
VFD Ground Fault Trip and Short-Circuit Faults:

Causes, Detection, and Best Practices

Variable Frequency Drives (VFDs) are equipped with protective features to handle ground fault trips and

short-circuit trips. A VFD ground fault trip occurs when current leaks from the motor or cable to ground

(earth) beyond a safe threshold, while a  short-circuit trip indicates a direct phase-to-phase or phase-to-

ground short causing a surge in current. Understanding why these faults happen and how modern drives

detect them is crucial for troubleshooting and prevention. This article provides a detailed look at the causes

of ground fault  and short-circuit  trips in VFD systems, how manufacturers’  documentation (ABB, Eaton,

Yaskawa, Hitachi, Lenze, etc.) explains their detection methods, insulation resistance standards (IEEE 43,

NETA ATS), real-world diagnostic examples, and best practices for testing and maintenance. The goal is a

practical, “VFD fault troubleshooting” guide to keep your drives and motors running reliably.

Causes of VFD Ground Fault Trips

Ground faults in VFD-driven systems are typically caused by insulation breakdown or unintended current

paths from the motor windings or cables to ground. Common causes include:

Damaged Insulation in Motors or Cables: Aging, overheating, physical damage, or manufacturing

defects can compromise insulation. Once insulation is weak, normal AC drive output can leak current

to  the  motor  frame or  cable  shielding,  triggering  a  ground fault.  For  example,  ABB notes  that

deteriorated  motor  winding  insulation  or  cable  damage  often  leads  to  leakage  current  and  an

imbalance in phase currents, causing the drive’s ground fault protection to trip. A motor that has

been in service for many years or exposed to harsh conditions may develop cracks in the varnish or

cable nicks that result in a ground fault.

Moisture and Contamination: Water  ingress,  condensation,  or  conductive  dust  and debris  can

create a path from live conductors to ground. Moisture is  a frequent culprit  in  VFD earth fault

causes – when a motor sits idle in a humid environment, condensation can form on the windings or

in junction boxes. This lowers the insulation resistance and can cause intermittent ground fault trips,

especially at startup or when the motor heats up (driving out moisture). Technicians often report

that  simply  drying  out  a  motor  (e.g.  with  space  heaters  or  oven  baking)  and  cleaning  out

contamination  can  raise  insulation  resistance  from  a  few  megohms  (or  less)  to  hundreds  of

megohms, resolving ground fault trips.

Improper Wiring or Installation: Using the wrong type of  cable,  poor terminations,  or  routing

motor leads near grounded metal can increase leakage currents. Long cable runs between VFD and

motor have high capacitance to ground, which means even a perfectly healthy insulation system will

source some high-frequency leakage current. If the leakage is high enough, the VFD may interpret it

as  a  ground  fault.  Lenze’s  documentation  explicitly  notes  that  excessive  capacitive  charging

current in long motor cables can cause ground fault trips, and recommends using shorter cables,
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low-capacitance cable types,  or  installing output reactors/filters to mitigate this.  Poor grounding

practices or cables run in wet conduits can also contribute to nuisance trips.

External Surges or Events: Lightning strikes or transient overvoltages on the motor feeder can

punch through insulation. Likewise, if a motor experiences a surge (for instance, from switching a

power factor correction capacitor on the line) it might momentarily overcome insulation, causing a

ground fault. These events are less common but can be severe. If multiple VFDs in a facility start

tripping ground fault around the same time, an external event like a lightning surge or a voltage

transient on the supply should be considered. In one case, a facility with several ABB drives found

that an upstream capacitor switching transient led to input current spikes that fooled the drives’

ground fault detection.

Internal Drive Hardware Faults: Sometimes the VFD might indicate a ground fault when the actual

issue is internal. A failed output transistor (IGBT) or a malfunctioning current sensor in the drive can

simulate  a  ground  fault  condition.  For  instance,  if  an  IGBT  shorts  internally,  it  can  create  an

imbalance in currents or directly connect an output phase to ground. Some drives will flag this as a

different fault (like a  short-circuit or  transistor fault), but others might show it as a ground fault

depending on which protection triggers first. As an example, users of Allen-Bradley PowerFlex drives

have noted that a persistent ground fault trip, even after eliminating motor/cable issues, pointed to

a failed IGBT in the drive. The drive’s diagnostics logged a ground fault simply because that was the

first condition it detected when the transistor failed. Always consider the drive itself if ground fault

trips continue with known-good motors and wiring.

