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TCI MSD Sine Wave Filters - Comprehensive
Technical Overview

Introduction

Pulse Width Modulated (PWM) variable frequency drives (VFDs) are widely used to save energy and precisely
control motor speed. However, the fast switching PWM output is not a perfect sine wave - it resembles a
series of voltage pulses that can create high dV/dt (rate of voltage change) and voltage spikes. In long
motor lead conditions or with non-inverter-duty motors, these spikes can reach up to 1600 V on a 480 V
system and stress motor insulation to the point of failure ' . The TCI MotorShield (MSD) Sine Wave Filter
is an output filter designed to eliminate these harmful effects by smoothing the VFD's output into a near-
sinusoidal waveform 2 . By installing the MSD filter between the VFD and the motor, users can protect AC
motors from reflected wave voltage spikes, overheating, audible noise, and insulation breakdown,
thereby greatly extending motor life and reliability 3 4 .

A sine wave output filter like the TCI MSD works as a low-pass LC filter that removes high-frequency PWM
components. It uses heavy-duty inductors and capacitors (and sometimes damping resistors) to attenuate
the rapid voltage transitions, so that the motor receives a clean sinusoidal voltage similar to utility power

5 . This filter effectively reduces voltage overshoot and dV/dt at the motor terminals, preventing the
multiple problems associated with long cable runs or fast switching drives 6 7 .In short, the MotorShield
filter turns the PWM “square-ish” wave into a smooth sine wave output, solving the root causes of
premature motor failures in VFD systems.

Key Features and Specifications

Voltage and Current Range: The TCI MSD MotorShield series supports 3-phase systems from 240 VAC to
600 VAC, covering a wide range of VFD applications 8 . Standard models are available for current ratings
from 5 A up to 305 A continuous, which corresponds to roughly fractional horsepower up to ~250 HP at
480 V. For higher power needs, TCI offers extended designs up to approximately 960 A (over 900 HP) in this
filter family 9 . (TCI guarantees quick availability for 480 V units through 305 A; larger amp ratings and 600
V models are available with factory consultation 10 .) All filters are UL and cULus listed for safety
compliance 11, and come in open panel or NEMA 1/3R enclosures for general-purpose indoor or outdoor
installation 12 .

High-Frequency Performance: The MSD filters are designed to accommodate modern high-switching-
frequency drives. They are suitable for VFD carrier (PWM) frequencies from 2 kHz up to 16 kHz without
excessive heating 13 14 . The filter's capacitors and inductors are tuned to pass the fundamental drive
output (typically 50/60 Hz) while blocking the high-frequency components. The maximum fundamental
output frequency for the MotorShield is about 80 Hz (sufficient for most industrial motors) to ensure
proper sinusoidal filtering across the motor speed range. Within these parameters, the filter imposes only a
minimal voltage drop (approximately 2-3%) at full load current 3 15, meaning the motor still receives
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nearly the full commanded voltage. This low insertion loss is achieved with an optimized L-C design and
high-quality low-loss components.

Long Lead Length Capability: A hallmark feature of the TCI MSD is its ability to support extremely long
motor lead lengths - up to 15,000 feet (4.5 km) of cable between the drive and motor 8 . In contrast,
standard VFD installations without a sine filter often encounter reflected wave issues beyond about 100 feet
(30 m) to a few hundred feet, and even dV/dt output filters are typically recommended only up to ~1000 feet

16 . The MotorShield filter fully addresses reflected wave phenomena, effectively eliminating cable length
as a limiting factor in VFD-motor placement 17 . For example, ABB's ACS800 drive sine filter option notes
that “the cable between the sine filter and the motor is not limited in length” (aside from voltage drop
considerations) 18 . With the MSD filter creating a near-ideal sinusoidal waveform, users have successfully
run submersible pump motors and other remote installations thousands of feet away from the VFD with no
insulation stress issues 17 .

Robust Construction: The MSD Sine Wave Filter is built with heavy-duty, thermally durable components
to thrive in harsh industrial environments & . The inductors are typically high-flux iron core reactors
designed for the high frequency content, and the capacitors are of a long-life, high endurance design (oil-
filled polypropylene, no PCB contaminants) for reliability. The filter assembly is engineered for low
maintenance - it has no moving parts or adjustments and does not require tuning or frequent service 11 .
The design can handle 150% overloads for up to 1 minute (per 60 minutes) to accommodate transient
conditions like motor startup or overload 19 20 . Environmental specifications include an operating
ambient temperature from -30 °C to +40 °C (-22 °F to 104 °F) without derating 2' , and up to 95% humidity
(non-condensing). For installations at high altitude, de-rating typically starts above 2000 m (6600 ft)
elevation in line with standard practices. Overall, the MotorShield is a “install and forget” solution - once
properly sized and installed, it passively does its job without need for intervention.

