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VFDs Tripping GFCI Breakers: Causes, Ground
Faults, and Solutions

Introduction

Variable Frequency Drives (VFDs) are essential in modern industrial and commercial systems, but they
sometimes nuisance-trip Ground Fault Circuit Interrupter (GFCI) breakers (also known as residual
current devices, or RCDs). This issue often appears as ground fault or short-circuit errors on the drive and
can lead to unexpected downtime. In this report, we explore why VFDs trip GFCIs, focusing on leakage
currents and true insulation faults. We also compare ground-fault protection logic across major drive
manufacturers (Lenze, ABB, Yaskawa, Eaton, Hitachi, etc.), present diagnostic methods and a real-world
case, and recommend best practices for avoiding these problems. The goal is to provide a clear, technical
understanding of VFD-induced GFCI trips and how to mitigate them, using manufacturer documentation,
industry standards, and field case studies as references.

Why VFDs Trip GFCI Breakers

GFCI Basics: A GFCI/RCD monitors the current balance between phase conductors (and neutral, if present).
Any imbalance (residual current) above a threshold - often 5-30 mA for personnel protection or higher for
equipment - means current is leaking to ground, so the device quickly opens the circuit [23tL191-199]

1 . GFCIs are designed for safety, disconnecting power when even a small ground current is detected (e.g.
a person touching a live wire to ground) 2 . In industrial settings, larger RCD breakers (e.g. 30 mA “Class
C"atup to 480V 3 ) may be used for equipment protection, but the principle is the same.

VFD Leakage Currents: VFDs inherently produce high-frequency switching currents (from fast IGBT
transistors) that leak to ground via parasitic capacitances. In a perfectly balanced 3-phase system, all
current returns through the phases, but real systems have capacitances between conductors and ground
(motor windings to frame, cable conductors to shield/conduit, EMI/RFI filters to ground) 4 . A capacitor’s
impedance drops as frequency rises, so the high-frequency components of VFD output (often 2-15 kHz
switching) readily flow to ground 5 6 . This is seen as a “leakage” or “common-mode” current that does
not return through the phases, causing the GFCI to sense an imbalance and trip 7 . In fact, normal VFD
operation can have tens of milliamps of ground current; values of ~30 mA are not uncommon as normal
VFD leakage current, which is near typical GFCI trip levels & . High-quality drives often include Y-
capacitors (to ground) in EMI filters that redirect high-frequency currents back to the drive instead of into
the supply - but those same capacitors themselves create a constant leakage path to ground 9 . With
multiple drives or long motor cables, these leakage currents sum and increase the chance of nuisance

tripping 10 .

GFCI Frequency Response: Standard GFCIs are designed to sense 50/60 Hz fault currents. They do not
respond uniformly to high-frequency currents. However, fast switching can confuse GFCIs, as the devices
may erroneously interpret high-frequency leakage as an imbalance. For example, leakage currents above ~4
kHz (from a VFD’'s PWM output) can trip a typical GFCI because they operate outside the device's intended
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frequency range 11 . In essence, the drive is leaking current at frequencies the GFCI's sensor/filter isn't
designed to ignore. To make matters worse, some drives include EMI input filters (or external EMC filters)
with capacitors from line-to-ground - these filters intentionally leak a small AC current to ground to trap
noise. A drive with input filters can easily exceed 3.5 mA ground leakage (a common threshold for “high
leakage” equipment) 12 . Thus, connecting a drive + filter to a sensitive GFCI often causes immediate trips

13 . Manufacturers explicitly warn against this: for example, Xylem's drives note “Do not use a GFCIL..or
nuisance tripping will result” 14 . Even Rockwell (Allen-Bradley) advises that VFDs on GFCI circuits are “not
recommended” due to high-frequency leakage causing nuisance trips 15 .

