriorates further
over time. So we
need to find a way
to rationalize the
results in terms of
what could happen
In practice.



The phenomenon of reduced or

negative power factor has been

known and discussed for decades [2].

An excellent detailed discussion

presented by Long Pong [3] .=
showed negative power factor \ C1 “meas
results obtained through standard

offline tests in a number of Ilc1
different applications. He gives

a simple model of a test object, (E) —
in this case a bushing, as shown c1
in Figure 5. The applied voltage,
V, produces a current in the m .
test object /gy, with the bushing I @
capacitance being Zg;. If the C1
was purely capaoitive, the phase With a very small resistive component the angle Lneas = E/Zcy = B/ | Zey | €8 = |1 00| €°
angle B would be 90°; in practice is just below 90° So: measured power factor = cos(6) >0
there is a small resistive

component so 6 is very slightly

below 90° and the variation is

exaggarated in the figure. Figure 5.
Simplified Bushing Measurement Circuit

The measured current is given by 4 N
Equation 1. Imeas = lc1 =V / Ze

—

Equation 1. Basic equation for measured current in a bushing test

This simple model can be
extended by adding a resistive path
to ground within the test object —
such as may be introduced by
moisture or contamination, as
shown in Figure 6. The Zg; value

The C1 impedance is split into two parts, Z, and Z,, which
allow a resistive path to ground, R

for the bushing is now split into ll1
two parts, Z; and Z,. 1= 1 eas
The measured current in this case —

is given by Equation 2. E S

. |2
— N\
The leakage current provides a voltage drop, V;, Ieas = EM(Z1:Z,) /R + (Z1#2,)) = | s | €1°

which increases 8. Remember that 6 is very So: with > 90° measured power factor = cos(6) <O
close to 90° to begin with.

Figure 6.
Bushing model with additional resistive path to ground

—_ —

Z1'Zz

Tmeas= 2=V/( +Z1+Zz)

Equation 2. Measured current in bushing test with resistive path to ground in place
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The additional resistive path adds

the complex product Z;:Z,/R to the

calculation of measured current.
This product has the effect of
adding an impedance accounting
for the impact the current diverted
through R has on the measured
current. It shifts the measured
current phase angle, 6, to be
slightly above 90°, with the power
factor now being negative.

++ T
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++ T 4+ + +
+:::+++++++++:i:+++
+++++++++++*+++++++
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+
R N P

+++++++++f++

We have had a rising power factor,
then a falling power factor: one
possible explanation for this set
of events would be based on
the oil fill cap for the bushing
being damaged. Moisture and
contamination would get into the
bushing in small amounts, which
would raise the power factor of
the oil and thus the C; bushing
power factor — reflected in a rise
in power factor value provided by
the monitor. As more moisture/
contamination enters, a resistive
path to ground develops and
grows, reflecting the situation in
Figure 6, and the power factor of
the bushing drops as that effect
becomes dominant. Given time,

the power factor would become
negative.

Lo+ +
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It was noted during the subsequent
bushing forensic tear down that
the oil fill plug gasket was cracked
and significantly deteriorated and
the oil in the bushing contained
visual sediment, particulates, and
free water. It would seem that slow
ingress of moisture was not only
a possible cause for the effect
seen, but had in fact occurred,
and would explain the resulting
unexpected variation in power
factor measurements.
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a simple link
between measured
data, analysis and
subsequent alert
generation.
But, occasionally,
the data is
unexpected — there
is an anomalous
response — and
it should be
investigated.
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ASSET SOLUTIONS
BY TONY McGRAIL

Discussion

Condition monitoring usually provides
a simple link between measured
data, analysis and subsequent alert
generation. When monitoring data
changes, it may be a simple case of
linking the values to deterioration
and on to a failure mode, allowing for
planned intervention. But, occasionally,
the data is unexpected — there is an
anomalous response — and it should

be investigated.

Such investigation should focus on
finding an explanation for the data, and

should include:

+ Verifying that the data makes
sense — ensuring there is no
sensor or data acquisition issue.

+ Consideration of what is

actually measured and what is
subsequently derived — and how
the process can be disrupted.

+ What could be a possible physical
explanation for the results seen?
Does the explanation make sense?

+ What are we missing? Something
small may have big consequences.

The second case discussed here is just
one example of unexpected data and
the subsequent attempts to identify

a possible cause for what is seen,
based on offline test analyses in prior
technical papers, with the possible
cause subsequently confirmed during
the forensic teardown.
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At Dynamic Ratings,
we have a number

of employees who
are involved in I[EEE,
[EC and CIGRE. It has
pbeen exciting to be
part of a company
that encourages
employees to get so
heavily involved in
these working groups.

