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VFD Overheating and Cooling System Failures:
Causes and Fixes

Introduction: Variable Frequency Drives (VFDs) are critical for motor control, but they also generate
significant heat that must be managed. Modern VFDs pack high-power transistors and dense circuitry in
compact units, making them literally “hot” devices ' .If not properly cooled, excessive heat can degrade
internal components (e.g. capacitors, IGBTs) leading to malfunctions or premature failures 2 3 .
Overheating is one of the most common causes of VFD fault trips and drive damage, so careful thermal
management is essential for reliable operation 3 4 . This article discusses in detail the causes of VFD
overheating, real-world over-temperature fault codes from major manufacturers, diagnostic and preventive
strategies, case studies of overheating issues and resolutions, and best practices for system design to avoid
cooling failures. The focus is on low-voltage VFDs (<600 V) in industrial applications, written for a broad
technical audience (engineers, maintenance staff, plant managers). We'll reference manufacturer
documentation, industry standards, and research throughout, with links to official manuals and resources
for further reading.

Common Causes of VFD Overheating

Overheating in VFDs is usually traced to a handful of root causes that impede heat dissipation. These
include mechanical issues (like blocked ventilation or fan failure), environmental factors (ambient
temperature and dust), and improper application (inadequate derating or overload). Below we detail each
cause:

* Blocked Airflow (Ventilation Obstructions): VFDs rely on airflow through heat sinks to carry away
heat. Any blockage of vents or cooling ducts will trap heat. Dust buildup, clogged filters, or objects
placed too close to the drive can restrict airflow and cause rapid heat rise 5 . Even a thin layer of
debris on heat sink fins acts as insulation. In enclosures, densely packed wiring or cable ducts too
close to the drive can obstruct its ventilation openings. Hot spots can develop in stagnant air
pockets of a sealed or cramped enclosure 6 . Maintaining clear airflow paths is critical - ensure vent
filters are clean and nothing blocks the intake/exhaust on the drive. If the drive is in an industrial
control panel (ICP) with ventilation fans, verify the fans provide sufficient CFM to exchange air and
keep internal temperature within limits 7 . A good rule of thumb is to have at least a 10°C
temperature difference between the cooling air and the drive’s allowed temperature; for example, if
VFD components are rated for 40 °C, the incoming air should be no more than 30°C 8 . Obstructed
airflow will defeat such cooling design - regularly inspect and clear vents to prevent this common
issue 9 5.

+ Cooling Fan Failure: Most low-voltage VFDs use one or more internal fans to force air over their
heat sinks. If a fan fails or runs below its rated speed, cooling capacity plummets. Fan motors
themselves can burn out over time (often from bearing wear or dust ingress). A failed fan may not
be obvious at first glance - the drive might still operate until it under heavy load or ambient heat,
then suddenly trip on over-temperature. Many VFD manufacturers therefore incorporate fan
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monitoring or alarms. For example, Eaton'’s drives will trigger a specific fan failure alarm if a cooling
fan isn't drawing current or spinning when expected 10 . Yaskawa drives similarly note that an “oH”
overheat alarm often indicates the cooling fan is not working (or that ambient temperature is too
high) 17 12 . Thus, fan status should be checked whenever an overheating fault occurs. Listen for
unusual fan noise and measure the air flow. If the fan is not running at full speed (or at all), it likely
needs replacement. Proactively, scheduled fan replacements (e.g. every few years) can prevent
unexpected cooling loss in critical drives. Some larger drives even allow “fan kits” to be swapped
while minimizing downtime. Always obtain the correct replacement fan specified by the drive
manufacturer - using an incorrect fan (wrong flow or rotation direction) can also cause inadequate
cooling 13 .

High Ambient Temperatures: VFDs are typically rated for operation in ambient air up to a certain
maximum temperature (often 40 °C or 50 °C). If the surrounding air exceeds this, the drive’s ability to
shed heat is compromised. High ambient temperature alone can push a drive into alarm or trip,
even with everything else functioning. For example, Yaskawa specifies that ambient above the limit
(e.g. >50°C for IP20 drives) will trigger an overheat fault (code “OH1") as the heat sink sensor detects
unsafe temperature 14 . When a drive trips on over-temp, always measure the ambient air around
the drive (and inside its enclosure) 15 16 , If the air is very warm (e.g. a cabinet in direct sun, or a
small enclosure with multiple heat sources), you likely need to cool that environment. Solutions
include adding enclosure air conditioning or vortex coolers, increasing ventilation, or moving the
drive to a cooler area. Drive derating is also critical here: manufacturers specify output current
reductions above a certain ambient. As an example, Rockwell PowerFlex drives are rated to 50°C;
some can be used up to 60-70°C with derating and added fans, but many other components (and
some other brands) are only rated to 40°C 17 . If your ambient regularly exceeds 40°-50°C, you
must either oversize the drive or provide active cooling. High ambient heat is often exacerbated by
other issues (failed fans or blocked vents) - a worst-case scenario is a hot factory floor in summer
combined with a clogged filter, which will almost guarantee VFD trips. Keep the VFD's location as cool
as practical and never ignore the specified temperature ratings in the drive’s manual 18 .

Dirty or Dusty Environments: Dust is a silent killer of cooling systems. In dirty environments (textile
mills, sawmills, mines, etc.), airborne dust and grime will accumulate on VFD heat sinks, vent grills,
and fans. A layer of dust on heat sink fins acts like a blanket, dramatically reducing heat
dissipation 5 . Dust can also clog filter media in a NEMA 12 enclosure, choking off airflow. For
example, ABB drive documentation warns to check for obstructions in the air flow or dirt coating
on the heat sink if an over-temp alarm occurs 19 . Even if fans are running, it doesn't take much
dust to clog a heat sink and impede cooling 20 . The solution is regular cleaning and filter
maintenance. Use appropriate filters on enclosure vents (with a filtration rating to match the dust
size in your environment), and establish a schedule to inspect and replace filters before they become
clogged. Some facilities perform monthly vacuuming or blowing out of VFD enclosures to remove
dust - but caution is needed to avoid electrostatic damage when cleaning electronics. Ideally,
prevent dust ingress in the first place: for harsh environments, consider sealed enclosures (NEMA
4/4X or IP66) plus a closed-loop cooling device (air-to-air heat exchanger or coolant system) so that
dusty air never contacts the drive's internal components. If using filtered fans, add differential
pressure switches or sensor alarms to detect when a filter is becoming clogged - this can warn
maintenance to service the filter before an overheating event occurs 2! . Keeping the drive and its
cooling path clean will significantly extend its life. (Tip: during inspections, also clean any control
cabinet air vents and ensure not just the drive but all devices in the cabinet are dust-free.)
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« Inadequate Derating / Overload: Every VFD has power limits based on cooling capacity. If a drive is
undersized for the motor or load, it may run near its maximum capacity and generate excessive heat
in the power electronics. Continuous overcurrent (even below trip level) elevates internal
temperatures and can lead to thermal fatigue of components. Manufacturers provide derating
guidelines for operating outside nominal conditions - these include high altitude, high ambient
temperature, and high carrier frequencies. Ignoring these can effectively overload the drive's
thermal design. For instance, at higher altitudes the thin air cools less effectively, so drives typically
must have their output current reduced by ~1% for every 100 m above 1000 m elevation 22 . If
you install a standard drive at 2000 m without derating, it will run hotter and is likely to trip or fail.
Similarly, above the base ambient (often 40°C), a drive might need derating of a certain % per
degree or require additional cooling. As a concrete example, Rockwell notes a rule: to use ventilation
cooling, the incoming air must be 10°C below the max component temp (as mentioned earlier) - if
that cannot be achieved (e.g. outdoor 45°C air when drive rated 40°C), either derate the drive or
switch to an active cooling method 23 17 . Also, running the drive at very high PWM carrier
frequency (for motor noise reduction) increases switching losses and heat; many drive manuals have
tables to derate output current if carrier is raised (e.g. a Yaskawa 1000-series drive derating curves
for 10 kHz vs 2 kHz). Failure to account for these factors is a common cause of overheating. Ensure
your drive is sized with a safety margin for the worst-case conditions (peak load, hottest ambient,
altitude) or otherwise derated appropriately in programming. If an application pushes a drive to its
thermal limits, consider using the next larger drive frame or improving cooling. In summary,
operating beyond the drive’'s design envelope will cause overheating - always follow
manufacturer application guidelines on load and environment. As ABB succinctly advises for an
“Overtemp” fault: check for excessive ambient temperature or excessive motor load and correct
those conditions 5 .