In  practice,  the  symptoms  of  a  VFD  ground  fault  trip can  vary.  Some  drives  trip  immediately  upon

energizing or starting the motor (especially if the fault is solid, like a bolted ground in the motor), while

others may run for some time and only trip under certain conditions (e.g. when moisture condenses or

when drive output exceeds a threshold). An intermittent ground fault that occurs after some runtime might

indicate  a  heating-related  insulation  issue  –  for  example,  a  motor  that  runs  for  30-60  minutes  before

tripping could have a winding defect that shows up only when hot, or a cable that vibrates into contact with

a grounded surface at certain load conditions. Careful observation of when the trip occurs (immediately at

start vs. during operation vs. at stop) provides clues to the cause.

Causes of VFD Short-Circuit Trips

A short-circuit trip on a VFD usually indicates a high magnitude, instantaneous current spike on the output

– essentially a phase-to-phase short or a direct phase-to-ground short that is not limited by impedance.

Causes include:

Motor or Cable Short-Circuits: A catastrophic failure in the motor such as winding-to-winding short,

or a cable insulation failure that shorts two phases together, will cause a huge current surge as soon

as the drive tries to energize the motor. Drives monitor output current and will  trigger a “short-

circuit” fault almost immediately in such cases to protect the IGBTs. For example, ABB drive fault

codes like “2340 – Short Circuit” explicitly point to a short in the motor or motor cables as the cause,

and  advise  checking  the  motor  and  cabling  for  phase-to-phase  faults.  Similarly,  Eaton’s  drive

manuals list “Output Phase Fault” or short-circuit faults when two output phases are inadvertently

connected or the motor windings are internally shorted.
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Incorrect Wiring or Phasing Errors: If during installation or maintenance a mistake is made such

that two output terminals of the VFD are connected together (e.g., wiring the motor leads incorrectly

so that phases short), the drive will likely trip the instant it tries to output voltage. This is effectively a

direct short on the inverter output. Always verify motor lead connections and check for any phase-

to-phase contact. Even a strand of wire bridging between terminals in the VFD or motor junction box

can create a partial short.

Failed IGBTs or Power Devices: An output transistor that has failed in a shorted state will present a

phase-to-phase or phase-to-DC-bus short inside the drive. When the next run command is given, the

fault is detected and the drive will  usually register a  short-circuit or sometimes a generic  over-

current fault.  Many  modern  drives  include  hardware  desaturation  detection  on  the  IGBTs  –

effectively  a  circuit  that  monitors  the  transistor’s  V_ce  (voltage)  to  detect  if  it’s  in  a  saturated

(overcurrent) condition – to shut down in microseconds if a short is present. This protects the drive

from  blowing  out  completely.  As  a  result,  a  power  component  failure tends  to  trip  the  drive

instantly. If you have ruled out the motor and cables, a persistent short-circuit fault can indicate that

the drive’s output stage is damaged (shorted transistor or other component).

Locked Rotor or Mechanical Jams: Although not a literal electrical short, a motor that is seized (or a

process  that  is  jammed)  can  cause  the  drive  to  hit  its  current  limit  very  abruptly,  sometimes

registering as a short-circuit or overcurrent fault. Some drives differentiate “overcurrent” (moderate

overcurrent  for  several  milliseconds)  from  “short-circuit”  (extremely  high  current  in  a  few

microseconds).  For  instance,  Yaskawa drives separate  OC (Overcurrent) from  SC (Short Circuit)

faults  –  overcurrent  might  occur  at  ~200% load,  whereas a  dead short  produces a  much faster,

higher surge. A locked rotor draws a large current that might trip overcurrent protection rather than

immediate short-circuit, but if the drive is set very sensitive or the motor instantly stalls, it could flag

a short. In any case, if a drive trips on short-circuit right when starting a motor, ensure the motor can

spin freely and isn’t mechanically bound.

Capacitive or Resonant Surges During Stopping: One lesser-known cause of output short-circuit

or ground fault trips can be certain braking or filtering scenarios. For example, using DC injection

braking or special braking techniques improperly can momentarily fool the drive’s protection. In a

documented case with a Lenze drive, enabling a flux braking function at the same time as a dynamic

braking resistor caused some of the braking current to bypass the current sensors (flowing into the

resistor) and resulted in the drive tripping on output ground fault during stop. In effect, the drive

“saw” missing return current and interpreted it as a ground fault or short. While this is technically a

configuration  issue  rather  than  a  true  short,  it  highlights  that  certain  parameter  settings  (like

braking modes,  multi-motor operation,  or output filter networks)  can cause false short-circuit  or

ground fault detections. Always follow the manufacturer’s instructions for enabling brake units or

special functions – e.g. do not simultaneously use DC injection and external dynamic braking unless

the manual allows it, as it may trigger protective trips.

