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TCI HGP Harmonic Filters - Comprehensive
Technical Overview

Introduction to Harmonic Filters and Power Quality

Modern industrial systems increasingly rely on variable frequency drives (VFDs) from manufacturers like
ABB, Hitachi, Eaton, Lenze, Yaskawa, and others to improve process control and energy efficiency.
However, these VFDs are non-linear loads that draw current in pulses, causing harmonic distortion in the
electrical network. Excessive harmonics lead to a range of power quality problems - transformers and
cables can overheat, circuit breakers may trip randomly, sensitive electronics can fail, and overall power
factor worsens 1 . Industry standards such as IEEE 519-2014 have been established to limit harmonic
distortion and protect both utility grids and facility equipment. Many utilities now require industrial
customers to meet IEEE 519 limits for current and voltage distortion 2 .

Harmonic filters are specialized devices used to mitigate these issues by filtering out or redirecting
harmonic currents. While some drive manufacturers offer low-harmonic or active front-end drives to
address this, a more common and cost-effective solution is to install passive harmonic filters on the line
side of standard VFDs. TCI, Inc. - a leader in power quality solutions - produces the HarmonicGuard
Passive (HGP) series of filters specifically for this purpose. The TCI HGP Harmonic Filter is a 5% passive
harmonic filter designed to significantly reduce VFD-generated harmonics, helping facilities meet IEEE
519 requirements and improve overall power quality 3 . In this article, we provide a deep technical
overview of the TCI HGP harmonic filters, including their features, specifications, and real-world
performance benefits.

Overview of the TCI HGP HarmonicGuard Passive Filter

The TCI HGP Harmonic Filter is a heavy-duty, three-phase passive filter that is installed on the input of 6-
pulse VFDs (or similar nonlinear loads). The term “5% passive filter” indicates its performance goal - it can
limit the total harmonic current distortion (THID) to approximately 5% or less under full load conditions

4 . In fact, TCI specifies that the HGP filter brings current distortion below 5% even across a wide load
range, including at lighter loads 3 . This is a drastic improvement compared to an uncompensated VFD,
which might have 30-40% THID, and is even better than typical generic passive filters that often yield 5-10%
THID 3 . By reducing harmonic currents to such low levels, the HGP filter helps keep the electrical system’s
distortion well within IEEE 519 recommended limits for most applications.

Physically, the HGP is a combination of reactors and capacitors tuned to trap dominant harmonics. Each
filter unit contains a series line reactor (inductor), a tuned harmonic trap circuit (reactor plus capacitor
branch for the 5th harmonic, and higher-order attenuation via the inductance), as well as resistors and
fuses for damping and protection. This design provides a low-impedance path that diverts major harmonic
currents (like 5th, 7th, etc.) away from the power source, “greatly reducing the amount of harmonic
current flowing through the electrical distribution system” 5 . The HGP filter also improves
displacement power factor by adding capacitive reactive power to offset the inductive behavior of drives,
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typically bringing the power factor close to unity. To safequard the filter components, branch fuses are
included on the trap capacitors - these protect the capacitors from excessive currents (for instance, if a
filter is misapplied or harmonics exceed expected levels) 6 .

Key specifications: The HGP series is offered for a broad range of system sizes and ratings: it supports
common three-phase supply voltages of 208 V, 240 V, 480 V, 600 V at 60 Hz, as well as 380-415 V at 50 Hz
for international use 7 . Standard models cover motor drive sizes from about 5 HP up to 1250 HP (or
roughly 4 kW to 1000 kW), making the HGP suitable for everything from small pumps to large industrial
machines 8 . The filter is rated for 100 kA short-circuit current (SCCR) when properly fused, in
compliance with UL 508A panel standards 9 . This high SCCR rating means the HGP filters can be safely
applied in industrial power systems with high available fault currents. Despite the heavy-duty filtering, the
design remains very efficient - efficiency is above 99%, so the filter introduces minimal additional losses
into the system 10 . TCI also rates the filters for 200% overload for up to 3 minutes (to handle inrush or
temporary overcurrent conditions) 11 .