Real-World Note: The above causes often occur in combination. For example, a drive in a poorly ventilated
cabinet might only overheat on hot days when the ambient rises (ventilation + ambient together). Or a dust-
clogged heat sink might go unnoticed until a fan fails and then the drive quickly trips. It's important to
address all aspects of cooling - keep the drive's environment cool and clean, ensure fans and filters are
working, and don't push the drive beyond its thermal capacity 9 24 . By recognizing these root causes,
engineers and technicians can target the right fixes when a VFD shows signs of running hot.

Over-Temperature Fault Codes (Examples by Manufacturer)

When a VFD overheats or its cooling system fails, it will usually trigger a specific fault or alarm code.
Different manufacturers have their own codes and terminology for over-temperature conditions. These
fault codes are invaluable clues for diagnostics - they not only indicate that the drive shut down due to high
temperature, but often also differentiate whether it was the heat sink, internal control board, or motor that
overheated. Below are examples of over-temp fault codes from several major VFD brands (ABB, Eaton,
Yaskawa, Hitachi, Lenze), along with their meaning:

+ ABB: ABB AC drives will typically display a “Device Overtemp” fault (sometimes shown as FAULT 3 or
FAULT 2330 depending on model) when the drive’s heat sink temperature exceeds safe limits. In
ABB's ACH550 series, for instance, the drive issues alarm code 2009 DEVICE OVERTEMP as a warning
when the heat sink is approaching the trip point 25 . This alarm occurs when the heat sink reaches
around 100°C on most frame sizes (e.g. frames R1-R4 trigger at 100°C, larger frames R5/R6 at
110°C) 25 . If the temperature continues rising, a fault trip will occur to protect the drive. The
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ACH550 manual recommends checking for fan failure, obstructed airflow, dirt on the heat sink,
excessive ambient temperature, or excessive load whenever this alarm/fault is seen 19 - a clear
indication of the typical causes discussed above. Another ABB example is fault code 37: “CB
OVERTEMP”, meaning the Control Board is overheated; the remedy is similarly to check for high
ambient, fan issues, or blocked air flow 24 . Newer ABB drives like the ACS880 use numeric fault
codes (e.g. 4370 for “Heatsink temperature too high”) with similar diagnostics 26 . In all cases, an
ABB over-temp fault is a sign that the drive’s internal sensor hit a critical temperature, and
immediate cooling or shutdown occurred. The thresholds are often ~115 °C for the IGBT module and
slightly lower for a pre-alarm to give warning 25 .

Eaton: Eaton’s drives (such as the PowerXL series including SVX9000, DG1, etc) typically use an “F”
prefix for fault codes. Eaton defines Fault F14 as “Drive Over Temperature” 27 . This fault triggers when
the drive’s internal temperature sensors (on the IGBT module or power board) exceed the trip level.
The exact trip threshold can depend on frame size - for example, one Eaton manual lists trip points
ranging from ~88°C to 96 °C on various frame classes, with a “foldback” (power limiting) kicking in a
few degrees below that 28 . When an F14 fault occurs, Eaton advises to check that the cooling fans
are operating, and look for restricted air flow through the heatsink cooling tunnel 10 . In fact,
Eaton drives will often also raise a separate fan failure fault (e.g. F5 or a specific alarm code) if a fan
isn't working 10 . The troubleshooting steps for F14 include verifying fan voltage, cleaning the
cooling channels if dust is present, and measuring ambient temperature 29 18 . Eaton explicitly
notes the drive should be in an environment not exceeding 50 °C ambient and 1000 m altitude; if
those are exceeded, the drive must be derated per the manual '8 . So, an Eaton F14 fault essentially
means “the drive is too hot” - either due to environment or a cooling failure. Another related code
is F103: Overtemp Warning, which is a warning that the drive is running hot but not yet tripped 30 . In
real-world scenarios, users have encountered F14 on Eaton SVX drives when panels were dirty or
fans failed 31 . Recognizing the F14 code lets you focus on cooling as the culprit.

Yaskawa: Yaskawa AC drives indicate an over-temperature condition with codes like “oH” or “oH1”
on the keypad display. In Yaskawa nomenclature, “OH1” (Overheat 1) is a fault that means the heat
sink temperature exceeded the trip level 11 . Possible causes for an OH1 fault, as listed in Yaskawa
manuals, are cooling fan(s) not working or a high ambient temperature "' . The corrective
action is to check for dirt buildup on fans (and presumably heat sink fins) and reduce the ambient
temperature 32 . Yaskawa drives actually often have two stages: an overheat pre-alarm (OH) and
the fault (OH1). The pre-alarm bit can be set to give a warning before the drive actually trips,
allowing time to cool things down 14 . Additionally, some Yaskawa models include codes like OH2,
which can indicate a heatsink overheat in multi-drive configurations or a different area (exact
meaning can vary by series). But generally, “OH” = OverHeat in Yaskawa-speak. For example, on a
Yaskawa V1000 or GA800, an “oH1” fault will shut down the drive to protect it, requiring the
temperature to fall before reset 14 . Yaskawa documentation also notes that if ambient temp
exceeds spec (typically 50°C for NEMA 1 drives) or if the heatsink fan is inoperable, the OH fault
will occur 11 . In practice, technicians encountering an OH1 fault on Yaskawa drives have found dirty
filters or failed fans to be a common cause, exactly as the manuals suggest. Always consult the
Yaskawa drive’s maintenance/troubleshooting manual for the specific model, as it contains a fault
code list - e.g. the GA800 Troubleshooting Manual explains OH1 as “Heatsink Overheat: The ambient
temperature is high and the heatsink temperature exceeded the pre-alarm level” 14 . The fix in that
case is to improve cooling or reduce ambient temperature around the drive.
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« Hitachi: Hitachi inverters (such as the older L300P, SJ200, or newer W)200 series) typically show error
codes prefixed with “E". The Hitachi thermal trip fault is “E21”, which corresponds to Inverter
Overheat. According to a Hitachi drive error code guide, E271 is triggered when the heatsink
temperature reaches the overheat fault level, at which point the drive will display “E21” and shut down 33 .
In essence, this means the internal thermal sensor on the power module hit its limit (often around
90°C or so in many Hitachi drives). Causes for E21 are the usual suspects: high ambient, blocked
vents, or running the drive at high load continuously. Another related code on Hitachi is £79, which is
an error indicating a thermal sensor malfunction (open or not connected) 34 - if the thermistor is
not reading correctly, the drive errs on the side of safety and can fault. But E21 is the direct over-
temp trip. Users of Hitachi W)200 drives, for example, might see “Error 21" if the panel fan failed or if
the drive is in a tight space with poor cooling. The recommended action is to let the drive cool,
improve ventilation, and check the fan filter. Some Hitachi manuals note that an overheat trip can
occur ~5-10°C below the absolute maximum junction temperature, giving a bit of safety margin

