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The task is simple.  Reduce lightning interruptions and
improve system reliability and performance.  The results are
spectacular thanks to the Ohio Brass Protecta*Lite System.  

Use on unshielded lines or as supplemental protections for
shielded lines.  Here’s how it works.  The Protecta*Lite System
consists of a metal-oxide surge arrester in parallel with the line
insulation.  During a surge, the arrester limits voltage across
the insulation to a value below the insulator flashover voltage.
Lightning surge current is diverted to ground in a controlled
manner and service is not interrupted.  It’s that simple.  The
result is improved service reliability and less costly
maintenance.  

It works on all voltages above 2.4kV.  You can order the
Protecta*Lite System with an insulator assembly or as an
arrester alone.

Use on new construction or in retrofit applications.  Use with
post or suspension insulators.

PROTECTA*LITE
System is the answer
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High voltage insulation in the stator
winding of operating motors
gradually deteriorates due to elec-

trical, mechanical, thermal, and environ-
mental stresses. Failure of critical motors
due to insulation breakdown may cause
catastrophic damages to the equipment
and a heavy cost for repair and loss of
service. Maintenance personnel are being
pressured to reduce the amount and cost
of maintenance and testing efforts at large
industrial plants yet increase the avail-
ability of the critical motors. Many are
moving away from overly conservative
preventative maintenance schedules and
instead doing more condition-based and
predictive maintenance. This allows them
to do the right maintenance on the right
equipment at the right time.

Partial discharges (PD) are a symp-
tom and a cause of stator insulation dete-
rioration. In-service partial discharge
measurements without interrupting nor-
mal motor operation have proven to be a
successful technology for monitoring the
stator insulation condition to forewarn
plant personnel of possible motor fail-
ures.

A high-voltage capacitor is used as a
sensor to detect PD in the Partial
Discharge Analysis (PDA) system. Three
capacitors are installed on a motor, one
on each phase. Once the capacitors are
permanently installed, plant personnel
can perform in-service PD testing with a
portable PDA instrument. The PDA
instrument captures PD pulses and sends
PD data to a PC. PD analysis software
running on a PC can then enable a com-
prehensive data analysis and provide the
following graphs:
• PD Magnitude-Number distribution;
• 3-D phase-resolved PD distribution;
• PD distribution varying with load

and temperature;
• Historical trending of the PD distrib-

ution over time.
The Magnitude-Number graph dis-

plays the number of pulses per second
and the magnitude of the pulses for both
positive and negative polarity pulses. The
phase-resolved PD graph displays the
phase angle position of the PD pulses rel-
ative to the 60 Hz voltage sine wave. The

3D phase-resolved graphs can help iden-
tify endwinding discharges and phase-to-
phase discharges.

Partial discharge activity in the stator
winding is often temperature dependent.
When the temperature is increased in the
operating motor, the conductors and insu-
lation materials expand and tend to
squeeze voids and gaps in the insulation
close. Therefore, internal partial dis-
charge activity, characterized by a pre-
dominance of negative polarity PD puls-
es, will decrease in the stator insulation.

PD activity in the stator winding is
also frequently load dependent. One can
identify winding looseness by analyzing
on-line PD data to see if the PD activity
varies with load. For example, a sharp
increase in positive polarity PD activity
from no-load and full-load is a strong
indicator of a loose stator winding.

Trending analysis monitors the vari-
ation of the PD activity over time. A dra-
matic increase in the PD distribution pat-
tern on the trending plot of PDA test
results indicates that considerable insula-
tion deterioration has occurred in the sta-
tor winding. The trending analysis can
thus identify those motors that are more
likely to have a costly stator insulation
failure.

This article describes how to use in-
service PD measurement technology to
monitor stator insulation condition and
therefore minimize the risk of stator insu-
lation failure.

Increased Sensitivity of the PD
Sensor

The detection sensitivity of the high-
voltage capacitor has been improved by
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Figure 2: PD activity detected using 80 pF
coupler

Figure 1: Partial discharge detected using
500 pF coupler

Figure 4: Camparison of PD levels on motor
A and motor B

Figure 3: Second PD test using 500 pF cou-
pler



increasing the capacitance value from the
traditional 80 pF to 500 pF. The new 500
pF capacitors were tested on an operating
motor in the field to verify their higher
sensitivity.

A 6.9 kV, 6000 HP motor was
rewound after 14 years of service as a
boiler feed pump. After the rewind, three
500 pF epoxy-mica capacitive couplers
were installed at the motor terminals.
Normally, two or more capacitive cou-
plers per phase are installed in a perma-
nent coupling system on a rotating
machine. In such configurations, each
coupler pair rejects external noise using
the “time-of-flight” method. On rotating
machines connected to the power system
by sufficient length of shielded power
cable, external noise is greatly attenuated
and only one coupler per phase is fre-
quently used.

One of the PD tests using the 500 pF
is shown in Figure 1. On this graph, the
relationships among the PD pulse magni-
tude (mV), the number of pulses per sec-
ond and the phase angle position of the
pulse are displayed. PD activity is a volt-
age related phenomena and PD pulses are
normally distributed between 0°-90° and
180°-270° of the AC voltage sine wave.
Figure 1 indicates a typical, noise free PD
test result. Five months later, three 500
pF capacitors were temporarily replaced
by three 80 pF capacitors to see what
effect this had on the PD data recorded.
No events or repairs occurred on the
motor during this period. New PD tests
were made in very similar operating con-
ditions using the same PD instrument. No
partial discharge activity was recorded
(see Figure 2).

The 500 pF couplers were put back
on the same motor two months later.
Subsequent PD tests were taken and the
results are shown in Figure 3. The results
showed the same level of PD activity as
was recorded seven months earlier using
the same 500 pF epoxy-mica couplers.
Obviously, the 80 pF capacitors were not
sensitive enough to detect the PD activi-
ty.

During the whole process of chang-
ing capacitive couplers from 500 pF to 80
pF and back to 500 pF, no repairs were
made on the machine. All of the PD tests
were performed under the same voltage
and load conditions. Only the stator tem-
perature differed slightly, but that did not
cause significant change in PD readings.
These PD results clearly indicate that sig-
nificantly different readings were due to
different capacitances of the couplers, not
due to the change of the operating or
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Figure 5: Stable Qmax values on motor A

Figure 6: Steady increase over six months of Qmax values on motor B
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motor failed in April 1999, one month after the last PDA tests
above, due to a groundwall insulation failure. Motor A, with
stable PD trends, is still running.

Conclusion
The 500 pF capacitors with higher sensitivity can detect

more PD pulses and higher PD magnitudes sooner than 80 pF
capacitors. This enables one to earlier identify insulation dete-
rioration and to decrease likelihood of stator winding failure.
The ability of a PD measurement system to detect small par-
tial discharges enables plant engineers to monitor the insula-
tion problems in the stator winding at an early stage.

Trending of PD activity is the best way to identify those
machines that are most likely to fail. A significant increase in
PD activity within a certain period of time indicates severe sta-
tor insulation deterioration. The rate of increase in PD activi-
ty is a key factor in determining the likelihood of failure.

In-service partial discharge monitoring using capacitive
sensors with greater sensitivity can give an early warning of
stator insulation deterioration of motors. This early warning
allows maintenance engineers to monitor the progress of sta-
tor insulation deterioration and to take action based upon the
actual stator insulation condition, hence minimizing the risk of
motor insulation failure. Regular partial discharge monitoring
of motors can also help to implement a predictive maintenance
program based upon the stator insulation condition. Switching
from regular time-based maintenance to condition-based
maintenance/predictive maintenance can save motor users
considerable maintenance costs while still minimizing the risk
of failure.

Mladen Sasic, Vince Green and Hugh Zhu are with
ADWEL International. ET
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insulation conditions.
Higher capacitance couplers provide many benefits in PD

testing. They can make the difference between effectively
monitoring the insulation versus waiting for failure to occur.
For example, due to low sensitivity of 80 pF couplers, it was
not possible to establish a trending of the PD readings at an
ear1y stage of insulation degradation. To be detected by 80 pF
couplers, much higher PD activity must occur. Therefore, the
time between detection of higher PD activity and possible fail-
ure is dangerously shortened.

How to Assess Severe Stator Insulation Deterioration
Two quantities are frequently used in evaluating PD test

results to express the PD activity in terms of a single number.
The first, Normalized Quantity Number (NQN), represents the
approximate area under the PD Magnitude Number distribu-
tion curve. It is roughly equal to the triangle whose sides are
made up of lines indicating activity (positive or negative), x-
axis (pulse amplitude) and y-axis (number of pulses per sec-
ond). The second quantity, Q, is the magnitude at which the PD
pulse repetition rate is at least 10 pulses per second. While the
NQN and Qmax numbers are widely used, the greatest benefit
of PDA measurements lies in the trending of the data. Due to
the wide variety of designs and other factors (e.g. installation,
maintenance and operating practices), there is no general rule
or standard defining acceptable levels of PD activity for a par-
ticular machine. Therefore, users are advised to trend the PD
activity, comparing results taken in similar load and tempera-
ture conditions. It is important to make all tests using the same
gain (sensitivity) setting on the PDA instrument, since accura-
cy of the NQN calculation and the scale of the graphs will
depend upon this.

Simple comparison of absolute NQN/Qmax numbers to a
database of PD test results from similar conditions can be mis-
leading in some cases. The most reliable way to assess a
machine’s stator insulation condition is to analyze the trend in
PD measurements taken on that machine under similar operat-
ing conditions. This is the most effective method for schedul-
ing maintenance and avoiding unexpected outages.

To effectively use the PDA testing, the user should estab-
lish base-line PD levels. This is done preferably at the start of
a maintenance cycle or six months after commissioning of a
new winding. The PD measurements are used thereafter to
monitor the gradual deterioration of the stator winding insula-
tion. As an example of the importance of trending, two 6.9 kV
motors of the same age and design were monitored. Motor A
had relatively high PD levels compared to motor B, see Figure
4.

However, motor A had stable PD readings (Figure 5), with
essentially no change in a one year period while there was a
noticeable increase of PD levels on motor B (Figure 6) in the
same time period. In Figures 5 and 6, the height of the stack
represents NQN value. Three measurement results are shown
in each Figure, with positive and negative NQN values for
each coupler. Comparison of Qmax (positive/negative) values
for both motors is given below.

PD Test Results from Motor A and B
Test Date Oct. 1998 Dec. 1998 March 1999
MOTOR A 62/45 56/38 65/48
MOTOR B 20/0 36/26 48/30

The rapid increase of PD activity on motor B was a strong
indicator of rapid insulation deterioration. Subsequently, this
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Newfoundland and Labrador
Hydro owns and operates facili-
ties for the generation, transfor-

mation and distribution of electricity to
utility, industrial and residential cus-
tomers in the Province of Newfoundland.

Two of Newfoundland and Labrador
Hydro’s 230 kV transmission
lines, TL202 and TL206, extend
approximately 141 km from its
major hydro electric plant at
Bay D’Espoir to the Sunnyside
Terminal Station. They are on
separate towers, sharing the
same right-of-way and spaced
about 40 meters apart (center-
to-center). These lines are the
major transmission facilities
and major source of power ser-
vicing a large portion of the
power system load for the
Avalon Peninsula, which
includes the City of St. Johns,
and surrounding vicinity. 

The lines are of a lattice
steel (guyed and self-supporting
towers) construction and are
unshielded (i.e. there is no over-
head ground wire), making
them particularly susceptible to
lightning-caused flashovers.
Both lines have experienced
approximately 10 simultaneous
double circuit faults along with
77 single circuit faults as a
result of lightning strikes within
the last 25 years. These double
circuit faults are presumed to be
due to large magnitude light-
ning currents that flashover not
only the stricken circuit, but also cause a
backflash of the parallel circuit due to its
close proximity and grounding. 

As a result of studies conducted by
an external consultant, the installation of
lightning surge arresters was recom-
mended as a means to mitigate these out-
ages and decrease the double circuit
simultaneous outage rates that have
plagued these lines. The Hubbell/Ohio
Brass Protecta*Lite® Arrester System

proved to be the answer to some very dif-
ficult questions and required results.

The required results are as follows:
- The installation of such an applica-

tion must be carried out so as not to
compromise the present daily opera-
tions and reliability of the line.

- A rate of one (1) double circuit out-
age in every 35 years is sought
through the use of station class varis-
tor blocks — 60 mm in diameter.

- The lightning arresters are to be fit-
ted to one of the line’s structures
only — TL206.
A total of 365 Structures, 3 phases

each, were fitted with lightning arresters
over a period of just over one (1) year.

The upgrade of TL206 represented a

significant technical challenge in order to
meet the long-term performance
improvements required. The Hubbell
Team, including Hubbell Canada Inc.,
The Ohio Brass Company, Harris &
Roome and various consultants tracked
this project with great interest through

various stages of investigation
and analysis. The project had
also been scheduled on a fast
track basis requiring delivery
of complete arrester assem-
blies in order to facilitate an
April installation. The actual
timeline proceeded as follows:

The first phase of the pro-
ject spanned a period from
February 2000 until May 2000,
which included the tender
review, award of project in
March 2000, supply of com-
plete arrester assemblies in
April 2000 and installation
completion by the first week of
May 2000.

