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TCI V1K Motor Protection Filter (dV/dt Output
Filter)

The TCI V1K Motor Protection Filter is a specialized dV/dt output filter designed to safequard AC motors
driven by variable frequency drives (VFDs). It protects motors from the damaging voltage spikes and high
dVv/dt (rate of voltage change) inherent in PWM drive outputs. By limiting peak voltages to below 1,000 V
at the motor terminals (on 480 V systems with cable runs up to 1,000 feet) [1] , the V1K filter dramatically
reduces electrical stress on motor windings. This extends the life of both the motor and the cabling, and
helps prevent premature insulation failure. Additionally, the V1K filter reduces common-mode currents
(the parasitic ground currents from a drive) by at least 30% [1] . In turn, this mitigation of common-mode
voltage and current protects motor bearings from electrical pitting/fluting and lowers electromagnetic
noise. The V1K series is UL/cUL listed, available in multiple enclosure types, and covers a broad range of
motor sizes - making it a versatile, high-performance solution for motor protection in VFD applications.

Why dV/dt Filters Are Needed

Voltage spike damage: Modern PWM VFDs switch the voltage on and off at high speed, producing a series
of pulses that approximate a sine wave. When a fast-rising pulse travels down a long motor cable and
encounters the motor, a reflected wave phenomenon can occur due to impedance mismatch. The
outgoing and reflected waves superimpose, causing overshoot voltages at the motor terminals. The
longer the cable (or the higher the inverter switching frequency), the worse these spikes can get. In fact, on
a typical 460 V drive system, peak voltages at the motor can reach 1200-1600 V (well above the line voltage)
if the cable is long [1] . On 575 V (600 V-class) systems, peaks over 2,000 V have been observed [1] .
These surge voltages exceed the insulation design limit of many standard motors, leading to rapid
deterioration of winding insulation and eventual motor failure. Industry standards like NEMA MG1 Part 31
address this issue by requiring “inverter-duty” motors to have stronger insulation - for example, a 460 V
motor must withstand spikes up to 1600 V peak (0.1 ps rise) to meet NEMA MG1 criteria [23] . Not all
motors meet this requirement (especially older or general-purpose motors), so without filtering, a VFD with
long leads can subject such motors to destructive voltage stress.

Common-mode and bearing currents: Along with high line-to-line voltages, fast PWM transitions drive
high-frequency common-mode currents through the motor's parasitic capacitances (e.g. between
windings and frame). The relation I = C - dv/dt shows that as dv/dt increases, so do these capacitive ground
currents. The common-mode voltage causes shaft voltages which discharge through bearings, an effect
known as electric discharge machining (EDM) in the bearings. This results in pitting of the bearing race
and fluting damage over time. These bearing currents are a significant contributor to motor failures -
studies have shown that around 8-10% of motor bearing failures in industry are attributable to VFD-
induced electrical bearing currents [23] . High dv/dt (fast rise times) exacerbates this issue by increasing
the magnitude of the high-frequency leakage currents. Therefore, it's critical to mitigate dv/dt to protect
motor bearings and avoid unplanned downtime.
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When to use dV/dt filters: A dV/dt output filter like the V1K directly addresses the above problems by
slowing the voltage rise time and dampening overshoot. It effectively acts as a small filter network on
the VFD output that “softens” the PWM waveform. In practice, engineers often recommend using a dV/dt
filter whenever motor lead lengths are above a certain threshold (even as low as ~50-100 feet for non-
inverter-rated motors) or when the motor is not explicitly rated for VFD use [23] . Long cable runs (for
example, 50+ meters / 150+ feet) significantly amplify reflected wave transients [23] , so filters become
important to keep peak voltages within safe levels. The goal is to keep the voltage spikes at the motor
below the insulation limits of the motor - typically under ~1000 V for 480 V-class systems, which is exactly
what the V1K filter is designed to do [1] .

