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ARE WE AT THE START OF AN ELECTRICAL INSULATION
REVOLUTION: NANODIELECTRICS

There has been no radical
change in the insulation mate-
rials used in motor and genera-
tor windings since the 1960s.
Epoxy-mica, aramid papers
(Nomex™), epoxy glass lami-
nates and polyamide-imides,
the main insulating materials
found in today’s rotor and sta-
tor windings, have in fact been
in general commercial use for
over 50 years. Of course, there
have been some improvements
in the properties of these ma-
terials over time, and even
some creepage of material
thermal ratings, but the basic
materials remain the same.
What advances there have
been have largely been due to
manufacturing methods — such
as the large scale adoption of
global VPI and the widespread
application of robotics for ap-
plying tapes and processing [1].

Revolutionary change may
be on the way with the com-
mercial introduction of “nano-
dielectrics”. The recent issue
of the IEEE Electrical Insulation
Magazine was devoted to
nanodielectrics [2]. Thisis a
term, first coined by Dr. Michel
Frechette of Hydro Quebec, for
polymers that have nano parti-
cles dispersed within the poly-
mer. “ Nano” refers to the size
of these particles, their largest
dimension is in the order of 10s
or perhaps 100s of nanometers

(nm). Nanodielectrics are insu-
lation materials where the
nano-sized particles have been
evenly dispersed throughout
the polymer. The nano parti-
cles to date have usually been
silicon dioxide (sand), alumina
or similar oxides. The promise
of nanodielectrics is that they
can produce a 10 to 100 times
improvement in voltage endur-
ance —that is, they seem to be
exceptionally resistant to par-
tial discharge (PD). In applica-
tions such as power cable and
transformers, this means the
insulation can be made much
thinner for the same lifetime.
For high voltage stator wind-
ings, the development of effec-
tive dielectrics may permit the
elimination of mica from the
ground and turn insulation,
which may greatly reduce the
complexity of manufacturing
bars and coils. Nanodielectrics
also tend to have much lower
thermal impedance - which
means it is easier to conduct
the I’R heat to the stator core,
lowering the conductor tem-
perature (or less copper can be
used for the same tempera-
ture).

Research on nanodielec-
trics has been ongoing for over
20 years — with few commerecial
products to show for it. In the
first decade, research was con-
centrated on how nanodielec-

By: Greg Stone

trics worked, since it was not
initially clear why such a small
amount of very tiny particles
creates such a big effect
(usually the nano particles
make up less than 5% or so of
the insulation material by
weight). And researchers
needed to understand why if
the particles were larger (in the
more common micrometer
scale), the voltage endurance
improvement essentially disap-
peared. More recently re-
search has concentrated on
ensuring the nano particles are
evenly dispersed — that is they
do not agglomerate together to
make a micro-sized particle,
where the voltage endurance
properties are lost. This latter
aspect has been a great chal-
lenge, and involves consider-
able proprietary technology. It
is probably why nanodielectrics
have not been widely applied
on a commercial scale to date.
The first application of
nano technology in the rotating
machine field was as magnet
wire insulation for inverter
duty (variable speed) motor
stator windings. Invertors of
the voltage source, pulse width
modulated type generate short
risetime voltage surges that
applied a high voltage to the
turn—to-turn insulation.

Continued on page 2...
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Even 440 V motors were
found to have PD in small voids
between the magnet wires due
to these voltage surges. Since
the magnet wire film insulation
is usually purely organic, it had
very little PD resistance, and
winding failure occurred
quickly. Nanodioelectrics, a
natural for this application,
imparting much longer life due
to its much higher PD resis-
tance.

However, application of
nanodielectrics to the main
groundwall insulation of high
voltage stators is still not com-
mercial. Unlike the very thin
film on magnet wire, the
groundwall of a high voltage
coil is several mm thick, and
getting good dispersal of the
nanodielectrics resin is proba-

bly the main challenge. Re-
cently Siemens published work
they have been doing to intro-
duce a nano particle filled ep-
OXy as an impregnating mate-
rial in VPI bars and coils [3].
What is surprising is that they
indicate the filler may be about
25% by weight, which should
make for a viscous VPl impreg-
nation material. At this stage,
the nanodielectric is not used
to replace the mica paper tape,
but instead is just used to bond
the tapes together with a much
more PD-resistant material
than pure epoxy. Siemens is
now making full scale coils to
evaluate the new material (and
the processing required). If the
new groundwall insulation
demonstrates the huge in-
crease in voltage endurance

ARE WE AT THE START OF AN ELECTRICAL INSULATION
REVOLUTION: NANODIELECTRICS

Continued from page 1...

that small experimental coils
yielded - and assuming the cost
is reasonable — we will likely
see in the near future the big-
gest change in motor and gen-
erator insulation technology in
over 50 years.
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IRMC—COMET: DECEMBER 24, 2014

The Iris Rotating Machine Conference is taking on a new look!