The first phase of installa-
tion included 50 per cent of the
arrester assemblies that
amounted to 560 assemblies.

The second phase included
the timeline from November
2000 to March 2001.

Newfoundland and Lab-
rador Hydro had to balance the
cost of the solution against the
desired improvement in line
performance. With the assis-
tance of the superior staff at
Newfoundland and Labrador
Hydro and the contracting

group J&J Line Construction, all site spe-
cific installation challenges were quickly
overcome, and the project proceeded
within budget and to critical timelines. 

The initial feedback concluded that
the line had not experienced any outages
through the first lightning season.

Dominic Tarascio is Manager
Engineering Services for Hubbell Power
Systems Canada. He can be reached at
dtarasci@hubbell-canada.com. ET

Installation of Lightning Surge
Arresters Helps Control Outages 
at Newfoundland and Labrador Hydro
By Dominic Tarascio, P.Eng.
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How many times have you heard “I thought you’d
already fixed that” when electrical maintenance per-
sonnel  have to deal with a recurring problem? The dis-

abled unit is repaired and all local cabling and grounding
checks out, everything looks fine and works well. However,
since the real cause of the failure is not uncovered, predictably,
the problem reoccurs. Then the problem is tossed into the cat-
egory of “bad power quality”.

Mystery Problems Are Often Related to Grounding
In statistical records, we find that 80 per cent of power

quality problems involve grounding. In fact, not surprisingly,
it turns out that proper grounding is more important than surge
protection in ensuring reliable electronic function.

The consequences of poor grounding are significant
because ground is a reference for logic in any electronic
device. This means that any irregularity in the ground can
directly affect performance of the logic at the chip level. 

In fact, a comparatively small change in ground can pro-

duce a large effect in equipment operation.
For instance, computers operate on the simple binary or

“on/off” system. If logic 1 is triggered by a 5 Volt potential,
then low levels of noise can confuse these signals. Even if
impulses are only as high as 50V, they can do severe damage
to the chip which is referenced to that ground.

Typical Grounding Problem Prevention Strategies 
The reasons for grounding are several, the most important

of which is providing personnel safety. The second is protect-
ing assets, and a third is assuring equipment performance.
Traditionally, three approaches to grounding have been used:
- Bond everything 
- Rely on standards and specifications 
- Applying isolated ground 

Let’s look at these options in detail.
Bonding everything involves a systematic and careful

bonding of each structural point in a building, as well as each
piece of equipment, cable and metallic surface. This approach
was developed by Bell Laboratories (USA) in the 1950s and is
still being used by the TelCo/cell industry today.

If a single point is overlooked, it can allow a ground
potential to develop — circulating ground current — and prob-
lems result. Outside the TelCo industry this approach is often
badly executed because it is time-consuming and therefore
costly. It needs to be constantly maintained through any struc-
tural or equipment changes your facility experiences and you
need to ensure that connections remain solid. Even within the
Telco industry the application is often disputed especially in
relation to lightning protection.

An alternative approach is to rely on standard specifica-
tion codes designed for personnel safety rather than system
performance. In North America this code views the main fre-
quency to be so low that it is considered equal to DC and con-
sequently grounding is designed on resistance only and does
not allow for the requirements of high frequency impulses and
noise.

The problem with this arrangement is that while it pre-
vents injury to humans, equipment can be damaged by the
smaller voltages which can build up.

However, as indicated in recent code changes, the isolat-
ed ground system remains isolated only to the first point of ref-
erence. 

Unfortunately, the isolated ground approach is often mis-
understood. The term ‘isolated’ only applies to connections
between equipment and the first point of reference. The system
can be enhanced by using a ground connection suitably
installed between the reference point in the distribution panel
and the ground reference in a separately derived source.
However, this is not a requirement of an isolated ground sys-
tem.

Only one of these approaches addresses all requirements

Advertiser: Krenz and Company
Ad Colour: black and cyan
Supplied: Film 
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ate technology worsens the problem and increases costs.
For example, a power factor correction capacitor bank

was installed at a facility to reduce demand costs and improve
power quality. When the system was switched to adjust for
changing load conditions,z the unit caused a sag and switch-
ing transience that damaged the equipment. This problem
could have been avoided by choosing a better power factor fil-
ter and by installing the unit differently.

It is essential to think “outside the box” and understand
the structural and procedural conditions in and outside the
plant. A process of elimination should take place following a
clear and complete methodology. Finally, appropriate tests
should be carried out to check for impedance and other fac-
tors.

Solving the Case
Many of these mystery problems are put down to “bad

power”. It would be more accurate to say that our plants and
facilities are more susceptible to poor power quality as they
increase in technological sophistication. These kinds of power
quality problems will likely increase after deregulation of the
electricity market. Spikes and other interference will magnify
the consequences of poor grounding. 

A good power quality specialist can analyze your facility,
perform proper testing and recommend the most effective
solution. This need not be expensive or complex and will like-
ly solve more than the initial problem. The results will
increase reliability and reduce unscheduled downtime. 

Cathy Harris is with CHH Editorial. She can be reached
at 416 606 4828 or chheditorial@look.ca. ET
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effectively and that is the isolated ground system.

How to Find the Culprit
If fixing the affected component alone does not solve the

case, sleuthing is necessary. A power quality specialist will be
able to gather the clues. Here are two examples of how effec-
tive detective work can lead to an inexpensive solution.

The Mystery Behind Crazy Computers 
Every Other Friday 

A testing laboratory for a major medical service suffered
repeated attacks of malfunctioning computers at regular inter-
vals during the first few months of computer room operation.
The units were fixed, parts were exchanged, and still the prob-
lem persisted. The computer service technician could not find
the overriding fault until the regularity of the problem was
noticed and a power quality specialist was called in. The spe-
cialist looked at the equipment, the computer room, the site
facility and studied the logs. The computers were compromised
every second Friday. 

What was special about the schedule? The investigation
revealed that on each Friday a delivery van brought supplies to
the Cold Room. The Cold Room door was propped open to
allow access for deliveries, the temperature rose and caused the
back-up compressor to kick-in. Right next to this compressor
was the “special ground wire” for the new computer room. The
noise induced on this wire by the compressor was directly
delivered to the isolated ground bus for the computer. The
inexpensive solution was to remove the connection for this
wire from the IG-ground bus and rely on the connection to the
transformer bonding point.

The Case of the Flying Flag and Blown Interface
Boards

A commercial equipment supply operation in a typical
industrial complex was facing blown interface boards whenev-
er a thunderstorm passed over. Surge protection was installed
and did help to some extent, but the problem continued to
occur. Both the head office and warehouses were located in the
facility and each was rechecked by the power quality special-
ist. Everything appeared fine. The mystery deepened until the
relationship between the storms and the flagpole in front of the
building was noticed. The flagpole attracted lightning which
dissipates through the earth like a wave, changing ground
potential as it passes. It turned out that different parts of the
computer system were connected to different parts of the build-
ing. This meant that when the wave of the lightning discharge
passed under the building, severe voltage differences were cre-
ated on different parts of the system. Extending the IG
Receptacle System from the Computer Room to the associated
equipment protected the system from lightning.

Application of appropriate technology
As we have shown, when an electrical problem occurs

repeatedly for no apparent reason, it takes extra detective work
to get the complete picture and to actually find the problem. It
also takes informed evaluation of the strategic options to solve
the problem.

If equipment exhibits recurring faults, you need to ques-
tion its suitability for the application. Even the best equipment
is no good if it is compromised by incorrect grounding or other
system incompatibilities. Equally, the best electrician can be
undermined if the analysis of conditions does not extend
beyond the affected equipment. The application of inappropri-
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Anyone who has ever paddled into the ocean and been
knocked sideways by the power of a wave might have
wondered: “If only that power could be harnessed and

turned into energy”.
For more than five decades, engineers have had the same

thought, working on plans for generating electricity from wave
power. In the 1950s, for example, a company based in the
United Kingdom devised a plan to harness waves off the coast
of Mauritius.

But, until very recently, such schemes have remained just
a good idea. Now, in a remarkable development, the ocean’s
waves are being tapped commercially for the first time.

From the coast of a beautiful Scottish isle, Islay, waves are
being harnessed to feed the world’s first commercial wave-
power station. Late last year, the station successfully began to
feed electricity into the UK’s national grid.

Known as Limpet (short for land-installed marine-pow-
ered energy transformer), the system has been developed by an
Inverness-based renewable energy company, Wavegen, and
Queen’s University Belfast, Northern Ireland. The European
Union has helped with funding.

The Limpet device is a half-megawatt commercial wave-
energy converter, providing power to the national grid with
enough electricity for about 400 homes. Limpet harnesses the

Atlantic Ocean waves that pound the Islay coastline with the
aid of two basic devices: a collector chamber to capture the
wave energy, and a turbo-generator to transform its power into
electricity.

The wave-energy collector is in the form of a partially
submerged shell into which sea water is free to enter and leave.
External wave action causes the water level in the collector to
oscillate. As the water enters or leaves, the level of water in the
collector chamber rises or falls in sympathy.

The turbo generator then comes into play. This makes use
of Wells turbines. “These have the unique property,” said
Wavegen, “of turning in the same direction regardless of which
way the air is flowing across the turbine blades”.

Thus, the turbines continue turning on both the rise and
fall of wave levels in the collector chamber. The turbine drives
the generator which converts this power into electricity. The
system has been developed after 20 years of collaborative aca-
demic research, and 10 years after Queen’s University Belfast
(QUB) installed a small research wave-energy station on Islay
in 1990. The successful operation of this plant led to the
Limpet project.

Established in 1992 by Allan Thomson and Professor Alan
Wells, inventor of the Wells turbine, Wavegen has pioneered
the research, development and manufacture of wave power
systems. The power station has secured a 15-year agreement
with the major public electricity suppliers in Scotland. But the
development of Limpet has much wider implications.

Oceans cover about three quarters of earth’s surface and
represent a vast natural energy resource in the form of waves.
The World Energy Council estimates the energy that could be
harvested from these oceans is the equivalent of twice the
planet’s electricity production.

The Limpet system is designed to operate right on the
shoreline. Alternatively, units may be incorporated in rubble
mounds or breakwaters to provide self-financing coastal pro-
tection schemes, providing power or potable water to commu-
nities.

The new power station in Scotland opens the door for
wave power to make a serious contribution to energy supplies
and help to reduce emissions of climate-changing greenhouse
gases. The European Union is funding research and demon-
stration activities to bring renewable energy source into the
energy market.

John Madeley is with London Press Service. For more

The World’s First Wave-Energy Generator
By John Madeley

GENERATION

The Limpet device is a half-megawatt commercial wave-energy
converter, providing power to the national grid with enough elec-
tricity for about 400 homes. 
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ue, as the electric market becomes more complex and compet-
itive. More real-time data from substations and generating
plants is required to support SCADA and EMS in utility con-
trol centres. There has been a significant increase in interest by
planning, operating, equipment and maintenance personnel for
non real-time event and archived data. This wide interest
demonstrated the need for a co-ordinated approach to access-
ing data by the data users. Hence, the development of a
PSDCA got underway.

The need to develop PSDCA for BC Hydro was also dri-
ven by the expected growth in the use of Intelligent Electronic
Devices (IEDs) with remote access capability. Moreover, there
was a desire for:
- Better security methods for intranet applications than the

simple passwords usually offered by manufacturers for
their own devices

- Efficient use of telecommunication bandwidth — a single
WAN connection to a substation can support many IEDs

15

BC Hydro is a provincially-owned Crown corporation
providing generation, transmission and distribution ser-
vice to 1.5 million customers over 74,000 km of trans-

mission and distribution lines. Generation consists of approx-
imately 10,000 MW of hydro and 1,000 MW of gas-fired ther-
mal generation. The BC Hydro system can be characterized as
having a major load centre connected to remote generation
over long series compensated EHV transmission lines.

The System Control Centre in Burnaby, BC is responsible
for automatic generation control and reliability of the main
500 KV grid. The four Area Control Centres located through-
out the province are responsible for the operation and mainte-
nance procedures on the transmission, subtransmission and
distribution networks in their respective areas. Only two gen-
erating plants are staffed on a 7x24 basis; all other facilities are
either not attended at all or not attended for most of the week.
There are about 150 Remote Terminal Units (RTU) and anoth-
er 150 older remote supervisory and telemetry systems. All
generating plants and major substations have separate RTUs
and/or remote supervisory and telemetry systems reporting to
both the System and Area Control Centres. 

Almost all RTUs and older remote supervisory and
telemetry systems connect to the control centres over dedicat-
ed telecommunication circuits on a one-on-one basis usually
over telecommunication media owned by BC Hydro. BC
Hydro has an extensive microwave telecommunication net-
work for protective relaying, remote supervisory control and
for operational voice requirements. There are also many power
line carrier telecommunication links. Both the microwave and
the power line carrier equipment are moving to digital tech-
nology. Some stations are not accessible by the telephone
common carrier. Distribution feeder poletop RTUs use point-
to-multi-point cellular radio communications.