Benefits and Problem-Solving Capabilities

The TCI MSD Sine Wave Filter directly tackles the key problems that PWM VFD outputs can cause, delivering
several important benefits:

* Protects Motor Insulation from Voltage Spikes: By rounding off the fast-rising edges of the PWM
pulses, the filter prevents the high peak voltages that would otherwise stress motor winding
insulation. In a 480 V system, peak voltages are typically limited to around 800-815 V with the filter,
instead of up to 1500-1600 V without it 7 & . This ensures the voltage seen by the motor is within
the safe design limits (often defined by NEMA MG-1 standards for inverter-fed motors). Insulation
breakdown and turn-to-turn winding failures are thus avoided, significantly extending the
motor’s lifespan 7 . Even motors not rated “inverter-duty” can be used on VFDs when protected by
a sine wave filter, since the waveform is akin to utility power. In fact, TCI guarantees that a properly
sized MSD filter will bring an installation into compliance with NEMA MG-1 Part 31 (the standard
governing VFD-fed motor insulation) - or they will refund the filter 22 . This performance guarantee
highlights the level of protection provided.

Reduces Motor Heating and Losses: The cleaner sinusoidal output dramatically cuts down the
high-frequency harmonic currents that a PWM drive would force through the motor. This leads to
lower core losses and reduced eddy currents in the motor’s iron, as well as lower I°R heating in the
windings 23 . Motors run cooler and more efficiently when driven by a sine filtered output. By
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eliminating the additional heat rise caused by PWM harmonics, the MSD filter helps prevent thermal
degradation of the motor and can reduce or delay the need for external cooling or oversizing of
motors. In variable torque applications like fans and centrifugal pumps (common in HVAC,
wastewater, etc.), users have observed significantly lower operating temperatures with sine wave
filters in place, directly translating to longer bearing and insulation life 24 .

Minimizes Audible Noise and Vibration: A PWM drive's switching not only creates electrical stress
but often causes motors to emit a high-pitched whining or buzzing noise (due to magnetostriction
and rapid magnetization changes in the motor laminations). By smoothing the waveform, the MSD
filter eliminates most of the high-frequency noise components, resulting in much quieter motor
operation 25 . This is particularly beneficial for HVAC systems in offices, hospitals or schools, and in
other sound-sensitive environments where VFD-driven motors might otherwise produce
objectionable noise. Additionally, the filter's reduction of peak voltages and harmonic torque
pulsations means less mechanical vibration in the motor, which helps protect bearings and couplings
from wear. Many users report noticeably quieter and smoother motor performance after installing
sine wave filters.

Enables Very Long Cable Runs: As noted, the MotorShield filter uniquely allows motor leads up to
1-3 miles long. This flexibility in installation can be a game-changer for distributed systems - for
example, deep well pumps, oil field pump jacks, mining conveyors, or remote fans can be controlled
by a central VFD station without worry. Without a sine wave filter, such long distances would cause
severe ringing and over-voltage due to wave reflection, likely destroying the motor or cable. With the
filter, the waveform arriving at the motor is clean, so reflected wave phenomena are essentially
eliminated "7 . Industry guidelines (from companies like Eaton) generally recommend using sine
wave filters for motor cable lengths beyond ~1000 feet as the only reliable solution 16 26 . The MSD
filter fulfills this need, effectively future-proofing installations where cable lengths might be extended
or where multiple motors are operated in parallel (each adding to effective lead length). In multi-
motor systems, a single properly sized sine wave filter can even protect all motors on the drive by
being installed at the drive output - handling the total combined cable length of the system 27 .