% The 2014 conference, to be known as the Conference on Online
Monitoring of Electric Assets (COMET), will be held in Austin,
Texas in affiliation with the University of Texas Center for Elec-
tromechanics! After 16 years, the IRMC program will change to
provide attendees with parallel
sessions on Rotating Machines,
Gas Insulated Switchgear, and
Transformers. This conference
will be devoted not just to
presentations on condition monitoring tools, but also to educating
attendees on the practical aspects of implementing condition-based
maintenance in transformers, switchgear, large motors and genera-
tors.

The first Conference will be held in Austin, Texas, December 2-4,
2014.

Mark your calendars for what will prove to be an exciting event
covering all aspects of electrical equipment condition monitoring.
Monitor http://www.utexas.edu/research/cem/comet/
comet.html for more information!
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STATOR CORE TESTING: PROS AND CONS OF USING HIGH FREQUENCY

Traditionally, both High
Power Core Test (loop or ring
flux test) and Low Power Core
Test (EL CID) were conducted
using network frequency 50/60
Hz power supplies as the excita-
tion source. However, with ad-
vancement in variable fre-
guency power supplies it be-
came possible to conduct these
tests at frequencies different
from network frequency. Since
the main excitation impedance

some OEMs recently started
offering such a test, using 500
Hz power supply. A 500 Hz test
would be conducted at up to
ten times lower flux density
than nominal (Flux =V/
(4.44Nf)) for the same axial
voltage along the length of the
core, as the power frequency
test. The flux could be gener-
ated at approximately five times
lower magnetizing force H [A/
m].

is inductive, it is expected that
the excitation current would
reduce substantially as the fre-
quency is raised (I = V/(2TTIfL),
where f is frequency and L is the
winding inductance. EL CID exci-
tation cables are portable and
easily installed in turbogenera-
tors, however, the excitation
winding complexity in hydro-
generators can be quite signifi-
cant, and a reduction in excita-
tion source and winding weight
is desirable and should be possi-
ble with an increase in test fre-
quency. This reduction is, of
course, much more important in
conducting high flux tests,
where power requirements are
in the range of 1-3 MVA, and

The EL CID testing at higher
frequency theoretically also
could allow faster scanning of
the stator core. For a good reso-
lution of the PHASE/QUAD sig-
nals without risk of harmonic
errors, it is preferred to perform
an analysis for 1 full AC cycle at
each test point (2 mm nor-
mally). This naturally limits the
speed of testing to 100-120
mm/sec at 50-60 Hz, whereas
operation at (say) 500 Hz would
potentially allow scan speeds of
up to 1m/sec.

In 2001, Adwel Interna-
tional, now part of Iris Power,
started a research project to
investigate High Frequency EL
CID potential benefits and the

By: Mladen Sasic

effect on measurement results.
One of the reasons for the
evaluation of a high frequency
EL CID was based on expecta-
tion that existing diagnostic
methods may be improved.
Testing at high frequency and
low flux was expected to have
the advantage of providing the
required test voltage along the
core at a much reduced core
excitation current level, result-
ing in considerably improved
ratio of fault (QUAD) signal to
excitation (PHASE) signals. Since
potential benefits were ex-
pected, initial applications were
made for UK and USA patents
on this technique, with all pri-
orities dated 4™ December
2001. In 2005, both patents
were granted, GB 2383878 and
US 6903556.

The first step in our research
was to evaluate chattock fre-
qguency response and determine
possible frequency bandwidth
for the new method. Tests on
standard chattocks indicated
that they had virtually error-free
frequency response with only a
3% reduction in expected signal
from 50 to 2000 Hz, so there
was no need for a different type
of chattock for this high fre-
quency work. Since the chattock
is an air-cored coil, it has a rising
frequency response, i.e. voltage
induced is proportional to fre-
quency. Therefore, to enable a
correct comparison with 50/60
Hz tests, high frequency test
results were compensated in
the analyses by applying a 1/f
factor. The desired effect of
increasing the test frequency (f)
was that the excitation PHASE
signal should reduce at a rate of
1/f, or by 40 times with fre-
quency increase from 50 to

Continued on page 4...
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PrROS AND CONS OF USING HIGH FREQUENCY

2000 Hz, while the fault current
(QUAD) signal should remain
constant for constant core exci-
tation voltage. This should pro-
vide a potential 40:1 improve-
ment in “signal to excitation”
ratio. However, since frequency
response at very low flux levels

is not specified by core steel
manufacturers, the results from
a variety of cores tested did not
provide the expected improve-
ment - the excitation current at
2000 Hz was 4 times higher than
expected, as shown in Figure 1.
The next step in research was to

Frequency Hz
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Figure 1. Reduction of excitation current with frequency increase, 50-2000 Hz

Continued from page 3...

evaluate effects of core loss and
fault inductance at various fre-
quencies. The results clearly
showed that testing at higher
frequencies will be an issue for
major faults, while there should
be little impact on smaller
faults. For example, the 1000
mA fault reduced to just 500 mA
at 2 kHz, indicating that a lesser
frequency may be optimal to
avoid interpretation problems.
At lower frequencies there is
better discrimination between
smaller and bigger faults. Based
on the results from these tests,
it appeared that the 300-600 Hz
frequency region might be an
acceptable choice for high fre-
quency core testing.