In summary, a  VFD short-circuit trip usually points to a severe condition: either the motor/cable system

has a true short, or the drive’s output stage is compromised. The immediate action on seeing a short-circuit

fault  is  to  disconnect  the  motor  leads  from  the  drive  and  test  the  motor  and  cables with  a

megohmmeter  (and  an  ohmmeter)  for  shorts.  If  no  issues  are  found  and  the  fault  persists  when

reconnecting or trying another motor, suspect internal drive damage.
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How Modern VFDs Detect Ground Faults and Short Circuits

Modern VFDs incorporate electronic protection circuits to sense ground faults and short-circuits very

rapidly. While specifics vary by manufacturer, the fundamental principles are similar:

Residual Current Monitoring (Sum-of-Phases): Most drives detect ground faults by measuring the

imbalance among the three phase output currents. Essentially, the drive’s output current sensors

(CTs or Hall effect sensors on each phase) feed into a logic that sums the three phase currents. In a

normal healthy system, the vector sum of currents in three phases should be zero (what goes out on

phase A + B + C returns through the neutral/ground path in a balanced way). If there is a leakage to

ground, the sum will not be zero – some current is “missing” and must be going to ground. The

drive’s firmware triggers a ground fault trip if that residual (imbalanced) current exceeds a threshold.

This method is analogous to how a Residual Current Device (RCD or GFCI) works, though drives are

typically set to trip at a much higher level than household GFCIs.  Yaskawa’s drives, for example,

specify that the internal ground fault circuit activates when ground current exceeds approximately

50% of the drive’s rated output current. That is a high threshold aimed at protecting equipment,

not personnel – it will catch a major insulation failure (e.g. a winding short to ground) but not trip on

a few milliamps of leakage. Yaskawa also allows this protection to be disabled via a parameter if

needed (for instance, when using multiple motors or an ungrounded system), although disabling is

generally not recommended except in controlled scenarios.

Direct DC Bus Ground Monitoring: Some VFD designs use an alternate method to detect ground

faults,  particularly  in  certain  ABB  drives.  Instead  of  summing  AC  phase  currents,  they  monitor

currents in the DC bus or measure any current flowing from the DC bus to ground. ABB’s ACS880

drives,  for  instance,  compare the  current  leaving the DC link  to  the  inverter  section versus  the

current returning, effectively detecting if some current is leaking to ground before returning to the

DC bus. ABB representatives have noted that on those models, an imbalance caused by, say, a severe

input voltage unbalance or certain ground conditions could trigger a ground fault trip even if the

traditional residual method might not have tripped. The key point is that the drive uses internal

sensors to watch for any unexpected current path to ground and will shut down in microseconds

once detected.  In  ungrounded or high-resistance grounded systems,  drives may offer special

settings or modules to adjust ground fault sensitivity (since the fault currents in those systems are

limited).  For  example,  ABB  provides  an  optional  ground  fault  monitoring  kit  for  operation  on

ungrounded (IT) systems, with adjustable sensitivity to avoid nuisance alarms.

Threshold and Filtering: Manufacturers set specific thresholds and time delays to differentiate a

real fault from noise. As mentioned, Yaskawa uses ~50% of rated current.  Rockwell Allen-Bradley

PowerFlex drives have ground fault trip levels around 25–50% of drive rating depending on model,

and they often trip within a few milliseconds of detecting that level. Schneider Electric Altivar drives

similarly monitor the summed currents and will declare a fault (often labeled “GF” or “earth fault”)

when the residual current exceeds a set percentage of drive rating for a very short duration. The

drives’ control program usually includes a filter so that very brief spikes (from noise or switching

transients) don’t cause trips – the condition typically needs to persist for a few milliseconds (e.g. 1–2

ms) continuously before tripping. This prevents nuisance trips from, say, capacitive inrush when first

energizing long motor cables. ABB’s ACS880 hardware manual notes a “fault detection time” of about

200 ms for certain faults, but ground fault tends to be sensed much faster – practically in the order

of the PWM cycle or two, since it’s an important protection.
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Short-Circuit (Overcurrent) Detection: Drives protect against output short-circuits using two main

strategies. First, the drive’s control software monitors output current magnitude on each phase. If

the  current  exceeds  a  programmed  threshold  (often  200%  or  more  of  rated  current)  almost

instantaneously,  the drive assumes a short  and trips.  This  is  essentially  a  fast  overcurrent  fault.

