Precision Electric, Inc. 574-256-1000

VFD Hardware Failure: Diagnosis and Replacement
Guide

Variable Frequency Drives (VFDs) are the workhorses of modern motor control, but they can fail
catastrophically when critical hardware components blow or die. Unlike a simple fault code that can be
reset, a hardware failure means something inside the drive has been damaged - think exploded capacitors,
shorted IGBT transistors, burnt boards, or seized cooling fans. This guide explains how such failures
manifest, how to diagnose the damage, and whether you can fix it in the field or need a full replacement.
We'll draw on manufacturer documentation (ABB, Hitachi, Eaton, Lenze, Yaskawa) and industry standards
(IEC 61800, IEEE 519) to understand causes like overvoltage, thermal stress, aging, and surges. Real-world
case studies will illustrate what can go wrong and how to address it. Finally, we'll offer practical tips on
deciding when to repair vs. replace a VFD, verifying part compatibility, and leveraging modular designs for
quicker recovery.

Common Hardware Failures in VFDs

VFD hardware is made up of several key components that can fail under stress. The most common
catastrophic failures include DC bus capacitors, power semiconductors (IGBTs/diodes), cooling fans, and
control boards. Each has distinct symptoms and field repair considerations:

* Blown DC Bus Capacitors: Electrolytic capacitors in the DC link smooth the rectified voltage. They
have finite lifespans and can bulge, leak, or explode when overstressed oraged ' 2 . A capacitor
failure often triggers a chain reaction - typically the input fuses blow or the drive shows a DC bus
fault immediately thereafter 3 . You might hear a loud pop and find oil or foil shards inside the
drive if a capacitor vents explosively. Manufacturers note that capacitor life depends on loading and
ambient temperature, and failures are hard to predict 1 . Diagnostics: Visually inspect for swollen
cans or popped pressure relief vents on each capacitor 4 . Many drives monitor DC bus ripple; a
high ripple or “capacitor fault” alarm indicates degraded capacitors. Field Replaceable? On larger
frame sizes, yes - for example, ABB provides replacement capacitor banks for drives above certain
sizes, with a warning to use only OEM-specified parts 3 . Hitachi's service manuals recommend
replacing DC bus capacitors every ~5 years (or sooner if capacitance falls below ~85% of rating) to
prevent failure 5 6 . Smaller VFDs often don't have user-accessible capacitor modules, so a failed
cap in a compact drive may effectively mean the entire drive needs replacement or factory repair.

IGBT Transistor or Diode Failures: The inverter stage uses high-power transistors (IGBTs) and
diodes to synthesize AC output. These power semiconductors can short out or burn open due to
over-current, over-voltage, or overheating. An IGBT failure often presents as an instantaneous
“short circuit” or “ground fault” trip, or a blown input fuse/breaker as soon as power is applied
(because a shorted transistor ties the DC bus to ground or across phases). In severe cases, you might
find charred semiconductor modules or blown plastic casings. Diagnostics: With power off and
capacitors discharged, perform diode-checks across the transistor modules - a good device shows a
diode drop in one direction and open in reverse, whereas a failed IGBT will read as a short (near 0Q)
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or infinite in both directions 7 8 . Also inspect the driver boards for burnt components. Some
drives provide specific fault codes (e.g. “IGBT saturation fault”) when they detect an abnormal
voltage drop across a transistor, as in Eaton's troubleshooting guides 2 10 . Field Replaceable?
Replacing IGBT modules is possible but challenging. Many drives use modular IGBT packs that a
skilled technician can swap, but it typically requires disassembly and sometimes calibration. It's often
done in specialized repair shops. For low-cost VFDs, the labor/parts cost of an IGBT replacement may
not be worth it - an expert on one forum noted that for smaller drives it's “not cost effective to
repair... likely need to replace it” 11 . High-power or specialized drives, on the other hand, justify
IGBT replacement, especially if the manufacturer offers spare part kits. Always ensure the
replacement module is an exact match for the original (same part number or an approved
alternative), since using non-compatible power semiconductors can lead to imbalance or
immediate failure. (Manufacturers like ABB explicitly warn to use only specified spare parts in such
cases 3 )

Cooling Fan Failures: VFDs rely on fans to maintain safe temperatures for internal components. Fan
failure isn't as dramatic as a blowing capacitor, but it can /ead to catastrophic damage if unnoticed. A
failed fan often triggers an overheat fault (many modern drives have a temperature sensor on the
heatsink or a “fan loss” alarm). If the drive has no such protection, a dead fan will cause the heatsink
and DC bus caps to run hot, drastically reducing their life 2 . Diagnostics: Listen for unusual noise
or silence from the fan, check if the airflow has stopped, and look for an overtemp trip code. You can
test a fan by spinning it manually (power off) to see if it's jammed, or by measuring its voltage
supply. Field Replaceable? Yes - fans are generally field-replaceable components. Manufacturers
expect them to be swapped as routine maintenance every few years. For example, Hitachi specifies
replacing cooling fans roughly every 35,000 hours (=4 years) of continuous operation 12 13 . Fans
are usually accessible by removing a cover; ensure you replace with the exact same size and voltage
fan, and reconnect any speed-sensor wires if present. After replacement, monitor the drive's
temperature or fan alarm to confirm the new fan works properly.

