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On December 1, 2018, FES International, Power 
Quality International’s associate company, will 
celebrate its 50th anniversary. 

FES International clients and PQI benefit from 50 years 
of power system engineering, power quality 
improvement and energy optimization experience. 
Except for Antarctica, the firm has completed major 
utility and industrial assignments on every continent. 

 

 

Between 1968 and 1991, FES designed and commissioned power 
conversion systems for the six largest electro-chemical plants in North 
and South America. Positive- and negative-sequence harmonic current 
mitigation was critical to the successful operation of these three-phase, 
six- and twelve-pulse rectifier loads. 

In 1985, FES discovered extremely high levels of zero-sequence 
harmonic current in many of the 120/208-volt electrical distribution 
systems at an IBM facility in Toronto, Canada. Many of the facility’s low 
voltage systems were being used exclusively to supply personal 
computers, a recent IBM development. The power sources for these 
PCs were 120-volt, switch-mode power supplies. These single-phase 
power supplies use full-wave bridge rectifiers to convert 120-volt 
alternating-current to a suitable direct-current.   

Charged with finding a solution to this newly-discovered phenomenon, 
FES searched the literature, hoping to find a similar discovery and a 
possible solution. None were found. We concluded that this might be the 
first time so many single-phase, nonlinear electronic loads had been 
supplied from a three-phase, four-wire system. 

The operational and power quality problems created by these 
troublesome harmonics led to the development of the first three-phase, 
electro-magnetic Zero-Sequence Harmonic Filters in 1986. This 
invention was critical, since conventional tuned LC filters would be 
unsuited to variations in zero-sequence current loading. The new Zero-
Sequence Harmonic Filter also had the great advantage of shunting all 
zero-sequence currents, not just the third. The filter also acted as a 
phase-current balancer at all frequencies, including the fundamental. 

These filters were installed on all affected remote distribution panels. 

 

 

 
 

IBM Plant & Laboratory 
Toronto, Ontario, Canada 

Our objective was to shunt the zero-sequence currents from the branch 
circuits as-close-as-possible to the harmonic-generating loads. The 
filters successfully eliminated the zero-sequence harmonic currents 
between the remote panels and the system’s distribution transformers. 

In addition to reducing the distribution system’s ‘penalty losses’, a 
reduction in voltage distortion at the loads also reduced their ‘penalty 
losses’. Neutral-to-ground voltages, the source of several operational 
problems, were also reduced to less than 5-volts, an IGIT 
recommendation. 

With more than 20 years of industrial power conversion experience, in 
1989 FES developed the very first low voltage Harmonic Mitigating 
Transformers that provide an ultra-low impedance path for all zero-
sequence harmonic currents. This design feature significantly reduced 
voltage distortion at the transformers’ loads. This feature was key to 
reducing the loads’ internal ‘penalty loses’ and increasing their energy 
efficiencies. In addition, the secondary windings’ unique configuration 
also eliminated zero-sequence flux in their magnetic core and zero-
sequence currents in their delta-connected primary windings. 

The very first applications of this type of Harmonic Mitigating 
Transformer were at an Imperial Oil (EXXON) data center in Toronto, 
Ontario and a Toyota Canada data center in Cambridge, Ontario.  
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FES ACCOMPLISHMENTS IN POWER MAGNETICS 

1968 – Invented and produced the first Three-
Phase Transformer Ratiometer that measures 
the true turns-ratio of any single- or three-phase 
power transformer, distribution transformer or 
voltage transformer or divider with an accuracy 
of 1 turn in 100,000 (±0.001%). 

1973 – Produced the first compact, 
lightweight, precision Low Voltage, 
Capacitance – Dissipation Factor Bridge, with 
fundamental frequency interference blocking, 
for accurately measuring the dielectric 
properties of the insulation systems in oil 
filled transformers. 

1982 – Produced the first commercially 
available Partial Discharge Analyzer that 
monitors the condition of stator winding 
insulation systems in hydroelectric generators 
‘on-line’. PDA-H® technology remains the 
‘world standard’ for failure avoidance and 
maintenance optimization. This technology is 
now used on turbo-alternators and medium 
voltage class motors. 

1983 – Produced the first Three-Phase Power 
Harmonic Analyzer that measures harmonic 
currents and voltage magnitudes up to the 
50th harmonic, calculates total harmonic 
distortion, harmonic power flow and system 
impedance at each harmonic frequency, 

1986 – Invented and applied the first 
electromagnetic Zero-Sequence Harmonic 
Filters that shunt all zero-sequence harmonic 
currents with ultra-low zero-sequence 
impedance windings from a three-phase, 
four-wire distribution system. 

