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VFD Repairing and Maintenance: A Comprehensive
Technical Guide

Variable Frequency Drives (VFDs) are the workhorses of modern industrial and commercial motor control
systems. They precisely regulate motor speed and torque, improving process control and energy efficiency.
However, like any complex electronic equipment, VFDs can and do fail over time or under abnormal
conditions. This guide provides an in-depth look at VFD repairing - covering common failure modes,
diagnostic techniques, repair best practices, and when to consider replacement. We draw on manufacturer
documentation (ABB, Hitachi, Eaton, Lenze, Yaskawa, etc.), industry standards (like IEC 61800 and IEEE 519),
and real-world case studies to ensure technical accuracy and practical relevance. Whether you're a
maintenance engineer or an electronics technician, understanding how to troubleshoot and fix VFDs can
save significant downtime and cost.

Common Components and Failures in VFDs

A VFD is composed of several key power and control components, any of which can suffer faults. The most
common catastrophic failures tend to involve the following parts:

+ DC Bus Capacitors: Large electrolytic capacitors in the DC link smooth the rectified AC supply. They
have a finite lifespan and can bulge, leak, or explode when overstressed or aged. A blown capacitor
often causes immediate effects - input fuses may blow or the drive throws a DC bus fault. You might
hear a loud pop and find shredded foil or electrolyte inside. Manufacturers note that capacitor life is
highly dependent on temperature and operating hours, and failure can be unpredictable.
Diagnostics: Look for swollen can tops or leaky vents. Many drives monitor DC bus ripple; an
unusual high ripple or a “capacitor health” alarm indicates degraded capacitors. Field replaceable?
Often, yes (especially in larger drives). For example, ABB offers capacitor replacement kits for larger
drive frames and explicitly warns to use only OEM-specified capacitors for reliability 1 2 .
Maintenance tip: Hitachi's VFD service manual recommends replacing DC bus capacitors every ~5
years under normal use (or sooner if capacitance falls below ~85% of rating) 3 to prevent failure,
aligning with typical preventive maintenance intervals.

Power Semiconductors (IGBTs and Diodes): The inverter section uses high-power Insulated Gate
Bipolar Transistors (IGBTs) and diodes to synthesize the AC output. These can short out or open-
circuit due to overcurrent, overvoltage, or overheating. An IGBT failure often shows up as an
instantaneous “short” fault or blown fuse the moment power is applied, since a shorted transistor
effectively ties the DC bus to ground or across phases. In severe cases, you may find charred
transistor modules or cracked plastic casings. Diagnostics: With power off and capacitors
discharged, perform diode checks on the transistor module: a healthy transistor will show a diode
drop in one direction and open in reverse, whereas a failed IGBT usually reads near 0 Q (short) in
both directions 4 5 . Some drives can detect this internally - for instance, Eaton’s VFDs have
specific fault codes like “IGBT saturation fault” to flag a transistor abnormality 6 . Field
replaceable? It depends. Replacing IGBT modules is possible but challenging. Many modern drives
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use modular IGBT packs that a skilled technician can swap, but it requires substantial disassembly
and sometimes calibration. It's often done at specialized repair centers. For low-cost small VFDs, the
labor and parts for an IGBT replacement may approach the cost of a new drive, so it might not be
economical (one industry expert noted that for smaller drives, it's “not cost effective to repair... likely
need to replace it") 7 . On the other hand, high-power or application-specific drives justify IGBT
replacement, especially if the manufacturer provides spare part kits. Always replace with an exact
equivalent part (same part number or approved alternate); using a non-compatible transistor can
upset the inverter's balance and cause immediate failure 2 . Manufacturers like ABB explicitly
advise using only specified replacement modules in their drives to avoid such issues 8 .

Cooling Fans: VFDs rely on internal fans to dissipate heat and maintain safe operating temperatures
for the power electronics. Fan failures are less dramatic than capacitor or IGBT failures, but if a fan
stops and goes unnoticed, it can lead to overheating and secondary failures. Many drives will
trigger an over-temperature fault or a specific fan-failure alarm when a fan fails (for example, a “heat
sink overtemp” fault or a “fan loss” warning). If the drive lacks such protection, a dead fan will silently
cause capacitors and semiconductors to run hot and age rapidly. Diagnostics: Listen for abnormal
fan noise or complete silence, and check if the heatsink fins are getting excessively hot. Also look for
any temperature fault codes. You can test a fan manually (power off!) by spinning the blades to see if
they are jammed, or measure the fan's supply voltage to see if it's being powered. Field
replaceable? Yes - fans are generally considered a routine maintenance item. Most manufacturers
expect fan replacement every few years. For example, Hitachi specifies replacing cooling fans
roughly every 35,000 hours (~4 years) of continuous operation 9 10 . Fans are usually accessible
by removing a panel. When replacing, use the exact same size and voltage fan, and reconnect any
sensor wires (some fans have a tacho output for speed monitoring). After replacement, verify that
the new fan runs and that any fan alarm clears.

