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Four individuals who had worked at Ontario Hydro (now known as Ontario
Power Generation), the largest electric power utility in North America at the
time, formed Iris Power in 1990. These individuals, Steve Campbell, Blake
Lloyd, Greg Stone and Resi Zarb, spent many years at the utility performing
tests on motor and generator windings, as well as developing new

on-line monitoring methods in research projects funded by Ontario Hydro,
the Electric Power Research Institute (EPRI) and the Canadian Electricity
Association (CEA). Iris Power was specifically formed by these pioneers,
together with Ontario Hydro, to commercialize new technology via an
organization that shared the same interests as owners and operators of
machines.

: Since its start in 1990, Iris Power has grown from four founders to over

Iris Power founders in 1991 120 associates, primarily as a result of the tremendous acceptance of its

PDA and TGA on-line Partial Discharge monitoring products. Over 75% of
large generators in American and Canadian utilities are now equipped to use
this technology for planning stator winding maintenance and replacements.

In 1998, a change of ownership occurred when Ontario Hydro and the four
original partners sold their shares to Koch Chemical Technology Group
(KCTG). KCTG, based in Wichita, Kansas, is a major supplier of equipment
and services to the petrochemical industry.

In 2007, Iris Power acquired Adwel, the manufacturer of the EL CID stator
core tester and other off-line motor and generator testing products. With
the addition of on-line rotor winding monitoring products and endwinding
vibration monitoring products in 2011, Iris Power now has a complete line
of on-line and off-line tools to enable predictive maintenance of motor and
generator windings.

In 2010, Iris Power was acquired by Qualitrol Corporation, a Danaher
company. Qualitrol created its “Generation” Group consisting of Iris Power,
Adwel and PDTech.




@ PREDICTIVE MAINTENANCE

Predictive Maintenance (PdM),

also called Condition-Based
Maintenance, is rapidly being
accepted as the best way to
minimize overall maintenance costs
in capital-intensive equipment, such
as, large motors and generators.
PdM is an approach to planning
maintenance, where equipment

is removed from service when,

and only when, an on-line monitor
gives an indication that some
failure mechanism is imminent.
Thus, equipment shutdowns are
NOT based on operating hours

or the elapsed time since the last
maintenance shut-down.

Having confidence in planning
maintenance, based on the actual
condition of the machine, involves
the following prerequisites:

e The monitors must be able
to detect most of the failure
mechanisms that are likely to
occur. If not, unanticipated failures
transpire, which undermine
confidence in the PdM approach.

® There must be few false alarms.
That is, if a monitor indicates a
problem, an actual problem must
be present.

® The sensors and the monitor itself
should not lead to a failure, and
the monitoring cost must be a
small percentage of the motor or
generator cost.

Turbine generator stator

BENEFITS OF PREDICTIVE MAINTENANCE ON MOTORS AND GENERATORS

® The time between machine
shut-downs can be extended
if monitoring reveals that the
windings are in good condition.
This increases availability, and
helps to avoid the failures
caused inadvertently during the
shut-down inspections (such as
leaving a tool in the machine).

¢ Problems can be found at very
early stages, allowing for a
maintenance shut-down to be
planned at a convenient time.
Experience also shows that if
most problems are detected at an
early stage, repair costs are often
possible for less than 1% of the
cost that would be incurred if the
failure were permitted to occur
in-service.

® Rewinds and other major repairs
are based on need rather than the
calendar or operating hours.

Historically, vibration analysis, lube
oil analysis, and thermography
have been used as PdM tools

on mechanical components of
machines. However, the rotor and
stator windings have generally
required shut-down of the machine
for off-line tests and inspections

to be performed. Off-line testing
includes insulation resistance,
polarization index, stator core loss,
capacitance and dissipation (power)
factor tests for the stator winding,
and growler tests, pole drop

tests, and surge tests for the rotor
winding.

Over the past 35 years, our
extensive research (primarily funded
by machine users or organizations
representing machine users, such

as EPRI and CEA) has refined and/
or developed several technologies
that can detect most rotor and
stator winding problems in machines
during normal service. These new
monitoring technologies include:

® Reliable measurement of stator
winding partial discharges using
on-line methods.

e Detection of broken rotor bars
in induction motor rotors using
current signature analysis.

¢ Detection of shorted turns in
synchronous machine rotor
windings using magnetic flux
monitoring.

e Detection of stator endwinding
vibration.

¢ Rotor shaft voltage and current.

Together with conventional vibration
and temperature monitoring, the
majority of winding problems can be
detected and addressed well before
in-service failures occur.

Iris Power and its staff have been
at the forefront in bringing these
new monitoring technologies to
utilities, petrochemical plants, pulp
and paper plants, mines and other
industrial users of large motors and
generators.




ON-LINE MONITORING OF STATOR WINDINGS

PARTIAL DISCHARGES

Partial discharges (PD) are small electrical sparks that occur within the
electrical insulation in stator windings rated 3kV and above. The PD occurs
whenever there are small air gaps or voids in or on the surface of the
insulation. Normally, well-made stator windings that are in good condition
display very little PD activity.

However, over 60 years experience has shown that as a stator winding
deteriorates from winding vibration, operation at high temperatures, or
contamination from oil, moisture and other chemicals, the PD activity will
increase by a factor of ten or more.

On-line PD monitoring detects the main root causes of stator winding failure.
Since PD monitoring can be performed during normal motor or generator
operation, and generally gives two or more years of warning indicating a

risk of failure, on-line PD monitoring has become a very powerful tool for
predictive maintenance.

Catastrophic failure of a
hydrogenerator

Iris Power is, by any measure, the world’s largest supplier of on-line partial
discharge monitoring systems for motor and generator stator windings.
The key reason for our success is a measurement method that is reliable,
objective and easy to use.

* The technology explicitly separates stator winding PD from other similar
types of electrical signals, called noise. Noise, which is usually relatively
harmless, comes from power system corona, brush sparking on slip rings
and shaft grounding arrangements, power tool operation, etc. Other PD
technologies require considerable human expertise to separate PD from
noise or need expertise to continuously adjust filters and gates to separate
PD and noise. The Iris Power technology allows objective measurements
to be made by technicians with as little as one day of training at site. False
indications of stator winding problems are tracked by Iris Power and have Motor stator winding failure
been shown to be <1.5% of machines where high PD is suspected.

¢ The Iris Power system allows for an objective interpretation of the test
results by technicians who have received as little as two days of classroom
training. The primary reason for this can be attributed to the extensive
database of test results that Iris Power has collected and updates
frequently. In most cases, it is easy for a machine user to determine in
minutes if the stator winding has insulation problems.

¢ The PD detection system is extremely reliable. The capacitive couplers and
stator slot couplers that are used to detect the PD signals have undergone
exhaustive testing and certification to ensure that they will not lead to
machine failure.

* Iris Power's customers have published dozens of technical papers with well
over 200 case studies on the effectiveness of the technology.

Turbine generator stator bar failure
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@ ON-LINE MONITORING OF STATOR WINDINGS

ON-LINE PD MONITORING

On-line PD monitoring involves the permanent installation of sensors on the Iris Power Provides Optimized
machine. The sensors are periodically monitored via a specialized portable Partial Discharge Monitoring
instrument or a permanently connected continuous monitoring system. The Solutions for:

type of sensor, its mounting location, and the instrument technology used for

_ . * Hydrogenerators
the measurement, are all dependent on the machine to be monitored.

e Motors rated 3.3 kV and higher
Iris Power's portable instruments are used in conjunction with a portable « Small turbine generators rated
computer running Windows™- based diagnostic software. This software less than a few hundred MW
allows the user to define the machine in terms of operating voltage, power ,

. . . ¢ | arge turbine generators rated
output, insulation design and the preferred sequence of measurements of

. . : . . over a few hundred MW

the coupler pairs. The results can be displayed in a convenient format in the
PDView™ reporting software. The basic pulse height (2D) and pulse phase * Generators on oil platforms and
(3D) PD plots allow for easy comparison, trending and analysis. ships

. . o ,
Technicians and engineers, who have attended the Iris Power PD Continuous monitoring with the

interpretation courses, or those who have reviewed a few of the many Tracll line
published papers on the subject, can identify the prevailing mechanisms of ¢ Continuous monitoring with the
stator winding aging or deterioration. Guardll line

Analysis provides the user an insight into insulation aging or deterioration
mechanisms such as loose windings, degrading semiconductive coatings in
the slot, delamination of the groundwall insulation, separation of the tape
layers from the copper due to thermal cycling, and possible contamination or
tracking in the endwinding area.