1990 – Invented and applied the first Harmonic 
Mitigating Transformers that shunt zero-
sequence harmonic currents with ultra-low zero-
sequence impedance secondary windings and 
cancel positive- and negative-sequence 
harmonic currents at their common primary bus 
or within their multiple secondary windings. 

 

PQI ACCOMPLISHMENTS IN POWER MAGNETICS 

1991 – Following its incorporation, PQI 
developed an entire family of transformer 
secondary windings that provide complete 
zero-sequence flux cancellation at any 
required delta-connected primary-to-secondary 
phase-shift. Type DV Distribution 
TransFilters™ also provide positive- and 
negative-sequence harmonic current 
cancellation. 

1995 – Produced the first dry-type medium 
voltage class harmonic mitigating transformer. 
Type PV Power TransFilters™ have the same 
positive-, negative- and zero-sequence 
harmonic mitigating characteristics as their low 
voltage counterparts. The first of these units 
was used to supply 120-volt current controlled 
nonlinear stage lighting loads in a Las Vegas 
hotel - casino theater. 

2003 – First to develop IEEE Std. C57. 110-
1998 compliant software that allows our 
engineers to recalculate any transformer’s 
linear losses and efficiency into its nonlinear 
losses and efficiency, based on a specific 
harmonic current profile. The PQI Calculator™ 
compares the performance of any two 
transformers and calculates a payback and 
return-on-investment. 

2003 – Develop the first Transformer 
Excitation & Impedance Loss 
Measurement Instrument, based on the 
Voltage & Current Differential, Loss 
Measurement Method. The 
Transformer Performance Analyzer™  
limits the efficiency calculation error to ±0.033%, when measuring a 
transformer’s excitation and impedance losses under linear or any 
nonlinear load condition. 

2015 – Received the first UL Certificate of 
Compliance per UL1562 for our Type PV and 
Type PY Harmonic Mitigating, Medium 
Voltage, Cast-Coil Power Transformers. Both 
CSA and UL have approved our manufacturing 
facility as a Qualified Product Evaluation and 
Test Facility. Power TransFilters™ have also 
received Seismic Pre-Certification in 
accordance with the requirements of the 
International Building Code 2012, the California Building Code 2013 
and the National building Code of Canada 2010.  In addition, the 
transformers specifically met the requirements of OSHPD. 
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2015 – First to offer three Transformer 
Efficiencies that Exceed DOE 2016 efficiency 
requirements, under the linear or nonlinear 
load environments for which they were 
designed. PQI’s Standard Z3 Efficiency Rating 
exceeds the US DOE 2016 requirements. 

Optional Z3+ and Z4 (US DOE CSL 4) efficiencies are available when 
their additional cost produces an attractive payback and return-on-
investment.  

2016 – First to provide an integrated 
multifunction Transformer Performance Meter 
on all e-Rated® medium voltage power and 
low voltage distribution class transformers. In 
addition to their revenue class metering and 
data logging capabilities, these integrated 
meters, with CSA C802.5 compliant software, 
determine each transformer’s Total Losses and Efficiency under their 
measured nonlinear loading profiles. In addition, IEEE Std C57.110 
compliant software determines each transformer’s No-Load Losses and 
Load Losses, including its nonlinear ‘Penalty Loss’ component, and 
EPA Environmental Benefits.  

2018 – Transformer oversizing is a predictable outcome when meeting 
the requirements of the National Electrical Code (NEC). In addition to 
the higher capital cost of oversizing, the higher operating cost of a 
lightly loaded transformer can be significant.  

To maximize energy efficiency and reduce operating costs, the optimum 

 

kVA rating of a distribution transformer can be 
determined by referring to CSA C802.4-2013 – 
A Guide for kVA Sizing of Dry-Type 
Transformers or the nationalgrid® Transformer 
Replacement Program Recommendations for 
Low Voltage Dry-Type Transformers. 
However, the CSA guide and nationalgrid® 
recommendations conflict with NEC  
requirements. To resolve this conflict, Power Quality International has 
developed ultra-efficient, dual kVA rated Smart Distribution 
TransFilters™ that, while meeting NEC requirements, automatically 
'right size' to their lower kVA rating to optimize energy efficiency. Smart 
Distribution TransFilters™ include code compliant primary and 
secondary circuit breaker protection, and self-contained fail-safe 
controls. 

2018 – Produced the first liquid filled medium 
voltage class harmonic mitigating transformer. 
Type PVL Power TransFilters™ have the 
same positive-, negative- and zero-sequence 
harmonic mitigating characteristics as their 
medium and low voltage dry-type counterparts. 

Type PYL Power TransFilters™, for medium 
voltage utility feeder connection have, solidly grounded primary and 
secondary windings and are designed to block either utility customer-
generated zero-sequence harmonic currents or utility-side zero-
sequence harmonic currents that contaminate their medium voltage 
feeder circuits.  

 

 