Insulation Breakdown and True Ground Faults: Not all ground currents are benign. A true ground fault
occurs when a phase conductor unintentionally touches ground (or motor frame, etc.), causing current to
flow through an abnormal path. If the fault impedance is low, a very high current will flow to ground -
ideally blowing a fuse or tripping an overcurrent breaker upstream 16 . Often, however, ground faults have
higher impedance (damaged insulation, moisture ingress, etc.), allowing only a moderate leakage current -
not enough to trip a main breaker, but enough to be dangerous and to trigger protective devices like GFCIs
or drive ground-fault detectors 7 18 . In VFD-fed systems, older or damaged motor insulation is a
common culprit. The fast PWM voltage edges from a VFD can stress insulation via capacitive charging and
voltage overshoots. Over time, this can cause corona discharge and insulation degradation, eventually
leading to a winding-to-ground fault 19 20 . Similarly, cable insulation can break down (especially at
connectors or if cable shielding/armor is not properly grounded), causing intermittent ground shorts. Such
faults may first manifest as occasional GFCI or drive trips, becoming more frequent as insulation worsens

2122, Environmental factors like moisture (condensation inside motors or conduit) significantly lower
insulation resistance and can cause “cold start” ground faults until the equipment heats up and dries out

23 24 In summary, a VFD on a healthy system might still trip a GFCI due to normal leakage currents, but
repeated ground fault indications could also signal a genuine insulation problem in the motor or cable that
needs attention.

Acceptable Insulation Resistance and Leakage Specs

A key diagnostic in ground-fault scenarios is measuring the insulation resistance (IR) of the motor and cable
with a megohmmeter. Industry standards (e.g. IEEE 43 and IEC 60034-17) provide guidelines for safe IR
values. New or recently dried motor windings typically have IR in the tens or hundreds of megohms. Over
years of operation, IR may drop due to moisture or insulation aging, but should remain above a minimum
safe threshold. A common rule of thumb: IR should be no less than 1 MQ (measured at 500-1000 VDC,
corrected to 25°C), and preferably above 10 MQ for motors in service 25 . In fact, many experts recommend
a minimum of 1 MQ per kV of motor rating as the absolute floor. Values below 1 MQ indicate serious
insulation moisture or damage, and the motor should be dried or rewound 26 27 . In practice, VFDs will
usually fault out on a ground fault long before a dead-short (0 Q) to ground - but they are not very
sensitive to high resistance leakage. For example, a 460 V motor with only 0.5 MQ insulation (~0.9 mA
leakage) likely won't trip the drive’s protection, but will trip a 5 mA personnel GFCI and may trip a 30 mA
device if multiple phases leak. Thus, checking IR helps distinguish nuisance tripping from a developing
insulation failure. Some drive manuals directly advise insulation testing if ground fault trips occur 28 . It's
good practice to megger the motor+ cable whenever unexplained ground fault errors arise. Acceptable
leakage current for a given system depends on the GFCI's rating. A common spec: each VFD can leak 10-30
mA in normal operation (through filters and cable capacitance) 8 . If multiple drives share one RCD, their
cumulative leakage could exceed the trip threshold even if each drive is functioning properly 10 . Engineers
must account for this when selecting protection - often by using higher-trip-level RCDs (e.g. 100 mA or