Reduces Electromagnetic Interference (EMI): Long, unfiltered motor leads can act as antennas,
radiating high-frequency noise from the PWM. This EMI can disrupt nearby sensitive electronics or
violate EMC regulations. By filtering out the high-frequency components, the MSD ensures the
motor cables carry a smooth waveform that meets EMC standards (CE, FCC, CISPR, etc.) for
radiated and conducted emissions 28 . In one example, adding a sine filter brought a system back
within CISPR 11 industrial emission limits, whereas it had been non-compliant due to the long-cable
noise before filtering 29 . The filter also significantly damps common-mode currents (since it
presents a high impedance to fast-changing common-mode voltages), which helps mitigate issues
like bearing EDM pitting and nuisance ground-fault trips. TCI's MotorShield is not explicitly a
common-mode choke, but users have noted substantial reduction in ground currents and
interference once it is in place 30 . For facilities like data centers or hospitals, where electrical noise
can be as much a concern as motor protection, this filtering is a valuable dual benefit.

Maintenance-Free Motor Protection: Unlike active electronic solutions, the passive LC filter
requires no programming or feedback signals. Once installed, it continuously filters every pulse from
the VFD without any moving parts. There are no settings to adjust or calibrations needed -
installation simply involves wiring the filter in series between the drive and motor. The MSD's
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capacitors are self-healing type and the inductors are robustly rated, meaning under normal
operation there is no wear-out mechanism aside from very gradual expected aging. In practice, the
filter will last for decades in service, effectively eliminating ongoing maintenance related to VFD
output issues. This contributes to overall lower total cost of ownership: motors, cables, and
connected equipment have fewer failure incidents, and the filter itself demands virtually zero
upkeep.

Typical Applications

Because of its broad benefits, the TCI MSD Sine Wave Filter is used across many industries and applications
where VFD-driven motors need enhanced protection or where installation constraints exist. Some typical
application areas include:

+ Submersible Pumps and Deep Wells: Long cable runs in oil & gas fields (down-hole pumps) and
water wells are classic use cases. For example, submersible pump motors hundreds or thousands
of feet down-hole are commonly driven by VFDs at the surface; a MotorShield filter is often essential
to prevent motor insulation failures in these scenarios 31 . The filter also helps in pipeline booster
pumps and lift stations in water/wastewater utilities, which often have long feeder cables.

HVAC Systems and Fans/Blowers: VFDs controlling building air handlers, cooling tower fans, or
large blower systems benefit from sine wave filters to reduce noise and prevent motor
overheating, especially where motors are remotely located on rooftops or across campus facilities

32 . The audible noise reduction is a big plus for HVAC in quiet environments. Also, retrofitting old
HVAC motors (that may not have inverter-rated insulation) with VFDs is made safer by adding an
MSD filter.

Mining and Material Handling: Mines often have VFD-driven conveyors, crushers, or hoists with
very long cable runs underground. The MotorShield ensures reliable motor operation despite the
distance and electrically harsh environment 33 . In material handling and mining trucks or
excavators, where drives and motors can be separated by long trailing cables or slip rings, sine
wave filtering protects against failures and downtime.

Industrial Pumps and Compressors: Many chemical processing plants, power plants, and paper
mills use large VFD-controlled pumps and compressors. Sine wave filters are used here for both
motor protection and to minimize interference with nearby instrumentation (critical in chemical and
pharmaceutical facilities). Any application with expensive motors and the need for high reliability
(e.g. cooling water pumps in power generation, or vacuum pumps in manufacturing) can justify the
added protection of the MSD filter.

Data Centers and Sensitive Facilities: In data centers or research labs, VFDs are used for cooling
systems and backup fans. The sine wave filter's reduction of EMI is beneficial to prevent disruption of
sensitive electronics. Hospitals and airports using VFDs in HVAC or baggage handling have similarly
found value in cleaner sine wave outputs to avoid interference and ensure motors run smoothly.

While not exhaustive, this list shows that MSD Sine Wave Filters are broadly applicable anywhere a VFD is
driving a standard AC motor, especially when distance, noise, or motor longevity is a concern. The filter is
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essentially adding a layer of insurance and performance improvement for the motor-driven system in
these use cases.

Real-World Example - Long Cable Water Pump

To illustrate the impact, consider a real-world case study of a municipal water pump system with a long
cable run (approximately 200 meters / 660 feet). A 75 kW (100 HP) submersible pump motor was controlled
by a VFD located in a plant room. Without an output filter, the motor experienced repeated insulation
failures within months, and nearby instrumentation showed erratic readings due to EMI. Voltage
measurements at the motor terminals revealed large overshoot spikes approaching 1000 V and excessive
dv/dt, well beyond the motor's insulation class.