All major stations contain digital protective relaying, dig-
ital fault recorders, sequence of events recorders or machine
condition monitoring equipment which have remote dial-up
access to enable operating, maintenance and planning engi-
neers to access this equipment. Each type of equipment has its
own proprietary protocol. Both corporate and third party
telecommunication media are used. This arrangement is
depicted in Figure 1 Typical Present Control and Data
Connections. The preferred design practice for local and
remote control projects is to use a LAN based local control
scheme instead of the electromechanical scheme shown in the
figure. The LAN uses a proprietary protocol. About 10 per
cent of all stations have  some form of LAN for control and/or
metering.

Drivers for a Power System Data Communication
Architecture (PSDCA)

The need for better utilization of power system facilities
has increased significantly in the last decade and will contin-

Continued on page 16

Power System Data Communication
Architecture at BC Hydro
By Emile Struyk, P.Eng. and Harry Lee, P.Eng.
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- Avoiding the need for additional
telecommunication links

- Corporate wide access — provide
easier access to station IEDs for
users who are already connected to
the corporate IT WAN

- Taking advantage of network com-
munication capability in IEDs

- Taking advantage of common stan-
dard protocols

The Study Team and Process
A team representing stakeholders in

Transmission & Distribution, Power
Supply (Generation) and other corporate
groups was formed to develop a commu-
nication architecture to allow access to
power system data. A smaller design
team was charged with doing most of the
detailed work in developing the architec-
ture. 

The team built on earlier efforts
which identified the needs of all corpo-
rate users for power system data. A draft
PSDCA report was issued in the summer
of 2000.

Objectives for the New Data
Communication Architecture

The design team has set the follow-
ing additional goals for the architecture:
- Be comprised of commercially

available components (COTS)
- Permit immediate application at new

stations and allow evolutionary steps
toward the goal architecture at exist-
ing stations

- Not compromise the present reliabil-
ity and availability of the protection,
control and SCADA functions

- Separate access to Power Supply
(generation) and T&D power system
data

- Support the integration of protection
and control functions as hardware
and software technologies evolve

- Be able to upgrade a station to the
PSDCA while dealing with legacy
architecture in an economical man-
ner

- Allow flexibility in the deployment
of devices for large scale station
replacement as well as small scale
performance improvements

The Goal Architecture
The PSDCA report made several

recommendations with respect to the
architecture and its components. The
intent was to provide a philosophy and a
vision rather than a detailed design and
implementation plan. The vision is to be
reviewed by 2006.

A detailed description of the pro-
posed architecture is given below, fol-
lowed by brief highlights of BC Hydro’s
vision for the main architecture compo-
nents — LAN, RTU, communication
links, etc.

The Proposed Architecture
The proposed data communication

architecture accommodates the needs of
two different groups of users: control
centres and power system data users. The
control centres require real-time data
which is secure and highly available.
Power system data users do not require
the data in real time nor do they have the
same high availability requirements.

A major feature of the architecture is

Continued on page 19

Continued from page 15

Figure 1: Typical Present Control and Data Communication Architecture (PSDCA)
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the physical separation of the control
centre and power system data links. The
former will continue to be over dedicated
SCADA links back to the control centre.
The second will be provided over the
corporate WAN. This reflects the belief
that the corporate WAN may not match
the present reliability offered by the
SCADA control system. See Figure 2
Goal Architecture Overview.

Under the proposed architecture,
there is one station LAN based on an
open standard protocol such as Utility
Communication Architecture Version 2.0
(UCA 2.0). This station LAN will handle
all real-time and non real-time data
between the IEDs, RTU and other station

equipment except for hardwired sig-
nalling between protective relays. 

The RTU handles all data and con-
trol signals between the station and the
control centres for realtime operation of
the power system. Major substations and
all generating stations will still have sep-
arate RTUs to System and Area Control
Centres.

The SCADA protocol will be the
Distributed Network Protocol Version 3.
(DNP 3.0). Station IEDs include digital
protection relays, metering devices, mon-
itoring systems and dedicated con-
trollers. With a standard LAN protocol,
such as UCA 2.0, it should be possible to
connect devices from different manufac-
turers. The HMI can be connected direct-

ly to the LAN, to a computer or to a pro-
grammable logic controller and will be
the means for local control.

A Data Acquisition System (DAS)
collects, processes and stores data from
the station IEDs. The DAS is the com-
mon storage for most station data that are
of interest to support personnel and may
be located at the station or at a more cen-
tralized location.

A key feature of the goal architecture
is the use of the Virtual Private Network
(VPN) or similar technology to ensure
secure remote access to the DAS and to
station IEDs. The use of VPN will allow
the secure flow of power system data
over both the corporate telecommunica-
tions facilities and third party telecom-
munication networks. VPN uses authen-
tication and encryption techniques to
ensure security of data access.

The one LAN concept adopted in
this architecture was a change from the
draft recommendation that specified two
LANs. The basis for this change appears
later in the section titled “One LAN or
Two LANs”.

Station LAN
The station LAN is to handle remote

access of both real-time control data and
non-real-time data. The real-time data
supports both the local Human Machine
Interface (HMI) control and the remote
SCADA including all control, alarming
and analog metering functions.  

Signalling between protective relays
will still be hardwired. UCA’s GOOSE
messaging will not be implemented dur-
ing the five year horizon for PSDCA. 

The LAN connects IEDs, terminal
servers and the Data Acquisition Systems

Continued on page 20

Continued from page 16

Figure  2: Goal Architecture Overview

Figure  3: Security Benefit vs. Cost



IN AN 

ENERGY 

CRISIS, 

Knowledge 
is Power

IN AN 

ENERGY 

CRISIS, 

Knowledge 
is Power

A combined initiative of 

www.wireservices.ca

KNOW

KNOWLEDGE

To optimize your Transmission
Line resources, you need to
KNOW exactly what you have.

• Are original design thermal limits
causing you to sweat?

• Are sag and tension uncertainties 
getting you down?

• Are a few spans limiting your entire
line rating and profitability?

• Are unknown clearance violations 
a release of liability?

WIRE Services is providing Verification
and Re-Rating solutions using Airborne
LiDAR data collection and proven 
analysis tools.

WIRE Services - the vital first
step to KNOWLEDGE

LOOK TO WIRE SERVICES FOR:

THERMAL RATING VERIFICATION

RE-RATING SOLUTIONS

SOLUTION IMPLEMENTATION

20 Electricity Today

(DAS) to a secure gateway which uses the VPN technology to
allow remote access only to authorized users. The LAN is to
use an open standard protocol such as UCA 2.0 over ethernet.
Deterministic behaviour and performance were not considered
to be issues for a modem ethernet installation.

For stations equipped with a corporate business WAN, the
LAN will have a continuous connection to corporate users via
the VPN gateway. Regular corporate business traffic would be
blocked from the LAN by the VPN. For other stations, the
LAN would connect to the corporate business WAN using VPN
type technology over BC Hydro and third party telecommuni-
cation facilities. The Virtual Private Network (VPN) technolo-
gy is described below.

Remote Terminal Units (RTU)
Ultimately, the RTUs will probably become a protocol

converter and data processor or filter between the station LAN
and the SCADA master. During the transition from the present
electromechanical based designs, the RTUs would take many
forms as the remote control evolved from hardwired inputs and
outputs to LAN-based signals to IEDs. RTUs can be single,
dual or even triple ported with each port having its own unique
database. Major stations will have two RTUs, each reporting to
a different control centre.

SCADA Communication Links
New RTUs will use the DNP 3.0 protocol for communica-

tion to the SCADA master while the existing RTUs will con-
tinue to use BC Hydro’s version of the L&G 8979 protocol.
RTUs will continue to have separate dedicated 4-wire data
links operating at less than 9600 bps. Except for small distrib-
ution stations or fairly expensive telecommunication links,
there is no intent to consider sharing a communication link with
the PSD LAN access.

Station Intelligent Electronic Devices (LED)
The goal architecture assumes an increased and extensive

usage of IEDs. IEDs will be installed under various upgrade
initiatives and station projects. IEDs are capable of providing
protection relaying, real-time metering, stored event logs and
some control capability. RTUs, programmable logic con-
trollers, Data Acquisition Systems and communication proces-
sors are needed to collect, filter and consolidate the data of
interest from the IEDs for the various users. 

This processing is necessary to prevent congestion on the
station LAN and the communication links. Programmable logic
controllers will also be required to handle inputs and outputs
and control logic which cannot be found in the IEDs. One
example is substation synchronizing. Terminal servers are nec-
essary to connect low speed RS232 type signals to the ethernet
LAN as well as perform the necessary protocol conversion to
legacy equipment.

Data Acquisition System (DAS)
The goal architecture supports a Data Acquisition System

at the station, regional or central level. The DAS automatically
collects raw data from the IEDs and other sources at the station,
processes it to some extent and makes the data available to
users. The focus of the DAS is the acquisition of data rather
than the long-term storage of data. The DAS could be a sepa-
rate computer or a station programmable logic controller that
also has control capability.

Continued from page 19



Issue 5, 2001 21

Data Storage
The choice of what data is stored at the station, at the

region or at a central site is dependent on the amount of data,
the need for access, the number of users, the frequency of
access and the telecommunication facilities that are available.
Some data, such as digital fault recorder data, would be stored
in the IED, i.e. the fault recorder.

It is expected that most non-real-time data would be avail-
able in station or in central data archiving systems. For ad-hoc
queries, authorized users would access to the individual IED
directly over the VPN rather than accessing a central database.
Long term archiving of data would be done at a central location
rather than at the station.

Virtual Private Network (VPN)
A key focus of the new architecture was the secure access

by authorized corporate users to the station IED power system
data. The goal architecture proposed the use of Virtual Private
Network (VPN) over both the corporate telecommunication
facilities and over third party public networks. A description of
VPN appears below.

One LAN or Two LANs
In parallel and independent from the PSDCA effort, BC

Hydro was perusing a Distribution Protection/Control/
Monitoring initiative to upgrade a large number of distribution
substations to a modem design in order to maximize the benefit
of modem technology. This initiative used the draft Goal
Architecture in its Request For Information from vendors. The
draft architecture included two LANs in the station: one used
for control and real-time data and the second used for non-real-
time power system data. The responses were somewhat unex-
pected. The two LAN concept was interpreted in two different
ways: one way requiring two physical ethernet ports on each
IED connected to both LANs, and the other allowing one phys-
ical port in the IED and connection to the two LANs by means
of data concentrators or multi-plexers. The PSDCA Team was
requested to clarify the goal architecture.

The main issue, and perhaps the only real issue, from the
team’s point of view, was security of access. The concern was
the intentional unauthorized attempt to access the station equip-
ment or an inadvertent problem caused by someone with a legit-
imate reason to access only certain station IEDs. After some
discussion within the team and with WAN and VPN experts, the
goal architecture was revised to consist of a single station LAN
with remote non-real-time access controlled by a security
mechanism such as Virtual Private Network augmented with
management procedures. The rest of the draft Goal Architecture
remained unaltered.

Implementation Strategies
For the next five years, the following strategies will be fol-

lowed:
- Station LAN will be implemented or expanded whenever it

can be technically or strategically justified
- Continued use of the existing MODBUS Plus LAN until a

new UCA 2.0 based LAN is viable
- Continued evolution of the protection and control design

rather than freezing a particular design for several years
- Co-existence of new and existing LAN protocols, i.e. both

UCA 2.0 and MODBUS Plus. Some stations will require a
protocol converter to connect to the existing LAN

- Procure RTUs with UCA 2.0 capability as well as hard-
Continued on page 22
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wired I/O
- Use DNP 3.0 for new station RTUs

reporting to the control centre
- Use DNP 3.0 for all distribution

feeder RTUs and switchgear com-
munications

- The installation of WAN and DAS
for substations will be initiated

- The installation of VPN connections
will be expedited
The above strategy could result in

about 45 more stations having some
form of LAN implementation. Most of
the metering additions and replacements
will use digital relays or metering IEDs
which can be connected to a LAN. The
number of distribution feeder RTUs or
switches could be about 100. The num-
ber of PSD LAN installations could
exceed 50 over the next five years.

Progress To Date
The following projects or initiatives

are underway:
- Development of a DNP 3.0 interface

for the present SCADA/EMS sys-
tem continues

- Proactive rollout of digital metering
using LAN-based designs

- Upgrade to digital protective relays
which have metering and control
capabilities

- Procurement of RTUs with LAN
capability continues

- Deployment of the new Distribution
Protection, Control and Monitoring
initiative using the Goal
Architecture is in planning stage

- Scoping and estimating of the WAN
and DAS for substations has started

Security and Virtual Private
Network (VPN)

The security of protection, control
and SCADA systems against electronic
threats such as hackers, saboteurs and
inadvertent actions is a key concern in
the new data communication architec-
ture. Much of the existing protection,
control and monitoring equipment has
simple methods for securing access such
as single or two-level passwords. The
complexity of providing robust secure
access is generally beyond the scope of
most embedded equipment designs and,
as a result, most manufacturers have left
it to the power companies to provide the
necessary levels of security.

A network architecture that incorpo-
rates industry standards for PSDCA pro-
vides an opportunity to use existing net-
work security systems. Some of the ben-
efits of the Virtual Private Network

22 Electricity Today

Figure  4: PSDCA - Typical VPN Deployment
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(VPN) are:
- Standard off-the-shelf solutions

available from manufacturers
- Proven technology for securing net-

works
- Provides a transparent layer of secu-

rity for IEDs
- Security can be made very robust
- Single user logon can provide

access to multiple IEDs
VPN is used to connect branch

offices together over the public telecom-
munication networks. It is also used to
provide a single user broadband access
to their company’s Intranet. VPN gate-
ways encrypt the trusted data and encap-
sulate this information within the public
network’s communications protocol,
thus forming a virtual private data “tun-
nel” crossing the public network.