Control Boards and Sensors: The low-voltage control electronics (printed circuit boards responsible
for logic, driver gating, sensing, and user interface) can fail due to power surges, vibration, moisture,
or component aging. Symptoms of a control board failure include a dark or unresponsive keypad/
display, inability to communicate with the drive, or bizarre erratic behavior that doesn't correspond
to motor issues. Sometimes an “internal fault” error code will explicitly point to a control board
problem. Diagnostics: First, verify the control board is receiving the proper low-voltage power from
the drive's internal power supply - many drives have test points or LEDs to indicate logic power
status. Inspect the board closely for burnt components, blown traces, or bulging small capacitors. If
the drive has plugin option cards (for I/O or communications), try swapping those or reseating them
- a failed option module can mimic a control board fault. If the main CPU board is suspected and the
drive’s display is dead, ensure that it's not simply a blown control circuit fuse or a tripped DC bus
monitoring circuit preventing startup. Field replaceable? Often yes, as a complete board. Many
manufacturers (Yaskawa, Rockwell/Allen-Bradley, etc.) sell replacement control boards for their
drives, which can be installed to restore operation 11 . Note that a new control board typically comes
blank - you will need to reprogram the drive’s parameters (unless the board has some memory
pre-loaded or a way to transfer settings from the old board). It's good practice to have a backup of
the drive's configuration if possible. Also ensure any firmware version compatibility between a
new control board and the existing power section - incompatibilities could cause faults. In smaller
VFDs, the control electronics might not be modular (the entire drive is one board), in which case you
cannot replace a separate board - a failure means replacing the whole drive or sending it to the
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factory. Always follow ESD precautions when handling control boards, and if the board has DIP
switches or jumpers, set them to the same positions as on the old board.

These are not the only failures (others include things like input bridge rectifier failures, blown fuses,
damaged contactors, etc.), but they represent the majority of serious VFD problems encountered in practice
124 Understanding each component’s role and failure mode is the first step in effective VFD repair.

Root Causes of VFD Failures (Why Do Drives Blow?)

To fix a VFD, one must also understand why it failed - simply replacing parts without addressing root causes
can lead to repeat failures. VFDs are designed and tested per standards like IEC 61800-5-1 (which covers
safety and thermal requirements for drive systems) to handle typical stresses, but certain conditions push
them beyond their limits 13 14 . Below are the major culprits behind VFD hardware failures, along with
preventative context:

+ Overvoltage Surges (Line or Load Induced): VFDs are vulnerable to transient overvoltages on the
incoming AC line and also to overvoltage generated on the DC bus by the motor. A sudden spike on
the supply (due to lightning, utility switching, etc.) can charge the DC link capacitors beyond their
rated voltage, leading to capacitor explosions or diode failures. Likewise, if a motor is driven into
overspeed (for instance, an external force or downhill load causes a motor to act as a generator), it
will feed energy back into the drive’s DC bus. One ABB manual explicitly warns that overspeeding
a motor can cause a DC bus overvoltage which may explode the drive’s capacitors '> . In one
field case, a brief utility outage followed by an automatic recloser created a surge that blasted eight
VFDs (15-20 HP each) in a facility - upon inspection, all eight drives had their DC bus capacitors
bulged and ruptured due to the overvoltage 6 17 . To protect against such surges, industry
standards like IEEE 519 recommend limiting voltage transients and distortion on the power line.
Common practices include using input line reactors or transient surge suppressors on the VFD's
AC supply 18 19 . In fact, many drive manufacturers (and insurers) recommend or even require line
reactors; some have noted that installing a 3% impedance line reactor can significantly extend drive
capacitor life, and some vendors extend warranty coverage if reactors are used 19 . Additionally,
ensure the drive’s dynamic braking chopper (or regenerative unit) is functioning if the load can drive
the motor (e.g. a crane or downhill conveyor) - otherwise, an overspeed or fast decel can quickly
overcharge the DC bus. Bottom line: Surge events can be deadly for VFDs, so surge arrestors, proper
grounding, and bus voltage protection are critical, especially in environments with unreliable power.

Harmonic Distortion and Unbalanced Supplies: Poor power quality stresses VFDs over time. A
notable scenario is an open-delta transformer supply (common in rural distribution or certain
industrial setups). On open-delta three-phase, the phase-to-phase voltages are not perfectly
balanced, especially under single-phase loading, and this can cause one DC bus capacitor to charge/
discharge unevenly relative to others. Yaskawa documented that VFDs fed by open-delta systems
experienced repeated input diode failures and DC capacitor failures due to inherent voltage
imbalances 20 21 . Similarly, excessive line harmonics (voltage distortion from multiple nonlinear
loads) can lead to overheating of a drive’s DC bus and magnetics. IEEE 519 (2022) sets recommended
limits for current and voltage harmonic distortion (for example, voltage THD < 5% at the point of
common coupling) to protect both the utility and connected equipment. Ensuring compliance with
IEEE 519 - for instance by using 12-pulse or 18-pulse front-end rectifier designs, or adding active/
passive harmonic filters - can significantly reduce stress on VFD components. One case study using
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an 18-pulse VFD input found it virtually eliminated nuisance overvoltage trips, dramatically
increasing Mean Time Between Failures for the drives 22 23 | Preventive tip: Regularly check that
your facility’s phase voltages are balanced (within a few percent) and measure harmonic distortion
levels. If multiple VFDs and other nonlinear loads share the network, harmonic mitigation isn't just
about meeting code - it directly improves VFD reliability and longevity 24 .