The HGP filters are built for reliability in harsh environments. Units can be provided as open chassis or in
enclosures up to NEMA 1 (indoor), NEMA 3R (outdoor), or NEMA 12 (dust-tight) as needed 12 . The
standard ambient temperature rating is 50°C (122°F) for open units or 40°C (104°F) in enclosure 13 , with
operation up to 2000 meters altitude without derating 4 . All components are industrial grade, and the
filters are manufactured in the USA with a robust build quality. TCI even offers an “Oilfield Duty” option for
HGP filters used in oil & gas applications - these versions use specially rated components to handle the
severe electrical stresses of cyclical loads (common with pumping equipment) and come in outdoor NEMA
3R enclosures for 40-200 HP ranges 15 . For facilities that require extremely low capacitive loading (such as
when generators are frequently used), TCI provides a low-capacitance variant called HGL, which has
roughly half the capacitance of a standard HGP while still achieving similar harmonic mitigation
performance 16 . This HGL option can be useful to further minimize leading reactive power at light loads or
in sensitive power systems.

Performance Benefits and Harmonic Mitigation

When applied to a VFD system, the HGP harmonic filter yields immediate and measurable improvements in
power quality. Total Harmonic Current Distortion (THID) at the drive input is typically brought down to
<5% at full load 7 (and maintained low even at partial loads with the appropriate configuration 3 ). This
level of mitigation ensures compliance with IEEE 519 guidelines in most scenarios, as the filtered current
harmonics are unlikely to cause voltage distortion above the standard limits at the point of common
coupling. By filtering out the bulk of the 5th, 7th, 11th, and other low-order harmonics, the HGP helps
protect upstream equipment. Facilities that install these filters report reduced transformer heating, fewer
nuisance trips of breakers or protective relays, and improved stability of sensitive electronics. Additionally,
because the HGP filter inherently provides power factor correction (due to its capacitors), many users see an
improvement in displacement power factor and potential reduction in power factor penalty charges from
utilities. According to TCI, adding a passive harmonic filter like the HGP “will improve power quality and
increase overall system uptime”, by preventing the voltage distortion and power anomalies that lead to
equipment malfunctions 18 .

To illustrate the real-world impact: in one data center case study, engineers retrofitted passive harmonic
filters on the facility’s VFD-driven pumps and observed a substantial drop in harmonic distortion. The
current THD at the input of the pumps was measured around 8% with the passive filters, whereas another
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drive in the facility using only an active filter had been experiencing 12-15% THD along with high-frequency
noise issues 19 20 . Thanks to the passive filters, the site’s electrical harmonics were brought “safely into
line and met IEEE 519 standards,” and the client was very satisfied with the improved power quality 21

22, This example highlights that a properly designed passive filter like the HGP can achieve compliance
and reliability goals effectively. In general, numerous facilities in industries from HVAC and water
treatment to manufacturing and oil refining have employed TCI HGP filters (and similar passive filters) to
solve harmonic problems. Whether used with an ABB drive running a large compressor or a Yaskawa VFD
controlling a fan bank, the HGP filter can be integrated to provide consistent harmonic mitigation across
virtually any VFD brand or application. This broad compatibility is a major advantage of an external filter
solution - it can be retrofitted to existing drives from various manufacturers without needing to change the
drives themselves.

Another benefit evidenced in practice is the HGP filter’s contribution to avoiding generator-related issues.
When VFDs are run from backup generators, harmonics and leading power factor can severely impact
generator stability. The HGP filter (especially with the optional controls, discussed below) is generator-
compatible - it can mitigate harmonics while intelligently limiting any leading VARs, thus preventing
problems like generator over-voltage or hunting. In the data center example above, the passive filters drew
less than 15% of rated current as capacitive reactive current even at light load, a level the standby
generators could handle easily 22 . This demonstrates that modern passive filters can be used in generator-
backed systems without inducing unacceptable leading power factor, as long as they are properly managed.
Overall, by installing HGP filters, users commonly achieve smoother current waveforms, reduced voltage
distortion (often to just a few percent THD), and a more robust power system that keeps critical equipment
running smoothly.

Intelligent Design with PQconnect - Remote Monitoring and
Control

One of the standout features of TCI's HGP series is the optional PQconnect module, which transforms the
passive filter into a “smart” harmonic filter with remote monitoring and automated control. In fact, TCI
notes that HGP with PQconnect is the first passive harmonic filter on the market to offer advanced
connectivity and communication capabilities 23 . This innovation addresses a common gap in power
quality management - traditionally, passive filters are “fit and forget” devices with no feedback, leaving
facility managers unaware of filter status or performance unless issues become visible. PQconnect changes
that by embedding sensing and communication electronics into the HGP filter system.