Other technologies are available for
secure network access. Figure 3 Security
Benefit vs Cost, gives an idea how VPN
compares with other network security
technologies.

The successful implementation of
the PSDCA for corporate users relies
heavily on the availability of the com-
munications infrastructure. Over the
next 5 years, the power system data net-
work will be designed to make use of
both corporate and third party facilities.
For substations and generating stations
served by the corporate business net-
work, it would be convenient to install a
VPN gateway at the station with all the
IEDs on one side and the corporate net-
work on the other. The VPN gateway
provides the necessary logical separation
between the two networks. Only a small
number of stations could be handled in
this fashion since these stations typically
need to be reporting headquarters to jus-
tify a corporate business connection.

The majority of BC Hydro substa-
tions are not served by the corporate
business network. These stations are typ-
ically unmanned. These stations will
require the installation of networking
infrastructure equipment such as com-
munication lines, routers, hubs, etc. This
network will probably be physically sep-
arate from the corporate business traffic
to ensure a high level of security. A VPN
gateway will not be required in these sta-
tions. 

The communication links to these
stations could terminate in a regional
headquarters where the VPN gateway
would interconnect to the corporate busi-
ness network as shown in Figure 4. The
communication links to these stations
will include microwave, power line car-
rier, fibre, leased circuits, dial-up lines

and possibly radio links.
Associated with the rollout of the

VPN technology, the following guide-
lines or constraints will be addressed:
- Management of the VPN on a 7x24

basis: need to check the activity logs
- Authentication of authorized users
- Ensure “view only” ability to cer-

tain devices
- Still physically separate control data

link
- No software downloads or change

of protection relay settings

Conclusion
BC Hydro has developed a Power

System Data Communication Architec-
ture, for the next five years, to enable
authorized corporate users to access sta-
tion IEDs for power system data in non
real-time without compromising the reli-
ability and availability of the real-time
SCADA systems. 

Major upgrade initiatives are
expanding the use of IEDs and RTUs
communicating to control centres using
DNP 3.0. Station LANs are being devel-
oped with UCA 2.0. The VPN technolo-

gy will allow secure access to station
IED data by corporate users. A pragmat-
ic and evolutionary approach is being
taken in deploying the new standards
and designs.

The new architecture supports both
control centres and corporate users being
able to access their own data in a reliable
and secure fashion.
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In the past electromechanical protective relays world, the
only way to monitor and assess relay operations was by
way of stand alone fault recorders. These fault recorders

sometimes had mechanical methods of providing prefault
information by way of rotating drums or through some sort of
storage medium such as looped magnetic tapes. While some-
what crude by today’s standards, these early recorders provid-
ed much insight into what took place during faults and system
disturbances. As modern microprocessor power evolved in the
1980s, stand-alone recorders were able to use the power of
digital data processing to provide the analytical engineer with
power system voltage and current waveforms. These wave-
forms could then be analyzed in the electronic medium before
being printed on paper. This, of course, was a tremendous step
forward. Development and use of power system analysis tools
such as fault, stability and electromagnetic transient programs
also became more widespread. During this time the emergence
of microprocessor relays occurred. 

What Is Driving Today’s Needs For Fault And
Disturbance Recording?

Today’s electric power utility operations are being driven

more and more by issues like deregulation, where more has to
be achieved with less human resources in a shorter time peri-
od. 

To address power system reliability issues, the North
American Electric Reliability Council (NERC) has been
charged with the responsibility to see that this is achieved. It is
not in the scope of this article to look at the pros and cons of
NERC, other than to say that there exists some expectations by
this group for power utilities to demonstrate knowledge of
what their systems look like and what their performance is like
during a particular type of fault or system disturbance condi-
tion.

Time Frames Associated with Power System
Operation

Various events happen within various time frames. Some
of these events are categorized below:
TIME FRAME EVENT EXAMPLE
microseconds switching surges breaker restrikes
milliseconds harmonics variable speed drives
cycles fault clearing relay/breaker operation
seconds           load flow changes governor/exciter response
minutes           system stability reaction to dispatch actions
hours             load variation new generation schedules
days              NERC reports system disturbance 
months/years system modeling fault, load flow and stability 

Today’s Microelectronics World in the Utility Field
While it is true that many pieces of equipment are still

protected by electromechanical relays, it cannot be denied that
the digital world has arrived in the power industry. Processors
such as the Digital Signal Processor (DSP) have a tremendous
ability to perform mathematical computations for data pro-
cessing and for performing protective functions. Digital tech-
nologies today are able to provide both a protection as well as
a recording function in one box as a robust and technically fea-
sible solution (See Figure 1). 

Recording relays have the ability to cover recording time
frames from milliseconds to hours with a sampling speed of
about 100 samples per cycle. As well, this sampling rate can be
averaged down to cover the power swing time domain. This

Figure 1 Recording Relay Infrastructure Example
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permits issues related to harmonics,
faults, load flow and stability to be cov-
ered as well. There is no reason to
believe that this direction will not con-
tinue as station integration of all IEDs
produces technically sound and efficient
solutions.

Benefits of Using Fault Recording
Digital Relays

Some of the benefits of fault record-
ing relays are:
- Cost, minimizing external connec-

tions and hardware.
- Voltage and current recorded wave-

forms are the same as those used by
the relay’s protection.

- Relay functions that operate are all
part of the fault record itself. That is,
fault record events are analyzed by
the same software as the analog
volts and amp channels.

- Relay settings at the time of the fault
are easily attached to the fault
record to help produce a more com-
plete fault database.

SOME QUESTIONS ABOUT THE USE 
OF RECORDING RELAYS
1. What happens to the recording if
the relay fails during the fault? 

This question is answered with
another question — what happens to
protection if a relay fails? Good protec-
tive relaying design practices dictate that
backup relaying needs to be provided for
protection purposes. Should backup
recording be such a foreign concept
then? If overlapping zones of protection
are used, overlapping zones of recording
is certainly available. Figure 2 illustrates
an example of a line distance relay cov-
ering six zones forward and reverse from
its location using more or less conven-
tional relaying logic. Since protection
logic is used to initiate recording, record-
ing can also be initiated for any fault in
the 6 distance zones. In addition, protec-
tion redundancies at these busses should
also provide backup protection and
redundant recording. 

Overlapping Recording Zones 
For a fault that may occur at Bus D,

the recording relay at Bus C will see the
fault by using its overreaching distance
functions zones 2 and 3 (21-2 and 21-3)
see Figure 2). Normally these zones of
protection would have time delays
applied to them for backup tripping pro-
tection. These relays could however be
programmed to collect fault recordings
immediately upon the detection of a fault
into zone 2 or 3 and in this manner make

fault recordings available for faults that
occur at adjacent Bus D. In a similar
manner, zones 3 and 4 provide record-
ings for faults at Bus A, B or E. 

2. What happens if the relay gets bur-
dened with recording that slow down
its protective function? 

Make no mistake, a recording
relay’s function must be to provide pro-
tection first, and recording second.
Intelligent recording relay design can
use one processor such as a DSP to pro-
vide protection, then hand off recording

to another on microprocessor, thus leav-
ing protection unaffected for any system
condition.

3. Data rates for relay functions are
typically in the range of 4 to 16 sam-
ples per cycle. Where does good quali-
ty fault recording come from? 

Again, processors such as DSPs can
be made to sample analog voltage and
current quantities at rates of say 100
samples per cycle, then average down
this rate as required for relay algorithm
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needs — the NERC standard for recording relays is 64 s/c.
Advances in memory technologies have made data storage in the
relays possible. 

4. What about Time Synchronization? 
Most relays as well as stand-alone disturbance fault recorders

are able to accept time signals such as IRIG-B to ensure accurate
time resolution between events. Failure to do this with data col-
lected by other IEDs can lead to a chicken and egg situation.
Fortunately, IRIG-B is getting better and less costly for station
applications.

Other Disturbance Data Sources
The presence of and the ability to collect disturbance data

from recording relays is of course not the only data source. Other
data sources include:
- Stand alone fault and disturbance recorders
- SCADA and RTUs
- Other relays and IEDs such as meters, controllers and special

protection devices. 

A Data Management Model
With all the IEDs on a power system, the first question one

may ask is  “Where is the information that I need?” This may seem
obvious, but past experience shows that either the relevant infor-
mation is buried in a heap of data or possibly failed to reach its
destination for some reason. (Mr. Murphy had a theory on this!) In
the building of a data management model, a healthy component of
this theory can be used to improve this model.

Basic data management model questions that need to be
asked:
- Who needs the information?
- How soon is the information required? 
- What type of information is needed for each user?
- Where is the information needed?
- When is the information needed?

Other issues that need input in the model are:
- Where should the data be stored?
- What is the fallback position if data is not received?
- What to do with redundant data?
- How can data be integrated into a useful form?
- How is the data formatted?

A first attempt at a data integration model is shown in Figure
3. In this model, recording relays (e.g. L-PRO, T-PRO, F-PRO and
B-PRO), recorders (e.g. TESLA) and other IEDs in the field col-

Continued from page 25

Figure 3 Data Integration Model

Figure 2 Possible Zones of Recording and Protection
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lect data then report this data to a common Central Station (e.g.
RecordBase) and/or their own collection systems.

The data from the various IEDs may be sent in the same or dif-
ferent formats. In order to place the data into the Central Station in
a meaningful fashion, this data needs to be converted to a standard
format such as COMTRADE. 

Once this is done, various tasks are performed on this data.
Appropriate data is absorbed into the various tasks by different
data processors. For example, fault analysis can be performed by
an artificial neural network or by a combination of human and soft-
ware interactions. The results of this activity can either go off to
other areas or can be put back into another part of the Central
Station database.

In some cases, such as the need for fault location, the infor-
mation may be required sooner than the Central Station informa-
tion route can provide. 

In these cases, the data from the relays is provided locally and
through connection with systems such as SCADA to provide the
information to the right people at the right time. This does not pre-
clude the possibility of also sending information such as fault
information to the Central Station for further statistical analysis. 

Central Station Format
In order to provide enough flexibility in the use of data col-

lected by the Central Station, the Central Station must be struc-
tured to allow this to take place quickly and effectively. One
Central Station possibility is presented in Figure 4.

This Central Station model allows the data collected from
recording relays, recorders and other IEDs to be distributed to var-
ious user workstations where data is analyzed or used by other
software programs. This model also goes some distance in address-
ing issues such as backup data storage. In all the models for com-
mon data use, time synchronization and the ability to generate
standard data forms using standards such as COMTRADE to nor-
malize the information is important. If this cannot be achieved,
then the user is forced to use several Central Station programs that
make it very difficult to correlate to a given fault or disturbance.
This unfortunately still happens today for far too many post-dis-
turbance analysis activities. 

Conclusion
As the need to know exactly what happens on power systems

is becoming more and more important, any and all sources of fault
and disturbance data will be sought and used by power system ana-
lysts and system operators. All information available for a particu-
lar disturbance will therefore be actively used. 

For all faults and disturbances, it is guaranteed that one form
of protective relay or another will be involved and assessed. The
ability of a recording relay to provide information about the power
system during these disturbances is therefore of great value in the
analysis process.

Dave J. Fedirchuk is Product Manager at APT Power
Technologies (a NxtPhase business). ET

Figure 4 Central Station Makeup Example
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Question:
We are purchasing a Variable Frequency Drive (VFD) for

a 100 HP load in our plant. Do I have to be concerned with har-
monics or other system problems?

Answer:
Yes and No. First of all, you want to be sure that you spec-

ified the correct drive. This isn’t as easy as it used to be. To
make the drives smaller and less costly, many items have been
reduced or eliminated from the standard drive. This means that
in specifying the drive, the vendor must be made aware of the
exact application and take the necessary precautions to achieve
a successful installation. Alternatively, an engineer experi-
enced in drives applications should be engaged. The new dri-
ves, however, tend to reduce the amount of harmonic content
reflected back into the power system resulting in less notice-
able effects. Some drives do this better than others. Therefore,
initial drive specification is important.

The next step is correct installation practices. Correct
grounding (as always) is key to the installation. Insure that the

manufacturer’s installation recommendations are followed.
Try to isolate the drive on a separate bus and always use an iso-
lation transformer or line reactor to prevent the passage of
transients and higher level harmonics. Keep the VFD away
from buses with sensitive electronic loads. It is always wise to
monitor the harmonic levels prior to installation to ensure that
you don’t already have harmonic problems.

Ensure the drive is installed on a stiff bus. This means one
with plenty of capacity and adequately sized feeders.  Drive
effects will be more noticeable if the feeding transformer or
cables are too small or there is poor regulation on the feeding
circuit.  

Avoid putting VFD’s on circuits where power factor cor-
rection capacitors are installed. This could lead to some unex-
pected and undesirable interaction between the capacitors and
the drive.

Try to limit the amount of drive load on a single trans-
former. Typically, if you have more than 50 per cent of the load
on a transformer from VFD’s, you will experience some prob-
lems.