Second, at the hardware level, IGBT-based drives use  desaturation detection on each transistor.

When an IGBT is conducting normally, the voltage across it (V<sub>CE</sub>) stays low; if a short

occurs, the current skyrockets and the IGBT starts to come out of saturation, causing V<sub>CE</

sub> to rise. The driver circuitry senses this rise (desaturation) and quickly turns off the IGBT to

prevent damage. This can happen in microseconds – far faster than the software loop. So in a dead

short scenario, the hardware may actually shut the output down before the CPU even registers the

fault.  The drive will  still  display a  “Short Circuit” or “Fuse Blown” fault  afterward. For instance,

Schneider’s ATV series drives have a fault code for “IGBT desaturation” which is triggered by either a

true output short or a failing transistor, and they explicitly advise to “Check the motor insulation

and wiring with a 1000V Megger” when that fault occurs.

Ground Fault on Start (Pre-Start Check): Some drives perform a health check for ground faults

before or  during ramp-up.  Hitachi inverters  (SJ  series)  illustrate this:  the Hitachi  SJ-P1 drive will

display fault  code  E014 (Ground Fault Error) if  a  ground fault  is  detected  when the drive is  first

powered on,  before  the  motor  even starts .  Essentially,  the inverter  pulses  a  small  voltage and

checks for excessive leakage. This function is meant to protect the inverter – if you attempt to power

up into a grounded motor, the drive catches it immediately. (Hitachi notes this protection might not

catch a fault if the motor is spinning and acting as a generator – so it’s mainly a startup check.) Many

other drives similarly will fault out if a severe ground fault is present at start; for example, powering

up a WEG or Fuji drive with a grounded motor will usually result in an instantaneous GF alarm.

Nuisance  Tripping  Considerations: Because  VFDs  use  high-frequency  PWM,  they  inherently

produce common-mode currents (leakage to ground through cable capacitance and motor parasitic

capacitance). Manufacturers are aware that  false ground fault trips can occur if the drive is too

sensitive  or  the  system has  unusually  high leakage (very  long cables,  multiple  motors,  etc.).  To

address this, some drives allow adjusting the ground fault sensitivity or blanking time. For example,

ABB  drives  often  have  a  parameter  to  set  ground  fault  protection  to  “Normal”  or  “Reduced

Sensitivity” if you are experiencing nuisance trips in a high-leakage system. Eaton’s application notes

also mention that noise on the grounding system can trigger false ground fault alarms, and they

recommend checking grounding integrity and cable shielding if intermittent faults occur. In extreme

cases, an RCD device upstream of the drive (like a GFI-protected circuit breaker) may trip due to the

VFD’s normal leakage – standard AC drives are not designed to meet personnel-protection leakage

levels (mA range) and often require special “RCD filters” or RCDs rated for high-frequency currents to

avoid nuisance tripping. 

In summary, VFDs detect ground faults by monitoring current imbalance and detect short-circuits by

sensing rapid overcurrent conditions. These protective features act in fractions of a second to prevent

damage  to  the  drive  and  motor.  It’s  important  to  consult  the  drive’s  manual  for  specific  fault  code

definitions – each manufacturer documents what triggers a given fault and often provides guidance for

troubleshooting it.  For instance,  the  ABB ACS880 Technical Manual explains that a ground fault  (code

2330)  triggers  when  the  imbalance  in  the  three-phase  currents  exceeds  a  preset  value,  and  advises

inspecting the motor and cable insulation immediately. The manual even notes a parameter (31.20) that can

disable ground fault trips in special cases – though only after confirming the hardware is sound. Likewise,
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Eaton’s drive fault guide suggests that upon a ground fault alarm, one should disconnect the motor and

test if the fault persists; if the drive still reports a ground fault with no motor, the cause could be a “current

measurement error” (i.e. a bad CT or internal issue). This kind of information, available in manufacturer

documentation, is invaluable for diagnosing the difference between a real ground fault and an internal

drive fault.