Iris Power also offers a line of permanently installed, self-contained
continuous monitoring systems (the GuardIl and Tracll lines of instruments).
Unlike the portable instrument line, these continuous monitoring systems
consist of dedicated acquisition units specific to the type of machine to be
monitored. One or more acquisition units may be connected to a central
computer. In addition, the data acquisition units can be connected to the
plant DCS to include relevant external inputs such as load, temperature
and voltage. Utilizing these systems, PD tests can be automatically initiated,
providing “hands-free” automated and remote PD monitoring. Continuous
PD monitoring systems have now been installed on thousands of motors and
generators.




ON-LINE MONITORING OF STATOR WINDINGS

PARTIAL DISCHARGE MONITORING FOR HYDROGENERATORS

The on-line monitoring package
used to detect the PD phenomena
in hydrogenerators involves the
permanent installation of 80 pF
epoxy mica capacitive couplers on
the circuit ring bus at (or near) the
point of connection to the line-end
coil of each parallel of the phase.
The “differential” installation and
the calibration of the sensors

are optimized to ensure reliable
separation of noise and PD pulses.
Typically, the number of coupler
pairs per phase is determined based
on the number of parallels in the
machine.

With over 60,000 sensors in
service, the Iris Power 80pF epoxy
mica sensors rated 6.9, 16 and

25 kV use proprietary design

and manufacturing techniques

to ensure safety and reliability

in operation. They also exceed

all of the requirements for PD
sensor reliability in IEEE 1434 and
IEC 60034-27-2. The on-line PD
measurement is accepted around
the world as an important diagnostic
tool in preventing unexpected
failures of hydrogenerators. Stator
insulation problems lead to 50%
of hydrogenerator forced outages,
according to a 2009 CIGRE report.
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Using state-of-the-art hardware and
software, the PDA-IV™ is a fourth
generation portable instrument that
is used at least two times a year

to make an on-line measurement.
The high-speed digital inputs allow
for more precise pulse detection
and separation of external noise.
Alternatively, the PD can be
continuously monitored with a
HydroTracll™ or GuardIl™ system.
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@ ON-LINE MONITORING OF STATOR WINDINGS

PORTABLE ON-LINE PARTIAL DISCHARGE
MONITORING FOR MOTORS RATED 3.3 KV

AND HIGHER

Industrial and utility motors rated 3.3 kV and above are
monitored for partial discharge activity using 80pF epoxy

mica capacitive couplers installed at the high voltage

terminals of the machines. Typically, only three 6.9 kV or 16 kV rated sensors
are installed because most motors are supplied by significant lengths of
power cable, which attenuates and distorts any noise pulses from the power
system, thereby making it unlikely that the signal is confused with the PD

signals from the stator.

The sensors are fitted inside the motor termination enclosure, and the coaxial
cables from the sensors are terminated in a separate enclosure to be used in
conjunction with either the TGA-B™ portable PD analyzer, or directly plugged

into a PDTracII™ continuous monitor.

The choice of periodic monitoring using the TGA-B or continuous monitoring using the PDTracll depends on the
maintenance practices of the facility, and, to some extent, on the voltage class of the motor. Machines rated 3.3 kV and
4 kV have shorter times to failure, so once insulation problems become a concern, continuous monitoring using the
PDTracll is a prudent choice for these applications. Hazardous area and radiation certification are available for motor

PD monitoring systems.

PARTIAL DISCHARGE MONITORING OF INVERTER FED MOTORS

Variable speed motors are becoming
more widely used in utilities and
industry. Experience has shown

that when the motors are fed

from voltage source pulse width
modulated (VS-PWM) inverters,

a large number of short-risetime
voltage impulses will be created
each second that may reduce the life
of the motor stator insulation system.
Over the past 20 years, it has been
acknowledged that these relatively
high voltage impulses may create
partial discharges that deteriorate
the turn, ground and phase
insulation — leading to winding
failure.

PD Alert

To help motor manufacturers and
motor users assess the risk of failure
due to inverter impulses, Iris Power
has developed two solutions:

e PDAlert™ for motors rated less
than 1000 V.

¢ Modified TGA-B, together with
80 pF capacitive couplers, for
machines rated 1000 V and above.

The PDAlert can be used either off-
line in combination with commercial
voltage impulse generators; or
on-line. It was specifically developed
to help motor designers determine
the PD inception and extinction
voltage of a winding in conjunction
with “surge” testers, which produce
repetitive voltage impulses with a
risetime < 300 ns (as required by
IEC 60034-18-41). The PDAlert
contains a specialized transmission
line coupler that strongly suppresses
the voltage impulses while detecting
the high frequency components of
PD. The output of the instrument is
a PD pulse which can be displayed
with respect to the impulse on a
dual channel digital oscilloscope.

Alternatively, the PDAlert can be
connected between the motor and
the inverter to measure if PD is
occurring during normal service.

For higher voltage machines, Iris
Power developed the world’s first
PD detector that can be used for
on-line PD measurements with
VS-PWM drives. It uses conventional
Iris Power 80 pF EMCs to detect
the PD at the motor terminals. To
facilitate PD display with respect to
the AC voltage, an auxiliary voltage
divider is provided to detect the
fundamental frequency of the

AC voltage. A special version of the
TGA-B portable instrument is used
to suppress the voltage impulses
from the inverter while retaining
sensitivity to stator PD. The special
TGA-B is able to display the PD
with respect to a wide range of
fundamental frequencies.

The TGA-B for variable speed drives
has been in use since 2007 when it
was first applied to liquid natural gas
(LNG) compressor motors.
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PORTABLE ON-LINE PARTIAL DISCHARGE MONITORING FOR TURBINE GENERATORS
Small Turbine Generators Rated Less Than a Few Hundred MW

These machines are typically fitted with six 80pF epoxy mica capacitive couplers (EMC). A set of 3 sensors is installed
at the terminals of the machine and a second set of 3 sensors is installed at a short distance along the bus towards
the switchgear or the transformer. The “directional” installation on each phase of the generator takes advantage

of the physics of pulse propagation of high frequency pulses through the bus, connecting the generator to the
system. After a calibration of the setup during an outage, the installation is optimized to help determine the source
of the pulses recorded by the TGA-B instrument. The semi-annual test procedures involve connecting the TGA-B
portable instrument to the calibrated coaxial cables that are terminated in an enclosure mounted near the generator.
The key features of the instrument include the digital time comparison of recorded pulses, and a resolution of 6 ns
(corresponding to about a 2 m distance between a pair of capacitive couplers on each phase).

For remote and continuous monitoring, the Iris Power BusTracll™ and GuardII™ systems provide further flexibility in
managing the testing activity for a fleet of generators in a plant. Some important features of these systems include the

acquisition of data based on multiple trigger options, such as winding temperature, humidity, load and voltage.

Large Turbine Generators Rated Over a Few Hundred MW

Larger machines provide a unique
challenge to PD monitoring due

to the risks of internal noise, which
can be attributed to multiple
sources of arcing and sparking
within the stator. This internal

noise can lead to false indications
of stator winding problems when
capacitive sensors are used. To
mitigate these risks, Ontario Hydro
and Iris Power designed the Stator
Slot Coupler™ (SSC). These high
bandwidth antennae are installed
during a suitable rotor pull, or at the
factory during the assembly of the
stator. The SSC is inserted under the
wedge of the line-end coil of each
parallel, or between the top and
bottom bars in the same slot, during
assembly or a rewind. The SSCs are
custom-made to fit the slot width

of individual machines. They are
made from materials similar to those
used in slot packing/filling. The
SSCs are not connected directly to
any high voltage component within
the machine. For hydrogen-cooled
generators, the coaxial cables

from each sensor are fed through

a hermetically-sealed penetration.
Over 1,000 large generators around
the world, of various makes and
models, have been fitted with this
sensor over the past two decades.

The semi-annual PD measurements
are made using the TGA-S™
instrument. The unique feature of
the SSC coupler and those of the
TGA-S allow for the separate display
of PD activity in the slot and in the
endwinding area of the machine.
The interpretation of results requires
the user to attend a brief training
course, or to refer to the ever-
expanding list of technical papers
that are available to the public.