Thermal Stress and Inadequate Cooling: Heat is the enemy of all electronics, and VFDs are no
exception. Every 10 °C rise above the rated internal temperature can halve the life of electrolytic
capacitors 25, and also accelerates degradation of IGBTs and other components. Common thermal
issues include blocked air filters or heatsink fins, failed cooling fans (as noted earlier), or pushing the
drive beyond its ambient temperature rating. If a VFD is installed in a poorly ventilated cabinet, or
under direct sun, or near a furnace, it may overheat even if the attached load is within limits.
Overheating can cause IGBTs to malfunction (in extreme cases causing them to latch on and fail
short). Prevention: Always keep the VFD's environment within the specified temperature range
(often 0-40 °C for standard drives, unless “high-temp” models). Clean or replace intake filters
periodically, and vacuum out dust buildup which can form an insulating blanket on heatsinks. Check
that enclosure fans or cooling units are working, and that any cabinet air conditioning is sized
correctly. Do not ignore alarm codes for temperature or fan failure. Real-world example: A
manufacturing plant was experiencing frequent IGBT module failures in several drives. After
analysis, they discovered the drives’ cabinet cooling was insufficient. The plant retrofitted additional
cooling and improved air flow through the drive enclosures; the result was a significant reduction
in failure rate once operating temperatures were kept under control 26 27 _ This underscores the
importance of maintaining proper thermal conditions - keep your VFD cool and it will run much
longer.

Overcurrent and Electrical Stress: Excessive current through the VFD, typically from motor
overloads or output short-circuits, can blow output transistors or cause upstream component
damage. Drives do have fast electronic protection (they will trip on “Overcurrent” fault in
milliseconds), but high current events still strain the power electronics. If overcurrent trips are
frequent (e.g. a load that often stalls or a poorly tuned acceleration causing current spikes), it
stresses the IGBTs and DC bus each time. Another factor is rapid switching of heavy loads: for
instance, repeated starting and stopping of a high-inertia motor or rapid reversing can stress the
drive's power stage with current and voltage spikes. Prevention: Ensure the drive is sized correctly
for the application (including consideration for peak torque events). Use adequate acceleration and
deceleration ramp times to avoid large current surges. If you frequently see overcurrent or high DC
bus faults, consider adding a dynamic braking resistor for regenerative loads, or lengthen decel
times to bleed off energy. Also, check all power connections and cable terminations - loose
connections can cause intermittent arcing and spikes that stress the drive 28 . In one anecdote, a
plant repeatedly blew a VFD's input fuses during motor startup; it turned out a motor lead lug was
loose, causing momentary phase loss and surges - simply re-tightening the terminal eliminated the
problem. Thermal imaging of power connections can help spot a loose joint (a hot spot) before it
causes a failure. Moreover, if the application involves highly cyclical loads, consider using the drive's
built-in “load limiting” or current limiting features to prevent torque demand from exceeding safe
levels. Proper coordination of upstream protection (fuses/breakers) is also important - it should
protect against major short-circuit faults but not nuisance-trip during normal inrush or regen events
(time-delay fuses or drive-specific breakers are usually recommended by manufacturers).
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+ Aging and Component Life: Even under ideal operating conditions, VFD components have limited
service lives. Electrolytic capacitors dry out over years, losing capacitance and eventually causing
DC bus ripple to increase (leading to faults). Power semiconductors can develop microscopic
defects or bonding wear-out due to thermal cycling and high voltage stress. Fans use bearings that
wear out. Manufacturers often provide guidelines for expected component life. For example, a
typical specification might list: cooling fan life ~ 5 years (40,000 hours), DC bus capacitors ~ 5-7
years, power semiconductor modules ~ 7-10 years (all under normal conditions) 25 29 . These are
rough figures; actual life varies widely with usage and environment. Maintenance tip: Follow any
maintenance schedules provided by the manufacturer. For instance, a user-contributed schedule on
a PLC forum suggested proactively replacing fans every 2-3 years and reforming or replacing
capacitors every 5 years to avoid unexpected failures 30 31 . Plan drive overhauls during scheduled
plant downtime instead of running components to failure. If a drive has been in storage or unused
for a long time, be aware that the DC bus capacitors can degrade: never immediately apply full
voltage to a VFD that’s been shelved for over a year without reforming the capacitors. Reforming
typically means powering the drive at a reduced voltage (or using a current-limited source) to
gradually recondition the capacitors’ dielectric. ABB, for example, instructs technicians to reform
spare drives that have sat for >1 year before startup 32 . Many drive vendors have published
capacitor reforming procedures (often recommending to energize the drive at least annually or use
a variac to slowly ramp up voltage). Neglecting this can result in a dramatic capacitor failure upon
startup. In summary, aging is inevitable, but with preventive maintenance (like replacing fans and
capacitors at defined intervals and periodically energizing spares), you can extend the useful life of
VFDs and avoid some failures.

By understanding these root causes, one can not only fix the immediate problem but also address
underlying issues to prevent recurrence. For instance, if your analysis shows that a drive failed due to
harmonics or surges in the facility power, you can then take steps to improve power quality (filters, reactors,
surge protectors) and protect all drives on the system - saving many future headaches. Many of the best
practices in VFD repairing involve not just swapping bad parts for new, but also eliminating the factors that
caused the part to fail.