Seamus Allan is the Product Manager for LV & Distributed Monitoring

at Dynamic Ratings' Australian headquarters in Melbourne.
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Seamus Allan is the Product Manager for LV & Distributed Monitoring at

Dynamic Ratings’ Australian headquarters in Melbourne. In this interview,

our editor in chief touched on different hot topics in the industry with

Seamus, who is arecognized subject matter expert in many areas, including

transformer and electrical apparatus monitoring and control technologies.

Alan Ross: | am delighted to welcome Seamus
Allan from Dynamic Ratings. Seamus, [ would
like to go a little bit into your background.

We know Tony Pink, General Manager at
Dynamic Ratings, has done great things with
the company and how Wilson [Transformer
Company] has taken it to the global level. You
have been in the US, in the UK and now you are
in Australia. Can you tell us a little bit about the
time you spent in the UK?

Seamus Allan: Thank you, Alan. Yes, that was

a crossover role between WTC and Dynamic
Ratings, providing support on both sides. Living
in the UK was a really exciting time because the
networks there are similar to North America -
in that they have been around for a long time.

A R You have a lot of experience in the
low-voltage area of the world. You
have seen how the grid is changing and how
utilities are having to adapt to the changing
requirements of the grid. what are some of
the big changes that are taking place and are

causing professionals in the utility industry to
change the way they do what they do?

S [t is an interesting time for our industry
globally, I think. As a two-second
background of Dynamic Ratings, our main focus
has been on substations and substation assets,
transformers and breakers. That is where my

background comes from - looking at large power
transformers and the substation assets. Over the
last ten years, we have seen a growing cry for
help from our distribution customers. They are
the ones now who have the assets that are under
pressure. That seems to be happening in certain
areas in the world more than in others.

Those changes are coming from the very large
increase in distributed generation in the network -
solar photovoltaics and similar resources. The
changing technology mix with battery storage
going into the network is a huge aspect of it.
Another aspect, depending on which country

we are in, is the switching off of the large
synchronous generation: fossil fuel generation,
coal burning plants, etc. That massive shift in
energy landscape has now put the distribution
networks as a horizontal energy transfer mecha-
nism rather than the traditional top-down energy
transfer that came from the traditional networks.

A We used to have the step-down
system, as you said, and now we
have an inverter-based system. With all of that

happening, what do you think are the caveats
for the engineering and the procurement,
maintenance and management of utilities,
especially the distribution utilities and the
people in distributed energy resources (DER)?
What are the main challenges they are going to
be faced with?
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S A large part of the challenge that we

are seeing in these emerging markets
is the loss of synchronous generation, which is a
huge issue now in Australia. As of 2020, Australia
has the most solar capacity installed per capita.
[t is a small country in terms of population,
with around 25 million people, but are leading
in that respect. 22% of residential houses have
solar [PV] systems on the roof. There are a lot of
commercial solar operations happening in the
countryside.

The loss of synchronous generation here in
Australia has driven a huge growth of the
Frequency Control Ancillary Services (FCAS)
market, because trying to prop up the frequency
when there is a system event has become
extremely difficult. Probably one of the major
challenges are a lack of grid support services.
Another aspect is in terms of loadings. The
diversity factor for most LV connections - and
this varies by country - is approximately 2.5 kWw,
which is what a residential house is expected to
be drawing on average.

22%
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The entire distribution network was built around
this diversity factor. Now we are dropping electric
vehicles (EV) and other large batteries into the
networlk, and they might draw 32 Amps, each
one by themselves. That is just the distribution
transformers, the connecting circuits. All of that
was not designed for the intense loads we are
seeing at the moment. When you hear talk in

the UK of going fully electric in their transport
space by 2030, and other countries having very
strong incentives to go in the same direction, the
transformer asset managers and people working
in line ratings are starting to panic, because they
are suddenly going to be putting huge loads onto
the network. And this wasn't expected before.
Load management is one of the pretty serious
areas.

A Load management is changing the

specifications for transformers. If you
are purchasing transformers, the specifications
should be different. You can’t simply replace
the one that was there because the loads are
going to be different.
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Due to the massive shift in energy landscape, the distribution
networks have now become a horizontal energy transfer mechanism,
rather than the traditional top-down energy transfer that was the
case in the traditional networks.

The electrification of transportation creates its
own problems, and I would like to see that from
your perspective. What is Dynamic Ratings
doing about that and what it means for your
company as it relates to opportunity?