With PQconnect, the HGP filter continuously monitors key electrical parameters such as line and load
voltages, currents, THID (total harmonic current distortion), and THVD (total harmonic voltage
distortion) 24 . It can detect the filter's operating status and even predict maintenance needs (for example,
flagging when filter capacitors are nearing end-of-life or if a trap fuse blows) 25 26 . All this data is made
accessible to users in real time. The system includes Bluetooth® wireless technology for local connectivity,
allowing technicians to connect via a mobile app or PC software (TCI's PQvision) to view live waveforms,
harmonic spectra, and metering values from the filter 27 28 . For instance, via the PQvision app, a user
can see the instantaneous current THD and voltage THD, observe the current and voltage waveforms, and
verify that the filter is actively reducing harmonics as intended. This is extremely useful for commissioning
and troubleshooting, since it provides immediate visual confirmation of power quality improvements
without requiring separate measurement equipment.
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Perhaps even more powerful is the integration of PQconnect with plant control systems. The HGP's
PQconnect module supports industrial communication protocols - initially Modbus RTU (RS-485) and now
also EtherNet/IP for direct networking 22 30 . This means the filter can communicate with a facility's
SCADA system, PLCs, or energy management systems just like any intelligent field device. For example, over
EtherNet/IP the HGP filter can seamlessly feed data into a Rockwell Automation control system, with an
Add-On Profile provided for easy setup 3" 32 . Plant operators can then remotely monitor the filter's status
and alarm alerts from the control room, and even log harmonic performance trends over time. The
connectivity also enables remote or automated control of the filter's contactor.

Autonomous contactor control is a feature where the HGP filter can automatically disconnect or
reconnect its capacitor bank via an internal contactor based on operating conditions. This is crucial for
managing harmonics in varying load scenarios or when a drive is powered by a generator. For instance, at
very light loads a passive filter's capacitors might supply more reactive current than needed, potentially
causing a leading power factor situation. The HGP with PQconnect intelligence can sense this condition
and open the tuning circuit contactor at low loads to avoid over-correction 3 23 | TCI recommends
programming the VFD or filter to open the contactor below roughly 33% motor load in some cases, which
corresponds to about 70% speed for typical quadratic torque fans. When the load rises again, the filter can
re-engage automatically. This generator compatibility mode ensures “worry-free operation for
generator-based systems"”, as the filter only provides the needed compensation and won't destabilize a
smaller power source 33 . Essentially, PQconnect gives the passive filter a layer of intelligence and
adaptability that was traditionally only found in active harmonic filters. And unlike an active filter, the HGP
still uses tried-and-true passive components for the heavy lifting of harmonic mitigation - so it's a simpler
and often more cost-effective solution, now enhanced with modern monitoring capabilities.

From a maintenance perspective, PQconnect also aids predictive maintenance. It can trigger alerts if, say,
a capacitor's performance degrades or a fuse blows, notifying personnel to service the filter before a
complete failure occurs 25 . Because users can check filter status remotely, there is less need for routine
manual inspection inside the enclosure - which improves safety and convenience. According to TCI, “with
PQconnect, users have the ability to access system performance data without having to physically
open the filter enclosure”, and can ensure their harmonic mitigation system is functioning optimally at all
times 34 35 . This remote visibility is especially valuable in critical facilities or unmanned sites. Overall, the
integration of PQconnect in the HGP series makes it the only passive harmonic filter with full remote
connectivity on the market 3¢ , blending reliability with smart features in one package.

Installation and Best Practices

Implementing the TCI HGP harmonic filter in a facility is straightforward, but a few best practices ensure
optimal performance. First, proper sizing and selection is important - each HGP filter model is matched to
a specific HP or kW rating of the drive. It's generally recommended to use one filter per drive (installed on
the line side of the drive’s input). TCI provides a harmonic sizing tool and selection tables to help choose the
correct filter based on drive horsepower, supply voltage, and desired performance. Because the HGP filter
includes capacitors, it should only be applied on systems where the drive runs continuously with the
filter (i.e. not switched in and out randomly) unless the optional contactor is used. If multiple drives are fed
from one bus, filters are typically applied to each drive rather than one large filter for many drives - this
avoids interactions and ensures each drive's harmonics are properly tuned out.
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When installing, placement of the filter should be as close as practical to the VFD (often in the same MCC or
adjacent to the drive cabinet) to minimize any wiring between the filter and drive. The filters can be floor-
mounted or wall-mounted depending on enclosure style; larger units come in enclosures with provisions for
lifting. Adequate ventilation or cooling should be provided - the HGP filter may use natural convection
cooling for smaller sizes or include fans for larger enclosed units 12 . Ensure there is clearance around
ventilation openings and that ambient temperature does not exceed the rated 40°C (for enclosed units) or
50°C (open). Also, coordination with upstream protection is key: the filter's branch fuses and the line
reactor together contribute some impedance, but the supply breaker or fuses should be sized to handle
inrush current when the filter capacitors energize. TCI's documentation provides guidelines on fuse sizing
and the expected inrush (which is usually not excessive due to the series reactor limiting it).