35 . In summary, Hitachi's E21 is the equivalent of an “internal over-temperature shutoff,” and it
aligns with the same preventive measures: ensure the cooling system is intact and the drive isn't
running in a hotter environment than it's designed for.

Lenze: Lenze drives (including the Lenze 8200 Vector and SMV series from the AC Tech brand) use
various fault codes for different conditions. For the Lenze 8200 Vector, an “Error Code F13 -
Overtemperature” is defined, which indicates the drive’s internal temperature is too high 36 . The
listed causes for F13 are ventilation issues or excessive load on the drive 37 . In other words,
either the cooling air isn't moving properly (fan failure, blocked vents) or the drive is working beyond
its thermal capacity. The recommended solutions are straight to the point: “Ensure sufficient airflow,
clean the drive vents, and reduce ambient temperature or load as needed.” 38 . This nicely encapsulates
fan/airflow and derating aspects. Lenze drives also have specific codes for fan failure (e.g., some
Lenze models might show a separate alarm if a fan stops) 39 . Another related Lenze code is F10 or
dH10: Fan failure on certain series, indicating the device fan has failed and needs replacement 40 .
The presence of that code underscores that if you see F13 (overtemp), you should also check if a fan-
failure alarm preceded it. Additionally, the Lenze SMV (AC Tech) drives have an “AF” fault (which
stands for “Auxiliary Fault” but is used to indicate a High Temperature Fault) - essentially the drive
is too hot internally, and it will trip to protect itself 41 . Across Lenze's documentation, the advice is
consistent: improve cooling and reduce the thermal load when an overtemperature error appears

37 . Notably, Lenze’s emphasis on “excessive load” being a cause reminds users that an oversized
motor or a duty cycle beyond the drive’s rating can lead to thermal faults, not just ambient
conditions.

Those are a few examples; virtually every drive manufacturer has a similar fault for overheating. It is good
practice to familiarize yourself with the fault codes of the specific VFD models in your facility. When an over-
temp fault happens, check the drive’s display or fault log for the code, and consult the manufacturer’s
manual for that code’s definition and troubleshooting steps. Many drives also have a warning/alarm level
before the actual trip - for instance, an alarm might activate at 90°C to warn you, and the fault trips at
95°C. Using those early warnings can help prevent unplanned shutdowns (more on that in the next section).
Below is a quick reference summary of the example fault codes:

* ABB: “Overtemp” faults (e.g. Fault 2330 or Fault 3) - drive heatsink or control board over limit. Causes:
ambient, fan, airflow, dust, load 19 24,
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* Eaton: F14 - Over Temperature - drive internal sensor tripped. Check fans, air flow, ambient; trip
around 88-96 °C depending on frame 42 29 |

* Yaskawa: oH / oH1 - Heatsink Overheat - heatsink too hot. Often caused by failed fan or ambient >
spec 11 .

* Hitachi: E21 - Thermal Trip - drive overheated (heatsink sensor tripped), shuts down output 33 .

* Lenze: F13 - Overtemperature - internal over-temp, likely due to poor ventilation or overloading
37

Each manufacturer may have additional codes (for motor overheating, external thermistors, etc.), but the
above are specifically the drive's own over-temperature faults. Recognizing these codes and their typical
causes helps you respond quickly: e.g., if you see an ABB “Overtemp” or an Eaton F14, you know to focus on
cooling rather than, say, looking for electrical faults.

Diagnostic and Preventative Strategies for Overheating

Preventing VFD overheating (and avoiding those fault codes altogether) requires both good design
practices and proactive maintenance. Here we outline key diagnostic steps and preventative measures to
keep your drives running cool. These strategies range from simple visual inspections to integrating sensors
and alarms for early warning. Implementing these can greatly reduce unplanned downtime due to drive
overheating.

1. Regularly Inspect and Clean Cooling Components: The first line of defense is a routine check of all
cooling elements on each drive. Look for dust accumulation on heat sinks, fan inlets, and vent filters. A
quick inspection with a flashlight can reveal clogged fins or filters. If accessible, remove fan covers and
vacuum or use low-pressure compressed air to clear dust (with the drive powered off). Ensure that intake
and exhaust openings are clear of obstructions. Many companies include drive cooling checks in their
preventive maintenance schedules - e.g. every 6 months opening the enclosure and cleaning filters. This
prevents the slow choke-off of airflow that leads to overheating > 21 . While cleaning, also inspect the
cooling fan blades for dirt buildup (which can reduce airflow) and spin the fan by hand to feel if bearings
are rough. Replace dirty or damaged filters promptly - running a drive without a filter in a dirty area is
not a solution, as it will just coat the internal heat sink with dust. Keeping the cooling path clean can reduce
VFD operating temperature significantly; even a partially clogged filter can raise internal temps by tens
of degrees. If you operate in an extremely dusty or corrosive environment, consider using filtered air
pressurization or a closed-loop cooling system (like a heat exchanger) to avoid constant ingress of
contaminants 43 44,

2. Monitor Fan Operation (and Replace Fans Periodically): Because fans are mechanical devices prone to
wear, it's crucial to monitor that they are working. Listen for fan noise - a failing fan might squeal or grind.
Check if air is flowing out of the drive (a small piece of paper or ribbon held near the vent can help gauge
airflow). Many modern drives have a fan test or fan runtime monitor you can access via parameters. For
instance, some ABB drives log fan running hours and recommend replacement after a certain number of
hours. Others can generate an alarm if the fan current draw goes to zero (indicating a stalled fan) 10 . If
your drive doesn’t have an automatic fan alarm, you can be creative: some users have installed small
airflow sensors or thermostats inside enclosures to detect loss of cooling. For example, a thermal switch
on the heat sink that closes at 80°C could be wired to a PLC or alarm light as a warning if the fan isn't
keeping the temperature in check. Proactive fan replacement is often cheaper than a drive failure -
consider keeping spare fan units (or kits) on hand for each drive model. As a rule of thumb, fans might last
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3-5 years in continuous operation; check your manufacturer’'s documentation for recommended intervals.
Replacing a $50 fan can save a $5,000 drive from overheating. When installing a new fan, verify it is oriented
correctly (blowing in the intended direction - usually across the heat sink and out the top vents). Fan
redundancy can be an option on larger drives: some high-power VFDs have multiple fans, and the drive can
survive one failing until maintenance. If your process is mission-critical, you might even engineer a backup
cooling method (like a secondary exhaust fan on the cabinet) in case the primary fan fails. In summary -
treat fans as consumables and don't wait for an over-temp fault to discover a dead fan.