Iris Power also offers the GuardIl
continuous and remote monitoring
system for large turbine generators.
This system provides continuous PD
monitoring which is compatible with
the data obtained with the TGA-S
instrument.

Installed EMCs




@ ON-LINE MONITORING OF STATOR WINDINGS

CONTINUOUS ON-LINE PARTIAL DISCHARGE MONITORING SYSTEMS

As an extension

to the portable

PD monitoring
instruments, Iris
Power offers a
complete line of
automated PD
monitoring systems.
A typical continuous
PD monitoring system consists of:

_h‘;‘-#-__'

* the same permanently installed
PD sensors used for PD monitoring
with a portable instrument,

* a permanently mounted, robust,
PD data acquisition unit suitable
for the type of machine to be
monitored (motor, turbo, or
hydrogenerator) and the level of
PD information to be recorded
(summary data, or full pulse height,
pulse phase analysis data),

* a controlling computer integrated

with the plant local area network
(LAN).

The TracII™ line of continuous
on-line PD monitors is now in its
third generation as software and
communication platforms evolve.
New features include:

e Self-configuration for optimum
setting of the measurement range.

¢ Self-diagnostics built into the
monitor to allow for remote trouble

Benefits of Continuous Monitoring

e Continuous automated PD monitoring frees the user from the need for
periodic manual testing and ensures that accurate, trendable PD data is

collected as often as needed.

* Convenience in monitoring inaccessible plants or on machines installed in
hazardous locations where manual testing with a portable instrument can

be difficult and/or expensive.

¢ Reduced testing costs, allowing maintenance personnel to concentrate on

other problems while PD data is conveniently collected.

e Access to the data at anytime and anywhere in the world via a LAN and

internet connection.

* Ability to detect rapidly evolving insulation problems that might be
overlooked between periodic manual tests.

e Alarms on PD levels warning the user when action should be taken.

* Integration of the key trending parameters within the plant SCADA.

e Ability to link the PD monitoring system into other software packages
including expert systems from Iris Power, or other vendors, for data analysis

and diagnostics.

¢ Collection of PD data that is accurate every time, allowing for better
interpretation of test results and trending of machine condition
deterioration even in the presence of machine load, voltage and

temperature variations.

All of the Iris Power continuous PD data acquisition units employ the same
proven noise separation technique and are completely compatible with our
portable instruments, and our database of over 400,000 test results, which
allows the user to set suitable PD alarm levels.

There are there types of continuous monitoring systems available from Iris
Power — Tracll line, Guardll line, and MicaMaxx™ line. The GuardlII line

integrates PD with other detection systems (see page 16).
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ON-LINE MONITORING OF STATOR WINDINGS

TRACII™ LINE OF PD MONITORS

v

Tracll monitor

PDTech MICAMAXX™

The MicaMaxx continuous on-line PD monitoring system
for motor and generator stator windings is a simple, cost-
effective PD alarm. Unlike the Tracll line, the MicaMaxx
works in the low frequency range and detects the PD using
1 nF high voltage coupling capacitors optimized for the
low frequency detection range. In common with all LF
measurement methods, more skill is required to interpret
the results if significant electrical noise is present.

This is a cost-effective line of monitors which collects the pulse height,
reduced resolution phase-resolved PD, and summary data necessary for
trending and simple diagnostics and alarms. Should the PD results indicate
that insulation problems are occurring, a portable instrument with higher
resolution will determine the nature of the problem. The TracIl monitors are
equipped with flexible operating and communications modes. Products in
the Tracll line include:

® PDTraclI™ monitor — for motors, small generators, switchgear and dry-type
transformers rated 3.3kV and above which are fitted with single-ended bus
couplers. The PDTracll has certification for use in hazardous areas.

e HydroTracIl™ monitor — for hydrogenerators of any rating fitted with
differential PDA couplers.

e BusTracll™ monitor — for use with
directional bus couplers on motors
and small turbine generators.

® MarineTraclI™ monitor— for
marine vessels and platforms,
which can monitor up to 4
generators equipped with
single-ended bus couplers.

£
* MCPDTraclI™ monitor— for use %
with multiple sets of permanently \_ hase Anote (s )
installed couplers on up to 16
switchgear cubicles, or up to
24 PD sensors in a motor or
generator.

Phase resolved PD pattern from a
Tracll monitor




@ ENDWINDING VIBRATION MONITORING
FOR STATOR WINDINGS

GENERATOR AND MOTOR ENDWINDINGS

The part of motor and generator stator @ Poor design of the endwinding
windings outside of the stator core is bracing with resonance conditions
referred to as the endwinding. The end-  close to the primary mechanical
winding is at high-voltage and requires forces of rotational frequency and
support against mechanical vibration twice line frequency (100/120 Hz).
driven by magnetic and mechanical .
forces. Machine endwindings are
designed so that under normal
circumstances these mechanical
stresses are controlled enough to
prevent damage. However, the
endwinding can be damaged due to:

Abnormal operating events such
as short circuits resulting in stress
and deflection of components
beyond their mechanical limits.

¢ Relative motion between one
component and another which
can abrade the high voltage
insulation on the coils.

just outside of the stator slot and, in
severe cases, may cause the copper
conductors to fatigue crack leading
to high arcing currents. Eventually,

¢ | ooseness of the endwinding

support and tie structure due to
mechanical aging and thermal
expansion.

EVTraclI™ - ON-LINE ENDWINDING VIBRATION MONITOR

Iris Power's EVTracll technology is a
robust and cost effective continuous
on-line endwinding vibration monitor
that revolutionizes the detection
and alarming of the presence of
endwinding looseness and vibration
in motor and generator stator
windings. This system collects and
analyzes vibration data from fiber
optic accelerometers in real time,
providing maintenance staff with a
tool to collect and trend endwinding
vibration conditions. Utilizing
state-of-the-art electronics and
high-speed acquisition, the system
processes the vibration signal and

Endwinding vibration can lead to
cracking of the coil/bar insulation

displays the displacement across
the frequency range of interest.
Once configured, the EVTracll
requires no user intervention, will
alarm when significant vibration
levels are detected, and is ideal

for fingerprinting and trending the
vibration as the endwinding and
support system loosens with aging.

The purpose of endwinding vibration
monitoring is to directly measure if
the stator endwindings are vibrating
excessively during normal operation,
so that any incipient vibration can

be detected (and corrected) at an

H2-Cooled Machine Penetration
and Junction Box

Generator

EVAII
Sensors

Air Cooled Machine Junction Box

10

any of these issues can lead to stator
winding ground faults.

early stage, well before failure. The
monitoring system consists of four
components:

Electro-Optical
Converter Box

endwinding vibration
accelerometers (EVA) mounted at
critical locations in the endwinding,

fiber optic cable to connect the
sensors outside of the motor or
generator frame,

electro-optical unit to convert
the optical signals to millivolts
which are proportional to the

acceleration,

EVTracll monitor to digitize,
process and store the vibration
data.

EVTracll or
GuardIl

2m shielded
twisted
pair cable




ON-LINE MONITORING OF ROTOR WINDINGS )

Surveys of machine owners consistently indicate that rotor windings are the third most likely cause of motor and
generator failures, after mechanical and stator winding failures. For this reason, in 2004, Iris Power embarked on a major
R&D program to develop better methods to warn of impending rotor winding failure. Some of this R&D was funded by

EPRI and the New York Power Authority. As with stator winding PD monitoring, the goal has been the development of
tools that can be used and interpreted by plant personnel (if desired), yet still have a low risk of false indications.

Just as Iris Power has taken advantage of the different physical constructions of motors, hydrogenerators and turbine
generators to customize an easy-to-use PD measuring system for each type of machine, the same has been done for
rotor winding monitors. Thus, different products are available to monitor winding condition in:

* round rotors in high speed turbine

generators and synchronous motors

* salient pole rotors in hydrogenerators

and synchronous motors

* squirrel cage induction motor rotors

ON-LINE FLUX MONITORING FOR HIGH SPEED
MOTOR AND GENERATOR ROUND ROTOR WINDINGS

Almost all turbine generators have
high speed rotors that spin from
1500 rpm to 3600 rpm. Some rotors
in large synchronous motors also
rotate at this speed. The rotor bodies
of such machines have a cylindrical
shape, and are often referred to as
cylindrical or round rotors. These
rotors have machined slots into which
copper conductors and insulation are
placed, forming an electromagnet.
The insulation is present to prevent
shorts between the copper turns, as
well as to prevent the copper from
shorting to the rotor body.