Diagnosing VFD Problems (Troubleshooting Step-by-Step)

When a VFD-driven system goes down, a systematic troubleshooting approach will save time and ensure
nothing is overlooked. Safety is the top priority during any diagnosis or repair process, so we begin with
that and then outline the diagnostic steps:

Safety First

Before touching anything, follow proper lock-out/tag-out procedures and isolate the VFD from power (both
AC input and any DC backups or batteries if present). VFDs contain high DC voltages in their capacitors
which can persist for several minutes after power is removed. Per IEC 61800-5-1 safety requirements, drives
above certain sizes often have bleed-down time specifications - for example, large HP drives might need 5+
minutes for DC bus capacitors to discharge to safe levels 33 . Always measure the DC bus voltage with
a multimeter to confirm it's near 0 V before proceeding with internal work (don't just trust the “charge LED,”
as it could be faulty). Use a discharge stick or resistor bank on the DC bus of larger drives to safely bleed off
charge if needed 34 35 . Also, be aware that even when “off,” a rotating motor connected to a VFD can
act as a generator if manually turned or if the load moves (for instance, a fan windmilling) - this can
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backfeed voltage into the drive. Lock out moving parts and wait for all rotation to stop. Wear appropriate
PPE (insulated gloves, safety glasses) and use ESD protection (wrist strap) when handling electronic boards.
Never attempt internal repairs unless you are qualified and understand the risks - components can
fail explosively if handled improperly.

External Inspection and Fault Codes

Once safe, do an external check of the drive and note any indications on the keypad display. Most VFDs will
show an alarm or fault code if they tripped: this code is your first clue. Refer to the manufacturer's manual
or quick-start guide for code definitions. For example, an “OC" or “Overcurrent” fault might indicate a short
either in the motor or inside the drive’s output stage; “OV” or “DC Bus Overvoltage” might point to an
external surge or braking issue; a “UF” or undervoltage fault could mean an input power problem; “OH" is
typically an overheat. Many drives also have an error log that records the last few trips and conditions. Use
that if available - it can tell you if the fault was recurrent and what the DC bus voltage or output current was
at the moment of trip.

Perform a thorough visual inspection of the drive: look (and even sniff) for signs of burnt components,
smoke residue, or blown fuses. Often you can spot a failed part like a cracked capacitor or a burnt transistor
leg by eye. If there’s a lot of dust and debris, that in itself might have contributed (dust causes overheating
and can conduct moisture). Check the cooling path: are filters clogged? fan blades jammed? These clues
help pinpoint root causes.

Verify the system around the VFD as well: Is the incoming power within specs (voltage within tolerance,
all phases present)? Are the motor leads and motor in good condition (no short to ground or between
phases)? About 70% of “VFD problems” actually originate outside the drive - for example, a motor
insulation failure or cable short will cause the VFD to trip on overcurrent or ground fault. Before
condemning the VFD, megger test the motor and check all wiring connections from the drive to motor. Also
confirm that any external run/stop or reference signals to the drive are correct.

At this stage, you should determine if the fault lies inside the VFD or in the external system (motor, load,
power source). If external, fix that (e.g. repair motor, correct wiring, or address overload). If you suspect the
drive hardware itself is at fault (especially if visible damage or persistent internal faults), move to internal
diagnostics.

Internal Electrical Tests

After removing the VFD's cover (and with power verified off), you can test the major components:

* Rectifier Diodes/Bridge: Using a multimeter in diode-test mode, check the input rectifier. A typical
VFD has a 3-phase diode bridge or controlled rectifier at the front end. Measure from each AC input
terminal to the DC+ and DC- bus terminals. You should see a diode drop (around 0.3-0.6 V for a
forward-biased silicon diode) in one polarity and open (no conduction) when reversed. Do this for all
six paths. If any read near 0 V (shorted) in both directions, that diode is blown. A blown rectifier will
usually blow the input fuses immediately on power-up. Tip: If the drive uses a three-phase diode
module, a failure often means replacing the whole module. In one case study (Allen-Bradley drive), a
3-phase bridge rectifier was found “badly blown" along with other components after a surge 36 .
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* IGBTs/Inverter: Similar to the diodes, check the inverter transistors. An IGBT is a bit trickier to test
with a meter because it has a diode across it and an isolated gate, but you can still perform basic
checks. Measure between the DC+ bus and each motor phase output (U, V, W), and between DC- bus
and each phase. In one polarity you'll read the forward drop of the internal freewheel diodes; in the
opposite polarity you should see no conduction. A failed transistor usually manifests as a short from
a phase to DC+ or DC- (or sometimes between phase outputs). Note: Many drives have the IGBTs in
a single module; if one transistor in the module fails, typically the whole module is replaced. Also
inspect the driver circuitry for any obvious damage (burnt gate resistors, etc.), as a blown IGBT can
sometimes send surges into the driver board.

Capacitors: Large DC bus caps can be tested with a capacitance meter or LCR tester if available -
you'd have to disconnect them from the circuit. Often a qualitative check is done by measuring the
AC ripple on the DC bus when the drive is running (but that requires the drive to power up; if it's
tripping instantly, you can't do that). At minimum, do a visual check for bulging or leaking caps, and
if any doubt, plan to replace them (when one fails, it's often wise to replace the set as their lifetimes
will be similar). Also check any smaller electrolytic caps on the control boards, as they can cause
issues (e.g. a filtering cap in the control power supply can take down the whole drive if it dries out).

Other Components: Check fuses or MOVs (surge suppressors) on the input - a surge may have
blown a transient suppressor or input fuse. Many drives include thermistors or sensors on the
heatsink - verify none of those have gone open-circuit or short (if a thermistor failed, the drive might
throw a fault or run the fan erratically). If the drive has a pre-charge resistor and contactor (for large
HP units), inspect those as well (a burned pre-charge resistor or a contactor that never closes will
prevent the drive from powering up properly).