In severe cases, drives can be ordered with an AFE (or
active front end) which will modify the waveform through
active filtering techniques. However, this is usually done for
larger drives, as it generally doubles the cost of the drive.

Attention to the above guidelines will reduce the effects of
any potential harmonic or transient problems.

Question:
I need an uninterruptable power system (UPS) for a com-

puter system that we are installing. How big does it need to be
and are there any installation issues of which I should be
aware?

Answer:
The primary purpose for a UPS system is to ride through

short power interruptions and protect the memory and data
located within a computer. It can also be used to provide a con-
tinuous power source for critical equipment or provide a clean
power source for sensitive electronic equipment.

The size of the UPS must be large enough to handle the
equipment load and yet be capable of supplying the extra cur-
rent necessary for equipment starting inrushes. This is gener-
ally specified in VA or kVA. Use equipment nameplates or
specification data to determine the necessary size. Check with
the manufacturer for any inrush requirements. Allow more
capacity than you think you need. 

When it comes to specifying the battery capacity, consid-
er the length of time it is necessary to keep the equipment run-
ning. If life critical equipment is involved, the battery capaci-
ty must last until the source is restored or an alternate source is
switched on. Normally with a computer, we are looking at
keeping the equipment running only long enough to save the
necessary data and perform an orderly shutdown. In many

Our Expert Offers Answers to Frequently
Asked Questions About Power Quality
By David Windley, P.Eng., C.I.M.
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cases, major plant or facility equipment
will also go down, debilitating normal
operation anyway. 

Battery sets are generally specified
in ampere-hours.  This is a nominal term
and actual performance will depend on
the actual load conditions. If in doubt
allow extra. This is an important decision
as not only the length of time the equip-
ment runs is affected, but as the amount
of battery capacity goes up, the cost of
the system significantly increases.

One of the installation issues which
is not always understood is how the UPS
should be connected to the power sys-

tem.  As the UPS involves an AC/DC
conversion, it will inherently generate
noise and harmonics in its supply.
Therefore, we do not want to connect it
to an existing clean supply, as it will cor-
rupt it. The best place to install it is in a
relatively stable and reliable bus where
there are no sensitive electronic devices
connected.

David is the President of Wintek
Engineering. You can forward your
questions or comments to him at
wintek@wintek-eng.com. Some of these
questions will be addressed in future
issues of Electricity  Today . ET
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The transformer is a product that is more than one hun-
dred years old. Many of the basic functions and solu-
tions remain the same after all these years, in spite of the

fact that transformers have undergone a comprehensive devel-
opment process. One could therefore assume that most things
that could be done have already been done; but still there is
extensive ongoing R&D being conducted at a highly theoreti-
cal level. This research is looking at new materials for insula-
tion, methods for condition monitoring and diagnostics, noise
elimination, environmental impact and the possibilities of
using superconductive materials.

Intensive search for New insulation Materials
The oil and cellulose material known as pressboard has

been used in the insulation of transformers for one hundred
years. Experience has shown that it works well, and over the
years both the material and the methods have been refined.

Pressboard has, however, one obvious disadvantage: its
good electrical properties drastically deteriorate if the material
is damp. This means it must be dry. There must be a drying
process during the production of the transformer, and during
the erection work in the field — the ingress of air must be lim-
ited to the absolute minimum, especially if the air is damp.

To avoid difficulties caused by sensitivity to moisture, we
are researching other materials. To merely carry out tests with
some plastic material and maintain that it works well in the lab,
is not the way forward. The strength of pressboard is that we
know that it can actually function over a long period of time —
50 years is nothing unusual. To be sure that any new material
will function for such a long time, there are two alternatives:
either we must test the material over a very long period; or,
amass a sufficient amount of theoretical knowledge to assure
us that the new material really will function for the required
number of years. 

Naturally our primary aim is to increase our theoretical
understanding of what happens inside a transformer. One
route, for example, is to increase our understanding of the
physical processes that occur in connection with a flashover,
and how this is influenced by the materials present.

A new material should have the following properties:
- It must be resistant to electrical breakdown. 
- Electrical flash-over must not slide along the materials

surface (which it can do with pressboard).
- It must be homogeneous.
- The material must be mechanically stable.
- It must not be affected by or affect the oil.

In order to verify all these properties, it is also necessary
to construct full-scale models.

Right now we are in the process of constructing a full-
scale model with a new material. There remain, however,
many questions that we have to find answers to. The knowl-
edge gained from working with pressboard, e.g. when it comes
to dimensioning, is to a large extent empirical and can there-
fore not be directly applied to other materials.

Condition Monitoring Helps the Customers 
Make Decisions

The material that could eventually be used to replace
pressboard is unlikely to be any cheaper to buy. It could, on the
other hand, contribute to lowering total costs if you can dis-
pense with drying, and perhaps the dimensioning can be
changed. In addition, better aging properties can hopefully
prolong active life.

An important means for our customers to save money is to
make the right investments at the right point in time — and
thereby of course also avoid making unnecessary investments.

In general, it is estimated that a transformer will last for 25
years. At the same time, we know that some last for 50 years
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and more. In this respect it is of interest to
develop techniques for condition moni-
toring and diagnostics.

Privatization and deregulation of the
power industry in many countries has
changed the demands placed on the
equipment. When everything was under
the control of national power companies,
the demands on the reliability of individ-
ual components were less. Then, prob-
lems at one location could be compensat-
ed for by taking power from somewhere
else until the problem had been remedied.
A smaller power producer who has
undertaken to supply power to a major
industry has no such options. Cuts in
power supply cannot be compensated for
and therefore must not occur.

Traditionally, the condition monitor-
ing of power transformers takes place
through keeping a check on temperature
and oil levels, along with regular mainte-
nance of the tap changer. In addition, oil
samples are often taken once a year for
gas analysis, to check that no problems
are in the process of developing.
Increased demands on non-stop supply
also mean demands for early warning of
incipient problems. 

To meet these demands, we are now
developing a gas detector for online use,
which can detect several gases. We are
also developing a detector that can trace
partial discharge, which can be the first
sign of a fault developing. To handle all
the information provided by condition
monitoring, a data collection unit with an
accompanying communications system is
also being developed, to enable informa-
tion from different installations to be col-
lected in a central control room.

When an indication comes in that
something is not as it should be, it’s a
matter of being able to make the right
diagnosis. This is going to demand con-
siderably more advanced, and therefore
more costly, equipment; it will not be
possible to install this in the field, but it
should be possible to take it out to the site
if necessary. 

A detailed gas analysis can give
information about what is happening, but
not where it is happening. Partial dis-
charges emit sounds in a range of fre-
quencies which can normally not be
detected by the human ear. This is utilised
so that, with the help of special micro-
phones, placed in a certain way, the dis-
tance and direction of the sound can be
located.

Over and above the information
obtained through measurements, diag-
nostics is to a very large extent built on
experience. In order to make all our col-

lected experience available, we have
started to incorporate it into knowledge-
based diagnostic systems.

As a part of the general heightened
environmental awareness, demand for
quieter installations has increased. There
are two ways of tackling the problem of
unwanted noise. You can either muffle
the existing noise or eliminate the cause.

If you want to deaden noise the sim-
plest way is to case it in. A more
advanced method of suppressing noise is
to record and analyze the noise and then
transmit the same noise, but offset in
phase, so that the sound waves eliminate
each other.

It is best however, in most cases, to
start by tackling the problem at source,
primarily through increasing our under-
standing of sound generation. In addition,
the noise generated is often amplified by
resonance phenomena. Such phenomena
can be eliminated through construction, if
dimensions that give resonance with the
sounds that are generated are avoided.

So, that we can get a perspective on
our products’ environmental impact and
prepare ourselves for possible future
demands from the authorities and the
world around, we have started to work
with life cycle analysis. Such analyses
indicate there is one factor in the trans-
former that exceeds all others by a very
large margin. That is the energy loss dur-
ing operation.

Superconductors and High-Voltage
Direct Current in the Future

Suppose that one of our transformers
has an efficiency of 99.7 per cent. If you
work out how much energy this loss of
0.3 per cent corresponds to per year, and
subsequently during the entire lifetime of
the transformer, then we are talking about
huge amounts of energy. The trans-
former’s total environmental impact,
then, is largely governed by the environ-
mental impact of the electrical power
producing installations.

The biggest contribution we can
make to helping the environment is to
improve the transformers’ efficiency,
which is a matter we are addressing.

If one wants to look further into the
future, then there could be more dramatic
innovations. One of them, of course, is
the use of superconductive materials.
Superconductors could give us smaller
transformers and transformers able to
effectively handle high frequencies at a
low voltage.

This development has, however, not
proceeded as rapidly as many hoped
when the first discoveries were made.

While it has been possible to discover
materials that are superconductive at
“high” temperatures i.e. temperatures
over -70 degrees C, these materials are
extremely expensive.

But there are still possible advan-
tages to be gained with superconductors,
so we are continuing to work with these
materials. We have constructed one pro-
totype and are about to start constructing
a second.

There are signs that the transformers
of the future will be of a totally different
type than today. Some believe that alter-
nating current will turn out to be a paren-
thesis in history, albeit a long one. If the
energy of the future is to come from solar
power stations in the Sahara, one might
as well keep it as direct current. Already
now it is cheaper to transport energy long
distances as high-voltage direct current,
and for most uses direct current is as
good as alternating current. In those cases
where alternating current is necessary, for
example in motors, 50 Hz is in any case
seldom ideal.

It will take a few decades before the
time comes to scrap alternating current.
Until then, we will continue to develop
the management of it just as far as it is
possible to go.

Anders Lindroth is General
Manager, Transformer Technology
Division, ABB, Ludvika, Sweden. ET





Staying at the leading
edge of technology in the
transformer industry

requires a complete under-
standing of the major advan-
tages of circular windings over
rectangular windings. To
develop a proper evaluation of
why circular windings are bet-
ter than rectangular windings,
Virginia Transformer Corpor-
ation has examined the nature
of forces generated in wind-
ings and how each of these
two types of windings copes
with these forces. Circular
windings can be a major asset
to transformer owners when
they are developing specifica-
tions for transformers above
5000 KVA. The following sim-
plistic explanation can help to
educate transformer pur-
chasers as to the advantages.

Under the short circuit, the
rectangular coil design trans-
former will undergo substan-
tial geometry changes in the
coil shape leading to coil/insu-
lation damage because it wants
to become circular. The imped-
ance change is up to 7.5 per
cent. The circular coil on the
other hand remains circular,
the natural shape and suffers
no change in geometry and
impedance.

How Forces are Generated
in Transformer Windings

When the windings of
transformer carry current, a
leakage flux field is produced
between the concentric wind-
ings (i.e. high voltage and low voltage
windings). The principal component of
the leakage flux is axial. 

The current carried by the winding
conductors (circumferential direction)
interact with the leakage flux and pro-
duces forces. 

Radial Forces
The nature of the leakage flux is

such that it is mostly in the axial direction
(except in the ends of the windings) and
hence the maximum radial force occurs
around the mid-height of the coils. Radial
forces act outward on the outer winding
and inward on the inner winding (Fig 2). 

Axial Forces
Near the ends of the wind-

ings, a large part of the leakage
flux bends towards the core leg
and thereby causes a radial
component of the flux. The
interaction of this radial compo-
nent of flux with the winding
current produces axial forces
that tend to compress (or tele-
scope) the winding conductors
along the vertical axis. 

In short, there are both radial
forces and axial forces generat-
ed in a transformer winding. 

Short-Circuit Conditions
Result in Very Large Forces

During the short circuit con-
dition, large amount of currents
flow through the windings. The
forces generated in a trans-
former subject to short circuit
conditions are magnified many
times more compared to those
under normal operating condi-
tions. 

For example, a transformer
with 6 percent of leakage
impedance will carry 16 times
the rated current during short
circuit and this will result in
forces more than 250 times
those under normal operating
conditions. Also, the peak
forces are much higher than the
RMS forces. As an example,
the radial forces in a 10 MVA
transformer can exceed
100,000 lbs.

Circular Windings remain
Circular under Short-Circuit
— No Change in the

Geometry
In circular coils any radial forces

tend to be distributed uniformly along the
circumference of the coil. In circular
windings the radial forces are resisted by
the strength of the winding conductors,
and in some cases the low-voltage wind-
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The Performance Advantages 
of Circular Windings
By Subhas Sarkar, MSEE, P.Eng., Sr. Member IEEE

TRANSFORMER DESIGN

Figure 1: Direction of forces generated due to interaction of Flux
and Current

Figure 2: Leakage Flux Pattern and Direction of Forces Acting on
HV and LV
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ing tubes. The axial forces are resisted
by the stiffness of the radial spacers and
the beam strength of the conductors. 

In circular coils the forces are limit-
ed to that particular phase coil and are
borne by the coil itself, which is suitably
designed to withstand the forces on its
own strength. There is no change in the
performance of the coils. The impedance

changes during short circuit test is typi-
cally 1 per cent or less.

Rectangular Windings Try to
Become Circular 

The forces generated in the rectan-
gular coil transformers are very similar
to those in circular coil transformers.
The radial forces tend to separate the
inner winding from the outer winding.

The inner winding tries to crush inwards.
The outer winding tries to arch or bow
away from the flat surfaces of the inner
winding and the high-low gap.