WWWw.precision-elec.com

2


https://acim.nidec.com/drives/kbelectronics/-/media/kbelectronics/documents/white-papers/updated-using-vfds-on-gfci-devices.ashx?la=en#:~:text=switching%20frequency%20of%20the%20VFD%E2%80%99s,inputs%2C%20not%20this%20higher%20value
https://www.dynamicconveyor.com/wp-content/uploads/2023/04/AC-TECH-SV-Control-Manual-2.pdf#:~:text=Failure%20to%20do%20so%20may,safety%20regulations%20for%20high%20leakage
https://www.xylem.com/siteassets/brand/goulds-water-technology/resources/technical-brochure/btop10vfd-r3.pdf#:~:text=,devices%20can%20cause%20nuisance%20tripping
http://documentlibrary.xylemappliedwater.com/wp-content/blogs.dir/22/files/2015/02/IM260R03.pdf#:~:text=%5BPDF%5D%20AQUAVAR%C2%AE%20SOLO2%20,or%20nuisance%20tripping%20will%20result
https://support.rockwellautomation.com/app/answers/answer_view/a_id/573150/~/using-gfci-protection-on-a-variable-frequency-drive#:~:text=Using%20GFCI%20Protection%20on%20a,tripping%20on%20some%20GFCI%20devices
https://www.panelbuilderus.com/latest-articles/4813-ground-fault-nuisance-tripping-in-vfd-applications/#:~:text=Ground%20faults%20are%20characterized%20by,was%20made%20safe%20to%20personnel
https://www.panelbuilderus.com/latest-articles/4813-ground-fault-nuisance-tripping-in-vfd-applications/#:~:text=Unfortunately%20for%20many%20ground%20faults,current
https://www.panelbuilderus.com/latest-articles/4813-ground-fault-nuisance-tripping-in-vfd-applications/#:~:text=In%20the%20event%20of%20a,RCD
https://joliettech.com/blog/typical-variable-speed-drive-faults-and-how-to-troubleshoot-them-ground-faults/#:~:text=Ground%20faults%20in%20cables%20can,Even%20if%20this%20doesn%E2%80%99t%20happen
https://joliettech.com/blog/typical-variable-speed-drive-faults-and-how-to-troubleshoot-them-ground-faults/#:~:text=Similarly%2C%20ground%20faults%20in%20motor,on%20the%20motor%20winding%20insulation
https://www.plctalk.net/threads/vfd-ground-fault.78697/#:~:text=,Click%20to%20expand
https://www.plctalk.net/threads/vfd-ground-fault.78697/#:~:text=experienced%20,with%20motors%20replacements
https://www.plctalk.net/threads/vfd-ground-fault.78697/#:~:text=,Click%20to%20expand
https://www.plctalk.net/threads/vfd-ground-fault.78697/#:~:text=The%20motor%20is%20probably%20totally,were%20mitigated%20with%20motors%20replacements
https://electrical-engineering-portal.com/how-to-measure-insulation-resistance-of-a-motor#:~:text=Insulation%20resistance%20should%20be%20used,and%20corrected%20to%2025%20%C2%B0C
https://electrical-engineering-portal.com/how-to-measure-insulation-resistance-of-a-motor#:~:text=The%20minimum%20insulation%20resistance%20of,5%20Megohm%2FkV
https://electrical-engineering-portal.com/how-to-measure-insulation-resistance-of-a-motor#:~:text=However%2C%20if%20it%20drops%20below,to%20the%20high%20leakage%20voltage
https://click2electro.com/forum/hitachi-drives/e14-fault-code-in-hitachi-drive/#:~:text=and%20may%20also%20be%20termed,%E2%80%9Cearth%20leakage%E2%80%9D
https://smartd.tech/vfd-leakage-current-ground-fault-protection/#:~:text=,High
https://www.kebamerica.com/blog/ground-fault-nuisance-tripping-in-vfd-applications/#:~:text=America%20www,in%20leakage%20current%2C%20a

Precision Electric, Inc. 574-256-1000

300 mA) or one RCD per drive to divide leakage. In summary, keep motor IR above 1 MQ (preferably much
higher) and anticipate ~ tens of mA of leakage per drive as “normal” when sizing ground-fault protection.
Low IR readings or sudden increases in leakage current are red flags for insulation faults.

VFD Ground Fault Protection Logic (Multi-Brand)

Beyond external GFCls, VFDs themselves incorporate ground fault protection logic (also called earth-fault
or residual current detection in drives). This is a built-in safety feature to protect the power transistors in the
drive if there is a significant fault from output to ground. Drives typically measure ground fault by summing
the three phase output currents (via internal CTs) - any imbalance means current is going somewhere
outside the normal load (i.e. to ground) 2° 30 . However, unlike a 5 mA GFCI, the drive’s threshold is much
higher: most VFDs trip on ground fault when the leakage current is substantial - typically on the order of 50% or
more of the drive’s rated output current 31 32 . In other words, the drive is protecting itself from a near
short-circuit, not guarding humans against a tiny shock. For example, Yaskawa V1000 drives will trigger a
“GF" fault if ground current exceeds ~50% of the drive’s rated output current. Lenze's SMVector drives
likewise display “Output Fault: Ground Fault” when a grounded motor phase or excessive capacitive
current is detected 33 . ABB industrial drives (ACS series) specify that the internal earth-fault protection
will trip to protect the unit, and they note it “is not designed to protect against personal injury” 34 - it's purely
for equipment safety. Hitachi's inverters echo this: the ground fault circuit will shut down the drive on an
output ground fault, but it is “not designed to protect against personal injury” (a warning in WJ200
manuals) 34 . In fact, some Hitachi models run a ground-fault check at startup (to detect any output-to-
ground short before enabling power) and will show an error (e.g. “E14”) if a ground fault is present 35 .