If the turn and ground insulation

are poorly installed, shorts occur
immediately. However, it is more
likely that the insulation gradually
deteriorates over the years due to
mechanical and thermal aging or
contamination. Eventually, shorts

can occur between the copper

turns. Although such shorts do not
necessarily require a shutdown of the
motor or generator, if the number
and severity of the shorts increase, a
ground fault becomes more likely. In
addition, the turn shorts can lead to
higher rotor vibration amplitudes. In
severe cases, the high vibrations may
prompt plant operators to shut down
the machine.

Finding shorted turns is problematic
when the machine is shut down.
Often shorts that may be present in
service “disappear” when the rotor
stops, and conversely shorts may
appear in the shut down condition
that may not be present when

the rotor is spinning. Therefore,

a method to detect the location,
number, and severity of shorted
turns during normal motor or
generator operation is desired.

In the 1970s, GE developed a
method to detect shorted turns
when the turbine generator rotor
was spinning, and the generator
output was shorted. Soon after, a
method was developed to detect
shorted rotor winding turns when
the generator was connected to the
power system and delivering power.
The technique involved the insertion
of a small coil into the air gap,
between the stator and the rotor, to
measure the “leakage” magnetic
flux from each rotor slot. An expert
looking at the “flux probe” output
on an oscilloscope could detect
which rotor slots may contain
shorted turns.

Subsequent to these developments,
many generator manufacturers

and a few independent

companies provided sensors and
instrumentation or services for
finding shorted rotor turns in round
rotors. However, there are two major
limitations with this technology:

¢ To be sensitive to shorts in all rotor
coils and slots, the generator load
had to be maneuvered over the
entire load range of the generator.

* The flux probes could only be
installed when the rotor was not in
the machine. Also, the flux probes
had to be mounted to the stator
slot wedges, and the probes had a
high probability of being damaged
when the rotor was inserted.

The first limitation has become an
even greater obstacle in recent
years, since many plants cannot
change generator loads without
permission from an independent
power system operator (ISO).
Furthermore, in high speed motor
applications, it is often not possible
to smoothly vary the load from zero
to full power.

11



@ ON-LINE MONITORING OF ROTOR WINDINGS

SECOND GENERATION ROUND ROTOR FLUX TECHNOLOGY

In 2008, after many years of research by its machines and magnetic field
experts, Iris Power introduced the second generation of flux monitoring that
goes a long way to overcoming the main limitations of the first generation
technology to detect shorted turns.

The first advance was the development of the patented TFProbe™ licensed
from the U.S. Bureau of Reclamation. It is a flexible printed circuit that can be
directly glued to stator core teeth, often without having to remove the rotor.
Thus no drilling into stator wedges is needed. This is a clear advantage for
situations where high rotor vibrations have been measured, and a flux test

is needed to confirm if shorted rotor turns are the cause. The TFProbe can TEProbe for machines with
often be retrofitted without a time-consuming, expensive and risky rotor pull. air gaps <50mm
The TFProbe is used on machines where the air gap between the rotor and
the stator is less than about 50 mm (2"). The FFProbe™, which projects into
the air gap, is used for larger air gaps.
The second advance was the development of new algorithms to interpret Folding FFProbe for
. . machines with large
the patterns from either conventional wedge mounted probes, such as the air gaps
FFProbe or the flux probes offered by many machine manufacturers, or the
TFProbe. This, combined with the better magnitude and temporal resolution
instrumentation, often allows the detection and location of shorted turns in .

any round rotor slot, without requiring significant changes in load. This later -
advance has made the detection of rotor shorted turns in both motors and

turbine generators much easier than with the original technology.

RFAIL-R™ - PORTABLE SHORTED TURN DETECTOR FOR ,
ROUND ROTORS ~

The RFAIIL-R is a portable instrument that measures the signals from either
conventional wedge mounted flux probes, including the FFProbe, or the TFProbe,
and determines if shorted turns are present. In most cases, shorted turns can be
identified without the need for load changes. If a shaft sync signal is provided

to the RFAIIL-R, the coil and slot containing the short can be identified. All
measurements and calculations are done within the RFAII-R, and the instrument
can collect data without using a laptop computer. A computer is only needed for
set-up and downloading of data. The test takes a few minutes, and would normally
be repeated twice per year or whenever there is a sudden increase in bearing
vibration.

v

-._|

RFAII-R

The RFAII-R has a mode where the stand-alone instrument can measure the signals from the flux probe as the motor or
generator naturally cycles through different loads. This is advantageous if greater certainty of the presence of shorted
turns is desired, than can be obtained from a single load test. The software that displays the results clearly indicates,
both in a schematic and in tables, if shorts are present and where they are located.

FLUXTracII-R™ - CONTINUOUS SHORTED TURN MONITOR FOR ROUND ROTORS

The FluxTraclI-R technology is a second generation continuous on-line rotor magnetic flux monitoring system that
revolutionizes the detection and alerting of the presence of shorted rotor turns in 2- and 4-pole rotors. This system
collects and analyzes flux data from any flux probe in real time, providing maintenance staff with the coil location
and severity of any shorted turns. Furthermore, the high-speed acquisition, high resolution capability and totally
new analysis algorithms allow it to collect and analyze data during normal operation as well as over an entire unit
shut-down or startup (with the shaft sync signal connected). Once configured, the FluxTracII-R requires no user
intervention, will alert when shorted turns are detected, and is ideal for profiling the rotor turn insulation condition
before a machine outage or after a refurbishment. The data can be locally or remotely downloaded or can be
automatically transmitted through Modbus over TCP/IP protocol to a plant SCADA system.

12




ON-LINE MONITORING OF ROTOR WINDINGS )

ON-LINE FLUX MONITORING FOR HYDROGENERATORS AND LOW SPEED

SYNCHRONOUS MOTORS

With partial funding from EPRI and
the New York Power Authority,

Iris Power introduced the world's
first commercial on-line monitor

to detect shorted turns in salient
pole rotor windings in 2005.
Salient pole rotor windings are
constructed completely differently
from round rotors. Each pole is self-
contained with a laminated steel
pole core around which magnet
wire or insulated copper strips are
formed. The copper conductors
are insulated from one another
(turn insulation), and from the rotor
pole body (ground insulation).
Generally, turn insulation shorts on
a hydrogenerator will not cause
operational difficulties. However,

if the number and severity of turn
shorts increase over time, it is

an indication that a ground fault
may be imminent. In salient pole
motors, however, shorted turns can
often lead to excessive vibration.

If not corrected, the unbalanced
magnetic pull created by the
shorted turns can cause the rotor
to hit the stator — with catastrophic
consequences. The development
of a reliable on-line way to detect
the shorted turns has, for the first
time, given operators a valuable
predictive maintenance tool for
salient pole rotors. In addition, the
need to perform a pole drop test to
detect shorted turns is eliminated.
The pole drop test has been widely

RFAII-S™ - PORTABLE SHORTED TURN DETECTOR FOR

SALIENT POLE ROTORS

Algorithms unique to salient pole rotors have been developed and
implemented in the RFAII-S to detect the perturbations in the magnetic flux
caused by shorted turns. If a shaft sync signal is provided to the RFAIIL-S, the
rotor pole containing the short can be identified. The system reliably detects
shorted turns without the need for an air gap monitor. All measurements and
calculations are done within the RFAII-S, and the instrument can collect data
without a connection to a laptop computer. A computer is only needed for
set-up and downloading of data. The test takes a few minutes and is normally
repeated twice per year. The software that displays the results clearly
indicates both in a schematic and in tables, if shorts are present and on what
poles they are occurring. The display software can also display rotor shape.