At each step, refer to the manufacturer’s troubleshooting guides if available. Companies like Eaton and
Rockwell provide step-by-step flowcharts in their manuals for fault diagnosis 37 . For instance, Eaton's
PowerXL series troubleshooting guide has specific checks for different fault codes (like measuring certain
parameters when an “F59 Power Wiring Error” fault occurs) 38 . Yaskawa manuals often include LED blink
codes on the control board that pinpoint certain internal failures. Utilizing these resources can significantly
speed up diagnosis.

It bears mentioning: if you find multiple components blown (say, the rectifier, some IGBTs, and caps all
damaged), the drive likely had a major event (such as a direct short on the DC bus or a massive surge). In
these cases, repair might be extensive - and you'll need to carefully check everything, because one failed
part can cascade to others. A classic example is a shorted IGBT; when it failed, it often also pops the related
gate driver and might overvolt the DC bus, harming capacitors. So after replacing the obvious bad parts,
double-check again that supporting components (drivers, sensors, etc.) are okay. It's no fun to replace an
IGBT module only to have it blow immediately because a gate signal was stuck on due to a fried driver IC.

Field Repair vs. Factory Service

Once you've identified the faulty component(s), decide if it's something you can fix in-house or if it should
be sent out. Replacing smaller items like fans, control boards, or contactors are generally straightforward
and can be done on-site by maintenance personnel. Many drives are designed with Field Replaceable
Units (FRUs) - for example, some ABB drive models have slide-in power modules (containing the IGBTs and
diodes) so that a module can be swapped without completely disassembling the drive or removing all the
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wiring 39 40 . Likewise, plug-in boards, fuses, and fans are intended to be field-serviceable to minimize
downtime. Always consult the manual for the proper procedure - there may be a specific sequence to
remove a module, or calibration steps after replacement (for instance, some large drives require calibrating
gate timing if an IGBT module is replaced).

For more complex component replacements - such as soldering a new driver IC onto a control board, or
replacing individual IGBT chips on a power module - those are usually beyond the scope of on-site repair
unless you have specialized equipment and skills. Never attempt a repair that you are not comfortable
with; an improper fix can create new hazards. If in doubt, it may be safer to send the drive to an authorized
repair center or the manufacturer’s service department.

One must also consider economics and warranty: If the drive is still under the manufacturer’s warranty
period, or if it's a critical high-value drive, involving the manufacturer is prudent. They may offer an
exchange program (you send in the failed unit and they ship you a refurb replacement quickly) 41 . The
manufacturer can also perform a full load test after repair that most field shops cannot. Additionally,
opening the drive yourself might void the warranty or any service agreement, so check that beforehand.

To summarize the troubleshooting phase: gather as much information as possible (fault codes, visual clues,
electrical tests) to pinpoint the failure, always work safely, and use manufacturer resources. At the end of
this, you should have a clear idea of what failed and what needs replacement or repair.

The VFD Repair Process and Best Practices

If you decide to proceed with repairing the VFD, a methodical approach and adherence to best practices
will yield the best outcome. Below is a general process outline, followed by specific tips:

1. Preparation: Ensure you have the correct replacement parts on hand (and that they are genuine or
exact spec). Acquire any needed schematics or exploded diagrams from the manufacturer to guide
reassembly. Arrange a clean, static-free workspace. If possible, have another identical drive (or the
manual) for reference in case you're unsure where a connector goes or what a component value
should be.

2. Disassembly: Take clear photos as you disassemble the drive - this aids in remembering cable
placements and screw locations. Remove components carefully in the order recommended by the
manufacturer. For example, many drives require removing the control board and heatsink to get to
the IGBT module. Keep screws and parts organized. Watch out for hidden fasteners and delicate
ribbon cables between boards. Mechanical stress on power devices is also a concern - some IGBT
modules are pressure-mounted; follow torque specs when loosening or tightening bus bars and
screws (uneven or over-torquing can crack a device or PCB).

3. Replace Faulty Components: Swap out the bad components identified (e.g. install the new
capacitor bank, new IGBT module, etc.). Pay attention to orientation and polarity - especially for
electrolytic capacitors (incorrect polarity will cause a violent failure on power-up) and any diodes or
thyristors. Use proper thermal interface materials on power semiconductors as required (thermal
grease or pads) and ensure heat sinks are properly tightened. If replacing a circuit board, double-
check any jumper or DIP switch settings on the new board match the old board (these could
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configure the drive for certain motor parameters or options). Only use replacement parts that are
compatible - e.g., if substituting an IGBT, make sure its voltage and current ratings and gate
characteristics are an approved match for the original. Incompatible parts can lead to immediate
failure or erratic operation.

. Reassembly: Put the drive back together essentially as the reverse of disassembly. Reconnect all
wires and ribbon cables (verify they are fully seated). Check that no wires are pinched and no screws
are left inside the enclosure (loose hardware can short out a board). If the drive had any modular
plug-in units (FRUs) like a fan tray or power module, make sure they are fully latched in and any
interlock switches (if any) are engaged. It's wise to manually rotate the cooling fan (if accessible) to
ensure it spins freely after reassembly and no wires are touching it.