Drive Responses and Settings: When a drive's ground-fault threshold is exceeded, the typical response is
an immediate trip (fault) - the drive shuts off output to prevent damage. The fault is usually latching,
requiring operator intervention or a reset to clear. Different brands label it differently: e.g. “GF” fault on
Yaskawa and Rockwell, “E14" on some Hitachi, or a generic “short-circuit/ground fault” code on others.
Lenze SMV drives lump ground faults with output transistor faults; their manual suggests to “Check motor
and cable” for a grounded phase, and also warns that long motor cables with high capacitance can
trigger false ground-fault trips, recommending use of shorter or low-capacitance cables or output
reactors 36 33, Many modern drives allow disabling or adjusting the ground-fault feature in software for
special cases. For instance, Yaskawa V1000 has a parameter (L8-09) to enable/disable GF detection 37 . This
is particularly useful in high-resistance or ungrounded systems: if the supply is a floating delta or uses a
neutral grounding resistor, a single ground fault doesn’t create a large current, but it can cause the system
neutral to shift in potential. Drives on such systems may falsely detect ground faults due to this shift 30 .
Experienced integrators report routinely turning off the drive’'s ground fault trip on ungrounded delta
systems to avoid nuisance faults 38 (with the understanding that an external ground fault monitor will
handle detection). It's important to note that disabling this protection means the drive won't self-protect
from an output ground short - so it should only be done if another protection scheme is in place or if the
false trips are known to be an issue.

In summary, each major manufacturer implements ground-fault trips similarly: threshold around 50%
rated current, instantaneous trip. They universally emphasize that this is equipment protection, not
personnel protection 39 34 . When troubleshooting, one should consult the drive’s fault history to see if
ground faults coincided with any particular events (like start-ups or rainstorms). If persistent GF faults occur
with no GFCI upstream, it strongly indicates a problem: either failing insulation or, occasionally, a
malfunctioning CT in the drive (some Danfoss/VLT drives had known issues with their ground CTs causing
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false trips 40 41 ). Manufacturers often suggest verifying the motor and cable first (megger test) and, if
they test good, suspecting internal drive sensor issues 42 . As a final note, short-circuit protection in
drives is closely related - a direct phase-to-phase short or severe overload will also produce an immediate
trip (often labeled “OC" or “SC” fault). In fact, ground faults and phase-to-phase faults can be hard to
distinguish from the drive’s perspective; some drives use a combined fault code or message (e.g. “Output
short or ground fault”). The internal detection for both uses the current sensors looking for sudden
overcurrent surges. The drive's IGBTs turn off within microseconds if a short is detected, and a fault is
declared to prevent transistor damage. Lenze's documentation uses “power stage short-circuit / ground
fault” as a combined diagnostic category 43, highlighting that the cause could be any unintended low-
impedance path on the output. In all cases, the reaction time is very fast - typically within a few PWM
cycles - to protect the transistors, whereas an external GFCI breaker might have a delay of 20-50 ms at its
threshold.

Practical Diagnostic Methods

When facing repeated GFCI trips or drive ground-fault errors, a systematic diagnostic approach is essential:

+ 1. Insulation Resistance (IR) Testing: As mentioned, use an insulation tester (megohmmeter) to
measure resistance from each motor phase to ground (with the drive disconnected). Perform this
test at an appropriate voltage (typically 500 VDC for <600 V motors). Healthy insulation will show
very high resistance (e.g. many tens of MQ). If the reading is below 1 MQ, this is a likely cause of
ground leakage - the motor or cable is compromised and may need drying or replacement 25 . Also
measure phase-to-phase to detect any winding-to-winding faults. Note that drives can sometimes
trip on ground fault if two motor phases are shorted together or to ground even partially. If IR
comes out low, further investigate the motor: open the motor junction box, check for moisture,
contamination, or damage. If possible, megger the cable separately from the motor to isolate the
source (disconnect the cable at motor end and test cable to ground, then motor winding to ground).
Many field cases find that a low IR motor (e.g. due to condensation) was causing ground fault trips
- in one such case, simply heating the motor or running space heaters overnight to dry it improved
IR and stopped the nuisance trips 2! 24 . If IR is okay at cold, consider doing a polarization index
test (10 min vs 1 min IR) to catch humidity issues.