Control Board or Sensor Failures: The low-voltage electronics (control board, gate driver boards,
current/voltage sensors, etc.) can fail due to power surges, vibration, or simply component aging. A
control board failure might manifest as a dark or unresponsive keypad/display, inability to
communicate, or bizarre erratic behavior that isnt motor-related. Sometimes you'll see an
“internal fault” code that points to the control PCB. Diagnostics: Check if the board is getting proper
low-voltage supply from the power section (many drives have an internal power supply that can be
tested). Inspect for burnt traces or components on the PCB, and test any replaceable daughter
cards (e.g. I/O or communications modules) by substitution. If the drive’s display is dead, ensure the
issue isn't just a blown fuse in the control circuit or a tripped DC bus monitor. Field Replaceable?
Often yes, as a complete board. Many manufacturers like Yaskawa, Rockwell, etc., offer control
board replacements for their drives. If you install a new control board, note that you'll typically need
to reprogram parameters (unless the board comes pre-configured or there's a way to transfer a
backup from the old board). Also ensure firmware versions are compatible with the power section.
Smaller VFDs might not have a separate control board (everything is on one PCB), in which case a
board failure again means full drive replacement. Always handle control electronics carefully -
observe ESD precautions and verify any configurable jumpers or switches match the old board’'s
settings.
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Why Do VFD Components Blow? Causes of Catastrophic Failure

Understanding why these components fail is key to prevention. VFDs are designed per standards like IEC
61800-5-1 (safety and thermal requirements for drive systems) and must handle typical stress, but certain
conditions push them beyond limits 14 . Here are the major culprits behind VFD hardware failures, with
technical context:

+ Overvoltage Surges (Line or Load Induced): VFDs are vulnerable to transient overvoltages on the
power supply or generated within the system. A sudden spike on the AC line (from grid switching,
lightning, etc.) can charge the DC bus capacitors beyond their limit, leading to capacitor explosions
or diode failures 15 16 . For instance, overspeeding a motor can act as a generator and pump
energy back into the DC link - one ABB manual warns that motor overspeed causes overvoltage that
can damage or explode the capacitors in the drive 17 . In one field case, a brief utility outage followed
by reclosure sent a surge through a facility, and eight VFDs (15-20 HP each) all blew their DC bus
capacitors - the caps were found bulged and ruptured after the event 8 . The post-mortem
indicated the re-energization transient (and possibly a momentary single-phase condition)
overstressed the drives. To protect against such surges, industry standards like IEEE 519 recommend
limiting voltage distortion and implementing filtering. Using input line reactors or surge protectors
is @ common practice - in fact, drive manufacturers began recommending line reactors on the VFD
input to prevent capacitor failures, even extending warranty periods if reactors are installed 19

20 . If your application is prone to source disturbances, consider adding a 3% impedance line
reactor or transient voltage surge suppressor (TVSS) on the drive’s supply. Also, ensure the drive's
braking chopper or regen unit is functional if the load can drive the motor (overhauling loads);
otherwise, a fast deceleration or an overspeed event can raise the DC bus to destructive levels.

Harmonic Distortion and Imbalanced Supplies: Poor power quality can stress VFD components
over time. A notable example is an open-delta transformer supply (common in rural areas) which
can produce unbalanced phase voltages. Yaskawa documented that VFDs on open-delta feeds
experienced repeated diode and DC capacitor failures due to the inherent voltage fluctuations and
imbalance 15 16 . High harmonic distortion (THD) in the voltage can similarly cause excessive
heating in the DC bus and magnetic components. IEEE 519 sets limits for harmonics (e.g. voltage
THD <5% at the point of common coupling) to protect both the utility and connected equipment.
Ensuring compliance with IEEE 519 - for example by using 12-pulse or 18-pulse front-end
configurations or active filters - can significantly reduce VFD stress. A case in point is the use of an
18-pulse rectifier: this design cancels most line harmonics and “virtually eliminat[es] nuisance trips”
in the drive, achieving a much higher mean time between failure 21 22, Bottom line: a well-
balanced, clean power supply prevents mysterious failures. Regularly check that your facility’s line
voltages are balanced within a few percent and that harmonics are within spec. If multiple drives and
nonlinear loads are present, employing harmonic mitigation (reactors, filters, or multi-pulse drives)
isn't just about compliance - it directly improves VFD longevity 23 .