Under radial forces, the rectangular
windings tend to become circular (see
Fig 4). This results in substantial change
in geometry and the impedance.

For rectangular coils, the radial
forces tend to concentrate at the corners
of the coil and cause greater stresses in
those regions. 

By restraining the outer winding
(mechanically) from moving, the forces
on the inner winding greatly increased. If
the inner winding happens to be a sheet
winding, it tries to get displaced towards
the corners. 

The phase-to-phase gaps between
rectangular coils are sometimes packed
to restrain movement of coils in that
area. Unfortunately, under such arrange-
ment, the forces generated by one coil
are passed on to the adjacent phase coil
and hence the forces are compounded.
The insulation may be damaged (coil
failure) due to the mechanical restraint
on windings/coils.

Change in High-Low Gap in
Rectangular Winding

The short circuit forces in the rec-
tangular windings tend to separate the
windings and consequently increase the
high-low gap. This increase results in
variation of impedance. The standards
allow 7Ω per cent variation of imped-
ance after the short circuit test. In other
words, a transformer will be deemed
‘passed’ if the variation is within 7Ω per
cent.

In this section we shall show that the
actual change in the high-low gap is
nearly 20 per cent when the overall
change is 7Ω per cent.
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Figure 3 illustrates that a circular winding remains circular and Figure 4 illustrates that a rectangular wire tends to become circular.

Figure 3 Figure 4



The ends (front and back) of rectan-
gular windings are somewhat oval in
shape and can be expected to undergo
lesser change than the flat sides. For this
analysis we have assumed 3 percent
change in the ends. Also, of the total
length of the high-low gap about 60 per
cent is on the flat side and 40 per cent is
on the ends. 

Let us assume that the high-low gap
was ‘G’ before the short circuit test. 

Overall change = change in the ends +
change in the flat sides (say ‘X’). 

G * 1.075 =(40% of ‘G’) * 1.03 + (60 %
of ‘G’) * ‘X’

Or, 1.075 G = 0.412 G + 0.6 G * X

Solving for ‘X’, we get:

X = 1.105   (i.e. 10.5% change in High-
Low gap). 

Further, Figure 5 shows the nature
of the deformation of high-low gap
which is like an arch, and the highest
reflection occurs in the center. Using
trigonometry, it can be seen that the
deformation in the center of the arch is
nearly twice as much as the average
change. 

In other words, the percentage
change in the high-low gap would be as
much as 20 per cent (even though the
average change may be within 7 Ω per
cent). 

Summary
Rectangular designs may be fine for

distribution applications typically less
than 5000 KVA. Ratings above 5000
KVA should be circular.

Rectangular windings tend
to become circular under
radial forces. This results in
conductor movement, risk of
failure and change in perfor-
mance.

If the outer coils of a rec-
tangular winding are re-
strained from moving, the
forces on the inner winding
are greatly increased, thereby
increasing the risk of con-
ductor movements.
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Figure 5: Change in High-Low Gap in Rectangular Windings is Very Large



Not too terribly long ago, electric
utilities appeared capable of pro-
ducing increasing amounts of

electrical energy to feed the apparently
insatiable demands of North American
consumers. Today, the entire question as
to whether or not sufficient generation
exists to fulfil existing demands is placed
in doubt. The prospect of additional gen-
erating plants being constructed in time
to provide interruption free service for all
consumers is questionable. A notable
example being that of the State of
California, where demand now exceeds
generation and a series of ‘rolling black-
outs’ became inevitable.

Emerging Technologies
The burden of providing increased

generation is being transferred to the con-

sumer. ‘Distributed Power’, meaning
generation that is relatively small in size
and located at its point of use, is no
longer merely a buzzword. A couple of
new technologies are poised to partici-
pate in the burgeoning need for more
power. Fuel cells, which produce elec-
tricity from natural gas by means of a cat-
alytic process, are one example. Fuel
cells typically are sized from about 45
kW up to about 300 kW. Provided that
fuel and air are supplied to the unit, elec-
tricity is generated instantaneously. The
fuel cell is able to cope well with dynam-
ic load changes up to its maximum
capacity. 

Another example is the so-called
micro-turbine, a high-speed miniature
gas turbine that converts natural gas, sour
gas or even bio-mass waste gas into elec-

trical energy, by driving a generator.
Power outputs of these devices are cur-
rently in the range of about 25-75 kW.
The turbine system does have a couple of
shortcomings. First, the time from being
provided with a start signal to actually
achieving power output may be as long
as two minutes. Second, turbines are
intolerant of overloads. Even a slight
overload will cause the system to shut
down to protect itself from over tempera-
ture damage.

Both of the new technology solu-
tions are relatively environmentally
friendly and adapt themselves well to
many residential and small business
energy needs. Both systems also produce
considerable heat that may be recovered
and used in other processes. On a less
positive note, volatility in the cost of and
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supply of natural gas, will play a major role in the success of
either of these emerging systems.

Finding Surplus Power In Traditional Sources
Other, more traditional untapped sources of electrical

power generation, are the standby generator sets that are
installed in many commercial and institutional buildings. These
machines generally use diesel engines as their prime movers
and may use diesel grade oil or natural gas as a fuel source.
Other standby units may use large gas turbines as the motive
source, running on a wide variety of fuels. In general, emissions
from standby generator sets are higher than the emerging alter-
natives. 

At the same time, the power output available from individ-
ual diesel generator sets may be much greater, ranging from a
few kiloWatts to several megaWatts. Diesel powered units are
relatively tolerant of short time overloads. They are capable of
accepting full load within some 10 seconds after being com-
manded to start. Larger gas turbines, as in the case of micro tur-
bines, are essentially incapable of accepting overloads and suf-
fer the same long time to start limitation.

Codes and standards for the construction of new buildings
often include a minimum requirement for standby power for life
safety reasons. Many end users actually choose to exceed the
minimum standard in order that they may continue to carry on
business during periods of utility power outages. 

The Use of ‘Standby’ Generators
So it may be, that in the short term, the large and growing

installed base of standby diesel generator sets will afford the
greatest opportunity to provide the on-site generation needed to

supplement essentially fixed utility capabilities. Let us look at
some possibilities that would allow for the efficient use of these
underutilized machines.

The first and simplest use of a standby generator is to use
it to simply shed load by using its associated automatic transfer
switch to start the generator and transfer the already connected
emergency loads to it. Starting may be programmed on a time-
of-day basis or as a function of facility load demand. Using the
generator in this way can trim peak demands and lower utility
demand charges for the user. This is likely not the most efficient
use of the generator because emergency requirements do not
usually load the generator to its most efficient capacity. The use
of a standard automatic transfer switch will result in a brief
(from about 40 milliseconds to as long as 10 seconds) power
outage when transferring to and from the engine generator. The
actual time of outage is purely dependent on the design of the
transfer switch as well as the nature of the loads connected to it.

A second possibility is to use a Closed Transition Transfer
Switch (CTTS) instead of the standard, open transition auto-
matic transfer switch (ATS). In Canada, at the present time, the
Canadian Electrical Code, Part 1 and the Automatic Transfer
Switch Standard CSA C22.2 No. 178, do not permit the use of
closed transition devices. Therefore approval will have to be
granted by the utility having jurisdiction to connect a CTTS to
its network. An alternative is to use a Solid State Transition
Transfer Switch (SSTTS). The SSTTS does not physically
interconnect utility and emergency power sources and is actual-
ly a ‘load uninterrupted’ device, switching in less than 1/2
cycle. Either of these alternatives will provide transfer without
any apparent interruption, provided both sources are live. This
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APT POWER TECHNOLOGIES 
TESLA Digital Fault Recorder 

The TESLA recorder (model 2000)  has 36
analog/64 external input channels with a
wide range of triggers plus over 150 calculat-
ed channels. Multi-timeframe recording
modes (1000 records):

- transient fault (96 s/cycle, 10 sec. records)
- dynamic swing (1 s/cycle, 3 min. records)
- trend (90 day log)
- event recording (250 events)

Direct-connect SCADA (DNP/Mod-bus) —
Ethernet ready.

Smart, easy to use, integrated protection
and recording.

For further information contact: 
APT Power Technologies 
Tel.: 204-453-3339 (x269) 
Email: info@aptpower.com 
Website:  www.aptpower.com
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KABAR INDUSTRIES
Kabar Anchoring System

Kabar has a complete line of
Anchoring; consisting of Power Installed
Screw Anchors, Cross Plate Anchors,
Expansion Anchors, Wedge and Rock
Slide Anchors. 

Kabar is able to meet your varying
anchoring needs. 

Product made in Canada. 
For more information contact:
Kabar Industries 
Tel: (905) 478-8983 
Email: kabar@kabar-almat.com

G.T. WOOD COMPANY LIMITED
High Voltage Electrical Contractor
- High Voltage Preventative Maintenance
- Transformer and Switchgear Repair
- Infra Red Thermography Inspections
- Engineering Design Studies
- Substation Design and Build
- Harmonic Analysis
- Power Factor Correction
- Cable Locates and Repairs
- Sales of New and Pre-owned Equipment
- Supply of Temporary Substations
- PCB Management
24 HOUR EMERGENCY SERVICE

For additional information contact:
Toll free:1-800-305-2036
Tel: (905) 272-1696
Fax: (905) 272-1425
Email:sales@gtwood.com
www.gtwood.com

GARY STEACY DISMANTLING LTD.
Transformer Recycling
Total PCB Destruction

All electrical equipment incinerated
and/or recycled.

- All transformers including 
Askarel

- Capacitors
- Ballasts
- Cable
- All PCB contaminated materials

For best prices, 
contact Gary or Yvon

Tel: (905) 355-3046
Fax: (905) 355-5480
Email: gary@steacydismantling.com
www.steacydismantling.com
Ontario’s only MOE approved Solution

HERCULES INDUSTRIES, INC.
Complete Line of Solid Brass

Padlocks
Hercules Industries, Inc. brings to you

the most complete line of solid brass
padlocks.

Our locks are precision crafted out of
solid brass to withstand inclimate weath-
er conditions and are available with
brass or stainless steel shackles. Locks
can be keyed alike, keyed different or to
your existing key.

For more information contact:
Hercules Industries, Inc.
PO Box 197
Prospect, OH 43342
Tel: 1-800-345-2590
Fax: (740) 494-2274

ELECTRO INDUSTRIES/GAUGETECH
Communication Multiplexor and

Telephone Line Switch Substation
Multiplexor SM1-16

Electro Industries designed this superior
Substation Multiplexor to provide a low-cost
and dependable solution for substation
telecommunication applications. This unit
allows users to communicate to multiple
devices within a substation more reliably and
with faster throughput.

This unit multiplexes 16 serial ports to one
master port providing the ability to communi-
cate with multiple serial RS485 or RS232
devices. This switch uniquely offers Modem
Manager technology that buffers the phone
line making communication more reliable. 

For more information contact 
Electroindustries/GaugeTech
Tel: (516) 334-0870 Fax: (516) 338-4741 
Website: www.electroind.com 
Email: sales@electroind.com



ACADEMY OF INFRARED 
THERMOGRAPHY

Infrared Thermography Training
AIRT trains infrared thermography to indi-

viduals and companies, worldwide. Academy
offers basic operator training to Level 3
Infrared Certification.

Level I Certification 
July 23-27 —  Hartford, CT

Aug 6-10 — Chicago, IL
Aug 20-24 — Philadelphia, PA

Sep 10-14 — Atlanta, GA
Level II Certification 

Sep 17-21 — Atlanta, GA
Nov 26-30 — Las Vegas, NV

Level III Certification 
Nov 12-15 — Las Vegas, NV

Pulp & Paper Application 
October 15-19 — Cedar Rapids, IA

For more information contact:
Academy of Infrared Thermography
Tel: (250) 579-7677 Fax: (250) 579-5390
AIRT@InfraredTraining.NET
www.InfraredTraining.NET

APT POWER TECHNOLOGIES
Bus Differential Relay — 6 Inputs
The B-PRO relay (model 8700/BUS),

sets a new standard for bus protection
with six 3-phase inputs. Plus substation
bus/transformer protection, integrated
breaker failure and overcurrent protec-
tion, metering, fault oscillography (96
s/c) and SCADA monitoring (DNP/
Modbus). Includes relay setting and
record analysis software (W9x/NT).

Protection devices 87, 27, 59, 60, 81,
50LS, 50BF, 50/51/67, 50N/51N/67,
46/50/51/67 and Prologic.

Smart, easy to use, integrated pro-
tection and recording.

For more information contact:
APT Power Technologies
Tel: 204-453-3339 (x269)
E-mail: info@aptpower.com
Web: www.aptpower.com

GRAFTON BEVRO 
UTILITY SUPPLY LTD.

A Complete Line of Products
Grafton Bevro Utility Supply Limited is a

leading distributor stocking a complete line of
overhead and underground electrical and
hardware products to serve their valued cus-
tomers.

Leading manufacturers such as Joslyn
Manufacturing, Maclean Power Systems,
Tyco (AMP), West Coast Engineering (light-
ing poles), Valmont Poles (transmission),
Turner Electric, S&C Electric and many oth-
ers are readily available from our extensive
inventory.

Supplying the utility market for over 20
years let our knowledgeable staff serve your
requirements.