There is still good discrimi-
nation between faultsupto 1 A
with only 25% reduction in ap-
parent amplitude. The larger
1.4A - 2A faults are attenuated
more, but still appear as major
faults (~1A), as shown in Figure

Continued on page 5...

IrR1IS POWER MDSP3—DETECTING MOTOR ROTOR CAGE-WINDING FAULTS AND

AIR GAP ECCENTRICITY

Previously introduced as IMCA, the new MDSP3 portable instru-
ment detects rotor cagewinding faults i.e. broken rotor bars,
cracked shorting rings, die-cast manufacturing faults, and unequal
air gaps as they are the causes of many mechanical and electrical
failure mechanisms in induction motors.

The MDSP3 measures the motor current in one phase and em-
ploys current signature analysis to determine if any of the above

problems are present

While simple to use with a single clamp-on current sensor,
MDSP3 is, as with all other Iris Power products, highly reliable and is
designed to significantly reduce the risk of false indications using

third generation technology.

All testing is done on-line in less than 40 seconds under varying

load conditions.

Contact your sales team member for a demonstration.§
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2014 Training
Program

Partial Discharge Course
March 25-27
Atlanta, GA, USA

EL CID Training Seminar
April 8-10

September 23-25

Toronto, Canada

Hydrogenerator Mainte-

nance Course
October 21-23
Sacramento, CA, USA

For more information,
contact:
khoward@aqualitrolcorp.com
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Figure 2. Measured fault current for various faults at different frequencies
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Figure 3. 10 mm long fault on tooth tip

Continued from page 4...

along the length of the fault in
conventional fashion. The re-
search results indicated that the
sensitivity of 500 Hz measure-
ments for the 10 mm long se-
vere faults is much lower than
50 Hz, and this effect is visible,
but not so pronounced for the
longer 30 mm faults. Figure 3
indicates 50 Hz and 500 Hz test
result of 10 mm long fault on
the tooth tip.

CONCLUSIONS

The original objective to
determine if the use of higher
frequency excitation for EL CID
testing has benefits has demon-
strated that there are some
excitation benefits in the use of
frequencies of around 500 Hz.

However, there are no de-
tectable improvements in the
sensitivity to faults on the tooth
surface or down the slot to the
slot base surface at 500 Hz or
any other higher frequency.
Furthermore, there is significant
reduction in the ability to dis-
criminate between fault sever-
ities, since large faults are not
visible anymore, and this will
hinder repair decisions in these
cases.

The modest benefits of
higher scan speeds and lower
excitation power are out-
weighed by the rising attenua-
tion of more severe core faults
leading to poorer fault interpre-
tation.

It is believed that users
would prefer to ship slightly
heavier test equipment, (25 A,
240 V Variac is sufficient source
even for the largest generators)
to site and take a little longer to
test to obtain more reliable
results.§
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FIELD SERVICE TEAM

Len Qin
(Canada)

Steve Otten
(Canada)

Erick Nobiling
(Brazil)

Siri Siriwardena
(Canada)

Qualitrol Generation / Iris Power Field Ser-
vice has been installing, testing, & commis-
sioning our customers’ equipment since the
beginning of Iris Power. From humble begin-
nings in Canada, we have now expanded to a
team of 21 people located in 9 countries
including USA, China, India, Brazil, Switzer-
land, UK, UAE, Canada, & Italy.

Some of our key services include:

+ Installation of sensors — Partial Discharge, Flux, Endwind-
ing Vibration, Air Gap & Shaft Brush.

¢ Commissioning of Qualitrol-Iris Power continuous moni-
tors all the way back to the original MotorTrac to the 3-in-
1 technology of the Guardll line.

+ Online data collection and diagnosis.

+ Offline machine testing with the DeltaMaxx, EL CID, SWA,
and low frequency PD measurements.

+ Provide customer training at site in all of our technology
and equipment.

We collectively spend almost 20,000 hours a year at our
customers’ sites ensuring the reliable operation of their assets
through on-line and off-line condition monitoring. We con-
tinue to grow and increase our presence in markets around
the world, and look forward to the opportunity to work with
you!
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