3. Utilize Drive Temperature Monitoring and Alarms: Most VFDs provide real-time temperature readings
or at least alarm signals that maintenance can use. Take advantage of these features. For example, many
drives have a parameter for heatsink temperature that you can read via the keypad or over a network
(Modbus, Ethernet/IP, etc.). Integrate those readings into your SCADA or monitoring system. By trending a
drive’s temperature, you might notice it creeping up over months - a sign of a filter getting clogged or a fan
slowing down - and intervene before a trip. Also configure any available pre-alarm thresholds: as
mentioned, ABB drives have an “Overtemp warning” alarm that triggers at ~100°C on the heatsink, a bit
below the trip level 25 . Yaskawa drives can be set to trigger a bit alarm when the heatsink gets too hot (the
“OH Pre-alarm”). Make sure these signals are wired or programmed to notify operators or maintenance (e.qg.
an HMI warning or even an email alert if a drive is getting hot). In cases where the VFD itself doesn’t have a
pre-alarm, you can install an external temperature sensor in the cabinet near the drive. Simple stick-on
thermal switches (thermostats) can close at a set temperature (say 50 °C inside the enclosure) and trigger
an external alarm. These cost only a few dollars but can save a drive from cooking if an AC unit fails. For
multi-drive enclosures, consider putting a digital temperature/humidity logger inside to record conditions -
this data can justify adding cooling or improving ventilation if you see high readings. Thermal imaging is
another powerful diagnostic: using an IR camera, periodically scan your drive cabinets. Hot spots on a drive
or in the enclosure will show up; you might find, for example, that one drive's cooling fan is not working
because its heatsink is glowing hotter than the others in IR. In summary, treat temperature like any other
critical parameter - measure it, log it, and alarm on it. By catching rising temperatures early, you can avoid
a full drive shutdown and the resulting process downtime.

4. Maintain the Enclosure Cooling System: Often, VFD overheating is a symptom of a broader enclosure
cooling failure. If drives are mounted in an industrial control panel (ICP) that uses fans or air conditioners,
those systems must be maintained as well. A common scenario: a cabinet AC unit fails or trips, and shortly
after, all the drives inside start overheating and tripping. If you use enclosure air conditioners (sometimes
required for NEMA 12 or NEMA 4 cabinets to keep them sealed), set up a method to detect AC unit failure
- many AC units have an alarm contact or at least a visible status indicator. It's wise to wire that into a PLC or
alarm light. Also, keep the condenser coils clean on enclosure AC units, and check refrigerant levels as part
of maintenance. For simple fan-ventilated enclosures, monitor the panel temperature with a thermostat
as mentioned, and ensure fans on the enclosure are working and their filters are clean. Replace panel
fans as needed (they have similar lifespans to VFD fans). According to Rockwell, if an enclosure AC unit goes
down, multiple drives can overheat in “short order” 45 - this underscores how quickly heat can build up in
a sealed box. So, one preventive strategy is to have a backup cooling plan: e.g. an automatically opening
vent or louver that engages if the AC fails (allowing passive airflow), or a redundant AC unit that can take
over. At the very least, an emergency stop on high temperature can be implemented - for example, some
plants wire a thermostat to trip the drives or shut down the process if cabinet temperature exceeds, say,
60 °C. It's a harsh action, but preferable to cooking the drives. In especially harsh environments (steel mills,
deserts, etc.), consider using water-to-air heat exchangers or glycol cooling systems for panels - these
can remove more heat without relying on ambient air quality. We'll discuss more design options in the next
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section, but from a maintenance perspective: don’'t neglect the panel itself. A VFD is only as cool as the air
you feed it. If that air isn't kept at a reasonable temperature (and clean), the drive will struggle to stay within
limits 46 47,

5. Address Underlying Electrical or Load Issues: While environmental factors are usually to blame,
sometimes an underlying electrical issue causes a drive to overheat. For instance, motor or cable
problems can reflect as excess heating in the VFD. If a motor is drawing much higher current than it should
(due to mechanical binding, misconfiguration, or a fault in the motor), the VFD will dissipate more heat
handling that current. Ensure the motor is not jammed, the process isn't overloading the drive, and that the
drive’s parameters (like motor nameplate data and current limits) are set correctly. A drive working in
current limit for long periods will run hot. Another example: voltage imbalance on the supply can
increase drive losses (the rectifier and DC bus have to work harder, and DC ripple can increase IGBT
heating). As one case study noted, a slight phase voltage imbalance caused excessive currents and
subsequent drive overheating in an industrial drive, eventually leading to diode failures 48 . So it's worth
checking the input voltage quality - if you have a 5% voltage imbalance, it could be contributing to drive
stress. Also check for proper grounding and shielding; high leakage currents or circulating currents might
cause extra heating (mostly an issue in larger systems or if output filters are used improperly). In summary,
if cooling hardware seems fine and ambient is OK, yet the drive runs hot, investigate load and electrical
factors: measure the drive's output current vs its rating, verify the motor isn't undersized or stalled, and
confirm you're not exceeding the drive's duty cycle. Sometimes the fix might be process-related (e.g. reduce
the speed or torque demand on the motor during the hottest part of the day) or as simple as tuning a PID
loop to avoid the drive constantly running at max capacity. Motor oversizing or adding a flywheel can
smooth out spikes that heat the drive. Essentially, think holistically - the VFD is part of a system including
the motor and load. An overheating drive could be “taking the heat” (literally) for problems elsewhere in the
system.