For more information contact:
Bob Elliston
Grafton Bevro Utility Supply Limited
Tel: (403) 236-8662
Fax: (403) 279-2984
www.bevro.com

W.H. BRADY
TLS PC Link™

Thermal Labeling Systems
Introducing the newest member of the

TLS2200 printer family, the TLS PC
Link. The printer provides capabilities
such as thermal transfer printing, bar
coding, and multiple material configura-
tions. The TLS PC Link printer utilizes
all of the available TLS2200 materials
and ribbons, and also runs the latest
bulk rolls of material.

For more information contact:
W.H. Brady
Tel: 1-800-263-6179
Fax: 1-800-387-4935
www.bradyld.com

THIERMANN INDUSTRIES INC.
TIIGER-I Mini-Derrick

Thiermann’s TIIGER-I Mini-Derrick
packs big-truck features into a power-
fully compact machine: Patented
hydraulic wheel extension/retraction
mechanism for wheel base adjustment
from 32-52 inches while traveling;
robust hydraulic outriggers; 30,000 ft.-
lb. continuous rotation boom with
attached auger and two hydraulic
extensions; insulated jib; 3,000 lb. deck
capacity; remote radio control;
hydraulic PTO and more, make this the
machine for the new millennium.

For more information contact:
Thiermann Industries Inc.
Tel: (262) 375-7435
Fax: (262) 375-8116
Email:mail@tiiger.com
www.tiiger.com
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FLEX-CORE
Current Transformers, Transducer &

Accessories — New Catalog 2007
172 page catalog featuring split-core and

solid-core current transformers, potential
transformers, electrical transducers for AC
and DC applications, signal conditioners, sig-
nal converters, analog and digital panel
meters, analog and digital switchboard
meters, digital counters, current probes, cur-
rent relays, current switches, shunts, shunt
switches, selector switches, shorting terminal
blocks, fuse blocks, data loggers, multi-func-
tion power meters, KWH sub-metering sys-
tems and analog to pulse converters.

For more information contact:
Flex-Core
6625 McVey Blvd
Columbus, OH 43235
Tel: (614) 889-6152  Fax: (614) 876-8538  
Email: flexcore@email.msn.com



POWER TRANSFORMER 
TECHNICAL SOLUTIONS

For Electric Utilities, OEMs, and
Transformer Repair Facilities

- Increased Life and Loading Services
- Life Cycle Management
- Asset Management Loading Studies
- Enhanced Performance Studies
- Transformer Design and Review
- Condition Appraisal Program
- Testing and Diagnostic Services
- Failure Analysis Evaluation

For more information contact:
Weidmann Systems International
195 Industrial Pkwy, PO Box 1388
Lyndonville, VT 05851
Tel: (800) 242-6748
Tel: (802) 748-3936
Fax: (802) 748-8630
Email:service@weidmann-systems.com
www.weidmann-systems.com

ANNOUNCING
WIRE SERVICES

A New Initiative 
of Manitoba Hydro and TerraPoint

Developed to service the electric utility
industry, WIRE Services provides a full

range of transmission line
VERIFICATION and RE-RATING
services utilizing Airborne LiDAR

scanning LASER technology.
Need to VERIFY the exact maximum

thermal operating limit?
Need to study the feasibility 

of RE-RATING?
Call us at 204-480-5800 or email

info@wireservices.ca

VIRGINIA TRANSFORMER CORP.
Custom-built Transformers

Virginia Transformer Corp is the lead-
ing supplier of superior quality, custom-
designed transformers. Our liquid filled
systems go to 300 MVA, 230 KV class;
dry type to 15 MVA, 35 KV class. We
also offer three-phase voltage regula-
tors, load break switches and reactors. 

For more information contact:
Virginia Transformer Corp.
220 Glade View Drive   
Roanoke, VA 24012
Tel: (540)345-9892   
Fax: (540)342-7694
www.vatransformer.com

MIDTRONICS
Mirco Celltron

The Midtronics Mirco Celltron is a
state of the art electronic battery tester
utilizing conductance technology (apply-
ing a low frequency AC voltage signal of
known frequency across the battery and
observing the current response) to mea-
sure battery state of health.
Measurements provided by tester
include conductance readings in
Siemens units, percentage of referential
conductance value, and voltage.

For more information contact:
Midtronics Inc.
7000 Monroe St.
Willowbrook, IL 60521
Tel: (630) 321-8032
Fax: (630) 323-2844
www.midtronics.com

CANADIAN ELECTRICITY FORUM
The Canadian Guide 

to Power System 
Protection and Control — Vol. 1
This 96 page reference book con-

tains papers and articles pertaining to
protection and control issues faced by
today’s electrical engineering and main-
tenance personnel. This guide will
update you on some of the most recent
techniques and technologies to help
keep your electrical distribution system
up and running. 

Only $25, this is an inexpensive, but
very valuable addition to your bookshelf! 

For more information contact:
The Canadian Electricity Forum
Tel: (905) 509-4448
Fax: (905) 509-4451
Email: hq@electricityforum.com
www.electricityforum.com

CANADIAN ELECTRICITY FORUM
The Canadian Guide 

to Electrical Maintenance and
Equipment Repair — Vol. 3

This 96 page reference book contains
papers and articles by some of North
America’s leading experts in electrical
maintenance. This guide will update you
on some of the most recent techniques
and technologies available to help keep
your electrical distribution system up
and running. 

For only $25, this is an inexpensive,
but very valuable addition to your book-
shelf! 

For more information contact:
The Canadian Electricity Forum
Tel: (905) 509-4448
Fax: (905) 509-4451
Email: hq@electricityforum.com
www.electricityforum.com
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operation is otherwise known as
‘Seamless Transfer’ due to the lack of
disturbance to electrical loads. Properly
designed, no speed adjustment is
required to be made at the engine gener-
ator, permitting the use of less sophisti-
cated governor controls.

Generator Control Developments
— Soft Load Transfer

An automatic transfer switch devel-
opment known as a ‘Soft Load Transfer
Switch’ (SLTS) can further enhance load
shedding operations. An SLTS essential-
ly uses CTTS technology but actively
changes the amount of load accepted by
the generator. Again, because of present
restrictions imposed by Canadian
Electrical Codes and Standards, it is
essential to secure utility approval prior
to beginning construction. 

Almost universally, engine genera-
tors are incapable of accepting their opti-
mum load in one step. The use of any
non-interactive automatic transfer switch
will require that the connected load be
within the capability of the machine to
accept a block load. Therefore, the gen-
erator’s peak efficiency cannot be real-
ized. An SLTS solves this situation by
gradually increasing the load applied to
the generator over a pre-determined
time. Gradual acceptance of the load
over a short interval avoids problems
with block loading and permits the
machine to operate at its most efficient
level.

An SLTS will operate in any one of
several modes. ‘Islanding Mode’ where
transfer between sources is conducted in
a closed transition soft loading mode.
Once the programmed load level is
achieved, the SLTS disconnects the load
from the utility. It will also operate in
‘Base Load Mode’ where the optimum
load level for a given generator set is

determined, the generator is loaded to
that point and run in parallel with the
utility. The third mode is ‘Import/Export
Mode’ which is similar to the Base Load
Mode, with the added ability to maintain
optimum loading of the generator set
through its ability to import power from,
or export power to, the utility.

SLTS Operational Modes
Islanding Mode satisfies the

requirements of those utilities, or users,
who wish to transfer loads in a seamless
fashion, but then operate in isolation
until it is time to retransfer. Actual power
generation will be dependent on the
demand of loads connected to the emer-
gency power system. The soft loading
ability operates when transferring in
both directions. This avoids any block
loading problems with the generator as
well as minimizing utility disturbances.
Installations that operate in this mode
may require a supplemental switching
device for use when utility power is lost.

The Base Load Mode offers more
efficient use of the engine generator set.
By operating the generator continuously
in parallel with the utility, all facility
loads are connected to the generator, not
merely the emergency loads. 

This enables the machine to con-
stantly run at its optimum output level,
providing a fixed amount of power while
demand on the utility rises and falls to
accommodate total facility power
demand. When the requirement for on
site generation ceases to exist, the SLTS
disconnects from the generator, which is
then shut down. When facility loads may
vary below as well as above the most
efficient level of generation, Import/
Export Mode permits a constant power
output from the generator. It allows the
utility to supply additional power to the
facility during periods of high demand as
in the case of the Base Load Mode. More

importantly however, with the utility’s
agreement, during periods of low facility
demand, the excess capability of the gen-
erator may be exported to the utility. This
has two benefits. First, the generator is
allowed to operate at its highest efficiency
and second, revenue is generated by the
sale of excess power. Agreements with
specific utilities may determine time peri-
ods or peak demand loads that on site gen-
eration is used to augment utility power.
At other times the SLTS connects loads
only to the utility. 

As is the situation with any standard
automatic transfer switch, during such
times that on site generation is not being
used, the SLTS functions if an unexpected
utility outage occurs. The SLTS will signal
the generator to start and then transfer
emergency loads to it. Once utility power
is restored, the SLTS can again function in
any of its operational modes.

All three operating modes are com-
pletely compatible with currently avail-
able generating systems including fuel cell
and micro turbine technology. Seamless
transfer is inherent in their design and
operation. Protection against inadvertent
overloading is especially important with
the newly developed generation systems
as well as traditional gas turbine genera-
tors. In line with modern technology,
SLTS units should have the ability to inter-
act with building management systems as
well as be remotely controlled. Internet
access to these devices readies them for
immediate remote controlled action during
times of utility initiated power curtail-
ment.

Properly designed SLTS equipment
contains all of the necessary protective
relaying equipment to safeguard the utility
and the owner alike. Attention must be
given to possible failure modes such as the
loss of either source when operating in
parallel. The equipment should be
designed to operate and communicate with
generator control systems supplied by a
variety of engine generator OEMs.

Conclusion
Soft Loading Transfer Switch equip-

ment may well prove to be valuable as a
first line of defense against the threat of
declining electrical power availability. The
technology is worthy of consideration to
help solve power shortage problems on
existing projects. It should also be given
very careful consideration for use in new
construction. In all likelihood, a generator
is a requirement. Using that generator at
its most efficient will provide an attractive
payback. 

Dennis Pybus is with Ascoelectric. ET
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CLASSIFIEDS

Confident, Self-Assured, 
Knowledgable in elctrical 

equipment, and tired 
of working on the tools?

Then you may be what we are
looking for. Hesco Electric needs
both inside and outside sales profes-
sionals ready to service a vast cus-
tomer base. Inside positions start at
$37,000.00 per year and outside posi-
tions start at $42,000.00 per year. For
those interested please contact us at
416-534-9271.
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For 21 years we’ve specialized in placing people who
test, repair, maintain or sell electrical apparatus, elec-
tronic or electric power equipment. Nationwide. All fees
company paid. Call or send confidential resume to
LISA LINEAL:

46 Copper Kettle Road, Trumbull,CT 06611
TOLL FREE 877-386-1091 • Fax: 203-386-9788
Email: lisalineal@lineal.com • www.lineal.com

 RecruitingLINEAL Services

Power • UPS • NETA Certified

Field Service Engs • Techs • Mgrs

 Sales • Design • Vibration, Motor Repair,

 Pred/Prev Maintenance



CABLE MASTER INC.
3M/AEMC/HDW Regional Distributor
We specialize in Training and Sales of a full

range of 3M/HDW/AEMC equipment
• 3M Dynatel Cable/Pipe/Fault Locators
• 3M EMS Markers and Locators
• 3M Confined Space Monitors
• HDW Fault Locating Equipment and

TDRs.
• New, Demo or refurbished units
• Lightweight, compact and rugged
• ISO 9002 Registered
• We have 35+ years experience
• Complete line of AEMC instruments
• Hi-Pot testing 0-130kv DC
• Fault locate all types of cables
For Sales/Training/Contract Locates:
Toll Free: 877-715-7303
Tel: (416) 804-8799
Fax: (905) 715-7305
Email: cablemaster@home.com
Web: www.cablemasterinc.com
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INTERNATIONAL
INFRARED CAMERA

SALES AND LEASING

Mikron 7102
Mikron 5104

Agema 550 Elite

For more information:
Tel: (905) 643-8111
Fax: (905) 643-8881
Email: Cameras@infraredsales.com
Web: www.infraredsales.com

LIZCO SALES
Electrical Power Equipment

Specialists
BUY-SELL-LEASE-RENT

New Oilfilled Transformers — IN STOCK!
New “TLO” Unit Substations 

13.8kV and 27.6kV
New Station Class Transformers

44kV and 27.6kV 
New Padmount Transformers

27.6kV / 13.8kV / 4.16kV 
Large “in stock” inventory on website

- New/New surplus/refurbished
- Oilfilled and dry type transformers
- High and low voltage switchgear

For more information contact:
Toll Free #877-842-9021
Tel: (519)842-9021 Fax: (519)842-3775
24 hr. Emergency Page #(519) 675-7005
Email:xfmr@lizcosales.com
www.lizcosales.com

CUTLER-HAMMER
Products and Services

Cutler-Hammer, a part of Eaton
Corporation, is a worldwide leader pro-
viding customer-driven solutions.  From
power distribution and electrical control
products to industrial automation,
Cutler-Hammer utilizes advanced prod-
uct development, world-class manufac-
turing, and offers global engineering
services and support.