Voltage at motor terminals without a dV/dt filter (V1K) on a 480 V VFD system with a long 500 ft cable. The
waveform shows severe overshoot - peak voltages reach ~1400 V, far exceeding the motor’s nominal voltage. Such
spikes result from reflected wave phenomena and can rapidly break down standard motor insulation. [1]

Voltage at motor terminals with a TCI V1K dV/dt filter installed. The filter’s action has clamped the peak voltage to
under 1000 V (red line) and slowed the voltage rise time. The PWM waveform is much smoother, with ringing and
spikes greatly reduced. This protects the motor from dielectric stress and eliminates the extreme over-voltages
seen in the unfiltered case. [1]

By adding impedance and a dampening network at the drive output, the dV/dt filter increases the pulse
rise time, meaning the voltage ramps up less abruptly. This reduction in dv/dt directly cuts down the
magnitude of the reflected wave overshoot. In technical terms, the V1K uses a patented damping circuit
in combination with a low-pass filter to absorb high-frequency components [1] . The result is that the
pulses arriving at the motor are not so steep, and their peak amplitude is limited. This prevents line-to-line
spikes from exceeding ~1000 V (on a 480 V system) and significantly reduces common-mode current
flowing to ground [17] . In summary, dVv/dt filters target the root cause of VFD-induced motor problems -
fast voltage transitions - and are an economical solution for cable lengths where full sine wave filters may
not yet be necessary.

Key Features and Benefits of the TCI V1K

The V1K Motor Protection Filter offers several features that collectively improve the reliability and
longevity of VFD-driven motor systems:

* Voltage Spike Suppression: Limits motor terminal peak voltage to < 1000 V on 480 V-class drives

[1] . Even with cable runs up to about 1,000 feet, the V1K keeps voltage overshoot to a safe level

(approximately 150% of the DC bus voltage at most). This prevents the high-voltage reflected wave
spikes that would otherwise stress motor insulation and cause premature failure.

« Extended Motor & Cable Life: By filtering out the worst of the voltage spikes and high-frequency
content, the V1K greatly extends the life of motors and power cables. The reduced dV/dt means
less heating in the motor windings and lower dielectric stress on cable insulation. Users report
lower motor operating temperatures and less audible noise or vibration after installing dV/dt filters,
indicating a gentler waveform. Overall system reliability and uptime improve because motors are
no longer pushed beyond their insulation capabilities during normal operation.



* Reduction of Bearing Currents: The filter's smoothing of the PWM output also results in at least a
30% reduction in common-mode currents flowing through the motor [17] . By slowing the
voltage edges (dV/dt) by roughly a factor of 3 [17] , the V1K cuts down the capacitive coupling of
high-frequency currents into the rotor and frame. This helps protect motor bearings from EDM
discharge damage. With a V1K, motors experience less shaft voltage buildup, which increases
bearing life and prevents those telltale fluting patterns. For users, this means fewer bearing
replacements and less risk of unexpected motor downtime due to bearing failure.

Wide Compatibility Range: The V1K series supports a broad range of system sizes. It can be applied
to three-phase VFDs from 208 VAC to 600 VAC, with load currents from 2 A up to 750 A [2] . In
practice this covers roughly 0.75 HP to 600 HP motor drives, making V1K suitable for everything
from small pump motors to large industrial drives. This wide current range allows one product
family to protect many different motor horsepower ratings. The filter's typical efficiency is very high
(over 98% efficient [2] ), so it introduces negligible losses or heat, ensuring that drive system
efficiency remains high.

High-Frequency Performance Options: The standard V1K filter is designed for PWM carrier
frequencies in the 2 kHz to 4 kHz range, which covers the default switching frequencies of most
VFDs. (Manufacturers often recommend keeping drive switching frequency < 4 kHz when using
output filters [24] .) For applications requiring higher switching speeds, TCI offers a Heavy Duty
(“EX”) model of the V1K that can accommodate carrier frequencies up to 6 kHz [10] . This heavy-
duty version is built with enhanced components to handle the greater thermal and frequency stress
of higher-frequency PWM. It allows users with high-switching drives (for example, to reduce motor
noise) to still benefit from dVv/dt filtering without derating. In summary, the V1K family covers both
standard and high-frequency needs.