Thermal Stress and Inadequate Cooling: Heat is the arch-enemy of electronic components. VFD
power devices dissipate significant heat, and if cooling is insufficient, internal temperatures rise and
accelerate failure. Every 10 °C above the rated temperature roughly halves the life of electrolytic
capacitors, for example 24 25 . Common thermal issues include blocked or failed cooling fans,
dirty heatsinks, or operation in high ambient temperatures beyond the drive’s rating. If a drive is
placed in a poorly ventilated cabinet or under direct sun/near a furnace, it may overheat even with
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fans working. Overheating can cause IGBTs to go into thermal runaway or capacitors to dry out and
burst. Prevention: Always keep the VFD's environment within the specified temperature range
(typically 0-40 °C for many drives, unless high-temp models). Check and clean filters and heatsinks
regularly - dust buildup acts like an insulating blanket. As a rule, ensure there's adequate spacing
around the drive and that inlet/outlet vents aren't obstructed. If the ambient is hot, consider forced
cabinet cooling or even air conditioning for larger drive systems. Many drives will trip on a heatsink
over-temperature fault; do not ignore these warnings. One real-world case showed how thermal
management fixes can pay off: a manufacturing plant had frequent IGBT failures in their drives
until they redesigned the cooling and airflow in the drive cabinets; the result was a significant
reduction in failure rate once operating temperatures were under control 26 27 . In summary, keep
your VFD cool and it will keep running longer.

« Overcurrent and Electrical Stress: Excessive current through the VFD, such as during output short-
circuits or motor stall conditions, can blow output transistors or cause upstream component
damage. Drives do have protection (they'll trip on “Overcurrent” typically within microseconds), but
in some scenarios the spike can still be damaging - for instance, a very high current surge might
punch-through an IGBT before it can turn off. Repeated overload conditions or running near the
drive’s current limits can also thermally stress the power stage. Another factor is dv/dt and cable
reflections: fast IGBT switching into a long motor cable can reflect voltage waves that double the
stress on motor windings and also on the IGBTs themselves. If the motor leads are very long, adding
dv/dt filters or slowing the PWM rise time is advised to reduce voltage overshoot. Prevention: Size
the drive correctly for the application (including considering peak torque events). Use the drive's
built-in current limit or slow down acceleration ramps to avoid massive inrush currents 28 29 | If
you see frequent overcurrent or high DC bus faults, address the root cause (e.g. add a braking
resistor for regenerative loads, fix any mechanical jam that's causing excessive torque demand). Also
tighten all power connections - loose connections can cause arcing and intermittent overcurrent
spikes that stress the drive 30 31, In one anecdote, simply re-terminating a loose motor lead
stopped a drive from blowing fuses during startup. Regular thermal scanning of connections (with
an IR camera) can help spot a loose lug heating up under load 32 .

+ Aging and Component Life: Even under perfect conditions, key VFD components have limited life.
Electrolytic capacitors gradually dry out (their capacitance and ripple current capability drops over
years). Power semiconductors can develop micro-cracks in their silicon or bond wires due to thermal
cycling (eventually leading to failure). Fans use bearings that wear out. Manufacturers often cite
approximate service life for these parts: e.g., capacitors might last 5-7 years at full load/full
temperature, and longer if lightly loaded or kept cool 12 6 . Rather than waiting for a destructive
failure, it's wise to follow a preventive maintenance schedule. For example, one industry
maintenance guideline suggests: replace cooling fans every 2-3 years, DC bus capacitors every 5-7
years, and power semiconductors every 7-10 years of operation 33 34 . While actual intervals vary, the
point is to plan proactive replacements during scheduled downtime, instead of reacting to an
unexpected drive explosion. Additionally, if a drive has been in storage for a long time, the DC
capacitors can lose their forming (ability to handle voltage) - applying full voltage suddenly can
make them fail. Always follow storage guidelines: typically drives stored >1 year should have their
capacitors “reformed” by applying a reduced voltage or using a reforming procedure 35 36 . For
instance, ABB instructs technicians to reform spare drives to avoid capacitor damage on startup 35 .
Never just grab a VFD that's been on a shelf for years and directly power it at full line voltage without
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checking its capacitors - a case study noted a spare VFD sat 4 years in a humid environment; when
finally installed, it blew up within seconds due to internal capacitor corrosion and moisture 37 38 .

* Miscellaneous Causes: Other factors can include voltage transients on control circuits (e.g.
lightning or welding ground currents frying the control board), improper installation (like missing
grounding or high EMI leading to erratic behavior and damage), or manufacturing defects (rare,
but a poorly soldered joint or component can fail early). Always ensure the VFD is installed per the
manufacturer’s instructions: proper grounding per IEC 61800-5-1 to handle fault currents, using
recommended cable types and EMC filters (per IEC 61800-3 for EMC compliance), and keeping
moisture or corrosive chemicals away from the drive. Some drives in harsh environments are
conformally coated or housed in higher NEMA-rated enclosures for protection - consider that if your
drive is in a corrosive atmosphere. As the saying goes, “VFDs are like computers”; contamination
and moisture are common Kkillers. If you open a failed drive and see water stains, dust caked on
boards, or insect nests, you've likely found the cause. Regular cleaning and using proper enclosures
can prevent many such failures 39 40 ,

Diagnostic Procedures for a Dead VFD

When a VFD is completely down or has clearly suffered a hardware fault, a systematic approach can save
time and improve safety:

1. Safety First: Before touching anything, lock-out and tag-out the power. Wait for the DC bus to
discharge - most drives have a charge LED that goes out when DC bus is safe, but always measure
the DC terminals with a multimeter to confirm near 0 V. High capacitance drives (especially larger
HP) can take several minutes to bleed down to safe levels as per IEC 61800-5-1 requirements.