FLUXTracII-S™ - CONTINUOUS FLUX MONITOR FOR

SALIENT POLE ROTORS

The FluxTraclI-S instrument is a continuous on-line rotor flux monitor for
rotor winding shorted turn detection in salient pole machines such as
hydrogenerators, motor generators in reversible pump turbines, and salient
pole motors. The FluxTraclI-S instrument can monitor and evaluate up to four
machines at the same time, so that when a rotor shorted turn is detected, an
alert relay is activated. The instrument stores the base line measurements,
the latest set of alerted measurements, and the latest set of non-alerted
measurements. The data can be locally or remotely downloaded or can be
automatically transmitted through Modbus over TCP/IP protocol to a plant

SCADA system.

recognized as an unreliable way of
finding shorted rotor turns, since the
test can only be performed when
the rotor is at standstill, where shorts
may clear or shorts may form that
are not present under rotation.

The Iris Power technology requires
the measurement of the main
magnetic flux in the air gap between
the rotor and the stator. The
TFProbe is glued to a stator core
tooth during a suitable outage.
Usually the TFProbe is installed

with the rotor in place. The output
of the probe is a voltage that is
proportional to the main magnetic
flux crossing the air gap as the rotor
rotates.

K Ui = O7/07/2009 S:54: 14 AM \

— Rotstion

Polar plot showing shorted
turns on pole 39 of a 76-pole
hydrogenerator rotor

I I II) - J

Flux pattern measured by Iris
Power RFAII-S
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@ ON-LINE MONITORING OF ROTOR WINDINGS

ON-LINE CURRENT SIGNATURE ANALYSIS TO FIND DEFECTIVE INDUCTION MOTOR
ROTORS AND ROTOR ECCENTRICITY

The squirrel cage rotors in induction motors do not contain any insulation.
Although such squirrel cage induction motor rotors are extremely reliable
(which is why they are used in >99% of all AC motors), they sometimes fail
due to "broken” rotor bars and cracked shorting rings. Such failures are most
likely to occur on motors that see frequent starting, or high starting torque
applications such as fan drives. The small current that flows in the rotor
winding during normal operation is prevented or reduced in a rotor bar that
is cracked or broken. This, in turn, distorts the magnetic field from the rotor.
Since the spinning rotor's magnetic field induces a current into the stator
winding, it is possible to detect broken rotor bars by measuring the current
that comes from the motor’s stator winding.

_B
3 L

Current Signature Analysis (CSA) was originally invented by Professor Bill Thomson of Robert Gordon University in
Scotland. Although the earlier versions of this technology were prone to false indications, Professor Thomson continued
his research and developed many improvements to the CSA technology. In 2002, Iris Power introduced the first
generation CSMeter™ which incorporated Professor Thomson'’s ideas in a portable, easy to use instrument. In 2014, Iris
Power introduced the third generation MDSP3™. The MDSP3 detects the motor current in one of the three phases by
means of a clamp-on current transformer, either on the main feed in low voltage motors or on a CT secondary for high
voltage motors. After just a minute or so, the MDSP3 displays if the motor rotor contains any broken bars, or if the rotor
has any eccentricity due to unequal air gaps between the rotor and the stator. Many years of experience has shown the

Rotor with broken bar

algorithms to have a low probability of false indications that have plagued other CSA tools.

MDSP3 Benefits

Advanced algorithms: MDSP3
has advanced current signature
analysis (CSA) algorithms to
accurately predict the operating slip
from the measured current. Thus
slip calculations can be done at
different loads to accurately detect
slip and hence detect cage winding
frequencies.

Simplicity: MDSP3 can detect
cage winding faults and eccentricity
with the use of a single clamp
connected to the motor current
transformer or around one of the
phase leads.

Reliability: In line with other

Iris Power instruments, MDSP3 is
designed to significantly reduce
the risk of false indications by
distinguishing between noise and
legitimate rotor bar problems, with
a noise floor greater than 100 dB.

On-line measurements: All
testing is done on-line, in less

than 90 seconds, to find problems
before they cause additional motor
damage.

Range and accuracy: MDSP3 can
accurately test motors under varying
load conditions where many other
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MDSP3 with current sensors

test systems give ambiguous results.
MDSP3 uses two current probes to
cover a wide range of current from
5 A to 1000 A.

Portable and safe: MDSP3

needs only one input from a current
probe clamped directly to one of
the phase leads or the secondary
side of a CT at the motor MCC or
breaker. The MDSP3 processor is
powered from a portable computer’s
USB connection. It does not need a
separate battery or power supply.




SPECIALIZED MOTOR AND GENERATOR
ON-LINE MONITORING

AGTraclI™ - CONTINUOUS AIR GAP MONITORING OF
LARGE HYDROGENERATORS

Air gap is a measurement of the
distance between the outside
diameter of the rotor and the
inside diameter of the stator in a
hydrogenerator. Monitoring of the
air gap is important as both the
stator and the rotor on large hydro
machines can be quite flexible,
and their shape and location are
influenced by operating centrifugal
forces, thermal effects, magnetic
forces and mechanical system
failure. Off-center or out-of-round
conditions will at least reduce
operating efficiency and, in more
severe cases, can lead to damage
from magnetically induced heating or
a rotor-to-stator rub.

The AGTracll is an efficient tool for
on-line monitoring of the air gap. It
uses low profile capacitive sensors
designed for accurate measurement
of the gap between the stator and
the rotor.

The system can be used to capture
the data as a permanent on-line
monitoring system with protection

SMTracll™ -

Monitoring of the shaft voltage
and the current through a shaft
ground brush can provide
additional confirming information
on the condition of the rotating

capability as well as with a computer
to view data in real-time during
commissioning, operation and/or
maintenance. The air gap system
comprises 5 parts:

* Air Gap Capacitive Sensors
(4 to 16 sensors)

¢ Sensor Conditioners

¢ Data Monitoring Software
(Data can be collected with the
generator at stand still)

® Sync Sensor (1 sensor)

¢ Continuous Monitoring
and Processing Unit
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diagnosing the following conditions: — —
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* Worn-out or poorly installed shaft
grounds " 1

* Bearing insulation problems
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The SMTracll is based on the Tracll wi b e
platform and can communicate with N Too | _
plant computers using an Ethernet \_ T e
port Modbus over TCP/IP protocol
and FTP server. It can be connected
to four sensors (up to two voltage
sensors and up to two current
sensors).
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@ INTEGRATED ON-LINE MACHINE MONITORING

GUARDII - CONDITION BASED MONITORING FOR TURBOGENERATORS AND

HYDROGENERATORS
Iris Power GuardII (SSCs) and epoxy-mica capacitors as thermal expansion or machine
is a continuous (EMCs). It uses condition-based aging, the endwindings can loosen
on-line monitor data collection triggers and alert and can lead to cracking of coil bar
that integrates, into notifications, so that if the PD levels insulation and fatigue cracking of
one instrument, change then maintenance personnel copper conductors.
the ability to detect can receive notification that certain
multiple issues in failure processes are within the All these parameters are controlled

P P

and monitored by the Iris Application

turb t d hine.
rbogenerators an machine Manager™ (IAM) software. The IAM

- hydrogenerators.
The GuardIl

system has a flexible, modular
design that can incorporate a variety
of technologies and sensor inputs

to meet rotating machine needs
based on the most common failure
processes for the specific asset. The
GuardlII platform can monitor one or
more of the following:

e Partial Discharges

¢ Rotor Flux

e Stator Endwinding Vibration
¢ Shaft Voltage and Current

GuardII monitors PD using Iris Power
sensors, including stator slot couplers

Another common failure process is
the development of shorted turns

in rotor windings. For that, the
GuardII system includes the ability
to monitor the rotor flux, and by
using sophisticated algorithms, it can
provide warning of

is a single platform to configure,
download, and view data so that one
would only need to learn a single
software application. It can be used
across several assets regardless of the
type of asset.

shorted turns within mzp
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Benefits of GuardIl Condition Based Monitoring System

e Stator and rotor assessment
by end users: The user’s
assessment of stator insulation
system condition using on-line
PD testing is greatly enhanced
by having access to Iris Power's
extensive PD database of over
400,000 test results. This data
is also used to automatically
configure the GuardII PD system
alert levels. GuardIl employs
advanced algorithms to analyze
flux data on rotor windings
regardless of load changes. This
technology accurately detects the
presence of shorted turns.

¢ Turnkey solution: Where
facilities have existing sensors
for PD, flux, and/or air gap
(in hydrogenerators), GuardIl
installation does not require an
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outage and the installation effort
is limited to providing power to
the monitor, configuration, and if
desired, running a communication
link to a remote Windows™
computer. Combined with the Iris
Application Manager (IAM), one
can collect data from multiple
rotating machines which can be
monitored continuously at a given
time. This lowers the burden on
plant personnel to collect data.