2. Visual and Physical Inspection: Sometimes the cause is a physical wiring issue - e.g. a pinched
cable, damaged insulation, or a cable shield not properly grounded at both ends. Inspect the motor
cable along its length for cuts or crushed sections. Check terminations: a stray strand of wire
touching a grounded enclosure can cause intermittent faults. In one real scenario, a VFD was
faulting only when a particular machine ran; it turned out an entirely different motor’s cable had a
frayed armor (Sealtite conduit) that would intermittently short a phase to ground, and the drive on
the same bus picked it up 44 . The lesson is to isolate the system: disconnect the motor from the
drive and see if the GFCI still trips or the drive still errors out. If a GFCI trip stops when the motor is
unplugged, the leakage is likely on the output side (motor/cable) 45 . Conversely, if trips stop when
an input EMI/RFI filter is removed, the leakage was mostly from the filter 46 . You can also run the
drive with a temporary dummy load (or no load, if the drive allows open-circuit) to see if the fault
triggers only under real motor load. Safety note: Never bypass the ground connection as a “test” -
running a VFD ungrounded can be dangerous and is not a valid way to stop GFCI tripping. Instead,
use process of elimination with components.
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+ 3. Clamp Meter and Waveform Analysis: A high-sensitivity leakage current clamp meter (able to
resolve milliamps) can be very helpful. By clamping it around all phase conductors (and neutral if
present) together, you directly measure the net ground leakage in operation. Do this upstream of the
drive (or around the cable feeding the drive) - any reading above zero is the current that would trip a
GFCL. It's normal to see some mA when the drive is running. Compare at different conditions: e.g. at
0 Hz (motor stopped but drive enabled), vs running at various speeds. A significantly higher leakage
at certain speeds might correlate with switching frequency or cable resonance effects. If possible,
use an oscilloscope with a current probe on the ground conductor to examine the frequency content
of the leakage - you may observe high-frequency spikes coinciding with the IGBT PWM edges.
Waveform analysis can also reveal if the leakage is continuous AC or pulsating DC. For instance, a
partially rectified ground fault might produce a DC offset that a standard GFCI (Type A) can't handle.
In such cases, upgrading to a Type B RCD (sensitive to all waveforms, including smooth DC) is
necessary 47 . Some advanced power quality analyzers can separately measure 50/60 Hz leakage vs
high-frequency leakage. This data helps in selecting the right filter or RCD.

4. Drive Fault Logs and Parameters: Most digital drives store a fault history with timestamps and
possibly relevant values (e.g. output current at trip). Check the drive's HMI or software for a fault
log. Note when the ground fault or OC faults happen - is it always right when starting the motor,
during acceleration, at a constant speed, or at deceleration? Fault codes that occur instantly upon
enabling the drive often indicate a hard short (or a very low IR) that triggers during the drive's pre-
check. If it happens only when running at high frequency, it might be cable capacitance causing a
surge. Some drives (like Yaskawa) allow adjusting the PWM carrier frequency; reducing it can lower
leakage currents (though it may increase motor noise) 48 . If the drive has any diagnostic mode, use
it: for example, a “current monitor” that can display phase currents - if one phase current is
significantly different, part of it may be going to ground. Another tip: if multiple drives share a
source and a GFCI breaker is tripping, try running them one at a time to see which one (or which
combination) triggers the trip. This can identify if a particular drive or motor has abnormally high
leakage.

5. Field Service Case Study Metrics: It's useful to document baseline vs. resolved metrics. For
instance, in an anonymized case at a food processing plant, two 20 HP VFDs were causing a 30 mA
RCD to trip almost daily. Measurement showed each drive leaking ~18 mA at full speed (so together
~36 mA, exceeding the 30 mA trip). The baseline IR on the older motor was 2 MQ. After replacing one
motor (new IR >100 MQ) and fitting both drives with output dv/dt filters, the leakage per drive
dropped to ~10 mA, bringing the total below 20 mA. As a result, nuisance trips went from daily to
zero. In another case, a 50 HP pump VFD reported ground fault trips under high humidity
conditions. Baseline motor IR was 5 MQ at 20°C (borderline). The motor was baked and re-varnished,
raising IR to 200 MQ; additionally, connections in the terminal box were remade and sealed. Ground
fault errors which occurred every morning disappeared completely, and the drive log showed no
faults over the next 6 months of operation. These cases illustrate that by quantifying leakage
current and IR before and after, one can verify the effectiveness of the fixes (e.g., reduced leakage
current and no further trips). Always keep records of IR values and any changes - trending these
over time can predict failures before they happen.
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Real-World Case Study (Anonymized)

Case: A manufacturing facility was experiencing repeated trips of a 100 mA GFCI breaker feeding a bank
of VFDs (Lenze i550 series) controlling conveyor motors. The GFCI would trip multiple times per week, often
in the middle of shifts, shutting down all conveyors and causing production losses. The VFDs themselves
occasionally also showed “Ground fault” errors on their HMIs. The issue had been worsening over a period
of months.