2. External Inspection: Examine the drive externally and sniff for the odor of burnt components. Burnt
electronics have a distinctive acrid smell - if you detect it, something inside is fried. Look for char
marks on the enclosure vents. Also verify external factors: was there a blown supply fuse or tripped
breaker? If yes, that often indicates a short inside the drive (e.g. shorted diode/IGBT or blown
capacitor).

3. Check Diagnostic Panel/Codes: If the drive powers up at least partially, note any fault codes or LED
status. A blinking fault LED or code like “CPF" (common failure), “DC BUS OV”, “Short Circuit”, etc.,
gives clues. For instance, a “High DC Bus” fault prior to failure might implicate a capacitor or brake
circuit issue 41, while “IGBT fault” points to the inverter stage. Some codes like “Low voltage” could
mean upstream power issues rather than the drive itself. If the panel is completely blank, focus on
the power supply section (check control fuses, low-voltage power module, etc.).

4. Internal Visual Inspection: Remove the drive cover (with power off, of course) and visually inspect
inside. Look for: swollen or ruptured capacitors, exploded MOVs or fuses, burn marks on circuit
boards, broken fan blades, or soot indicating an arc flash. A charred input rectifier or IGBT module
is a smoking gun - in one repair case a “bad fuse” alarm turned out to hide a badly blown 3-phase
rectifier and damaged IGBT modules inside 42 43 . If you see broken pieces or soot, carefully
photograph and/or document it for warranty or failure analysis purposes.

WWWw.precision-elec.com

5


https://www.gohz.com/why-capacitors-in-vfds-exploded?srsltid=AfmBOoqEZl7WvT0Jlc10pFtjwv9_hRDwBjIE46GNv5TqUCOF-XrIg_0A#:~:text=frequency%20drive%20%28VFD%29%20,saturated
https://www.gohz.com/why-capacitors-in-vfds-exploded?srsltid=AfmBOoqEZl7WvT0Jlc10pFtjwv9_hRDwBjIE46GNv5TqUCOF-XrIg_0A#:~:text=shelf%20for%20almost%204%20years,evaporate%20before%20using%20the%20VFD
https://www.dosupply.com/tech/2022/06/07/vfd-troubleshooting-flowchart/?srsltid=AfmBOorEUGmMKfZyLx3VPo9bonFicKDtURvt03CJZ_8tJVpMSYbtXOfa#:~:text=Contaminants%3A%20Using%20a%20VFD%20in,can%20cause%20premature%20drive%20failure
https://www.dosupply.com/tech/2022/06/07/vfd-troubleshooting-flowchart/?srsltid=AfmBOorEUGmMKfZyLx3VPo9bonFicKDtURvt03CJZ_8tJVpMSYbtXOfa#:~:text=To%20combat%20possible%20catastrophic%20VFD,dust%2C%20corrosive%20vapors%2C%20or%20moisture
https://www.dosupply.com/tech/2022/06/07/vfd-troubleshooting-flowchart/?srsltid=AfmBOorEUGmMKfZyLx3VPo9bonFicKDtURvt03CJZ_8tJVpMSYbtXOfa#:~:text=C
https://blog.acsindustrial.com/industrial-electronic-repair/case-study-allen-bradley-vfd-blown-can-repaired/#:~:text=When%20removing%20the%20board%20assembly,phase%20bridge%20rectifier%20needed%20replacing
https://blog.acsindustrial.com/industrial-electronic-repair/case-study-allen-bradley-vfd-blown-can-repaired/#:~:text=high%20voltage%20bus%20capacitors%20were,phase%20bridge%20rectifier%20needed%20replacing

Precision Electric, Inc. 574-256-1000

5. Test Power Components: Use a multimeter in diode-test mode to check the input bridge rectifier
first. Typically, you should measure ~0.3-0.6 V forward drop from each AC line input to the DC+ (and
from DC- to AC lines, depending on design) 7 . Infinite reading in one direction and ~0.5 V in the
other is normal for each diode pair. A shorted rectifier diode will read near 0 V in both directions - if
found, the drive's input is effectively shorted and explains any blown fuses. Next, test the IGBTS:
measure from DC+ to each motor output (U, V, W) and from each output to DC-. You should see a
diode drop in one polarity (either DC+ to U or U to DC-, depending on design) and open in reverse
polarity 8 . If you read near zero ohms both ways between a leg and DC+, that IGBT leg is likely
shorted. Also check each output phase-to-phase (U-V, V-W, W-U) to ensure there's no direct short
between phases (should read open or only charge a capacitor with rising resistance). A short
between output phases usually means multiple transistors failed in a cascade. Don't forget to
inspect snubber circuits (RC networks across the DC bus or IGBTs) - if a snubber capacitor is burnt
or resistor cracked, it could cause weird faults like transient overvoltage trips. While you're at it, spin
the cooling fan by hand to see if it rotates freely; if not, it's seized and needs replacement. You can
also bench test the fan with a separate supply of correct voltage.