¢ Flexible and modular
platform: Additional technologies
such as shaft voltage and air gap
monitoring (for hydrogenerators)
are also available and can be
integrated with the GuardII
monitoring system. GuardII can
combine up to 3 technologies
based on user needs.

Comprehensive analysis on single screen

¢ Reliable prediction: GuardIl

system has undergone unique and
rigorously researched methods

to overcome the electrical
interference (noise) which is typical
in most plant environments. This
ensures reliable and repeatable
measurements with a low
probability of false alarms.

Customer education: The data
can be easily interpreted by a
maintenance professional after
participating in a training seminar
offered by Qualitrol-Iris Power's
experienced engineering staff.

Ease of configuration: The
GuardIl monitors can be configured
and upgraded to the customers'’
requirements.




Iris Power is able to offer a wide line
of specialized tools that are used
off-line to assess the condition of
the rotor and stator windings.

These off-line tools include:
e EL CID™ — Stator core test
e SWA™ _ Stator wedge analyzer

e RIV™ — Robotic tool for EL CID,
wedge tightness and visual
inspections, when the rotor is in
place

* DCR60™ — DC Ramp hipot test

® PPM-97™ — RF corona probe to
locate PD sites

EL CID STATOR CORE TEST

The invention in 1978 of the EL
CID test by John Sutton and his
colleagues at the British utility -
the CEGB - revolutionized the
assessment of stator cores in
motors, turbine generators and
hydrogenerators. For the first
time, machine owners could easily
and safely detect and locate core
lamination problems without
performing a “full flux” or “ring flux”
test that involve high currents and
voltages.

Stator cores, as well as salient

pole rotor poles and squirrel cage
induction rotors, are fabricated

from thin laminations of magnetic
steel. The laminations are insulated
from one another to prevent the

flow of axial currents in the core

from the main magnetic field, thus
improving the efficiency of the motor
or generator. If the thin insulation
between laminations becomes
shorted, an axial current flows which
increases the temperature of the core
at the shorted locations. If enough
laminations are shorted, any core
hotspots in contact with the winding
insulation can lead to rapid thermal

OFF-LINE TEST EQUIPMENT FOR MOTORS

AND GENERATORS

e PowerMaxx™ — AC test
transformer and associated
diagnostic instruments

® DeltaMaxx™ — Off-line PD tester
and dielectric loss instrument

* DRA3™ — DC polarization/
depolarization instrument

All these tools complement the
on-line rotor and stator winding
instruments and monitors, and help
plant maintenance personnel better
assess the winding condition prior
to repairs or rewinds as well as after
repairs.

EL CID Instrument

Robotic EL CID test in progress on a turbogenerator

aging and ground faults. Even if the
shorted laminations are not near the
winding, eventually the temperature
may climb so high that the steel
laminations start melting, which
rapidly escalates the problem, and
again leads to a ground fault.

Prior to the development of the EL
CID test, the only way to ensure
that no shorted laminations of any
significance were present was to
induce, in the core, a magnetic flux
that was almost the same as would
occur in operation. For stator core
testing, this requires the removal of
the rotor, the temporary installation
of large, high voltage conductors
routed through the stator bore and

around the outside of the machine.
For large generators, this coil has to
be fed from a high power AC source,
often requiring many hundreds of
amps and several kV. Once the coil is
energized, an infrared thermovision
camera is used to monitor the core
for hot spots that are caused by
lamination shorts. Often this test
takes days to perform and is very
labor intensive. In addition, the
excitation of the core creates certain
safety risks. Also, the high flux that

is present can lead to dangerous
overheating of the core (since no
flowing air or hydrogen is cooling
the core) that has itself damaged the
core. EL CID overcomes all these
problems.
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@ OFF-LINE TEST EQUIPMENT FOR MOTORS
AND GENERATORS

EL CID TEST

The EL CID test is easy to perform, requires only a small excitation winding,
and most machines can be tested in just one day by one person. Electrical
technicians can be trained and certified to perform and interpret the EL CID
test in just 3 days with the Iris Power ACE course. Most experts agree that the
EL CID test completely replaces the full flux test, except for perhaps older
hydrogenerators that have split stator cores.

The key advantage of the EL CID test is that it is performed with a relatively
low magnetic flux — typically only 4% of the normal operating flux in the core.
Rather than depending on core heating to detect the shorted laminations,
the shorts are directly detected by a magnetic flux sensor (a Chattock coil)
that is manually or robotically scanned over the inside bore of a stator core,
or the outside surface of a rotor. Directly detecting the axial currents (and
their associated magnetic field) is much more sensitive to both surface and
deep-seated lamination shorts than waiting for the temperature to rise in a
full flux test. A key proprietary technology of the EL CID test is its ability to
disregard axial currents caused directly by the excitation winding itself.

In the more than 35 years since its invention, ADWEL and then Iris Power
have significantly improved the sensors, instrumentation and interpretation of
the EL CID test. The latest instrument is the EL CID Evolution, a fully digital
instrument that permits much faster scanning of the laminated cores, has
enhanced methods of reducing false indications, and has a display that is
similar to the thermovision scan produced by the older full flux test.

SWA™ _ STATOR WEDGE ANALYZER

One of the most common stator
winding aging mechanisms is when
loose stator bars or coils develop
due to the loosening of the stator
wedges. Loose coils or bars in the
stator slots will eventually abrade
the insulation as they rub against
the stator core under the influence
of the magnetic forces. Thus, it is
essential to keep the wedges tight to
ensure a non-vibrating winding. Coil
or bar looseness is detected by the
on-line PD test. A direct indication
of the likelihood of coils or bars to
loosen in the future can be obtained
by determining the tightness of the
wedges.

Historically, the wedge tap test has
been performed to subjectively
determine if the wedges are loose.
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This requires the rotor to be removed
and an expert taps each wedge to
determine if the wedge is loose,
medium or tight, based on sound
and vibration through the fingers.

A map is then made of slot number
vs. axial position based on this
subjective indication.

The SWA is the world’s best selling
objective wedge mapping device.
The SWA probe is pressed against
each wedge and a calibrated
“hammer” taps the wedge and
detectors measure the vibration

in the wedge due to the tap.
Proprietary algorithms convert the
vibration into a scale of whether each
wedge is loose, medium or tight
and software automatically creates
a wedge tightness map. Of prime

EL CID test on hydrogenerator
stator core

importance—every trained person
who performs the test obtains the
same result. Furthermore, like the
EL CID sensor, the SWA sensor can
be mounted on the Iris Power RIV

slot crawler so that wedge tightness
maps can often be produced
without removing the rotor — a huge
reduction in the cost of performing
this test.




OFF-LINE TEST EQUIPMENT FOR MOTORS @ @
AND GENERATORS

RIVTM — SLOT CRAWLER FOR ROTOR-IN EL CID, SWA AND

VISUAL ASSESSMENT

Historically, finding loose wedges or stator core lamination problems has
required that the rotor be removed from hydrogenerators and turbine
generators. With the RIV robotic device, which can crawl along stator core
teeth, it is often possible to find loose wedges and core problems without
removing the rotor. With the video camera option mounted on the RIV, it is
also possible to visually examine the stator core, vent ducts and even the rotor
surface. Not having to remove the rotor results in a significant reduction in time
and cost in completing these tasks. Even more important, rotor removal and
insertion is a high risk endeavor where significant damage can occur to the

DCR-60™ - DC RAMP HIPOT TESTER

The DCR-60 is an instrument that
slowly and smoothly increases the
DC voltage on coils or windings up
to a maximum of 60 kV dc, while
measuring the current.
The tester has several
advantages over
conventional DC high
potential (hipot) tests:

¢ Often the DCR-60
tester will show an
abrupt increase in current as the
voltage increases. This sudden
increase is an indication that
groundwall insulation failure is
imminent, and the test should
be aborted to avoid a complete
stator insulation failure. Thus the
DCR-60 tester enables a hipot test
with a lower risk of a test failure.
For companies that are wary of
a failure due to a hipot test, this
provides some comfort.

¢ A record of the voltage vs current
is automatically recorded and can

rotor or stator. Thus the RIV
reduces the risk of problems
associated with rotor removal
and insertion.