Insulation Resistance Standards (IEEE 43 & NETA ATS) and Testing

Practices

When facing ground fault trips, measuring the  insulation resistance (IR) of the motor and cables is a

critical diagnostic step. Industry standards provide guidelines on what IR values are considered acceptable

or suspect:

IEEE Std 43 (IEEE Recommended Practice for Testing Insulation Resistance of Rotating Machinery) is

the key standard for motor IR testing. IEEE 43 (2013 edition) specifies that for most modern random-

wound motors (rated below 1 kV), the minimum IR (corrected to 40°C) should be  5 MΩ, and for

form-wound coils (typically medium-voltage machines >1 kV), the minimum IR should be 100 MΩ

.  These are baseline values for a safe megohm reading. Older guidance (from IEEE 43-1974)

allowed a rule-of-thumb of “1 MΩ + 1 MΩ per kV” for older machines, but for any motor built after

about 1970, the 5 MΩ and 100 MΩ criteria apply. In practice, a healthy new low-voltage motor often

has IR in the hundreds of megohms or even gigaohm range, and a used but serviceable motor

might read tens of megohms. If a motor’s insulation resistance is below 1 MΩ, it is generally unsafe

to run – most manufacturers would consider that ground-fault territory. Values in the 1–5 MΩ range

(for LV motors) are marginal and warrant drying/cleaning or further analysis (perhaps a polarization

index test) before re-energizing.

NETA  ATS  (Acceptance  Testing  Specification) provides  recommended  IR  test  voltages  and

minimum values for field testing of equipment.  NETA’s guidelines align with IEEE 43 for motors:

roughly 5 MΩ for motors <1 kV and 100 MΩ for >1 kV as minimum acceptance values. NETA also

suggests test DC voltages (typically 500 V DC for 480 V motors, 1000 V DC for 4160 V motors, etc.)

and requires IR tests for new or rebuilt equipment. If a motor or cable does not meet the minimum

megohm criteria at the time of installation, it should be corrected (dried, cleaned, reinsulated or

repaired) before being placed in service. Additionally, NETA standards discuss Polarization Index (PI)

– the ratio of 10-minute to 1-minute IR readings – where a PI >2.0 is often considered indicative of

good insulation condition for  larger  motors.  A  low PI  (below 2)  with an overall  low IR suggests

contamination or moisture that needs to be addressed.

Real-World  Megger  Testing: In  troubleshooting  a  ground  fault  trip,  performing  an  insulation

resistance test (megger test) on the motor and cables is usually the first step. Best practice: Always

disconnect the drive completely before meggering the motor or cable. High-voltage DC from an

insulation tester can damage VFD electronic components or give misleading readings through the

drive’s input filters. As one forum expert succinctly put it,  “Disconnect the drive and megger the

motor circuit. If the motor checks out, then the problem may be in the drive itself”. When testing,

megger each phase lead to ground (motor frame) individually, and also phase-to-phase if a short-

circuit is suspected. For a 480 V motor, use at least a 500 V DC megohmmeter; many technicians

prefer 1000 V DC for a more stressing test (as another expert noted,  VFDs can put higher peak
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voltages into the motor windings than line frequency – e.g. a 480 V VFD can have PWM spikes over

600 V – so using a 1000 V DC test on a 480 V motor is reasonable). Good insulation will show a steady

increasing resistance as the winding charges;  suspect  insulation will  show a very low resistance

immediately or rapidly drop towards zero. If  the motor IR is below threshold, it  needs drying or

repair before running on the VFD.

Cable Insulation: Don’t forget to megger test the motor cables themselves. A common scenario is

that a motor passes an IR test, but the drive still trips on ground fault – the issue can be in the cable

from drive to motor (especially if it runs through wet conduit or has jacket damage). To test cables,

disconnect them from both the drive and motor, then megger each conductor to ground and to each

other. New 600 V-rated cable typically should show 100+ MΩ easily in a short run. NETA ATS gives

guidance for cable IR as well – for example, a new 600 V cable may have an expected IR of 100 MΩ or

more (corrected to 20°C) per 1000 feet, while lower values could indicate moisture or damage. If

cable IR is low, try isolating sections (if possible) or replace the cable.

After-Fault Repairs: If you find a motor with very low IR (say a few hundred kilohms or less), it’s

likely the cause of the ground fault trip. Drying the motor in a controlled oven or with space heaters

can significantly improve insulation resistance if moisture is the only issue. It’s not uncommon to see

a wet motor go from <1 MΩ to >100 MΩ after a 24-hour dry-out. If the IR remains low, the motor

may  have  a  serious  insulation  breakdown  and  might  need  re-winding  or  varnish  treatment.

Document the values before and after: for example, Motor #3 meggered at 0.2 MΩ to ground before

repair; after 48 hours of bake and re-varnish, IR = 250 MΩ at 40°C – ground fault trips cleared. This not

only confirms the fix but provides baseline data for future maintenance.