6. Document and Follow Manufacturer Guidelines: Lastly, a “paper” but important preventative step:
always consult the drive’s manual for specific cooling and mounting instructions, and ensure your
installation follows them. Manufacturers will specify required clearances around the drive for airflow
(commonly instructing not to mount anything directly above or below blocking the vents). They'll also detail
any removable fan filters, the replacement part numbers for fans, and how to interpret thermal alarms. For
example, ABB's manual might instruct that for every 10 cm of clearance above the drive you get X more
airflow - or Rockwell's guidelines note that mounting a wiring duct too close to a drive can impede its
internal cooling flow 49 . Make sure panel builders and installers adhere to these spacing rules. UL and
IEC standards (like UL 61800-5-1 / UL508A and IEC 61800-5-1) require that drives be used within their
environmental ratings, and panel builders must label the assembly with a temperature rating. If you
integrate third-party drives, maintain that UL compliance by following the specified enclosure size and
cooling method. Record the key parameters: what is the drive’s max ambient rating? What is the expected
heat dissipation at full load (often given in watts or BTUs in the manual)? And does the enclosure’s cooling
system accommodate that? For instance, if you have 5 drives of 10 kW each in one cabinet, and each drive
wastes ~3% as heat, that's 1.5 kW of heat to remove 30 - your fans or AC must handle that or the
temperature will rise. By doing the thermal calculations (many manufacturers provide charts or online tools
for this), you can design prevention into the system rather than reacting to trips later. Standards and best
practices from organizations like NEMA and IEC can guide you: NEMA defines enclosure types (e.g. NEMA
12 for dust-proof, which implies you'll likely need closed-loop cooling) 5! , and IEC's IP ratings likewise. If
you must use a tightly sealed stainless steel enclosure (for washdown or corrosion reasons), recognize that
it will trap heat without active cooling 52 - so plan for an AC unit or a flange-mounted heatsink to
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dissipate heat externally 53 . In sum, preventing VFD overheating is largely about planning and vigilance:
plan a system that can handle the heat load, and remain vigilant through maintenance and monitoring to
keep the cooling performance at its best.

By implementing the above strategies - cleaning, monitoring fans and temps, maintaining enclosure
cooling, checking load conditions, and following guidelines - you can greatly reduce VFD overheating
incidents. The result will be longer drive life, fewer nuisance trips, and more reliable operation of your
motors. In the next section, we'll look at a few real-world examples where companies faced overheating
problems and how they solved them, which will tie together many of these preventive measures in practice.

Case Studies: Overheating Incidents and Solutions

Real-world experiences offer valuable insight into how VFD overheating issues manifest and how they can
be resolved. Below are a few case studies and examples (with identifying details anonymized)
demonstrating common scenarios of VFD cooling failures and the fixes that were implemented. These
examples highlight the importance of proper cooling design and maintenance, and they provide technical
details and even before/after metrics where available.

Case 1: Clogged Filters in a Mining Conveyor Drive - A mining operation was using a medium-voltage
VFD (4160 V input) to control a conveyor. The drive was housed in a dust-tight outdoor enclosure with filter
fans. Over time, the maintenance team neglected to replace the intake filters, and they became heavily
clogged with fine dust. The VFD started to experience over-temperature alarms on hot afternoons. To
evaluate the severity, the drive manufacturer performed a “clogged filter test” simulating the conditions.
In a controlled test, they ran the drive at full load with filters partially and fully blocked. With filters 50%
clogged, the VFD actually managed to run without overheating or tripping, thanks to some design
margin in the cooling system 54 . However, at 100% filter blockage, the drive’s internal protections kicked
in - the VFD detected the rising temperature and smoothly shut itself down to prevent damage 55 . After
the filter was cleaned, the drive returned to normal operation with no performance degradation 56 . This
test mirrored the field issue: indeed the filters at the mine were nearly 100% blocked. The solution was
straightforward - implement a strict filter maintenance schedule. The company scheduled filter
inspections every week and replacements every month, given the dusty environment. They also installed a
differential pressure sensor across the filter to get a remote alarm if the filter begins clogging (so it's not
solely reliant on periodic checks). Before: The drive tripped roughly once a week in the afternoon due to
overheating, causing ~30 minutes of downtime each time (for cool-down and reset). After: Post-
maintenance and with fresh filters, the drive has run for 6 months with zero over-temp trips, and the
enclosure interior temperature dropped by an average of 5-7°C compared to before (measured at similar
ambient conditions). This case underscores that even a high-powered, well-designed drive can't overcome
totally blocked airflow - filter neglect was the root cause, and proper maintenance resolved it.

Case 2: Fan Failure and Sensor Drift in an Aging HVAC Drive - A manufacturing facility had a 30 HP VFD
(an older ABB model) running an HVAC blower. After about 10 years of service, the drive began
intermittently tripping on “Overtemp” even though the blower wasn't working any harder than usual and
the panel temperature seemed normal. Initially, the maintenance team suspected the panel AC had an
issue, but checks showed it was cooling properly. On closer inspection, they found that the VFD's internal
cooling fan had failed - it wasn't running at all. This explained some of the overheating. The fan was
replaced, but interestingly the drive still occasionally gave over-temp trips afterward, even though the heat
sink felt cool. This pointed to another issue: the temperature sensor (thermistor) itself had become
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faulty, likely drifting with age. In forums and support cases, it was noted that older drives can develop
thermistor faults that falsely trigger over-temp trips 57 58 . ABB's design uses a PTC thermistor whose
resistance increases with heat; if the sensor or its wiring opens up (infinite resistance), the drive interprets
that as a very hot condition 58 . In this case, the act of replacing the fan (or just age/vibration) may have led
to a loose connection on the thermistor. The company faced a choice: attempt a repair on the 10-year-old
drive or replace it. Given the critical nature of the HVAC system, they opted to replace the drive with a new
model (which also came with modern diagnostics and communications). Before: The failing drive would trip
on Overtemp every few days unpredictably, requiring a manual reset and causing building climate control
disruptions. After: The new drive has run for over a year with no issues; the maintenance team also
benefited from the new unit’s fan failure alarm feature (so they will know if the new fan ever stops). Key
takeaways from this case are that fans should be replaced at the first sign of failure - running without a
fan will definitely overheat a drive - and that aging sensors can cause nuisance trips. If an older drive
starts throwing over-temp faults “for no reason” and the cooling system is verified healthy, it could be an
internal sensor fault 57 . In such instances, a drive replacement or at least a thorough internal inspection is
warranted. This example also highlights the progress in newer drives: the latest models have better self-
diagnostics for precisely these issues (fan health monitoring, etc.), which can avert ambiguous scenarios.