Most of the world's major
generator manufacturers
use the RIV and associated
SWA and EL CID devices to
perform rotor-in inspections
for their customers.

be used in comparison to future
tests to determine if the leakage
currents are significantly higher.

In some cases, the shape of the
voltage-current curve can be
indicative of certain stator winding
insulation problems such as
delamination.

It is much less likely for test
operators to accidentally apply a
higher voltage than anticipated to
the winding, avoiding unnecessary
winding failures.

PPM-97™ - RF CORONA
PROBE TO LOCATE PARTIAL
DISCHARGE (PD) SITES

The on-line PDA and TGA tests
identify which stator windings have
high PD, and consequently most

at risk of stator winding insulation
failure. However, these on-line tests
do not enable users to find exactly
which coils or bars have the highest
PD. In the late 1940s, Westinghouse
developed the first corona probe to
help locate the parts of the winding
with the highest PD. In the 1960s, the
US utility, TVA, published a circuit for
a generic corona probe based on a
“near-field” antenna and radio circuit
tuned to 5 MHz. The PPM-97 probe
is the latest embodiment of the
corona probe, based on the original
TVA probe, with more advanced RF
circuitry.

When PD occurs, it generates radio
frequency signals. As the signals
propagate away from the PD source,
they lose signal intensity. The PPM-
97 probe works by detecting these
RF signals. The closer the probe’s
antenna is to the site, the higher

is the detected signal, which is
measured in mA. By scanning the
PPM-97 antenna over the entire
stator winding while it is energized to
rated voltage, all the PD sites can be
located to within a few centimeters.
Furthermore, many years of
experience has shown that if the PD
magnitude for epoxy mica insulation
exceeds 20 mA, then serious PD is

occurring. This pass-fail criterion is
stated in IEEE Standard 1434.

PPM-97 with =

carrying case ™
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@ OFF-LINE TEST EQUIPMENT FOR MOTORS
AND GENERATORS

PDTech DELTAMAXX™

The PDTech DeltaMaxx digital
system determines with high
precision the dielectric loss factor
(power factor), capacitance,

and partial discharge activity in
generator and motor windings,
transformers, and cables and
capacitors.

Loss factor/capacitance test: The
system measures current through a
reference capacitor and test object.
The current is measured by the
voltage drop across shunt resistors.
A 16-bit A/D converter processes
these voltages. The phase angle
difference between the high voltage
and this current is determined by a

PDTech DRA-3™ DC
DIELECTRIC RESPONSE
ANALYZER

The dielectric response analyzer

is used for off -line insulation
diagnosis for generators, motors and
transformers. It measures the DC
charging and discharging currents of
stator or rotor winding insulation.

The PDTech DRA-3 System allows
you to connect all three phases and
the ground at one time. The phases
are measured sequentially step by
step, without any interaction from
test personnel. The measurement
steps are automatically controlled
and stored by
a computer
connected
to the
instrument.

PDTech DRA3
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novel algorithm, which
allows the calculation

of the loss angle and
automatic elimination of
several potential error
sources.

Partial discharge test:
The DeltaMaxx can be
configured to extract PD
pulses from the coupling capacitor
internally. PD measurement does not
require external shunts or additional
components. The measurement unit
contains the necessary coupling
impedance, pre-amplifier and signal
processing. Digitising takes place in
the measuring unit. This technique
allows the unit to be placed in the

PDTech DeltaMaxx

direct vicinity of the test object and
long signal cables, which could
pick-up interference, are no longer
necessary. The DeltaMaxx measures
PD in the low frequency range and
is compliant with IEC 60270 and
ASTM D1868.

PDTech POWERMAXX™

The PDTech PowerMaxx is a
flexible PD-free 50/60 Hz AC power
supply for energizing stator bars
and windings up to 15 kV rms.

The transformer can supply up to
0.85A (15.3 kV) and when used with
additional compensating reactors,
the system can supply loads up to

1 uF. The system is fed from a 400
to 480V, 40 A single phase power
outlet.

The PowerMaxx facilitates off-line
stator winding tests such as PD,
dissipation factor, tipup, and corona
probe.

PowerMaxx High Voltage Unit




Iris Power staff have decades of
experience working as technical
experts for machine manufacturers,
and/or as machine experts for utilities.
In addition, for decades we have been
actively participating in the creation
and revision of IEC and |EEE test
standards. Iris Power staff members
have also written two books on the
design, failure, testing, repair of
rotating machine windings. The result
is probably the greatest concentration
of expertise in the world on stator and
rotor winding condition assessment.
More importantly, this expertise is
relatively free from bias since Iris
Power neither manufactures nor
repairs motors and generators.

Iris Power offers four types of services
to its customers:

* Advice, supervision and training on
the installation of all its products on
machines.

e Testing services using all the
instrumentation that Iris Power
produces for stator and rotor
windings, as well as training of
customers who wish to do their own
testing and interpretation.

* World-class courses on the
maintenance of different types of
motors and generators.

¢ Consulting services for winding
condition assessment, failure
investigations, as well as new
machine and rewind specifications.

Since 1997 Iris Power has organized
the annual Iris Power Rotating
Machine Conference (IRMC), which
provides a unique, non-commercial
forum for machine manufacturers,
machine owners in all industries, test
equipment providers, and consultants
to discuss the latest innovations in
machines, machine testing, winding
failures and repair. In addition to

the technical program consisting of
papers on rotating machine topics, the
IRMC also provides a range of training
seminars. The conference attracts
attendees from around the world.

SERVICES )

PRODUCT COMMISSIONING & TESTING SERVICES

Iris Power’s philosophy is that machine owners should be given the tools
that enable them to install, on their own, the various types of sensors and
monitoring instrumentation that we produce. Also, machine owners should
be able to perform data interpretation, if they choose. We can do this since
we have deliberately tried to design products that can be used by plant staff
with usually just a few days of training. Iris Power has short training seminars
for the installation, commissioning and use of its sensors, monitors and
portable instruments. These seminars are augmented by providing on-site
advice on installing sensors and monitors. Usually after seeing the installation
of sensors and monitors on a few machines, many customers, should they
choose, are comfortable doing all similar work themselves.

Some customers always prefer to outsource the installation and use of
monitoring systems. Of course, Iris Power can provide supporting installation,
testing and data interpretation services.

ON-LINE TESTING SERVICES
The specific services and testing Iris

Power performs via its Field Service

Group include:

OFF-LINE TESTING SERVICES

Iris Power manufactures a range

of off-line test instruments to help
machine owners and operators
assess the condition of rotor and
stator windings. Iris Power offers
short training seminars on how to
use the test equipment and how to
interpret results for all the off-line
testing equipment it manufactures,
including:

e PD sensor location selection,
installation advice, and sensor
commissioning for optimum
performance,

® Flux probe location and
installation advice,

* Fiber-optic endwinding vibration

. . ) e EL CID stator core test,
sensor location and installation,

SWA wed lyzer,
¢ Continuous PD, flux, endwinding * wedge analyzer,

vibration (using bump testing) and * RIV robotic “rotor-in” test tool,

air gap monitor installation advice
and commissioning,

On-line PD testing services and
interpretation,

On-line rotor winding shorted
turns testing and interpretation,

On-line endwinding vibration
testing services and interpretation,

On-line induction motor rotor
broken bar detection testing and
interpretation,

Seminars and training on any of
these subjects.

* Endwinding bump (natural
frequency) testing,

* DCR ramp test hipot unit,

* Off-line PD and dissipation factor
tip-up.

In addition to training, Iris Power

can provide testing services and

interpretation reports for all of these
off-line test tools.



@ SERVICES

CONSULTING SERVICES

Iris Power has many experts in its

Rotating Machine Technical Services

(RMTS) group, each with decades

of experience in the manufacture of

motors and generators, and/or the
maintenance of the machines. In

MAINTENANCE AND HIGH LEVEL DIAGNOSTIC COURSES

On a frequent basis, Iris Power's motor and generator experts provide
courses at central locations on the maintenance of motors and generators,
as well as advanced, intensive training on partial discharge and EL CID
testing. These courses are provided by the best experts in the world on
these subjects. The level is so high that, in fact, the world’s major motor and
generator manufacturers send their own staff to these courses. However, all

of Iris Power's courses are intended for users of machines, and are taught
from a user point of view. These courses can also be customized and
presented at a customer location. The courses are usually 3 to 4 days, and
include:

addition, Iris Power has considerable
expertise in the analysis of test
results and inspection of windings.