Robust Construction & Thermal Protection: The V1K filter is built with high-quality magnetic
components and materials. It has a 600 V insulation system (Class H, 180°C) for the coils [2] ,
ensuring it can withstand the voltages and heat of continuous operation. The filter is designed for
the same ambient temperatures as many drives (typically -40°C to +40°C) and altitudes up to 2,000 m
without derating [2] . For heavy-duty operation, it can handle overloads of 150% for 5 minutes, or
200% for 2 minutes each hour [7] - useful for accommodating temporary surge conditions. An
optional thermal switch can be installed in the filter to sense over-temperature conditions [5] .
This normally-closed thermostat can be wired to the drive or an alarm: if the filter overheats (e.qg.
due to extreme ambient or a fault condition), the switch will open at a set temperature (160°C or
195°C depending on model) [2] . This feature provides an extra layer of protection, allowing the
system to shut down or alert maintenance before any damage occurs to the filter coils from
excessive temperature.

UL Listed and Multiple Enclosures: The TCI V1K is cULus Listed (UL file E116124) as an industrial
motor accessory [2] , meeting relevant safety and quality standards. It is available in various
enclosure types to suit different installation requirements: an open panel (IP00) version for
integrating inside larger control cabinets, a NEMA 1 (IP20) enclosed version for general indoor use,
and a NEMA 3R outdoor-rated version for installation in harsher environments [2] . This flexibility
in packaging means the V1K can be mounted virtually anywhere - from factory floor MCC panels to
outdoor pump stations - as long as it's placed close to the drive. All configurations of the V1K carry
the same performance benefits and approvals. The product also comes with a standard warranty



of 1 year from installation (18 months from shipment) [7] , reflecting the manufacturer’s
confidence in its durability.

Technical Specifications

Some key technical specifications of the TCI V1K dV/dt filter series are summarized below (for full details see
TCI's documentation):

* Operational Voltage: 208 VAC - 600 VAC, three-phase systems (supports all common low-voltage
drive ratings up to 600 V class) [2] .

+ Current / Power Ratings: Models available for load currents from 2 A up to 750 A, corresponding to
roughly 0.75 HP through 600 HP motor drives [2] . Filters can be selected based on the drive's full-
load amp rating (typically choose equal or next size larger than drive output current).

* Frequency Range: Designed for PWM inverter output frequencies (carrier frequency) of 2-4 kHz

standard. For higher carrier frequencies up to 6 kHz, a special “EX" heavy-duty model of V1K is

available [10] . The fundamental output frequency (motor electrical frequency) can be 0-60 Hz

without derating (suitable for standard 0-60 Hz motor operation); for output frequencies up to 120

Hz some derating may apply [7] .

dv/dt Performance: When properly sized and applied, the V1K will limit the motor terminal peak

voltage to no more than 150% of the DC bus voltage (approximately 1000 V on a 480 V system) at

cable lengths up to 1,000 ft and 4 kHz switching [2] . This is backed by TCI's performance guarantee

(see next section). The filter increases the voltage rise time (slows dv/dt) by roughly a factor of 3,

greatly reducing voltage overshoot and high-frequency ringing.

Efficiency and Impedance: >98% efficient under full load [2] . The filter has only a very small

voltage drop across it (much lower than a line reactor’s drop, for example), so it does not

significantly diminish the drive’s voltage to the motor. It adds a slight impedance and capacitance to
the circuit primarily at high frequencies, without causing a noticeable reduction in motor torque or
speed.