6. Control Circuit Checks: If power components seem OK but the drive is still dead, the issue may lie in
the control board or low-voltage power supply. Using the drive's circuit diagram (if available from a
manual), locate test points for the control power (often a regulated DC like 24V or 5V). Check if that
voltage is present. Sometimes a simple blown control fuse or a failed internal SMPS is the only
culprit - these can be repaired or replaced relatively easily if you're adept with electronics. Some
drives have a common failure point like a particular resistor or transistor on the gate driver that
goes bad - user forums or manufacturer service notes can be valuable for such model-specific tips.

7. Consult Manufacturer Resources: Always refer to the manufacturer's documentation for
troubleshooting steps and specific fault code meanings. Companies like ABB, Yaskawa, and Eaton
publish hardware manuals and service guides that outline testing procedures. For example, Hitachi's
service manual provides a detailed step-by-step for checking the inverter module with an ohmmeter

44 45  Yaskawa's guides might point out typical failure signatures for certain alarms. If you suspect
a certain part (capacitor, transistor) has failed, also check if the manufacturer offers that as a spare -
if yes, they often have instructions for replacement in the manual.

8. Determine Scope of Damage: Once you identify a failed component, consider that a major failure
can cause collateral damage. A shorted IGBT may have also blown a gate driver or burned a PCB
trace. An exploded cap might have overstressed the charging resistors or even the input rectifier. In
the earlier example of the blown Allen-Bradley drive, not only was the rectifier toast, but “the high
voltage bus capacitors were bad [and] three output IGBT modules needed replacing” as well 42 43 ,
Thus, if one component fails spectacularly, inspect everything upstream and downstream from it.
Replacing just the visibly blown part may result in another failure if a related component remains
damaged.

By following these diagnostic steps, you should form a clear picture of what failed and why. This sets the
stage for the crucial question: Can (and should) it be fixed, or is it time for a replacement?
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Repair or Replace? Making the Decision

When faced with a VFD hardware failure, you have two main paths: attempt to repair (replace the faulty
components or sub-assemblies) or replace the entire drive. The best choice depends on several factors:

« Extent of Damage: If the failure is isolated (e.g. just a fan or one capacitor vented) and the drive is
otherwise in good condition, a targeted repair is feasible. Many such components are field-
replaceable as discussed. However, if the drive had a catastrophic event that took out multiple
sections (for example, a surge fried the rectifier, DC bus, and IGBTs all together), the repair
essentially means a rebuild of the drive’s guts. It might still be possible, but the question is whether
it's economical (labor and parts cost) and reliable afterward. A telltale sign of widespread damage is
burn marks across multiple areas of the PCB or numerous fault codes appearing at once. In those
cases, replacing the entire unit might be safer.

Drive Age and Service Life: Consider how old the VFD is and whether it's near the end of its
expected life. If a 15-year-old drive has a major failure, replacing it with a new model might be wiser
- not only to reset the clock on component age but also to benefit from improved technology and
efficiency. On the other hand, a relatively new drive that fails could indicate a freak event or latent
defect, and repairing it (or getting it replaced under warranty) makes sense. Manufacturer support
is key: if the drive is obsolete and parts are no longer available, you may have no choice but
replacement.

Cost of Repair vs. Replacement: This often comes down to dollars and downtime. Getting a quote
for repair (either in-house component replacement or sending to a repair center) and comparing to
a quote for a new drive is a straightforward step. As a rule of thumb, if the repair cost is less than
~50% of a new drive and you trust the repaired drive will be reliable, repair is attractive. In a real case
study, an industrial electronics repair firm repaired a blown 100+ kW VFD that had severe damage;
the repair cost was about 35% of buying new, saving the customer a lot of money 46 47 . In that
scenario, the drive was a high-quality model and deemed “worth repairing” 48 . Conversely, for a
smaller low-cost VFD, the minimum repair cost (including troubleshooting time and parts) might
approach the cost of a new unit anyway. Also factor in that a new drive comes with a fresh warranty.

Downtime and Criticality: How critical is the process that this VFD controls? If every hour of
downtime is costly, the fastest way to restore operation is often to swap in a spare drive (if you have
one on hand) or overnight a new unit. Troubleshooting and repairing on-site can take time,
especially if you need to await parts. If you do repair, consider the turnaround: can you afford to
have that equipment down for days or weeks? Some plants keep hot spares for key drives to
mitigate this risk - a strategy that paid off for some, but remember the earlier caution about storing
spares (keep them energized periodically or reform the capacitors before use). If you don't have a
spare and lead time for a new drive is long (sometimes large drives have weeks of lead time), then a
repair might be the only quick solution. In mission-critical applications, it's not uncommon to do
both - install a spare or rental drive to get running, and send the failed drive for repair to serve as
the new spare once fixed.