Standards for Trending: IEEE 43 encourages trending insulation resistance over time. A gradual

downward trend in IR (after  temperature correction)  can warn of  developing problems before a

ground fault  trip actually  occurs.  Many maintenance programs,  such as per  NETA Maintenance

Testing Specification (MTS), recommend annual IR tests on critical motors and comparison against

prior results. If a motor that used to read 200 MΩ now reads 20 MΩ, it’s a red flag to inspect for

contamination or moisture – even if 20 MΩ is above the “minimum”, the drop indicates deterioration.

It’s much better to intervene early than to have an unplanned VFD trip and downtime.

In essence, adhering to standards like IEEE 43 and NETA ATS ensures you have quantitative benchmarks for

insulation health. When ground fault trips occur, these benchmarks help assess if the motor/cable is the

culprit. Always record the conditions of the test (temperature, duration, test voltage) and correct readings to

40°C for proper comparison to standards. If unsure of interpretation, consult a motor testing professional

or reference material – for example, EASA (Electrical Apparatus Service Association) publishes guides on

insulation testing that explain how to interpret results and perform polarization index tests.

Real-World Examples and Diagnostic Insights

Let’s examine a few real-world scenarios that illustrate the process of diagnosing and resolving VFD ground

fault and short-circuit trips:

Example 1: Moisture-Induced Ground Fault in an HVAC Fan Motor – A 30 HP fan VFD (480 V) was

tripping  on  ground  fault  every  Monday  morning  when  started,  but  ran  fine  later  in  the  day.

Maintenance  suspected  condensation  build-up  over  the  weekend.  IR  testing  Monday  morning
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showed only ~1 MΩ to ground on the motor. They ran space heaters on the motor for a few hours

and meggered again in the afternoon – IR had risen to 50 MΩ. The drive then started the motor

without tripping. The root cause was condensation in the motor windings; the solution was to install

a  motor space heater to keep the motor warm during downtime and add routine IR tests. This

eliminated  the  nuisance  trips.  It  underlines  that  marginal  insulation  (a  few  megohms)  can  trip

modern drives, and that environmental control is important for motors in damp conditions.

Example 2: Cable Fault vs. Drive Fault Isolation – A plant had a VFD that would trip on “GF fault”

even with the motor disconnected, as soon as a run command was given. Using diagnostic tips from

the manufacturer,  they performed these steps:  (1)  Meggered the motor –  it  was >200 MΩ (very

good). (2) Disconnected the motor leads at the drive and taped them off, then started the drive in

test mode – it still gave a ground fault trip immediately. This indicated the problem was not in the

motor or cable (since the cable wasn’t energizing anything). (3) Upon inspection of the VFD’s output

terminals, they found evidence of flash and a partially shorted output transistor in phase T2. The

drive’s internal protection was picking up this internal ground leakage. Replacing the drive solved

the issue. The key insight:  if  a drive trips with no motor connected, the fault  is  internal.  Eaton’s

troubleshooting flowchart emphasizes this by suggesting to try a known-good motor or run with

no motor to see if the ground fault indication clears. In this case, it did not clear, hence the drive was

at fault.

Example 3:  Long Cable, Multiple Motors – Nuisance Trips –  An irrigation pump system had a

single VFD driving two motors in parallel (via a splitter cable). The cable runs were long (~150 meters

to  each  motor).  The  VFD  would  occasionally  trip  on  ground  fault,  especially  at  certain  speeds.

Investigation  revealed  the  long,  paralleled  cable  run  had  high  capacitance  and  was  causing

circulating  common-mode  currents.  The  drive’s  sum-of-current  algorithm  saw  imbalance  and

occasionally  tripped.  The  fix  was  two-fold:  they  installed  an  output  reactor (choke)  at  the  VFD

output, and also slightly increased the ground fault trip delay via a parameter recommended by the

drive manufacturer.  The output reactor limits  high-frequency current and effectively  isolated the

leakage beyond the reactor (as noted by an engineer, “What happens below the reactor becomes

irrelevant as far as the VFD is concerned”). After these changes, no further nuisance trips occurred.

Lesson  learned:  with  long  cable  runs  or  multiple  motor  leads,  adding  reactors  or  filters  and

consulting drive settings can cure false trips.

Example  4:  DC  Braking  Causing  Ground  Fault  Trip –  A  woodworking  machine  using  a  Lenze

SMVector VFD was configured with an external braking resistor for quick stops. The technician also

enabled DC injection braking at stop, not realizing this was double-configuring the braking. The drive

would consistently trip “Ground Fault” the moment the stop button was pressed (during braking).