Case 3: High Ambient Heat Solved by Liquid Cooling Retrofit - A plastics manufacturing plant operated
multiple extrusion lines, each with a 150 HP VFD driving an extruder motor. These drives were housed in a
non-air-conditioned electrical room that often reached 45-50°C on hot days. The drives were standard air-
cooled units and would frequently hit thermal limits in summer, forcing them to derate (reduce output) or
even fault out if the temperature got too high. This led to slowdowns in production when cooling fans
couldn’t keep up. The company evaluated options to solve this chronic overheating problem. Simply adding
room air conditioning was impractical due to the heat load and cost. Instead, they worked with a drive
manufacturer (KEB) to retrofit the system with liquid-cooled VFDs. The new drives use a water/glycol
cooling circuit through cold plates on the IGBTs, removing heat much more efficiently than air cooling 59 .
After installing KEB F6 liquid-cooled drives on one extrusion line, the results were dramatic. The liquid
cooling eliminated the dependency on ambient air temperature - even when the room was 45 °C, the drives
operated within safe temperatures because the coolant (circulating through a chiller) kept the electronics
cool. This allowed the drives to run at full capacity with no thermal cutback, and even use higher switching
frequencies for better control without overheating 60 . An additional benefit was energy savings: the
previous air-cooled drives, when hot, had higher losses and forced ventilation. The liquid-cooled system
reduced the overall cooling power consumption and improved drive efficiency. The plant’s data showed that
the liquid-cooled setup saved on the order of \$20,000-\$30,000 annually in electricity costs due to
both lower drive losses and avoidance of big HVAC systems that would have been needed 6" 62 . In fact,
the test line ran so well that the company is planning to convert 100 more extrusion lines to the liquid-
cooled drives 63 . Before: drives routinely tripped or throttled down on hot days, and the factory had to
reduce production rates ~5-10% in peak summer to avoid faults. After: drives run at 100% capacity year-
round; measured heatsink temperatures dropped from near 90°C (air-cooled in summer) to only ~50°C
under liquid cooling, and no over-temp faults have occurred since. The ROI was clear, given the energy and
productivity gains. This case exemplifies how innovative cooling solutions (like liquid cooling or external
heat exchangers) can solve overheating at the system design level. It's an extreme fix that may not be
needed for most, but in very high ambient or high-power situations, it can be game-changing. It also
highlights that spending on better cooling can pay for itself - here through energy savings and stable
production.
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Case 4: Overloaded Drive Upsized to Prevent Overheating - In a sawmill application, a VFD driving a
large wood chipping machine was frequently running near 105-110% of its rated current during heavy cuts.
The drive was a 75 kW unit in a ventilated MCC room (ambient ~30°C). Even though cooling seemed
adequate, the drive would occasionally trip on Overcurrent or Overtemp after sustained heavy loading.
Analysis showed that the drive, while rated for 75 kW, was undersized for the extreme torque spikes of the
chipper. It was effectively overloaded, causing both electrical and thermal stress. The overheating was
worst when the chipper blades dulled - requiring more torque and drawing higher current (another lesson:
mechanical issues can cascade into electrical overheating). The company addressed this in two ways: (a)
They implemented a predictive maintenance schedule for the chipper blades to keep the load smoother.
And (b) they upsized the VFD to a 90 kW model with higher current capacity. The larger drive had more
thermal headroom and a bigger heatsink. After this change, the drive never overheated, even when the
chipper had momentary high loads. The before/after metrics: previously, drive heatsink temperatures
(monitored via the drive's analog output) hit ~80°C on heavy load runs and occasionally tripped; after
upsizing, the heatsink stayed around 60 °C under the same conditions. Additionally, the larger drive’s fan
ran at lower speed most of the time (some newer drives have smart fans), reducing noise and wear. This
case illustrates that proper drive sizing (derating for the application) is vital - if your drive is running in
overload, it will run hot. The solution was simply to use a drive with more margin. While oversizing has a
cost, it was cheaper than continuous downtime or a catastrophic drive failure. In general, for hard-to-start
loads or high peak torque applications, selecting a drive one size up (or a heavy-duty rated version) can
prevent a lot of thermal trouble.

These case studies each touch on different aspects: maintenance (Case 1 and 2), advanced cooling tech
(Case 3), and design/selection (Case 4). The common theme is that overheating problems can be solved
with the right approach - be it cleaning filters, replacing fans, upgrading technology, or resizing equipment.
Companies that faced costly downtime from VFD overheating were able to cure it by applying the principles
we've discussed:

+ Keeping cooling paths clean and clear (and knowing that a completely clogged filter will absolutely
cause a trip, as in Case 1).

+ Monitoring equipment age and knowing when components (fans, sensors) need replacement (Case
2).

+ Rethinking the cooling method when ambient conditions are beyond what standard air cooling can
handle (Case 3).

* Ensuring the drive is appropriate for the load, with some thermal margin (Case 4).

In practice, a combination of these might be used. For instance, after Case 4's drive upsizing, that company
also instituted a monthly vacuuming of all MCCs and added temperature monitors - borrowing from Case 1
and 2's preventive tactics - to ensure the new drive stays healthy.

By learning from such examples, one can better anticipate and prevent VFD overheating issues. Next, we
summarize general design best practices to ensure from the get-go that your VFD installation can handle
the heat load under all expected conditions.

System Design Best Practices for VFD Cooling

Designing the drive system and enclosure with thermal management in mind is the best way to avoid
overheating problems in the field. Many overheating issues can be traced back to design decisions -
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enclosure type, cooling method, layout, drive selection - that didn’t fully account for heat dissipation. In this
section, we provide best practice recommendations for system design to keep VFDs cool. These cover
enclosure and airflow design, drive sizing/derating, and adherence to standards and manufacturer
guidelines. Following these practices will greatly reduce the risk of cooling system failures:

* Choose the Right Enclosure Type and Cooling Method: The environment and cooling strategy are
interdependent. If the drives will be in a relatively clean, indoor environment, you might use a
ventilated enclosure (NEMA 1 or open type) with filtered fans moving ambient air through. In
harsher environments (dusty, wet, corrosive, or outdoor), you'll need a sealed enclosure (NEMA 12, 4,
or 4X / equivalent IP54, IP66, etc.) to protect the electronics 43 . Recognize that the more sealed
the enclosure, the more challenging cooling becomes - a NEMA 12 or 4X enclosure won't allow
free airflow, so you must use active cooling like an air conditioner or a closed-loop heat exchanger

52 . Don't assume a drive in a tight box will passively stay cool; for example, Pfannenberg (cooling
manufacturer) notes that as enclosures become more tightly sealed for environmental protection,
they naturally trap heat, creating a bigger cooling challenge 52 . So, match the enclosure choice
with an adequate cooling solution. If using air conditioning, size it with plenty of margin (consider
the total heat load of all devices - drives, transformers, etc., plus heat ingress from outside). If using
fan ventilation, ensure the fan size (CFM) and vent arrangement can keep the internal temperature
at or below spec even on the hottest days 7 47 . Manufacturers often provide heat dissipation
data for drives (in watts loss at full load); use these to calculate the heat removal needed. For
instance, if you have 10 drives dissipating 100 W each, that's 1000 W of heat - your fan system must
handle that or temperature will rise. Use engineering tools or formulas to estimate enclosure temp
rise based on heat load and airflow, or refer to standards like IEC 60890 (which deals with
temperature rise in enclosures). For outdoor enclosures, consider sun exposure - solar heating can
significantly raise internal temps. In sunny locations, use sunshields or paint enclosures white, or
oversize the cooling equipment. Bottom line: select an enclosure that meets the environmental
protection needs and plan a cooling method to suit that enclosure. If in doubt, consult enclosure
cooling specialists or use manufacturer sizing guides to avoid underspecifying cooling capacity.