Thermal and Environmental: Insulation system Class H (180°C) for coils [2] . Maximum ambient

temperature 40°C for enclosed units (higher temps may require derating or open style) [7] .
Altitude up to 2,000 m (6600 ft) without derating [2] . The filter is designed for indoor or outdoor
use depending on enclosure, with adequate cooling provisions. All standard V1K models are UL Type
3R rated or available in 3R, meaning they can be used outdoors in pump sheds, well sites, etc., as
long as specified.

Overload Capability: Handles 200% of rated current for 2 minutes, or 150% for 5 minutes (per
hour) [7] . This allows short surges (e.g. during startup or transient conditions) without saturating
or overheating the filter. It also means the filter design has a margin above nominal ratings,
contributing to longevity.

Enclosure Options: Available as Open chassis (IP00) for integration into existing panels, NEMA 1
(IP20) steel enclosure for general purpose indoor mounting, or NEMA 3R weatherproof enclosure

for outdoor installations [2] . The physical form factor and mounting provisions differ by type, but
electrical performance is the same. Larger units may come in floor-mount enclosures, while smaller
ones can be wall-mounted.
« Compliance: UL and cUL Listed as an “Auxiliary Device” per UL508A (industrial control equipment)
[7] . This means it meets safety standards and does not require a separate SCCR (short-circuit
current rating) labeling when used in a panel, simplifying integration. It also meets applicable IEC/EN



standards for CE marking (if required for international use, though primarily it's a North American-
focused product).

* Warranty: 1 year from date of installation (no more than 18 months from factory shipment) [7] .
Extended warranty options may be available from TCI. The product is designed for a long service life
if applied within specifications - the warranty provides assurance of quality and support.

Installation and Usage Guidelines

To maximize the effectiveness of the V1K filter and ensure safe operation, proper installation practices
should be followed:

* Placement: Mount the dV/dt filter as close to the VFD as possible, ideally within 10 feet of cable
from the drive output terminals to the filter input [2] . Placing the filter nearby minimizes any
chance for additional cable between drive and filter to re-introduce inductive voltage drop or
ringing. Typically, the filter is wired directly after the VFD output terminals (U, V, W) before the long
motor lead run.

Drive Settings: Configure the VFD's switching frequency according to filter recommendations. It is
generally advised to set the PWM carrier frequency to 4 kHz or lower when using the standard V1K
filter [2] . Most drives allow adjusting this parameter - keeping it at 4 kHz (or even 2-3 kHz if
acceptable for noise) will reduce stress on the filter and ensure optimal performance. If a higher
carrier frequency is needed for some reason (e.g. to reduce audible motor noise), consider using the
V1K heavy-duty model rated for up to 6 kHz. Also, the drive's output frequency (motor operating
frequency) should be within the filter’s range (0 to 60 Hz continuous). If you plan to run a motor
above 60 Hz, consult TCI for sizing (some derating might be required for very high fundamental
frequencies).

Ventilation: Ensure adequate cooling and ventilation around the filter, especially for enclosed units.
The V1K filter dissipates a small amount of heat (due to its winding resistance and core losses,
typically a few percent of motor load). Install the filter in a location where air can circulate, or within
a ventilated panel. Maintain the ambient temperature within specifications (< 40 °C for most
models). For NEMA 3R outdoor enclosures, make sure they are not under direct sun or in extremely
hot climates without checking if a shade or cooling is needed. Overheating can be monitored via the
optional thermal switch or external temperature sensors if desired.

Multiple Motors: The V1K filter can be used in systems where one VFD drives multiple motors in
parallel (for example, multi-motor pump or fan systems). However, special guidelines apply. TCI
recommends that if a single V1K is feeding multiple motors, each individual motor’s lead length
should be 500 feet or less, and the total combined cable length supported by the filter should not
exceed 1,500 feet [2] . Additionally, it's suggested to limit the number of motors on one filter to 10
or fewer motors [2] . Following these rules ensures that the filter can adequately damp all the
cables and that no single branch is excessively long. In such setups, all motor leads are effectively in
parallel after the filter output (A2, B2, C2 terminals), and the filter will limit dv/dt for the entire group
of motors. Adequate ventilation becomes even more important in multi-motor cases, since the filter
is handling the combined current of all motors (which should not exceed its rating). It is also prudent
to ensure all motors are of similar type and that the drive’s switching frequency is kept moderate in
multi-motor configurations.