Baseline Observation: An electrician measured leakage currents and found about 25 mA of ground current
on each drive while running. With four drives on the one GFCI, the total leakage (~100 mA) was right at the
breaker’s trip threshold, explaining the nuisance trips. Insulation tests on the motors revealed one older
motor had insulation resistance of only ~1.2 MQ, while the others were >20 MQ. The problematic motor’s
cable was also found nicked where it exited a conduit, though not shorted yet. Drive log analysis showed
the Lenze drives’ ground fault trips correlated with starting that particular motor, suggesting
intermittent insulation breakdown under stress. Notably, the Lenze drives are equipped with internal RFI
filters; per Lenze’s manual, such filters can contribute to leakage and special GFCI considerations are
needed 49 . Lenze documentation advises that if a GFCI must be used, it should be on the supply side only
and of an appropriate type (all drives were indeed on one supply-side breaker) 49 .

Actions Taken: Maintenance replaced the old motor with a new high-efficiency motor (IR >100 MQ). They
also replaced the damaged cable and ensured proper shielding and grounding at both ends. To
immediately mitigate the nuisance trips, they upgraded the 100 mA GFCI to a Type B, 300 mA RCD with a
short time delay, as recommended for VFD applications. This type has tolerance for DC and high-frequency
leakage and a higher trip level 50 51 . Additionally, output load reactors (3% impedance) were installed on
the larger drives to slow the voltage rise time and reduce capacitive charging currents in the long cable
runs (a recommendation found in Lenze's application notes and the drive manual) 36 . The Lenze drive
parameter for switching frequency was reduced from 8 kHz to 4 kHz on all units to further cut down leakage
currents.

Outcome: After these changes, the ground leakage per drive dropped to ~10-15 mA (measured). The new
RCD breaker has not tripped in over 3 months of operation. The internal drive ground-fault alarms also
ceased completely for that conveyor. In terms of metrics, the facility went from ~2-3 unplanned downtime
events per week (baseline) to zero events in the same time span after the fix. Production throughput
improved correspondingly, and maintenance recorded an increase in the suspect motor’s IR from 1.2 MQ
(old) to >100 MQ (new), confirming the insulation issue was resolved. This case underscores how a
combination of insulation maintenance, proper component selection (RCD type), and adherence to
best practices (shielding, filtering) can eliminate both nuisance trips and true fault hazards.

Best Practices to Prevent GFCI Trips and Ground Fault Issues

Implementing the following best practices can greatly reduce problems with VFDs tripping ground-fault
protectors and improve overall system reliability:

+ Use the Right RCD/GFCI Type: When GFCI protection is required with VFDs, choose a Type B RCD
(all-current sensitive). Type B units are designed for circuits with DC offset and high-frequency
components (common with three-phase drives). They include filtering that increases the trip
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threshold at higher frequencies (while still tripping quickly at 50/60 Hz) 52 . They also often have a
short built-in delay to ride through the inrush/spike on VFD power-up 53 . Many manufacturers
explicitly recommend Type B for drives - e.g., ABB states their drives are “suitable to be used with
residual current devices of Type B” 54 . In some cases, a higher trip level (e.g. 300 mA instead of 30
mA) may be acceptable if the goal is equipment protection. Ensure any GFCI used is rated for the
drive’s current and frequency; standard residential GFCIs (typically <50 A and only single-phase)
are not appropriate for most VFD installations 55 . If using an adjustable ground-fault relay in a
power panel, set the pickup and delay per an engineering coordination study - too low a threshold
or no delay can cause nuisance trips from transient surges. Finally, if multiple drives are on one RCD,
consider separating them or using a common mode choke/filter upstream to shunt combined
leakage (some suppliers offer “RCD-friendly” filters for groups of VFDs 56 57 ),