SA [ will speak from the work that we have

been doing in the UK, in Australia, and a
little bit in New Zealand. Admittedly, in Australia
the government incentives haven't been there, so
the uptake of electric vehicles here is a little bit
behind other countries. On the flip side, some of
the countries in Europe have had phenomenal
uptake.

Probably the biggest challenge is plonking really
large chargers into people's homes. Everybody

wants to come home from work, plug in their
car and have it ready for the morning. While the
traditional load that happened in the evening
came from everyone switching their ovens or
their kettles on, now people are bringing home
enormous loads, 16 or 32-Amp chargers, which, if
they all get on the same time, have significantly
greater draw than what the network was
designed to provide; both from the top-down
level, and also in the distribution network.

The biggest challenge that we are seeing is how to
have equitable sharing of the network resources
across the different users. There have been a lot
of different trials to try and maximize the use

of the available capacity of the LV network, the
transformers and the feeding circuits, so that all
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users are able to charge their cars when they
want as much as they can, without turning their
neighbors off and without tripping out a whole
street. It becomes very unpopular when you plug
your car in and everyone's lights turn off! We are
trying to do that in a fair way and without having
a significantly bad impact on the network assets.

FEATURE
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been largely focused on demand management
of those particular EV chargers. We are

Involved in projects globally where we provide
measurements of the LV network based on
measurements done on transformers and at

the ends of feeders and circuits, working with
utilities that are developing operating envelopes

When you hear talk in the UK of going fully electric in their transport
space by 2030, and other countries having very strong incentives
to go in the same direction, the transformer asset managers and

people working in line ratings are starting to panic, because they are

suddenly going to be putting huge loads onto the
network that was not designed for that.

A small side aspect of that is that many of these
inverter-based generation and power electronics
control devices are putting quite significant
harmonics back into the network that are having
an impact on the distribution transformers,
which weren't designed for the K-factors coming
from the levels of harmonics that are going back
into the network. In a lot of cases, if you are
talking kVA or kilowatts of charging, that is not
even factored into the discussion.

That is a massive challenge as well. In reality,
the projects that we are involved in today have

or state estimations for the networks. These
estimations suggest what the impact on the
network is going to be if we were to switch

on a particular charger at certain rates, and
how hard we can switch them on before the
network starts to sag badly, and then sending
out those commands to the charges and having
active control over them. That has been really
Interesting - communicating with customers
about whether they want to do the social good
and allow us to turn the charger off or if we have
to pay them to turn their charger off. There are
many social challenges that are involved there.
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There is going to be another challenge
in the United States. Recently, a

A

number of cities such as San Francisco and New
York have been looking at making it illegal to
build a house that uses natural gas. Safety is one
aspect of it, and another is moving away from
fossil fuels. Everything is going electric.

S Yes, and vehicles-to-grid is going to be a
very big part of this. People are already
putting residential batteries in, and utilities are
putting grid-scale batteries in. Here, at the zone
substation or the local substation, we are seeing

Summer 2021

10 or 20 MW batteries going in. There are a lot of
trials of much smaller, 30 kW batteries going up
poles in the neighborhoods.

Then there is also Tesla Powerwall and all the
other associated residential batteries. The
automobile is becoming one of those large
battery assets in the network that will be able to
be controlled. And, yes, it will be interesting.

A lot of these scenarios are partly state or power
company-owned, and then in other cases, they are
privately owned. And that does tag along onto the
Federal Energy Regulatory Commission’s (FERC)
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No matter which country you're in, no matter what language you
speak, we are all moving electrons around the network.

Order No. 2222 in terms of the virtual private
power plants, in terms of aggregators of
(residential) electricity (generation), or it might
be (dispatchable demand, such as) electric
vehicle chargers.

Here in Australia, there are a couple of companies
that do private EV chargers, and they are
basically talking to utilities about how they

can work together on managing their customer
base in terms of charging and vehicle-to-grid
connection as a business model in its own right.

[t will be very fascinating to see how that pans out.

A You mentioned the FERC Order

No. 2222, which enables distributed
energy resource aggregators to compete in all
regional organized wholesale electric markets.
What do you think the impact of that order is
going to be on the load management issue?

S [t is hard to say at this point. There is
the idea of virtual power plants, VPPs

as they are being called here, and it is essentially
what is referred to in FERC 2222. There are a

lot of organizations in Australia that have been
doing this. They have been talking to residential
solar owners, telling them that we can pool our
purchasing power and buy electricity off the
wholesale market, and then sell on the wholesale
market at a better rate, and get them better
feed-in dollars for their kilowatt-hour