The result is a diverse collection of
expertise that machine owners and
operators can access to: * Hydrogenerator rotor and stator winding maintenance course

e Motor rotor and stator winding maintenance course

¢ Determine the root cause of a ¢ Turbine generator rotor and stator winding maintenance course
winding failure.

PD theory, application and interpretation course
e Assess the condition of rotor EL CID test “ACE” course
and stator windings based on a
range of test data and/or visual

inspections.

The maintenance courses review the design of rotor and stator windings,
how they fail, testing and monitoring, as well as winding repair and rewind
specification.

* Determine maintenance needed
to keep motors and generators
operating.

* Prepare new machine and rewind
specifications, help the user
determine which bids are best,
and provide inspection services
during manufacturing of the
machine.

In the past 20 years, we believe

Iris Power staff have written more
technical papers and books on
these subjects than any other
organization in the world — including
the machine manufacturers.
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Established in 1945 with continual
improvement at the core of the
business, Qualitrol provides smart
utility asset condition based
monitoring and transformer
monitoring across the globe.
Qualitrol is the largest and most
trusted global leader for partial
discharge monitoring, asset protection
equipment and information products
across generation, transmission and
distribution.

Qualitrol produces thousands of
different types of products on
demand, customized to meet unique
requirements. Qualitrol is the global
leader in sales and installations

of transformer asset protection
equipment, fault recorders and fault
locators. Products include:

® Temperature Measurement Devices

e Pressure Controls, Gauges and
Relays

¢ Transformer Monitors

* Liquid Level Indicators

¢ Flow Indicators

¢ Fault Recording and Fault Location

® Breaker Monitors, SF6 Controls and
Gauges

® Power Quality Monitoring

QUALITROL OVERVIEW

Qualitrol also provides training and
educational products. Qualitrol
certified instructors provide students
with the comprehensive knowledge
they need to operate Qualitrol
equipment in the real world. Each
instructor is a field-tested, certified
product expert, so you know you're
learning from the best. Sessions
emphasize hands-on training so you
spend less time talking and more time
learning critical skills and expertise.

QuALITROL — 1
F- AT

(= J’ =

substation
condition monitoring

Copueg I R Gy . s et

QUALITROL.

Defining Reliability
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@ IRIS POWER-QUALITROL AWARDS AND
RECOGNITIONS

R&D 100

Iris Power has twice received the prestigious award by the independent
judging panel and editors of R&D Magazine as one of the 100 most
technologically significant products introduced into the marketplace.

In 2001, the HydroTrac continuous on-line partial discharge monitor for
hydrogenerators, received this recognition. In 2006, the FluxTrac continuous
on-line rotor flux analyzer, received the award.

PUBLICATIONS

Iris Power Staff have published more
than 300 technical papers, some of
which have won best paper awards
from |IEEE Power and Energy Society
and |EEE Industry Applications
Society. In addition, Greg Stone

and lan Culbert have been the main
authors of two books:

“Handbook to Assess the Insulation
Condition of Large Rotating
Machines”, published by EPRI in
1989.

“Electrical Insulation for Rotating
Machines — Design, Evaluation,
Aging, Testing and Repair”, Second
Edition, published by Wiley-IEEE
Press in 2014.
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VOLUNTEER COMMITMENT

Iris Power has facilitated its staff in volunteering in industry associations

such as IEC, IEEE, CIGRE, CSA and NETA. Our staff have been IEEE Society

Presidents (DEIS, IAS) as well as Conference Chairs (International Symposium
on Electrical Insulation, Pulp and Paper Conference, and Electrical Insulation
Conference).

STAFF AWARDS

1993 — IEEE Forster Distinguished Service Award for “Outstanding
Contributions and Sustained Leadership in the Advancement of the Field of
Electrical Insulation and Dielectrics”

1993 — EPRI Principle Investigator Award, for “contributions and leadership
in developing EPRI's diagnostic tools for insulation systems in electrical
power equipment”

1994 — |EEE PES Best Paper Award for on-line PD technology paper

2001 - IEEE Third Millennium Medal for outstanding achievements and
contributions

2008 - |[EC 1906 Award for Contributions to Electrical Insulation System
Standards

2010 - IEEE IAS Pulp and Paper Industry Committee Meritorious
Engineering Award

2011 - CIGRE Technical Committee Award

2012 - |[EEE/DEIS Thomas Dakin Award for “the development of advanced
on-line partial discharge monitoring techniques for rotating machines”

2013 - IEEE/DEIS/EIC John Tanaka Distinguished Leadership Award for
contributions to IEEE Insulation Conferences

2014 — NETA Alliance Member of the Year

2014 - |EEE PES Best Paper Award for shorted turns paper

IEEE Fellows and Senior Members: Greg Stone, Joseph Mbuyi, Blake Lloyd,
lan Culbert, Mladen Sasic, Resi Zarb




HISTORY OF ON-LINE PARTIAL DISCHARGE

1949 Westinghouse introduces the
first “expert-based” on-line PD (slot
discharge) test.

1976-78 Greg Stone, an Iris Power
co-founder, and Mo Kurtz of
Ontario Hydro, under contract to
the Canadian utility organization,
CEA, and aided by Bill McDermid of
Manitoba Hydro, develop the
on-line PDA test for hydrogenerators.
This is the first on-line PD test that
can be performed by a
non-specialist.

1985 Ontario Hydro gives exclusive
license to FES International Ltd. (a
predecessor of ADWEL) of Toronto
for the production and application
of the PDA-H instrument and cable-
type couplers on hydrogenerators.

1978-89 Ontario Hydro develops
new sensors: Bus Couplers and
Stator Slot Couplers™ (SSCs) and
instrumentation (subsequently
known as the TGA) for on-line PD
detection in motors and turbine
generators. As with the PDA test,
this is the first technology for these
machines where a specialist is not
required for interpretation.

TESTING ON MACHINES

1990 Ontario Hydro spins off

Iris Power Engineering Inc.,

who successfully continues the
development of the SSC, TGA, and
PDA technology. Iris Power secures
support from Ontario Hydro, CEA
and EPRI and soon dominates the
market.

1992 After securing the exclusive
license to manufacture the PDA, Iris
Power introduces the world’s first
commercial pulse phase analyzer
as part of its all-digital PDA-IV™ for
hydrogenerators.

1993 Iris Power introduces the
TGA-B™ technology, specifically
designed for use with motors and
small turbine generators, and the
TGA-S™ for use on hydrogen-
cooled large turbine generators.

1994 Iris Power successfully
introduces GenGuard™, the world’s
first commercial continuous on-line
PD monitoring system. Iris Power
also introduces the first epoxy-mica
capacitive coupler (EMC) that meets
all relevant codes and standards for
a high voltage apparatus.

2000 Iris Power introduces
PDAlert™ which is the world’s first
commercial instrument able to
measure stator PD caused by

100 ns rise-time voltage surges
from inverter drives.

2006 Iris Power publishes its false
indication rate that is about 1.5%
of all machines showing "high”
PD. This exceptionally low rate is
a major step forward for reliable
predictive maintenance.

2012 Iris Power-Qualitrol
introduces the GuardII™ product
line, the world’s first integrated
generator winding monitor able
to continuously measure PD, rotor
flux (rotor shorted turns), stator
endwinding vibration as well as
shaft current/voltage.

2014 Over 15,000 machines have
PD Sensors and over

3500 machines are now equipped
with continuous

on-line PD monitors.
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QUALITROL-IRIS POWER HAS BEEN THE WORLD LEADER IN MOTOR AND
GENERATOR WINDING DIAGNOSTICS SINCE 1990, PROVIDING A FULL LINE OF
ON-LINE AND OFF-LINE TOOLS, AS WELL AS COMMISSIONING AND CONSULTING SERVICES.

Iris Power LP Qualitrol Company LLC

3110 American Drive 1385 Fairport Road

Mississauga, ON, Canada L4V 1T2 Fairport, NY, USA 14450 0
Phone: +1-905-677-4824 Phone: +1-585-586-1515

POWER Fax: +1-905-677-8498 Fax: +1-585-377-0220 oo SGS.

Sales.iris@qualitrolcorp.com
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