Proper Cabling and Shielding: Always use VFD-rated shielded motor cables with robust
insulation. These cables have lower capacitance to ground than random unshielded wiring, and their
braided shields carry high-frequency return currents effectively. Keep motor cables as short as
feasible - long cable runs (over, say, 50m/150ft) significantly increase leakage current due to
charging of cable capacitance 36 . If long runs are unavoidable, install output dVv/dt filters or
reactors at the drive output to slow the voltage transitions 58 . This not only protects motor
insulation but also cuts down on high-frequency leakage that causes GFCI trips. Terminate shields
properly: ground the cable shield at both the drive ground and motor frame ground (unless
otherwise instructed by manufacturer to avoid ground loops). Good bonding of the cable armor to
the drive’s ground terminal means common-mode currents return via the shortest path instead of
leaking elsewhere. Do not run control cables or other circuits in parallel with VFD output cables
- this can introduce noise and possibly additional ground current paths. Following guidelines like
ABB's for cable routing (separating power and control, 90° crossings, etc.) will mitigate unexpected
issues 59 60,

Grounding and Bonding: Ensure the system grounding meets code and drive manufacturer
recommendations. Because drives have high leakage (>3.5 mA), they are typically required to be
permanently grounded with a robust PE conductor (often specified in manuals) 2 . The ground
network impedance should be low - use appropriately sized grounding cables and tight bonds to
panels and earth. All major metal parts (motor frame, drive chassis, cable trays) should be bonded so
that high-frequency currents can flow back without creating large voltage differences. Using a single
grounding point for the drive system or a grounding bus bar can help. In high-resistance grounded
(HRG) systems, coordinate with the ground resistor sizing: HRG will limit fault current (often 5-10 A),
which is good for safety but means a single ground fault won't trip phase breakers. In such cases,
rely on ground fault monitors or the drive's detection (if enabled) to alarm on the first fault. Avoid
multiple ground paths that create loops - but for safety, every component should have at least one
solid ground. If you experience persistent noise issues, special high-frequency grounding techniques
(like bonding drive negative DC bus to ground through a capacitor, etc.) can sometimes help - but
consult the drive's application notes for this.

Drive Filters and Configurations: Many drives offer optional EMC filters, common-mode chokes,
or sinusoidal output filters. Use these wisely. Input side EMI/RFI filters can greatly reduce
conducted emissions, but they do so by shunting noise to ground (via Y-caps), inherently adding
leakage current. If nuisance GFCI tripping is a problem, consider using low-leakage filters or
removing unnecessary filters. Some manufacturers have “filtered” vs “unfiltered” drive versions. For
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example, one solution from KEB for sensitive applications is adding their E6 filter which has heavier
filtering but also specifically provides an alternate return path for ground currents straight back to
the drive 9 61 . On the output side, common-mode chokes can be added to reduce high-
frequency ground currents by impedance. When programming the drive, use the lowest effective
switching frequency - higher kHz makes for quieter motors but much higher leakage. If you can
tolerate a bit more motor noise, dropping from e.g. 16 kHz to 8 kHz or 4 kHz can cut leakage
significantly 48 . Some drives have a parameter to perform a “ground fault check” at power-on - if
nuisance trips happen only at startup and you know your system has high leakage, this feature
might be turned off to prevent false alarms (again, only do so with careful consideration).

Environmental Control and Maintenance: Prevent moisture and contamination in motors and
wiring. Simple steps like installing space heaters in large motors or keeping enclosures dry can
maintain insulation resistance. Regularly inspect motors during planned downtime: megger test
annually and trend the results. If a motor's IR is dropping year over year, plan a rewind or
replacement before it starts tripping drives. Tighten all power connections as part of maintenance -
loose neutral or ground connections can cause erratic ground fault indications. Also, consider
performing a thermal imaging scan of the drive panels: hot spots might indicate a partially
conducting fault or unwanted current path. Finally, train personnel on these issues: anecdotally,
technicians sometimes first suspect the drive is “just being finicky” when a ground fault trip occurs,
resetting it repeatedly - instead, they should investigate the cause since the drive is doing its job
indicating a problem. By fostering a proactive maintenance culture (including cleaning out drive
cabinets, checking filter capacitors, etc.), many issues can be caught early.