. Bench Test (if possible): Before connecting to the real motor/system, you may want to test the drive
on a bench. For low-power drives, you can simply power them up with no motor connected - most
VFDs will power on and you can navigate parameters without a load (just don't give a run command,
or if you do, ensure it's in local mode with frequency at 0 so it doesn't trip on no-load). For higher-
power drives, applying full line voltage right away is riskier. A common trick is to use a variac or a
series bulb for an initial power-on to limit inrush current. Another method is using a 3-phase supply
with a current-limited source. The idea is to ensure there isn't a latent short that would blow fuses
immediately. Monitor the DC bus voltage as you slowly raise the input - it should stabilize at the
expected level (approximately 1.35x the AC RMS input per phase). Also monitor for any unusual
sounds or smells. If something is wrong (smoke, excessive heat, or immediate fault indications), cut
power and re-inspect.

. Initial Power-Up and Programming: Once you're confident in the bench integrity, connect the drive
to the motor (and line) for a test run. Before running, if a new control board was installed or if
memory was lost, re-enter the motor nameplate data and all application parameters (accel time,
decel time, current limits, any special tuning values). Many drives have the ability to load
parameters from an external keypad or backup file if you saved one earlier - use that if available
to save time and avoid mistakes. Double-check critical settings like motor voltage, frequency, and
overload protection to make sure the drive will run safely.

. Test Run: Perform a trial run with the motor uncoupled from the load if possible (or at least with a
light load). Keep an eye on the drive's displayed values (current, DC bus, temperature) during this
run. Verify the fan comes on when the drive gets warm, and that the motor runs smoothly through
the speed range. Brake test if applicable (for drives with dynamic braking, verify that works without
overvoltage trips on decel). If the drive holds up under a basic test, try a full-speed test or a test
under normal load while monitoring carefully. It's often useful to log data on the first run (many
drives allow you to monitor waveforms or at least capture min/max values of voltage, current, etc.).

. Final Checks: After a successful run, do a final check for any fault codes or warnings that might
have appeared. Also, inspect the repaired drive one more time for any signs of stress (heat or smell)
- occasionally a repaired unit can have a resistor running hot due to a subtle issue. If all looks good,
put the drive back into full operation. It's a good practice to check on the drive after a few days or
weeks of operation again - ensure fans are working and no new alarms have popped up.
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Documentation: Throughout the process, document what was found and fixed. This helps build a history
for that equipment and can be invaluable if the same drive fails again. Note which parts were replaced and
when - this effectively creates a maintenance record.

Quality assurance: Some repair shops will do a full-load test on a dynamometer to certify the drive under
real conditions. If you have access to a load test, it's an excellent way to verify the repair. If not, at least test
the drive to the maximum load you practically can in the field.

Lastly, maintain a clean environment when repairing. Drives are static-sensitive, and even a small bit of
conductive debris left inside can cause a failure later. One trick is after a repair and initial power-up, shut it
down and carefully vacuum or blow out (with dry compressed air) the interior to ensure no stray wire
strands or screws remain. This also removes any dust that might have been knocked loose.

Repair vs. Replace: Making the Decision

Not every failed VFD should be repaired - sometimes replacement is the better option. The decision
depends on multiple factors such as cost, downtime, drive age, and criticality of the application. Here are
key considerations:

Cost of Repair vs Replacement

One practical rule of thumb many professionals use: if the estimated repair cost is less than ~50% of the
price of a new drive, and you have confidence in the repair, then repairing is likely worthwhile 42 43 | If
repair costs approach the cost of new, or exceed it, then replacement makes more sense. For example,
consider a real case where an industrial electronics shop repaired a blown 100 kW VFD which had extensive
damage. The repair cost came out to about 35% of the cost of a new drive, saving the customer a lot of
money 44 . In that scenario, the drive was a high-quality model and after repair it was as good as new -
clearly “worth repairing.” In contrast, if a low-cost 2 HP VFD fails, the baseline cost to even diagnose and
replace a few components might be a few hundred dollars, which is already close to buying a brand new
unit with a full warranty. In such cases, replacement is often the more economical choice.

When evaluating cost, don't forget to factor in hidden costs and benefits: a new drive comes with a fresh
warranty (usually 1-2 years) and possibly new features or improvements. A repaired drive might only have a
short warranty from the repair provider, if any. However, a repair might allow you to retain custom settings
or avoid needing to rewire/reprogram a whole new unit (especially if it's a plug-in module in a larger
system). Get quotes for both a repair (if sending out, get a quote from a reputable VFD repair service) and a
new replacement, then compare.

Downtime and Criticality

How quickly do you need the drive back up? This can sway the decision. If the process is critical and every
hour of downtime costs a fortune, the fastest route is often to install a spare drive (if you have one on the
shelf) or to overnight ship a new replacement drive. Field troubleshooting and component-level repair take
time - especially if you have to wait on parts or send a unit out for repair which could take days or weeks.
Many facilities with critical processes keep “hot spares” of common VFD models to swap in immediately in
case of failure 45 . If you used a spare to get running, you can then decide to repair the broken unit at
leisure and keep it as the new spare. Conversely, if you don’t have a spare and the lead time for a new large
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drive is several weeks (which can happen for specialty or high HP drives), then a repair might be the only
way to get back online quickly. There have been instances in 2021-2023 with supply chain shortages where
even relatively standard VFDs had long delivery times, making repair an attractive or necessary option. In
summary, repair if it's quicker, replace if that's quicker - the value of lost production often dwarfs the part
cost.