+ System Integration: Good wiring practices should be observed. Use the proper size conductors and
ensure all connections (terminals A1, B1, C1 from drive to filter; A2, B2, C2 from filter to motor) are
tight and secure. The filter does not require any external power or controls - it is a passive series
device. However, if the thermal switch option is present, wire its leads to the drive's external fault
input or to an alarm circuit as recommended. Ground the filter's enclosure and core (ground lugs are
provided) to the common system ground. Finally, after installation, verify with an oscilloscope or
meter if possible that the motor terminal voltage waveforms are clean and within expected range.
When the V1K is correctly installed, you should observe a noticeable reduction in voltage overshoot
at the motor, confirming that the filter is doing its job.

Typical Applications and Use Cases

The TCI V1K filters can be employed in any VFD-to-motor application where long leads or sensitive
motors are present. Some common application areas include:

* Pumping Systems (Oil & Gas, Water/Wastewater): Long pipeline pumps, submersible pumps in
wells, and wastewater lift stations often have VFDs located far from motors. The V1K is ideal for
oilfield pump jacks, saltwater disposal pumps, and pipeline booster pumps, as well as
municipal water pumps or deep-well pumps that might have hundreds of feet of cable. By using a
dV/dt filter, operators protect expensive submersible motors from insulation damage and reduce the
need to constantly pull pumps for motor replacements.

Agriculture Irrigation and Outdoor Equipment: Farms and irrigation systems use VFD-driven
pumps to distribute water, and these motors can be spread out across large fields. A V1K filter
(especially in a NEMA 3R outdoor enclosure) can be installed at the VFD panel to allow irrigation
pump motors to run reliably at variable speed without suffering from long cable voltage spikes. This
is crucial in remote agriculture settings where downtime can be costly (e.g., preventing crop
dehydration) and maintenance access is limited.

HVAC Systems in Large Facilities: Chillers, cooling tower fans, and HVAC blower motors often
run on VFDs for energy savings. In high-rise buildings or large industrial plants, the distance
between the VFD drives (often grouped in a mechanical room) and the motors (on the roof or
throughout the facility) can be substantial. V1K filters ensure that HVAC motors - which may not
always be inverter-duty - aren't overstressed by the VFD output. This leads to longer motor life in
critical climate control systems and fewer emergency maintenance calls.

Industrial Manufacturing: Many factory processes use VFDs on conveyors, mixers, extruders,
and machine tools. In cases where standard motors are retrofitted with drives, a dV/dt filter
provides cheap insurance against insulation failure. For example, in a pulp and paper mill or
sawmill, VFDs may be added to older motors to improve process control. A V1K filter in these
scenarios will mitigate the high dv/dt that those older motor windings might not tolerate. The same
goes for food & beverage plants or chemical processing facilities, where long cable runs to
motors in hazardous areas could otherwise induce high peak voltages. Essentially, any industry
moving from across-the-line starting to VFD control for better efficiency can use V1K filters to avoid
the unintended consequence of motor damage.



* Multiple-Motor Fan/Pump Arrays: An increasingly popular design is to have one VFD drive an array
of smaller motors (for redundancy or phased control). Examples include fan wall arrays in HVAC or
multistage pumping systems. The V1K can support these multi-motor configurations (within the
earlier noted guidelines). It can be a more economical solution compared to individual filters on each
motor. By filtering the combined output, it ensures none of the motors in the group see harmful dv/
dt. This is used in scenarios like large air handling units or wastewater aeration systems, where there
may be, say, 6 fans on one inverter - a single appropriately sized V1K can protect all the fan motors
together.