Skill and Safety for Field Repair: Replacing certain components in a VFD is a delicate task. If you
have qualified personnel (or an authorized service engineer) who can do it on-site, that tilts toward
repair. Replacing a fan or a control board is usually straightforward. Replacing an IGBT module or a

WWWw.precision-elec.com

7


https://blog.acsindustrial.com/industrial-electronic-repair/case-study-allen-bradley-vfd-blown-can-repaired/#:~:text=Image%3A%20VFD%20repairs
https://blog.acsindustrial.com/industrial-electronic-repair/case-study-allen-bradley-vfd-blown-can-repaired/#:~:text=This%20good%20quality%20Allen%20Bradley,can%2C%20and%20should%2C%20be%20repaired
https://blog.acsindustrial.com/industrial-electronic-repair/case-study-allen-bradley-vfd-blown-can-repaired/#:~:text=Image%3A%20VFD%20repairs

Precision Electric, Inc. 574-256-1000

capacitor bank can be more involved - you must ensure proper torque on bus connections, reapply
correct insulating materials or thermal paste, etc. Mistakes can result in new failures or even safety
hazards. Never attempt internal repairs unless you are comfortable with the technology and
safety procedures. If in doubt, it may be better to swap the drive and later send the old unit to a
specialized repair shop. Remember that capacitors can stay charged and subassemblies can be heavy
(large drives’ capacitor banks or chokes are quite weighty - use proper lifting).

Field-Replaceable Units (FRUs) and Modular Design: Modern VFD designs often incorporate
modular components to ease maintenance. For example, some ABB drives have slide-in power
modules that contain IGBTs and diodes; if one fails, you can replace the module without swapping
the whole drive or rewiring the motor 3 . Likewise, control boards or keypad displays are usually
modular. If your drive's manufacturer explicitly provides certain parts as spares (fans, boards,
contactors, etc.), that indicates those are intended to be field replaced. Check the documentation -
there may even be a step-by-step replacement procedure for those parts (as we saw with Hitachi's
manual showing how to remove the fan and capacitors 49 50 ). Utilizing these modular features can
significantly cut down downtime. Ensure that any replacement part you use is compatible by part
number or approved equivalent. Installing a different firmware board or a different voltage-rated
IGBT than original could either prevent the drive from running or cause immediate failure. Always
verify with the manufacturer’s parts list or a trusted supplier.

When Replacement is Preferred: Aside from cost calculations, there are cases where replacing the
drive is the prudent course. If a failure was due to design limitations (e.g., the drive consistently
overheats in a given environment), a newer model with a higher temperature rating or better
cooling might solve the root problem. If the application requirements changed and the drive was
undersized, a failure is an opportunity to upgrade to a larger drive. Additionally, if analysis of the
failure reveals a systemic issue (for instance, severe harmonics or surges in the facility power), you
might choose a replacement drive that has built-in mitigation (like an active front end or tougher
surge ratings). Replacement is also a clean solution for very old drives where a repair might fix the
immediate issue but something else could fail soon. One professional succinctly put it: if a small VFD
“failed suddenly and it's not a simple external cause, you likely need to replace it" 5", because
spending hours on it is not worth the minimal cost saving.

Keep the Old Unit? If you do replace a failed VFD with a new one, you might still consider repairing
the old one offline if it's economical, and then keep it as a spare. Many drives that have had a
component failure can be refurbished with all new capacitors, new semiconductors, and then
function essentially like new (if done by a competent shop). For example, all those eight drives that
blew capacitors in the surge incident could be rebuilt with fresh parts - but the facility might install
new drives immediately and later repair the old ones for spares, plus add surge protection to
prevent a repeat '8 52 . Just be cautious: a drive that suffered a fire or explosion inside should be
carefully cleaned and inspected even if repaired, as carbon residue can cause electrical tracking.
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Real-World Examples and Lessons Learned

To ground this discussion, let’s look at a few anonymized case studies of VFD hardware failure scenarios, the
diagnosis, and the outcome:

« Case 1: Surge Explosion in Multiple Drives - A food storage facility experienced a utility outage and
reclosure that wreaked havoc on their VFDs. Eight drives (20 HP each) controlling ventilation fans all
failed at once. On inspection, technicians found bulging and exploded DC capacitors in every drive

18 . The likely cause was a combination of a voltage surge when power was restored and possibly a
momentary phase loss during the event, which stressed the capacitor banks beyond their limits. The
drives did have input reactors installed (as the facility followed best practices), yet the surge was
severe enough. The immediate solution was to replace the capacitor banks and any blown fuses,
getting the drives operational again. Importantly, the facility added surge protective devices on the
480 V supply afterward, and adjusted their incoming breaker settings to delay re-energizing sensitive
equipment after a power flicker 52 . The before/after metric here was stark - before the fix, 8 drives
failed in one incident, whereas after installing protection, the facility reportedly had zero drive
failures during subsequent grid disturbances over the next year. The lesson: even with good design
(reactors present), extreme transients can cause catastrophic failures; adding surge protection and
controlled power recovery can save your drives.