Implementing the above best practices - proper component selection (RCD type, filters), correct installation
(cables, grounding), and regular testing - will vastly reduce the chances of VFD-related ground fault
problems. In systems that follow IEC and manufacturer guidelines, VFDs can run on GFCI-protected circuits
without nuisance tripping, except in genuinely unsafe conditions. Always refer to the drive's official
documentation for any special instructions (for example, Lenze's application notes on using GFCIs with their
controllers, or ABB's electrical planning guides that mention RCD usage) 54 49 .

Conclusion

VFDs and GFCI devices can co-exist, but it requires understanding the electrical interactions at play. We have
seen that high-frequency leakage currents from a drive’s normal operation are a primary reason for
nuisance GFCI trips, and insulation breakdown is a primary reason for legitimate ground-fault trips. By
examining both perspectives - the internal drive logic (with around 50% current thresholds for ground
faults) and the external protection devices (tripping on milliamps of leakage) - one can develop a robust
approach to troubleshooting and design. Key takeaways include the importance of maintaining high
insulation resistance, using the correct type of RCD (Type B for VFDs with appropriate settings), and
implementing mitigation techniques like output reactors, shielded cables, and proper grounding. An
anonymized case study highlighted how applying these solutions (motor replacement, better RCD, filters)
eliminated previously chronic trips and improved reliability.

In practice, addressing VFD GFCI tripping is a multidisciplinary effort bridging IEEE/IEC standards (for
insulation testing, grounding, RCD design) and manufacturer-specific recommendations (from Lenze,
ABB, Yaskawa, Eaton, Hitachi, etc.). Following both sets of guidance ensures electrical safety and minimal
downtime. When in doubt, consult the drive manual - for example, Hitachi explicitly reminds that the drive's
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ground fault circuit is not a substitute for an external GFCI intended to protect personnel 34, and ABB's
manuals remind users to use Type B RCDs and that long cables may require special consideration 54 62,
With thorough diagnostics and informed design, the phenomenon of VFDs tripping GFCIs can be managed
and mitigated, keeping systems running safely and smoothly.

References (Embedded in Text)

* Lenze SMVector VFD - Operating Instructions, Lenze Americas (AC Tech), which notes high leakage
current (>3.5 mA) and cautions on long motor cables causing ground fault trips 12 33 .

+ ABB ACS880 Drive Manuals (ABB Library), advising use of Type B residual current devices and
describing internal ground fault protection (not for personal safety) 54 34 .

* Yaskawa V1000 Series Manual & Support, detailing “GF - Ground Fault” trips when >50% current
flows to ground and recommending motor insulation checks 63 .

+ Hitachi WJ200/SJ Series Manuals, with warnings about ground fault protection purpose and fault
code E14 for inverter output ground faults 34 64 .

+ Eaton / Cutler-Hammer drives literature (e.g. DG1 series manual), which similarly cover ground fault
trips and the need for proper grounding (specific Eaton references not directly cited above, but their
practices align with ABB/Hitachi).

« IEEE and IEC standards: IEEE 43 (motor insulation testing) recommends >1 MQ minimum IR 25 , IEC
61800-5-1 (VFD safety) addresses leakage current classification. IEC 60755 / 62423 classify Type B
RCD requirements (sensitivity to DC, etc.) 47 .

* Field experience case studies and technical articles: e.g., KEB America’s blog on Ground Fault
Nuisance Tripping which explains high-resistance grounding and VFD leakage paths 6 54, and
the Joliet Technologies article on VFD Ground Faults confirming ~50% current thresholds and cable/
motor insulation failure modes 31 19 .

* Nidec/KB Electronics White Paper “Using VFDs on GFCI Devices” detailing how PWM switching
causes GFCI trips and suggesting mitigation like output chokes and filters 6 66 .

« Manufacturer support notes: Rockwell Automation’s knowledgebase on GFCIs with drives 15,
Schneider Electric FAQ on why to use Type B RCD for 3-phase drives 50 , and Siemens drive manuals
recommending 300 mA Type B RCDs for each VFD 67 . These corroborate the general patterns
discussed.

All the above sources (linked in-line) converge on the same core insights: manage the high-frequency
leakage and maintain insulation integrity to prevent unwanted trips. By adhering to these well-documented
recommendations, engineers can ensure VFD-driven systems operate safely without mysterious breaker
trips or downtime.
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6 11 45 46 66 Microsoft Word - Using VFDs on GFCI Devices 18feb2019a.docx
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