In all these applications, the V1K filter's role is to bridge the gap between the drive and motor, so that
end users can enjoy the benefits of VFDs (energy savings, speed control) without sacrificing motor
longevity or reliability. It's a preventive component that often pays for itself by avoiding motor failures,
downtime, and repair costs in critical operations.

Real-World Example: Preventing Motor Failure in a Long Cable Run

To illustrate the impact of the V1K filter, consider a real-world scenario (anonymized for confidentiality) at a
wastewater treatment plant. The facility had a 50 HP pump motor located roughly 800 feet away from its
VFD panel. The motor was a standard TEFC pump motor (not specially inverter-rated). Initially, the system
ran the pump directly from the VFD without any output filter. Within less than a year of operation, the plant
experienced two motor failures on this pump. Post-mortem analysis showed insulation breakdown in the
motor’s stator windings. Engineers suspected the long cable was causing high voltage spikes at the motor.
Measurements confirmed that the motor terminal peak voltage was around 7300-7400 V whenever the
VFD was at full output - nearly three times the motor’s 480 V nominal rating.

For the next replacement motor, the plant installed a TCI V1K dV/dt filter at the drive output feeding this
pump. The results were immediate and very positive. Oscilloscope readings after installing the filter showed
the peak voltage at the motor had dropped to about 900-950 V, well within the safe range for the
motor’s insulation. The voltage waveform was much cleaner, with no large overshoot evident. Over the
subsequent 18+ months of operation, the pump motor experienced zero failures or insulation issues, a
dramatic improvement over the prior record. In fact, regular thermographic inspections found that the
motor was running cooler by approximately 10°C compared to before - a sign that the losses in the motor
windings due to high-frequency currents had been reduced. Vibration analysis also showed no signs of the
earlier electrical stress. By eliminating the frequent motor burnouts, the V1K filter saved the plant
substantial maintenance costs (each rewind/replacement was tens of thousands of dollars, not to
mention the downtime). The maintenance manager noted that the filter “paid for itself within the first year"
by enabling reliable VFD operation on that long cable run. This case demonstrates how applying the V1K in
a long-lead application solved the reflected wave problem, allowing the benefits of the VFD (smooth
pump control and energy savings) to be realized without the penalty of motor damage.

Conclusion

The TCI V1K Motor Protection Filter is a proven solution for enhancing the reliability of VFD-driven motor
systems, especially in situations with long cable runs or where motor integrity is a concern. By limiting dV/
dt and voltage overshoot, the V1K protects motors from the reflected wave phenomenon that can
otherwise cause insulation failure, overheating, and bearing damage. It effectively allows users to enjoy



the energy efficiency and process control benefits of PWM drives without compromising motor life. Key
advantages of the V1K include its broad applicability (covering a wide power range up to 600 HP), high
efficiency, and ease of integration (passive device with simple installation). It is also one of the few filters on
the market to offer a performance guarantee - TCI guarantees that properly applied V1K filters will limit
motor terminal peak voltage to 150% of bus voltage (approximately 2x line voltage) with up to 1,000 ft lead
length [2] . This guarantee, backed by replacement of the filter if needed, gives end users confidence in
the filter's performance. In practice, a V1K filter can dramatically extend the mean time between failures
(MTBF) for motors on VFD feeds, reducing unplanned downtime and maintenance costs.

For any facility implementing VFDs - whether in industrial manufacturing, oil & gas, water treatment, or
commercial HVAC - the TCI V1K provides an effective and economical safeguard. It bridges the electrical
gap between a high-speed PWM drive and a standard AC motor. With the V1K in place, the motor sees a
much gentler voltage waveform, roughly akin to what an inverter-duty motor is designed to handle. This
means less stress, less heat, and longer service life for the motor. In summary, the TCI V1K dV/dt filter is
a valuable addition to VFD systems, ensuring that energy savings and speed control don't come at the
expense of motor health. It exemplifies a best-practice approach to motor protection, and is a
recommended solution whenever you are facing long motor lead lengths or want that extra insurance for
your critical motors.
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