For filters equipped with the contactor option, the installer must wire the contactor coil and any control
transformer per the schematics. Typically, the VFD's auxiliary relay can be programmed to command the
filter's contactor for the intelligent switching at low loads (if not using the fully autonomous PQconnect
control). If the fuse monitor option is present, it will have leads or terminals to connect into the plant
alarm system or drive digital input - this feature will indicate if any capacitor fuse has blown, so that
maintenance can replace it and restore full filtering.

Maintenance of the HGP filter is relatively minimal. The main components to watch are the capacitors,
which have a finite life (often on the order of 5+ years, depending on temperature and usage). Periodic
inspection or capacitance testing can be done, but with PQconnect’s capacitor end-of-life alerts, the
system can proactively notify when replacement is due 37 . The line reactor and tuning reactor generally
require no maintenance aside from ensuring connections remain tight and free of corrosion. It's good
practice to keep the filter enclosure clean and free of dust buildup, especially for ventilated units, to ensure
proper cooling. If a filter will be out of service for some time (or a drive is bypassed), TCI advises either also
de-energizing the filter or making sure the filter is not left energized without its drive, unless it is confirmed
that it's stable - the HGP is designed such that a bypass contactor is usually not needed in an offline VFD
scenario 2 , meaning it can stay connected without load safely in many cases. Nonetheless, each
installation should be reviewed to ensure there’s no risk of resonance with other loads when the drive is
offline.

By following the installation guidelines and utilizing the HGP's intelligent features, facilities can maximize
the filter's benefits. Many users find that after installing HGP filters, their electrical systems run more
smoothly - transformers run cooler, drive trips due to overvoltage or overcurrent faults disappear, and
utility compliance reports show harmonic levels well below mandated limits. It essentially “increases drive
uptime and eliminates nuisance tripping” in VFD systems plagued by harmonics 38 . For a relatively
small addition to a drive system, the HGP filter yields significant improvements in reliability and power
quality.

Conclusion

The TCI HGP HarmonicGuard Passive filter is a comprehensive solution for harmonic mitigation in virtually
any VFD application. It stands out for combining the proven effectiveness of passive filtering (achieving <5%
current distortion in practice) with modern enhancements like remote monitoring, communications, and
adaptive control. With its wide range of sizes and robust design, the HGP series can be applied to drives
from 5 HP to 1250 HP on common global voltages 8 , covering everything from HVAC fans and pumps to
large industrial motors. These filters help facilities meet IEEE 519 harmonic standards and avoid the well-
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known issues caused by harmonics - overheating equipment, interference with electronics, and utility
penalties 5 1 . The addition of PQconnect® technology elevates the HGP filter into a smart device that
can seamlessly integrate with automation systems, providing operators with insight into power quality data
and confidence that their system is protected. As the first passive filter with such capabilities, it reflects TCI's
innovation in bridging traditional power hardware with Industry 4.0 connectivity 23 .

In summary, the TCI HGP harmonic filter offers a powerful yet cost-effective way to improve power quality
and reliability in VFD-driven systems. By attenuating harmful harmonics and improving power factor, it
extends the life of electrical infrastructure and keeps critical processes running without interruption. Its
high efficiency (>99%), heavy-duty construction, and compliance with industrial standards ensure that it
can perform in the harshest conditions 10 39 . Real-world deployments have demonstrated that installing
HGP filters leads to measurable reductions in THD and helps facilities stay within compliance limits while
avoiding downtime 40 22 . For facilities seeking to address harmonics proactively, the TCI HGP series
provides a well-engineered, field-proven solution with the added benefits of remote visibility and control. It
is an excellent example of how improving power quality can protect equipment and optimize operations,
ultimately saving costs and increasing confidence in the electrical system’s performance.
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