Solution: A TCI MotorShield Sine Wave Filter was installed at the VFD output feeding the pump. The filter
immediately smoothed the voltage waveform at the motor. High-frequency components were stripped
out and the peak voltage at the motor dropped dramatically.

Results after installing the MSD filter:

- Measured voltage spikes were reduced by ~70%, bringing the peak voltage consistently within safe
limits 29 . The motor’s terminal voltage waveform became nearly identical to a utility sine wave.

- EMI emissions on the long cable plummeted - radiated noise levels fell below the CISPR 11 compliance
threshold, resolving the interference with nearby sensors 29 .

- The pump motor has been in continuous operation for 3+ years with no further insulation failures or
overheating issues 34 35 . Maintenance staff reported that motor running temperatures dropped and no
unusual bearing wear has been observed (a sign that common-mode currents were mitigated).

- Audible noise from the motor and cable is no longer perceptible. The overall system efficiency improved
slightly due to the reduction in losses, and the process has run without unplanned downtime since.

This example demonstrates how applying a sine wave filter solved a critical reliability problem and
improved performance. Many similar success stories exist across different sectors - whether it's a remote oil
pump, a long conveyor, or an HVAC chiller, the MSD filter provides a robust solution to long-distance VFD
challenges. In some installations, users have even been able to use standard motors (with 1000 V

insulation) on 480 V VFDs by adding the filter, avoiding the need to purchase special “inverter-duty” motors
36 37

Installation and Usage Considerations

When implementing the TCI MotorShield Sine Wave Filter, there are a few practical considerations to ensure
optimal performance:

* Drive Compatibility: Sine wave filters can be used with most VFDs in volts-per-hertz (V/f) or open-
loop vector control modes. However, very high performance control modes (sensorless vector or
closed-loop vector) may need review. The filter's capacitance can affect the drive's current feedback
and stability. For instance, Eaton notes that sine wave filters are generally not recommended for
sensorless vector control because the added capacitance may confuse the drive's motor model 26 .
In practice, many users successfully use MSD filters with vector drives by simply setting the VFD's
switching frequency to a fixed value (often 2-8 kHz) and disabling auto-tuning features beyond the
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filter 38 39 . It's advised to consult the drive manufacturer's guidelines; many publish application
notes on using output filters (Yaskawa and Rockwell, for example, have documentation on this topic

37 ). In summary, ensure the VFD is configured for a constant switching frequency and consider using V/
Hz mode if instability is observed.

Filter Sizing: Proper sizing of the MSD filter is critical. The filter current rating must meet or exceed
the VFD's output current and the motor’s full-load ampere (FLA) rating. It's usually recommended to
choose a filter equal to or one size above the drive's rating to allow some margin (especially if the
application has regenerative braking or frequent overloads). TCI provides sizing tables and
software tools to select the correct filter part number based on drive HP, voltage, and cable length

4021 | Following the manufacturer’s sizing guidelines will also qualify the application for TCI's
NEMA MG-1 performance guarantee. It's worth noting that the voltage class must match (e.g. use
a 600 V-rated filter on 575 V drive systems). Some filters for 480 V can technically work on 240 V
systems (since the components are overrated), but always verify with TCI or a consultant before
mixing ratings 41 .

Location and Wiring: The filter should be installed as close to the VFD output as practical (typically
in the same control panel or an adjacent enclosure). This ensures the entire long cable run benefits
from the filtered waveform. The output of the filter goes to the motor; the cable between filter and
motor can be unshielded in many cases (since the waveform is clean), but if extreme common-mode
noise must be eliminated, a shielded cable can still be used for extra mitigation. Keep the filter input
wiring short to avoid introducing additional inductance or capacitance beyond the filter design. Also
include proper grounding: the filter enclosure must be grounded, and the motor cable shield (if
used) should be grounded per VFD best practices. TCI's installation manual provides diagrams for
various scenarios. No external power is needed for the filter - it is a passive device.

Harmonic Tuning and Resonance: The MSD sine wave filter is a passive L-C circuit tuned to remove
high-frequency PWM components. In rare cases, this can introduce a resonant condition with the
motor/load if not applied correctly. For example, very long cable runs have inherent capacitance
that, when combined with the filter inductors, could form a low-frequency resonant LC. TCI's designs
account for typical cable capacitance on 15,000 ft leads, but if the application is unusual (multiple
motors with different cable lengths, etc.), it's wise to consult TCI's engineering team. In general,
follow any special notes in the MSD documentation regarding minimum load or cable
requirements. If the drive will operate at very low frequencies for long periods, ensure the filter does
not overheat (since it will still carry full current even at low Hz). Most filters are designed for up to 60
Hz fundamental; if you need to run a motor at 100+ Hz output, verify filter suitability.