For more information on Cutler-
Hammer products and services, call 1-
800-525-2000, for engineering services
call 1-800-498-2678, or visit our web
site at www.cutlerhammer.eaton.com

ABB T&D SERVICE DIVISION
WebView2000

ABB’s Canadian T&D Service division
introduces WebView2000. An innovative
web-based reliability and data management
system that interfaces with automated
inspection tools, and integrates the condition
monitoring process and the EAM/CMMS
work management process. The system
manages all critical equipment information
such as inspection, performance, diagnostic
data to accurately evaluate equipment condi-
tion and optimize maintenance effectiveness.
Utilization of internet technology permits ABB
to provide utilities and industries with remote
analysis and diagnostic support to assess
equipment condition and provide expert rec-
ommendations for maintenance action.

For more information contact:
Jean-Marc Demers
ABB Inc., Pointe-Claire, Quebec
Tel: (514) 630-5511
Email:service.solutions@ca.abb.com

WINTEK ENGINEERING LTD.
Electrical Engineering Solutions

Senior Electrical Engineers providing
practical, cost-effective solutions to
your power quality, control and safety
concerns.

- Analysis
- Automation
- Co-ordination
- Design
- Documentation
- Plant Support
- SCADA
- Training

Call us. We can help.
Tel: 1-866-WINTEK1
Fax: (519) 884-5333
e-mail:wintek@wintek-eng.com
www.wintek-eng.com



ERICO
ERITECH Ground Busbars

ERITECH® telecommunications gro-
und busbars from ERICO® meet
TIA/EIA 607 and conform to BICSI rec-
ommendations. They ensure proper
grounding and bonding, which is critical
to effective systems operation. The bus-
bars come in different lengths and pro-
vide for the preferred two-hole lugs and
one-hole non-twisting lugs. They are
electro-tin plated, ensuring a low-resis-
tance, corrosion-free contact. They are
UL & cUL listed to UL467 and C22.2
respectively. 

Visit www.erico.com

POSITRON
The Total Reach Option

Positron is pleased to announce that our
new improved ISDN Adtran Total Reach
Card is currently available.

The 751333A offers the same functionality
as the 751333 but with the advantage of the
ISDN 56K Adtran Total Reach. The 751333A
now has a new transformer built with an
expanded bandwidth to accommodate the
total reach requirements.

The ISDN card fits into any slot of the
three, five and eight card shelves.

The Plug-in Card provides high voltage
isolation between an ISDN line and the net-
work terminator (NT) equipment at the cus-
tomer’s location. It provides for ground -24 V
dc, -48 V dc or floating 130 V dc input. 

If you would like any additional information
please contact us:

1-888-577-5254
www.positronpower.com

THE CONKLIN SHERMAN CO.
Condenser Tube Plugs

Adjustable and Push Pull 
Type Plugs

Over 1 Million Sold
Ideal for electric generating power plants.

“Condenser tube plugs” are used for plugging
condenser tubes. They are easy to install and
save time and money.

The adjustable plug is a molded rubber
plug with a brass insert mechanism. Expand
it, install it, reverse the action and get a tight
seal. Use it again and again. The push pull
plug is all rubber, simply push it in. Plugs are
available in sizes from .530 O.D. to 2.035
O.D.

For information contact:
The Conklin Sherman Co.
59 Old Turnpike Road PO Box 188
Beacon Falls, CT, USA
Tel: (203) 881-0190
Fax: (203) 881-0178
www.conklin-sherman.com
Email: conklin59@aol.com

L&K INTERNATIONAL TRAINING 
Power Quality Training Program
A dynamic training program, consisting of

12 titles, designed to investigate the basic
parameters of power quality,  problems
caused by different types of electrical equip-
ment and methods of mitigating the prob-
lems. The series benefits engineers, trainers,
maintenance staff, plant operators and cus-
tomer service representatives. 

The series is available on interactive CD-
ROM, video, VCD and MPEG formats. Also,
some of the modules are available in
Mandarin on MPEG and VCD formats.

Contact:
L&K International Training
505 Queensway East
Suite 201 W, Mississauga, Ontario
Canada L5A 4B4
Tel: (905) 270-6200
Fax: (905) 270-3786
Toll Free: 1-800-668-6064
E-mail: sales@LK-INTL.com
Website: www.LK-INTL.com 

PHOENIX MANUFACTURING LTD.
Insulating Boots For Indoor And

Outdoor Applications
Phoenix manufactures a comprehen-

sive range of reusable, flexible, form fit-
ting insulating boots for indoor and out-
door applications for service voltages
up to 38 KV. Specialists in the ‘Fluidised
bed’ process to fully or partially encap-
sulate copper and aluminium busbars,
connections and components with high
grade dielectric strength epoxy and
vinyl insulation in the voltage range 600
volts to 38 KV.

For more information contact:
Phoenix Manufacturing Ltd.
141 Fulton St.
Milton, Ontario L9T 2J8
Tel: (905) 878-2818 
Fax: (905) 878-0051
Email: sales@phnxmfg.com
www.phnxmfg.com
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FLIR SYSTEMS
Infrared Imaging Systems

FLIR Systems manufactures, sells,
rents, calibrates and services infrared
imaging systems in Canada.

FLIR Systems combines the strengths
of Agema and Inframetrics to develop
the premier thermography solution in the
world. The ThermaCAM PM 695 adds
visual images to thermal, complete with
autofocus and editable text messaging.
After saving over 800 images, simply
“drag-n-drop” file into Reporter analysis
software and report is complete in sec-
onds.

For a demo contact:
FLIR Systems
1-800-613-0507 ext. 30
Email: IRCanada@flir.com
www.flir.com



POWERTECH
Large Machine Insulation Services
Minimize downtime and prevent costly

repairs on your power generator with
Powertech’s large machine insulation ser-
vices. We offer:
- On-site machine condition assessment

during maintenance outages.
- Corona probe measurements
- Insulation resistance
- Polarization index measurements
- Laboratory tests on stator coils or bars

prior to a rewind.
- Dissipation factor
- Voltage endurance
- Partial discharge
- Current cycling
- Dissection and chemical evaluation

For more information contact:
Powertech Labs Inc.
Vern Buchholz (604) 590-7480
www.powertechlabs.com
email: info@powertechlabs.com

STONE & WEBSTER
Harnessing Nature’s Resource

Stone & Webster, a Shaw Group
Company, is a global leader in
hydropower plant construction and inno-
vation with over 110 years of experi-
ence. Our expertise covers site assess-
ment and feasibility, environmental
impact, regulatory compliance, flood
studies, stability evaluations, and all
required engineering. 

To fully harness the long-term energy
of hydropower, call Stone & Webster at
617-589-2300, or visit our Web site
www.stoneweb.com.  

HUBBELL POWER SYSTEMS
New Fargo Wedge Deadend

The Fargo GDW 2000 Series Wedge
Deadend offers five product improvements
that make the deadend easier and faster to
install. The newly designed Parallel Legs
allow for easier passage of conductor and
installation of larger conductor. Staked Jaw
Keepers hold jaws in place and permanently
captivate jaw set. Interlocking Die Cast Jaws
provide a positive locking action and move-
ment. The Pulling Eye has been repositioned
for easier access and sagging of conductor. A
permanent Mold Body Casting gives higher
strength with tighter tolerance control. Fargo
GDW Deadends were first introduced in
1993. Fargo wedge deadends are recog-
nized for their cost savings compared to bolt-
ed-type deadends. 

For more information contact:
Hubbell Canada Inc.
Tel: (905) 839-1138
Fax: (905) 839-6353
Email: InfoHPS@Hubbell.online.com
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HIGH VOLTAGE INC.
New Cable Fault Locator

High Voltage Inc. announces a new
line of Bi-Polar, Controlled Energy
Cable Fault Locators. Three models are
available up to and including: 20kV,
36kV and 100kV with energy/joules rat-
ings from 1000 joules to 3600 joules.

The CDS series of Primary Cable
Fault Locators feature a Bi-Polar
Thump/Impulse cycle thus eliminating
any DC Residual charge build-up while
thumping on the cable; thus not damag-
ing the cable insulation.

High Voltage, Inc.
31 Rt. 7A
Copake, NY 12516
Tel: (860) 927-0190
Fax: (860) 927-1398
www.hvinc.com

STAR BEAM
Radio Controlled Lighting System
Star Beam is a radio controlled light-

ing system that can be controlled up to
300 feet from a vehicle. Producing from
480,000 candlepower with dual light
heads  up 3 million CP. Star Beam
Lighting systems were designed for
rugged use. Joy stick, hard wiring mod-
els and magnetic bases are available.
Retrofit and specify Star Beam Lighting
Systems. See your nearest distributor
or truck builder.

Call Star Beam at 
(918) 664-2326 
for a distributor in your area.
www.starbeamusa.com

AMPS ABUNDANT
Complete Selection of Power

Rectifiers and Thyristors
Equipment down for lack of the prop-

er Power Semiconductor? Obsolete,
discontinued, hard to find? Amps
Abundant specializes in a complete
selection of power rectifiers and thyris-
tors (SCR). We offer equal to or better
than the original device. Savings up to
70 per cent. Stock over 95 per cent of
the time. Our staff has over 150 years of
combined experience in power semi-
conductors.

For more information contact:
Amps Abundant
Tel: 1-800-233-0559
Fax: (714) 379-2704
www.ampsabundant.com



HUBBELL POWER SYSTEMS
New 600 Ampere Cable
Accessory Products
Four new products have joined our 600
ampere product family. The new SafeOp”
Tap Plug taps a 200 amp loadbreak inter-
face device off an existing 600 amp
deadbreak interface. The new Hubbell
Loadbreak Reducing Tap Plug instantly
taps a 200 amp loadbreak interface
device off an existing 600 amp dead-
break interface. Our new Insulating Cap
isolates unused 600 amp interfaces while
the new Bushing Extension is used to
increase the distance between the dead-
break interface and the T-body elbow.
Please email literature requests to:
InfoHPS@Hubbell.online.com

CANADIAN ELECTRICITY
FORUM
The Canadian Guide 
to Power System Protection
and Control Vol. 1
This 96 page reference book con-
tains papers and articles by some of
North America’s leading experts in
protection and control issues.  This
guide will update you on some of the
most recent techniques and tech-
nologies to help keep your electrical
distribution system up and running.
For only $25, this is an inexpensive,
but very vauable addition to your
bookshelf! To order, call us at (905)
509-4448.
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POWER MEASUREMENT LTD.
Low-cost, compact power &
energy meters
The 6200 ION is an affordable, high
quality panel meter. Less than 2”
deep, it fits ANSI and DIN cutouts. The
unit offers a wide range of revenue
accurate 3-phase power, energy,
demand and harmonics measure-
ments, plus optional Modbus and
pulse outputs. Unique plug-in Feature
Packs™ let you add additional feature
like analog I/O, logging and more,
right in the field! 
For more information call toll free 877-
METER-IT (1-877-638-3748)

CUTLER-HAMMER
Products and Services Catalog
Eaton’s Cutler-Hammer Products
and Services Catalog 2001 pro-
vides product descriptions,
detailed specification and pricing.
You can also learn about the
broad spectrum of solutions
offered from Cutler-Hammer
Engineering Services and
Systems (C-H ESS). These cata-
logs are easy to use and are the
most complete industrial
resources currently available.
Call 1-800-957-7050 to order
yours today!

KABAR INDUSTRIES
Terminator Secondary 
Feed-Through
Kabar Industries introduces the
Terminator. Using E Block con-
nections allows for easy installa-
tion of multiple connections in a
safe above ground environment.
The Terminator is much easier
to change out than a trans-
former. 
Kabar Industries 905-478-8983
Email: kabar@kabar-almat.com

CANADIAN ELECTRICITY
FORUM
The Canadian Guide 
to Electrical Maintenance and
Equipment Repair Vol. 3
This 96 page reference book con-
tains papers and articles by some of
North America’s leading experts in
electrical maintenance.  This guide
will update you on some of the most
recent techniques and technologies
to help keep your electrical distribu-
tion system up and running. For only
$25, this is an inexpensive, but very
vauable addition to your bookshelf!
To order, call us at (905) 509-4448.
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e-terra market

e-terra grid

e-terra trade

e-terra supply

e-terra retail

e-terra disco

e-terra service

E-terra™ global energy solutions.
Illuminating possibilities, exceeding expectations.
The waves of regulatory change within the electricity industry steadily generate
major transformations in the structure of utilities around the world. ALSTOM Energy
Management and Markets’ (EMM’s) e-terra™ global energy solutions consist of
a full line of field-tested products and services for competitive electric utility markets.
As with e-terraoasis™ – the first electric utility business-to-business application for
processing transactions over the Internet – ALSTOM EMM continues to light the way
for further innovations.
With market-defining energy technology projects around the globe, ALSTOM EMM
has the experience, domain expertise and dedicated resources to illuminate the
possibilities and exceed expectations of an ever-evolving industry.
For more information visit ALSTOM EMM's Web site at http://www.tde.alstom.com.
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ALSTOM Energy Management & Markets
11120 NE 33rd Pl
Bellevue, Washington 98004
Tel: 425-822-6800
Fax: 425-889-1700
www.tde.alstom.com