Skill and Safety

Consider whether you (or your team) have the expertise to do the repair properly. Replacing a fan or a
snap-in board is one thing, but replacing an IGBT module attached to a heatsink with multiple pressure
contacts is quite another. If a repair is attempted incorrectly, the drive could blow again on startup or
(worse) create a safety hazard. High-power drives especially can release tremendous energy if something is
miswired (think of a capacitor bank short - it's like a bomb going off). If you have qualified electronics
technicians comfortable with power electronics, you may lean toward in-house repair. If not, or if the drive
is a complex medium-voltage unit, lean toward sending it to experts or replacing the unit. Also, verify if any
certifications might be voided by self-repair - for example, repairing a drive that is part of a UL listed panel
might require re-inspection. Some manufacturers also will not service a drive that has been tampered with
by non-authorized persons.

Availability of Parts (FRUs) and Modular Design

Modern drives from top manufacturers often incorporate design features for easier maintenance. Many
have Field Replaceable Units (FRUs) such as modular power packs, control boards, or fan assemblies. If
your drive's maker explicitly provides certain spare parts, that's a strong indicator they expect those parts to
be field-replaced. Check the documentation and spare parts list. For example, ABB's high-end drives
sometimes have slide-in IGBT modules and detailed instructions for swapping them 39 . Hitachi's manuals
we saw include step-by-step procedures for replacing cooling fans and DC capacitors 10 3 . If the needed
part is available and the procedure is documented, the repair will be much faster and more reliable.
Utilizing these modular design features can significantly cut down the Mean Time To Repair (MTTR) - often
a selling point for higher-tier VFDs. On the other hand, if spare parts are not readily available (e.g., the
model is discontinued or the manufacturer doesn't sell internals), then repairing could involve scrounging
components from third parties or donor drives, which might not be desirable for long-term reliability.

Always ensure that any replacement part you use is fully compatible by part number or official cross-
reference. For instance, installing a slightly different firmware version control board, or an IGBT module of a
different series, could lead to subtle issues. Incompatible power semiconductors can cause imbalance
between phases or improper gate timing. Only use parts verified by the manufacturer or a trusted supplier.

When Replacement is Preferred

Aside from cost and time, there are strategic reasons to replace a failed drive with a new one:

* Obsolete or Unsupported Drives: If the failed VFD model is very old (maybe 15-20+ years) and the
manufacturer no longer supports it, a repair might be patchwork. Today's replacement drive will
come with full support and readily available spares. Very old drives might also lack features (like
modern communications or better motor control algorithms) - upgrading could provide operational
benefits.
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+ Design Limitations: If analysis shows the failure was due to the drive being undersized or not
suitable for the application (for example, it consistently overheated in a non-ventilated area, or it
struggled with a high-inertia load), then replacing with a more robust model is wise. Upgrading to a
drive with a higher horsepower rating or one explicitly rated for the environment (e.g., a drive with a
higher temperature class, or a drive with ingress protection for dusty areas) will prevent future
failures. Similarly, if the facility power is “dirty” and that caused the failure, you might opt for a
replacement drive that has built-in harmonic filters or better surge tolerance (some new VFDs have
active front ends or advanced surge suppression).

« Opportunity for Improvement: A failure event can be an opportunity to standardize or modernize.
If a particular drive family has known weaknesses, you might replace it with a different brand that
has better reliability or local support. For example, if you've experienced multiple similar failures of a
certain model across the plant, perhaps switching to a different series (or competitor’s drive) that is
known to be more robust could save headaches. On the flip side, sticking with the same model can
have advantages too (spares commonality, no retraining needed). Weigh these factors.

One industry professional succinctly put it: if a small VFD “failed suddenly and it's not a simple external cause,
you likely need to replace it”, because spending hours on it isn't worth the minimal cost savings 7 . In
contrast, for a large drive that's expensive, it's usually worth at least attempting repair or sending it out for
evaluation.

Keeping the Old Unit as Spare

If you do decide to replace the failed drive with a new one, consider what to do with the old unit. Often,
that old drive can be refurbished and kept as a spare, especially if it failed due to a single component like
blown capacitors. Many drives that suffer a major component failure can be rebuilt by replacing all the
wear-out parts (new DC capacitors, new fans, new IGBTs, etc.), essentially restoring it close to new
performance. This can be done by a competent repair shop. For instance, recall the earlier case where eight
drives had their capacitors blown by a surge - the facility installed new drives immediately to get running,
but later had the damaged drives rebuilt and kept them on the shelf as backup units, and also added surge
protection to the system to prevent recurrence. Rebuilding the old unit can be a cost-effective way to
obtain a spare drive for the future (since you already paid for it).

However, exercise caution if the drive suffered extreme damage like a fire or explosion. Carbon soot
from an explosion can get into every crevice and is conductive, potentially causing erratic behavior or shorts
even after repair if not perfectly cleaned. Such a drive might be unreliable or unsafe without an expert
refurbishment (which includes complete cleaning, testing, and possibly swapping out entire
subassemblies). If a drive literally had a flame-out on the circuit boards, some experts would advise not to
reuse it at all due to the difficulty of ensuring all carbon tracking is removed.