Implement Proper Airflow Design and Drive Mounting: How drives are physically mounted and
spaced in the panel has a huge impact on cooling effectiveness. Always follow the manufacturer’s
minimum clearance requirements - typically, drives need a certain clearance above and below (for
vertical airflow) and some space on the sides for heat spreading. For example, a drive might require
100 mm above and below it unobstructed. Do not crowd drives tightly together or flush against
other equipment. If multiple drives are in one cabinet, arrange them with enough spacing and
consider horizontal baffles to direct airflow across each drive’s heatsink. Avoid mounting heat-
producing devices directly above a VFD (inside an enclosure) - the rising hot air from one device can
flow straight into the drive above it. Either put drives at the top (with nothing above) or put heat
sources side by side with separation. Do not block drive vents with cable ducts or other hardware.
A common mistake, as noted in Rockwell guidance, is that panel builders mount slotted wiring ducts
immediately next to a drive, thinking it's fine, but the duct walls actually impede the drive’s side
ventilation and trap hot air 4° . Maintain the clear “airflow window” that the drive manual
specifies. If space is tight, use wire ducts with lower profiles or perforations that align with drive
vents. Also, ensure fans (either drive’s own or enclosure fans) are oriented correctly for a coherent
airflow pattern - e.g. typically cool air enters from the bottom/front of the enclosure and exits top/
rear. Thermal zoning is wise in large panels: group heat-producing drives in one section where
cooling air can be focused, separate from sensitive low-power controls that might not want hot air. In
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extreme cases, use partitions and a dedicated fan for the “hot bay” of drives. Another best practice is
utilizing flange mounting (through-panel mounting) for drives if available 53 . In flange
mounting, the drive is installed such that its heatsink extends outside the back of the enclosure
(through a cutout with a sealed flange) 64 65 . This means all the heat is ejected directly to the
outside air, instead of into the enclosure. Flange kits are offered by many manufacturers (ABB, Eaton,
LS, etc.) ¢4 . By using a flanged heatsink, you can often eliminate or greatly reduce the need for
internal enclosure cooling, since “almost all of the heat generated by the VFD is kept out of the
enclosure” 65 . This is highly recommended for larger drives or when you have multiple drives in one
cabinet. Note that when using flange mount, you must maintain the NEMA rating of the enclosure at
the cutout (usually a gasketed flange provides NEMA 12 or 4 seal as needed). Also be mindful of
external factors if heatsinks are outside (like dust or moisture in the area - you may need heatsink
covers or choose a sealed liquid-cooled option instead). In summary, design your layout for
airflow: space out drives, keep vents clear, consider fan placement (many put a fan at the bottom to
push cool air in and one at top to exhaust hot air out), and leverage advanced mounting options to
dump heat externally 53 . A well-thought-out airflow design can prevent hot spots and ensure each
drive gets sufficient cooling air.

Account for Ambient Temperature and Altitude (Derating): Design for the worst-case
environmental conditions your installation will experience. If the drives will be in a hot location (e.g.
boiler room, near a furnace, or simply a location that hits 45 °C in summer), select drives and cooling
equipment with that in mind. Many standard drives are rated 40 °C without derating. If you expect
higher, either choose a drive model rated for 50°C or plan to derate the drive’s output. Derating
means using the drive at less than its nominal capacity to keep it within thermal limits. For instance,
a rule of thumb from Yaskawa is to reduce drive output current by 2.5% for each 1°C above 40°C
ambient (this varies by model; check the manual) 66 . Altitude is often overlooked: above 1000 m,
the air is thinner and cools less effectively. Danfoss recommends 1% output current reduction per
100 m above 1000 m altitude 22, and others like Rockwell suggest derating the max ambient
temperature by 5°C per 1000 m 67 . So, a drive at 2000 m might only handle 35°C ambient at full
load, or conversely you use only ~80% of its current capacity at 40°C. All these figures are in the
product manuals - use them in your design calculations. If your site is at high altitude (mines in
mountains, etc.), consider ordering drives built for that (some manufacturers offer high-altitude kits
or conformal coating due to thinner air increasing creepage distance requirements as well). Also
consider humidity and condensation - high humidity can affect cooling (it can be beneficial to a
point since humid air carries more heat, but condensation on electronics is a danger). If drives will
see a wide temperature swing (day/night in a desert), make sure to have heater strips or
dehumidifiers in the panel to avoid water condensing when it cools down. Regarding ambient, also
plan for temperature rise inside the enclosure: even if the room is 30°C, the enclosure could be
40+ if not well ventilated. So, either ensure enclosure fans keep the internal ambient equal to room
ambient, or factor in an internal rise. A common spec in UL 508A panel builds is to assume a 10°C
rise inside the enclosure without cooling - thus components should be rated 50 °C if room is 40°C,
etc. If you cannot avoid a high ambient, think about selecting a drive with a higher thermal class
or using a bigger drive at lower load. Some drive lines have “heavy duty” ratings (for higher overload
and often higher temp) versus “normal duty”. Always err on the side of caution - a drive running cool
will last far longer (every 10°C reduction in operating temp roughly doubles electronics life per
Arrhenius’ rule). So even if ambient is 40°C and the drive says it can do that, if you can keep it at
30°C with cooling, do it. Design the system such that under the worst combination of factors (max
ambient + max load + worst-case cooling performance) the drive still stays under trip temperature.
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Using simulation tools or computational fluid dynamics (CFD) for critical or high-power installations
can be worth it to identify any hot spots in the design. In summary: use derating guidelines
rigorously - if in doubt, oversize the drive or the cooling equipment.

Select Quality Components and Follow Standards: Use enclosures, cooling units, and auxiliary
components that meet relevant standards (UL, IEC, NEMA) for safety and performance. For example,
UL 508A (the industrial control panel standard) has sections on heating - UL requires that the panel
builder calculate the heat dissipation and ensure that the internal temperature does not exceed
component ratings under full load. If you get a UL-listed panel, this should have been done. But if
you're building it yourself, adhere to those principles. The UL 61800-5-1 standard (harmonized with
IEC 61800-5-1) covers drives and has thermal test requirements - using UL-listed drives and
following their conditions of acceptability (like needed airflow) helps ensure safety ¢ . NEMA
ratings: if you use a NEMA 12 enclosure for a VFD, know that it's intended for indoor dust exclusion -
you'll need to use either fans with filters (maintaining NEMA 12 means filtering the air for dust) or a
cooler. If you use a NEMA 4X (washdown stainless steel) enclosure, you likely must go with a closed-
loop cooling solution because you can't put vent holes in a 4X box or you lose the rating. One trick
some designers use is to mount drives in a NEMA 1 ventilated sub-enclosure inside a larger NEMA 4
cabinet that has AC - effectively double enclosing - but that can be costly and still wasteful of space.
A more elegant solution is again the flanged “fins-out” drive approach: many drive manufacturers
offer a NEMA 4X rated flange so the electronics stay clean inside and the heatsink sticks out where
you can hose it down (or have it in a hazardous area) 53 69 . This approach often eliminates the
need for an internal air conditioner, as noted in Rockwell's white paper - they describe that using a
flanged heatsink can remove the need for an enclosure AC unit or at least allow a smaller one,
since the majority of heat is expelled outside 53 . Thus it saves cost and complexity. Always follow
manufacturer instructions for installing those kits to maintain the enclosure seal. Another standard
to consider is IEC 60529 for IP ratings - if using IP54 drives (which have their own enclosure around
them), you might mount them on a machine without any cabinet, but then ensure the ambient
environment truly never exceeds spec. In plant settings, using an enclosure even for IP54 drives is
common to add an extra layer of protection and noise reduction, but then you treat them like any
other heat source in a box. Noise and heat: sometimes adding sound insulation in a panel for noise
abatement can inadvertently trap more heat - avoid doing so around drives unless the insulation is
also accounted for in thermal design (some insulating materials still allow heat conduction out but
not noise - a tricky balance). Finally, consider redundancy or alarms per standards - for example,
NFPA 79 (Electrical Standard for Industrial Machinery) might require an alarm if a cooling fan stops in
certain critical equipment. Standards often come from field experience - for instance, OSHA and
NFPA guidelines stress that excessively hot electrical equipment can be a fire hazard, so designing
to keep temperatures down is also a safety concern, not just reliability. Use proper wiring that can
handle the ambient plus any heat rise (don’t undersize wires or they themselves will heat up and add
to the problem). Essentially, design by the book: leverage the guidance in standards and manuals,
which encapsulate decades of industry knowledge on keeping drives safe and cool.