The  Lenze  manual’s  fault  code  description  indicated  either  a  true  ground  fault  or  “excessive

capacitive current” as possible causes. Through help from a drive expert, they discovered that the

flux (DC) braking plus the dynamic brake was the culprit – some braking current was bypassing

the phase sensors via the resistor, so the drive thought current was missing (i.e. leaking to ground).

The solution was to disable the DC injection feature and rely solely on the dynamic brake resistor (i.e.

set  the  drive  to  ramp-to-stop with  the  brake  chopper,  instead of  DC braking).  This  immediately

resolved the ground fault trips. The drive was not actually seeing a ground fault; it was a byproduct

of how the current flowed during that improper setup. This case underscores the importance of

following the manual for brake configuration and understanding that drive ground fault circuits can

• 

• 
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be “fooled” by unusual current paths that aren’t actually unsafe but weren’t anticipated in that mode

of operation.

Each of  these examples reinforces a diagnostic  approach:  measure insulation,  isolate sections,  swap

components if needed, and consult the drive’s documentation/forums for known issues or parameter

tweaks. Technicians often share their experiences on forums, and manufacturers publish application notes

–  for  instance,  KEB  America published  a  whitepaper  on  ground  fault  nuisance  tripping  in  VFD

applications which discusses how high-frequency leakage and RCD (residual current device) compatibility

issues can be mitigated. In complex or repeated nuisance cases, those kinds of resources can provide new

angles  to  solve  the  problem  (such  as  upgrading  to  RCDs  designed  for  drives,  using  shielded  cables

grounded at both ends, ensuring the drive’s EMC filters are properly configured, etc.).

Best Practices for Prevention and Troubleshooting

Finally,  let’s  compile  best  practices  to  avoid  ground fault  and  short-circuit  trips  in  the  first  place,  and

efficiently troubleshoot them when they do occur:

1.  Insulation Resistance Testing Routine: Regularly  megger test  motors and critical  cables,  especially

before  connecting  to  a  new  VFD.  This  is  often  done  as  part  of  commissioning  and  preventative

maintenance. Follow IEEE 43 guidelines – test for 1 minute, correct to 40°C – and keep records. If a motor

has borderline IR (just a few megohms), schedule a cleaning or drying. Do not connect a VFD to a motor

with known low insulation resistance hoping it will “burn off moisture” – modern drives will likely just trip

repeatedly  (and  it’s  risky  for  the  inverter).  Instead,  dry  or  repair  the  motor  offline  first.  Also,  always

disconnect the drive from the circuit during IR tests to avoid damage to its input/output circuits.

2. Proper Grounding and Cable Selection: Use VFD-rated motor cables with proper shielding and low

capacitance if available. Ground the motor frame, VFD ground terminal, and cable shields per the drive

manual (typically  grounded at both ends for high-frequency containment).  Good grounding helps carry

away  leakage currents  safely  and can  reduce  noise-induced trips.  Avoid  running VFD output  cables  in

parallel  with  sensitive  signal  cables  (to  prevent  noise  coupling)  and  keep  them  spaced  from  metal

enclosures when possible to reduce capacitance. If you have especially long cable runs, consider installing

output reactors or dv/dt filters – these not only protect the motor from voltage spikes but also slow the rise

time  of  pulses,  reducing  capacitive  leakage  current.  Manufacturers  like  ABB  and  Siemens  recommend

reactors/filters for cable lengths beyond certain thresholds (e.g. >50m) to prevent both motor insulation

stress and possible ground fault sensor trips.

3. Keep It Dry and Clean: For motors in wet or dirty environments, take steps to prevent contamination.

Use space heaters in large motors to prevent condensation when the motor is off (most medium voltage

motors and many low voltage motors >50HP come with heater terminals for this reason). If a motor is out

of service, have a plan to either energize heaters or run it periodically to keep moisture out. Ensure conduit

boxes are properly sealed against water ingress. If a motor has been subjected to water (flooding, wash-

down overspray, etc.), dry it and test insulation before re-energizing with a VFD. Contamination like carbon

dust, oil, or salt can create leakage paths too – regular cleaning might be needed in those environments

(using non-conductive solvent or CO2 cleaning as appropriate).