+ Case 2: Catastrophic Drive Meltdown in Power Plant - A medium-voltage VFD in a power
generation station (an Allen-Bradley drive of several hundred kW) failed during operation. The
drive's display only showed a “bad fuse” alarm, but the maintenance crew suspected more was
wrong due to the loud bang heard. Indeed, upon opening it, they discovered the 3-phase input
rectifier had completely blown apart, scattering debris 42 . The DC bus capacitors were also
damaged, and three of the six IGBT modules had shorted 42 43 . This was a textbook domino
failure: a likely overvoltage or fault current event caused the rectifier to fail, which in turn overvolted
the DC bus and took out capacitors and IGBTs. Instead of scrapping the drive (which was relatively
new and high value), they opted to repair it through a specialized service. All failed components
were replaced (including cleaning or replacing snubber circuits and surge arrestors that were
stressed), and the drive was fully tested. The repair cost came to about 35% of a new replacement'’s
price, saving tens of thousands of dollars 46 . After repair, the drive was reinstalled and load-tested;
it performed to spec. In this case, the before/after for the customer was a cost saving (~65% savings)
and avoiding a long lead time for a new MV drive. The root causes identified were over-voltage and
fault currents beyond the drive’s tolerance, exacerbated by some parameter settings (the drive
was not tuned to trip fast enough for a certain transient) 53 . The team adjusted the protection
settings (making the drive fault out quicker on abnormal conditions) and added an external line-side
choke for extra cushioning. This underscores that large drives can often be repaired economically,
and doing a failure analysis to address root cause (settings, added line reactor) is crucial to prevent
repeat failures.

+ Case 3: High Ambient Heat Causing Repeat Failures - A plastics manufacturing plant had several
50 HP VFDs running extruder motors. Over a period of two years, they experienced multiple drive
failures—usually the IGBT modules would short out, sometimes accompanied by a DC bus
overvoltage alarm prior to failure. Each time, they replaced the failed transistor module or swapped
the drive, but the pattern continued. A detailed study found that the ambient temperature in the
drive cabinet was routinely 10-15°C above the drive's rating due to poor ventilation and the heat
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of nearby equipment. The high temperature not only pushed the IGBTs near their thermal limit but
also increased the DC bus capacitor ripple current (since hot caps have higher ESR, causing DC
bus voltage fluctuations that can trigger overvoltage trips). The solution implemented was a cooling
system upgrade: installing filtered intake fans on the cabinet, a thermostatically controlled exhaust
fan, and moving the VFDs away from direct radiant heat. Additionally, they derated the drives slightly
by limiting maximum current to 90% of drive rating in software. After these changes, no further
IGBT failures occurred in the subsequent 18 months, whereas before a failure happened roughly
every 4-6 months. This case highlights how thermal stress was the silent killer - the “before” state
was frequent unexplained transistor failures, and the “after” state was stable operation once
temperatures were under control 26 27 .

Case 4: Aging Capacitors Caught Before Disaster - A water treatment facility performed infrared
thermography and routine check-ups on its critical 100 HP VFDs. The maintenance guidelines
suggested capacitor replacement at 7 years, and at year 6 they decided to test the capacitors'
health. Using an oscilloscope, they measured the DC bus ripple and noticed one drive had
significantly higher ripple voltage under load than others. Visual inspection showed one capacitor
bank with slight bulging at the tops. They chose to proactively replace the DC bus capacitors on
that drive during a scheduled outage. The decision was timely - when the old capacitors were tested
out-of-circuit, they had lost ~30% of their capacitance and one had a high leakage current (likely to
fail soon). By replacing them, the drive’s DC bus ripple dropped back to normal and it continued
running without incident. The cost of this preventative maintenance was far less than an emergency
shutdown. “Before” they had a ticking time bomb (a potential catastrophic cap failure), and “after”
they avoided it and even observed that the drive ran cooler and with less input current distortion
(since the fresh capacitors filtered better). The takeaway is that aging can be managed: scheduled
part replacement can avert major failures. In this case the facility also followed ABB's advice to
monitor capacitor health and not run them to failure " .

Each of these cases teaches an important lesson: surges demand surge protection, heat must be managed,
and aging parts should be replaced on schedule. By learning from such real scenarios, you can improve
your own VFD maintenance strategy and choose appropriate upgrades or protection devices.

Practical Tips for Reliable VFD Replacement and Repair

To conclude, here are some actionable tips and best practices when dealing with VFD hardware failures and
their prevention:

+ Verify Compatibility: When replacing any component or an entire drive, double-check ratings and
compatibility. Match the voltage, current, horsepower, and overload class of a new drive to the motor
and application. If you're swapping a control board or IGBT, use the exact replacement part number.
Subtle differences (e.g., a control board from a different firmware revision or an IGBT of a different
series) can lead to faults or erratic operation. Always source parts from reputable suppliers or
directly from the manufacturer. The importance of this is echoed by ABB's warning: “Do not use other
than ABB-specified spare parts” for things like capacitor replacements 3 . The drive's performance
and safety certifications (UL, CE) also rely on using proper parts.

« Parameter Backup and Restore: Before removing a failed drive or board, if possible retrieve its
parameter settings (many drives allow download to a PC or copying via a keypad). This will save you
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time configuring the replacement. If a control board is replaced, you'll likely need to re-enter motor
parameters, custom V/Hz curves, I/O logic, etc. Having a backup or at least a record of critical
settings is invaluable. Some high-end drives store parameters on a removable memory card or
keypad - make use of those features if available.