In summary, the repair vs replace decision hinges on cost, time, capability, and future reliability. Often
it's not a binary choice - for critical operations, many will install a new drive to get running immediately AND
send the failed one for repair to keep as a spare. This belt-and-suspenders approach maximizes uptime.
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Preventive Maintenance and Extending VFD Life

After repairing or replacing a VFD, it's worth implementing measures to prevent failures and extend the
life of all drives in your facility. A well-maintained VFD that's operated within design limits and protected
from external disturbances can run for a decade or more without incident 4¢ 47 . Here are some best
practices:

* Scheduled Inspections: Include VFDs in your routine maintenance rounds. Clean cooling vents and
fans reqularly (e.g. every few months blow out dust with compressed air, with power off). Open
cabinets annually to check for dust, corrosion, or loose terminal screws (vibration can loosen power
connections over time - re-torque them to spec). Look for discoloration on boards or terminals which
could indicate excessive heat.

Thermal Management: Ensure adequate cooling around drives. Keep drive rooms or enclosures
within the specified temperature. If you notice drives frequently running hot (check their internal
temperature readings if available), improve ventilation or add cooling. As mentioned, replace fans
proactively - don't wait for them to fail. Fans are cheap, downtime is not. Also monitor any
temperature sensors in the drive; many will log a warning if it ever hits a high temp threshold - treat
that as an alarm to take action (clean filters, etc.).

Power Quality: If your site has known issues (voltage surges, sags, harmonic distortion), invest in
mitigation. Line reactors on the input of each drive can dampen transients and reduce harmonics
reflected back to the line 19 . For multiple drives, an active harmonic filter or a 18-pulse or 12-pulse
transformer setup can keep harmonics within IEEE 519 limits, directly improving VFD longevity 22

23 | Install proper surge protection devices (SPD) on your power distribution; a relatively small
investment can save you from the kind of multi-drive disaster described earlier. Additionally, proper
grounding per manufacturer guidelines (and IEC 61800-5-1) is critical - a good ground reference
helps the drive’s internal filters protect against surges and also reduces EMI that could otherwise
cause malfunctions 48 .

Periodic Component Replacement: Just like changing oil in a car, some drive components should
be replaced on a schedule. Users often overlook this, but it's recommended for critical drives. As
noted, fans and electrolytic capacitors are prime candidates. For instance, one maintenance
schedule (from Hitachi) was: fans every 3-4 years, DC bus capacitors every 5-7 years, and IGBTs
perhaps every 8-10 years if the drive is heavily used 3 49 . Not all organizations will go so far as
to swap IGBTs that are still working, but at least inspect and test things after a certain age. Also,
keep spare parts on hand if possible: a spare fan, a pre-charged capacitor bank, or a spare control
panel for each drive series you use can make a huge difference in MTTR.

Environmental Protection: Install drives in appropriate enclosures. For dusty or corrosive
environments, use higher NEMA-rated (or IP-rated) enclosures or place the drive in a separate clean
room with filtered air In high-humidity areas, consider space heaters or dehumidifiers in the
cabinets to avoid condensation on the circuit boards 50 51 . If drives are near vibrating machinery,
use shock mounts or relocate them to reduce vibration transfer, as vibration can loosen components
and solder joints.
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+ Operational Best Practices: Train operators and engineers on how to treat the drives kindly. For
example, avoid slamming from full forward to full reverse without proper ramping - use the decel/
accel settings wisely to limit mechanical and electrical shock. If the process can generate an
overhauling load, make sure dynamic braking is tuned up (e.g. test that brake resistor periodically).
Also, implement any early warning features the drive has: many newer VFDs have diagnostics that
can estimate capacitor health or predict fan failure (by measuring speed). Use those features and
plan downtime to replace parts when an early warning shows up, rather than waiting for a fault trip.

« Firmware Updates: Occasionally, manufacturers release firmware updates for drives that fix known
issues (some could be related to how the drive responds to certain faults or improve efficiency). If a
drive model in your facility has a known bug that can cause it to act unpredictably, ensure it's
updated to the recommended firmware version. Only do this during planned downtime and with
proper support, as firmware updates in drives can sometimes reset parameters or have other side
effects. But this is part of keeping the equipment up-to-date and reliable.

By implementing these preventive measures, you will significantly reduce the frequency of VFD failures and
the need for emergency repairs. Essentially, prevention is far better (and cheaper) than cure in the
context of VFDs. A well-maintained drive can run for many years without trouble, whereas a neglected one
might fail in a fraction of that time.

Conclusion

Repairing VFDs can be challenging but also highly rewarding - restoring an expensive drive to service can
save thousands of dollars and avoid process downtime. The key takeaways from this deep dive into VFD
repairing are: know the components and how they fail, understand the root causes to address
underlying problems, follow a methodical troubleshooting and repair process, and make informed
decisions on when to repair versus replace. We've also seen that leveraging manufacturer documentation
and adhering to industry standards like IEEE 519 for power quality and IEC 61800-5-1 for safety can greatly
enhance success rates in both repair and prevention.

Ultimately, maintaining high reliability for your drives isn't just about fixing what's broken - it's about
preventing failures from happening in the first place. Paying attention to installation, environmental
conditions, and routine maintenance will extend the mean time between failures for your VFDs dramatically.
And when a failure does occur, the knowledge and best practices outlined here - from real-world case
studies to manufacturer insights - will help you get that drive (and your process) up and running again as
efficiently as possible.
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