4. Follow Manufacturer Fault Guidance: When a drive throws a fault code, always consult the manual for

that code’s meaning and recommended actions. For instance, an “Output Ground Fault” fault on a Lenze
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SMV drive will  point  you to check for  grounded motor  phases and also mentions long cable charging

current as a possible cause.  ABB’s fault codes will explicitly say “Short-circuit in motor or motor cable –

check for wiring errors or for power factor capacitors on output” (since connecting PF correction capacitors

on a VFD output can look like a short). The manuals often contain nuggets of advice that can save time,

such as instructing how to distinguish between a motor fault and a drive fault (e.g., “disconnect motor and

restart drive – if fault still occurs, internal issue likely”). Many manufacturers also have technical support

lines and knowledge bases; don’t hesitate to use those resources if a fault is perplexing or persistent.

5.  System Design to Minimize Ground Fault  Risks: When designing or  modifying a system, consider

features that can reduce fault occurrence. In high-resistance grounded networks, use the drive’s grounding

recommendations (some drives may need an isolated ground fault detector because the drive’s own might

not  function  properly  with  HRG –  ABB offers  an optional  module for  ungrounded systems).  If  using

multiple motors on one drive, recognize that the drive’s built-in protection might not reliably detect an

imbalance if the motors are far apart – external protection or disabling the drive GF trip in favor of an

external ground relay might be necessary in those cases (with the guidance of the drive manufacturer).

Always ensure any output contactors or motor switching devices are interlocked such that the drive is

disabled before opening/closing motor circuits – breaking a current path under load can cause transients

that may look like ground faults or damage the drive.

6. Careful Parameter Tweaks: Many drives allow certain parameters to be changed that affect protection.

For instance, some Yaskawa drives have a parameter L8-09 to enable/disable ground fault trip, intended

for special cases like systems with output contactors or very high leakage situations.  ABB drives have a

sensitivity setting (normal/reduced).  Schneider drives have a setting for “Ground fault detection” that can

be turned off if you have an upstream GF protection device handling it. These should remain  ON under

normal circumstances for safety of the drive. Only adjust them if you understand the implications and have

other means to detect faults. One scenario where you might reduce sensitivity: a system that must run on

an ungrounded supply might otherwise nuisance trip on the first ground fault – some drives let you turn off

ground fault trip to allow continued operation with one ground present (since on ungrounded systems a

single ground fault doesn’t cause immediate hazards). If you do this,  implement external ground fault

relays and alarms so that maintenance knows a fault is present and can fix it before a second fault occurs

(which would be catastrophic). Always document any protection settings you change and inform operators/

maintenance.

7. Thoroughly Investigate Before Resetting Repeatedly: A drive trip is a message – if a VFD ground fault

trip happens, investigate it rather than simply resetting the drive over and over. Repeated high leakage or

slight ground faults can stress the drive’s power devices. Worse, if it’s a true insulation breakdown, every

restart could be causing arcing in the motor, further degrading it  (and potentially damaging the drive).

Never bypass or disable trips blindly. Only override a protection (like disabling ground fault alarm via

parameter) after you have verified the hardware is sound, and even then, consider it temporary. In one ABB

ACS880 case, the user disabled the ground fault alarm (Parameter 31.20 = 0) to keep a process running, but

they did so only after megger testing the motor and cables to be absolutely sure nothing was actually

wrong. This was a stopgap measure while waiting for a replacement drive, because the drive’s circuit had a

known false-trigger issue. They closely monitored the system during this period. This kind of action should

be the last resort and under engineering supervision, as it carries risk.

8. Use Diagnostic Tools: If a ground fault or overcurrent trip is mysterious, tools like clamp-on ammeters,

insulation analyzers,  or  power quality  analyzers can provide insights.  A clamp meter that  can measure
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leakage current to ground (measuring current on the ground conductor or using a loop around all phase

conductors plus neutral) can reveal if there is significant ground leakage during operation. Some advanced

drives or external modules can monitor cumulative leakage current. Power analyzers can catch transient

events – in the earlier example where multiple drives tripped, a power analyzer captured a voltage sag/

transient that coincided with the trips. That pointed the investigation toward an upstream source (in that

case, capacitor switching on the supply).  Thermal cameras might spot a cable heating at a chafed spot

where insulation is failing. Modern motor testers can perform surge tests to detect turn-to-turn shorts that

a simple megger won’t find – a turn-to-turn short might not trip a ground fault but could blow the drive with

overcurrent. So if repeated faults occur and basic tests don’t find it, escalate to advanced testing methods.

By following these best practices, you can significantly reduce the incidence of VFD ground fault and short-

circuit trips in your facility. A combination of adhering to standards (like IEEE/NETA for insulation values),

using  proper  installation  techniques,  and  leveraging  the  drive’s  built-in  diagnostics  and  manufacturer

resources will lead to quicker troubleshooting and more reliable operation.
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