Modular Spares: If your VFD model has modular components (like a separate rectifier module,
inverter module, etc.), consider stocking those spares rather than an entire drive. It's cheaper and
they take less space. For example, keep a spare fan assembly or a spare capacitor bank on the shelf
for quick changeouts. Just remember to maintain spares - e.g., capacitors on the shelf need periodic
reforming as discussed. Also, label and organize spare parts clearly by part number and compatible
drive models to avoid confusion during an emergency replacement.

Follow Industry Standards: Implementing standards isn't just for compliance; it directly affects
reliability. Ensure your installation follows IEC 61800-3 guidelines for EMC - improper grounding or
shielding can cause high-frequency circulating currents that may damage bearings or electronics.
Adhere to IEC 61800-5-1 safety practices, such as proper grounding and branch circuit protection, so
that when a component does blow, the energy is contained and doesn't start a fire or shock
personnel. Use IEEE 519 as a design target for power quality; if your plant has many drives,
coordinate with your electrical engineers to add harmonic filters or multi-pulse transformers so that
neither the drives nor other equipment are overstressed by poor power quality. These standards
exist due to lessons learned from countless failures in the field.

Keep it Clean and Cool: We cannot overemphasize basic housekeeping - keep the VFD and its
environment clean. Regularly schedule cleaning of intake vents, fan blades, and electronic
enclosures. A can of compressed air (used gently) or an ESD-safe vacuum can remove dust that
would otherwise trap heat or moisture. If the drive is in a cabinet, periodically check the cabinet
filters and replace them as needed. Consider the ingress protection (IP/NEMA rating): if there’s oil
mist, dust, or corrosive gas, a standard open vented drive might not be suitable without filtration or
a purged enclosure. As noted earlier, contamination can lead to shorts and corrosion on boards 54
55 - an ounce of prevention here avoids a pound of repair.

Document and Trend: Maintain a log for each significant VFD in your facility. Record installation
date, ambient conditions, maintenance performed, and any component replacements. Pay attention
to signs of wear: for example, if you notice the drive’s DC bus ripple trending upwards over years
(many modern drives let you monitor bus voltage via communications), it might indicate capacitor
aging - plan a replacement before it fails. Some VFDs include built-in maintenance timers or
diagnostic counters (e.g., run-time hours for fans or a capacitor life estimate algorithm); utilize those
features to plan part replacements. By trending data like output current, temperature, or vibration (if
the VFD or motor has sensors), you can catch anomalies early.

Training and Safety for Personnel: Ensure that anyone who opens up a VFD for diagnosis or repair
is properly trained. The DC bus of a drive holds significant energy - even small drives pack a lethal
punch if not handled carefully. Use insulated tools, wear arc-flash appropriate PPE when
troubleshooting with power on, and always double-check that power is off (including waiting the
recommended time) before touching internal parts. It's good practice to use a discharge stick or
resistor bank on large drives to safely discharge capacitors after power-down. Never assume a drive
is safe just because it's unplugged - measure it. Also, be aware of stored mechanical energy: a
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large heatsink can be very hot after a drive has been running, and fans can spin unexpectedly if
backfed by airflow. Take your time and don't bypass safety interlocks.

* Know When to Call the Experts: There's no shame in seeking help from the drive manufacturer or a
professional repair service, especially for medium-voltage drives or when you're unsure about the
failure. They have specialized equipment to thoroughly test and refurbish drives. Some
manufacturers offer exchange programs - you send in a failed drive and receive a refurbished one
quickly. This can be a good middle-ground: less downtime than waiting for a custom new unit, and a
warranty on the repaired unit. If a drive is under warranty period and a hardware failure occurs,
definitely involve the manufacturer; attempting your own repair could void the warranty. Provide
them with as much info as possible (event logs, pictures of failure, environment conditions) to assist
in root cause analysis.

Upgrade Opportunistically: If a VFD fails and needs significant repair, consider if it's an opportunity
to upgrade to a more robust or feature-rich drive. Newer VFDs might offer better built-in
protections (for example, some have algorithms to detect pending capacitor failure by monitoring
ripple or have replaceable fan cartridges for easier maintenance). They might also meet newer
standards or have better efficiency at partial loads. However, balance this against compatibility - if
it's part of a system, ensure the new drive can integrate with existing control systems (I/O,
communication protocol, etc.). Sometimes sticking with the same model (if it has proven reliable
except for one incident) is the quickest path. But if that model has a known weakness (perhaps you
discover a series of similar failures in industry forums), upgrading could save pain later.

By applying these tips, you'll be better prepared not only to deal with VFD hardware failures when they
happen, but to prevent many of them from happening at all. A well-maintained VFD, running within its
design limits and protected from surges and heat, can operate for a decade or more without incident 56 .
In practice, attention to the details - from tightening power lugs to updating firmware - makes the
difference in extending the mean time between failures.
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