No Need for dV/dt Filter or Reactor: Often users wonder if they should combine a line reactor or
dV/dt filter with the sine wave filter. In the case of the TCI MotorShield, it already inherently provides
the filtering that a reactor or dV/dt filter would - and more. It is not necessary to add an output
reactor when using a sine wave filter (in fact, doing so could degrade performance). The MSD filter
includes an inductor (L) as part of its design, which serves the purpose of limiting dv/dt and current
spikes. Similarly, using both a dV/dt filter and a sine filter is redundant; one properly sized sine wave
filter is sufficient to address reflected wave issues. If harmonic mitigation on the drive input is
needed, that is separate (line reactors or active filters on the input side, which do not conflict with
the output filter). Simplifying the system to just the sine wave filter on the output yields the best
results.
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Quality and Industry Adoption

Precision and Standards Compliance: The TCI MSD Sine Wave Filters are manufactured with high quality
standards. They carry a UL listing (certified to UL508 or equivalent for power conditioning equipment) up to
their standard amp ratings, which eases integration into UL-certified panels. The filters are also designed
and tested to meet the relevant NEMA, IEC, and IEEE guidelines for motor protection. As mentioned,
compliance with NEMA MG-1 (Part 31) is essentially guaranteed when the filter is applied - a testament to
the filter's effectiveness at creating a motor-friendly waveform. In terms of efficiency, the filter has very low
losses (mostly I°R loss in the inductor windings and a small reactive power draw in the capacitors). It
typically operates with only a slight temperature rise and does not require active cooling under normal
conditions. TCI's documentation also notes the use of non-hazardous materials (no PCB dielectric oils,
RoHS compliant components) in the construction, aligning with modern environmental and safety
standards.

Broad Industry Adoption: TCI, as a company, specializes in power quality and motor protection solutions,
and the MotorShield filters are a flagship product in their lineup. These filters have been adopted by many
OEMs and system integrators. In fact, major drive manufacturers often source sine wave filters from
TCI to offer as accessories under their own brands. Industry experts have pointed out that many “brand-
name” sine wave filter options from VFD manufacturers are actually rebranded TCI (or similar) filters 37 .
For example, Rockwell Automation (Allen-Bradley) often partners with TCI for its long lead filter needs (TCI is
a Rockwell Technology Partner), and Yaskawa has also recommended third-party sine filters (like TCI's or
Schaffner’s) for customers facing long lead challenges 42 37 . The proven track record of the MSD filters
in the field - from agricultural irrigation systems in the US Midwest to remote mining operations in Canada
- has made them a go-to solution for consultants and engineers. This wide adoption across multiple VFD
brands and industries underscores the reliability and performance of TCI's design.

Conclusion

The TCI MSD MotorShield Sine Wave Filter is a deeply engineered solution to the challenges of driving AC
motors with high-frequency PWM inverters. By delivering a smooth sinusoidal voltage to the motor, it solves
critical issues like insulation stress, overheating, audible noise, and EMI that can plague VFD applications -
especially when long cable distances or older motor designs are involved. The filter's robust features (2-16
kHz PWM compatibility, up to 600 V systems, and high current capacity) and its ability to handle extreme
lead lengths (up to 15,000 feet) set it apart as a comprehensive protection device. In practical terms, using
the MSD filter means motors run cooler, quieter, and longer, with fewer failures and less maintenance. It
gives engineers the freedom to locate drives and motors as needed without worrying about reflected wave
damage.

From a cost-benefit perspective, while sine wave filters are an additional component, they often pay for
themselves by preventing one catastrophic motor burnout or by extending equipment life. They are also
straightforward to apply - passive, no control interface, and essentially maintenance-free. In summary, the
TCI MotorShield Sine Wave Filter is an excellent “insurance policy” for your motor and a valuable upgrade
to any VFD installation where reliability and longevity are paramount. Its combination of technical
performance and real-world proven results make it an essential tool in modern motor drive systems. By
investing in sine wave filtering, facilities can ensure cool, quiet, and resilient motor operation for years to
come, even in the most demanding applications.
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