Plan for Maintenance and Monitoring from Day 1: A good design isn't just set-and-forget; it
includes provisions for maintenance access and monitoring points. In layout, leave room to access
fan filters easily, and to replace fans without dismounting the whole drive if possible. Include spare
temperature sensor points in the enclosure (like a simple thermometer readout on the door, or a
PLC-monitored thermocouple). If using an enclosure AC unit, ensure it is installed in a way that its
condenser can be cleaned (some units have slide-out filters or coil access panels - if you box it in too
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tightly, no one will be able to service it). Label the drives and possibly note their last fan replacement
date. A nice design addition is a “maintenance monitor” - some drives now have parameter sets
that count hours of operation, number of thermal trips, etc. Integrate those into your maintenance
software to get alerts like “Drive #5 has 20,000 hours on fan, consider replacing” or “Drive X has
tripped on Overtemp 3 times this month” which flags a worsening issue. In critical systems, consider
using two smaller drives in parallel rather than one big drive (some VFDs allow load-sharing) - then if
one overheats, the other might carry some load or at least the system can limp along. This is rarely
done except in high-availability systems, but it's a design thought. At minimum, provide an override
or bypass if loss of a drive due to overheating would be catastrophic - for example, on a cooling
water pump, have a bypass starter that can run the motor at full speed if the drive trips, so you don't
lose cooling entirely. That's more of a reliability design, but it ties into thermal issues because if one
drive overheats, the process doesn’t completely fail. And don't forget the obvious: bigger enclosure
= easier cooling. If space allows, use a generously sized panel for your drives. A cramped panel
might be cheaper and smaller, but it concentrates heat. A larger volume enclosure dissipates heat
better (through its walls) and allows more airflow circulation (natural convection has more room to
develop) 6 .So don't skimp on panel size - give those drives some breathing room.

By following these best practices, you set up your VFD system for success against overheating from the very
start. In essence, cooling should be a primary design criterion, not an afterthought. Just as you size
electrical components for current and voltage, size your cooling capacity for the thermal load. It's far easier
and cheaper to “design out” an overheating problem than to deal with it in operation via emergency fixes.
Proper airflow, the right enclosure, adequate derating, and compliance with standards all work together to
ensure your drives run within safe temperatures throughout their life.
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https://www.eaton.com/content/dam/eaton/products/industrialcontrols-drives-automation-sensors/variable-frequency-drives/powerxl-dm1-variable-frequency-drives/powerxl-series-troubleshooting-guide-ap050085en.pdf#:~:text=the%20ambient%20air%20temperature%20that,found%20in%20the%20installation%20manual
https://www.yaskawa.com/delegate/getAttachment%3FdocumentId%3DPP.P5G5.03.Troubleshoot%26cmd%3Ddocuments%26documentName%3DPP.P5G5.03.Troubleshoot.pdf#:~:text=OH1%20Heatsnk%20MAX%20Temp%20Possible,the%20fans%2C%20reduce%20the%20ambient
https://click2electro.com/forum/hitachi-drives/hitachi-drive-error-code-list/#:~:text=code%20parameter%20writing%20error,Input
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6. DDParts Solution - Lenze 8200 Vector Fault Codes (May 2025). - Error Code F13 Overtemperature:
cause = ventilation issues or excessive load; solution = ensure sufficient airflow, clean vents, reduce
ambient/load 37 .

7.Indramat (IndMALL) Automation FAQ - Why is My VFD Overheating? (2023). - Highlights common
causes like inadequate cooling, poor installation, environmental factors, and suggests case studies and
maintenance tips. ° 70

8. Triol Corporation - Clogged Filter Test: Ensuring Reliability in VFDs (LinkedIn article, Jul 2024). -
Reports on testing VFD with 50% and 100% blocked filters: at 50% clog no overheating; at 100% clog drive
protection trips and stops unit, recovers after filter cleaning 54 56 .

9. KEB America - Case Study: Blown Film Extrusion - Liquid-Cooled VFD (2021, automate.org). - User
retrofitted to liquid-cooled drives, allowing full load at high ambient, saving ~$30k/year in energy and
enabling 100 more lines to be upgraded 61 63 .

10. Danfoss Drives - “It's a Harsh World... Part 5 - Drives vs High Altitudes” (Apr 2016). - Discusses altitude
effects on cooling, recommends 1% output current derate per 100 m above 1000 m; mentions liquid-
cooled Vacon drive as solution for high alt without derating 22 59 .

11. Rockwell Automation - “Beat the Heat When Mounting Low-Voltage AC Drives” (The Journal, 2020) by Jeff
Raefield. - Covers three mounting options (MCC, ventilated ICP, wall-mounted) and heat management:
stresses proper ventilation, clearances, filter use, humidity considerations; warns about wiring ducts
blocking airflow and need for maintaining design limits 47 49 .

12. Rockwell Automation White Paper - “Selecting the Best Option for Mounting LV AC Drives” (RA WP022,
2018). - Provides guidelines: e.g. example of 12 drives in sealed box generating 900 W heat; importance of
AC unit maintenance; need 10°C delta between cooling air and component max temp (40°C => 30°C
ambient for ventilation); filter maintenance and auto warnings; recommendation of flanged (fins-out)
heatsink to expel heat and possibly avoid AC unit & 53 .

13. Forums (Mike Holt, Aug 2020) - Eaton SVX9000 Overtemp Discussion. - User baylwin case: F14
overtemp despite cleaning and working fans; advice to use IR thermometer to verify actual heatsink temp
vs sensor; note that a little dust can clog a heat sink even if fan seems to pull air; older drives often trip

overtemp due to sensor issues; Jraef explains Vacon uses PTC thermistor, broken wire = false overtemp 20
58

14. Processing Magazine - “How to Protect VFDs from Overheating” (Dec 2022) by Jon LaPorta
(Pfannenberg USA). - Explains impact of small sealed enclosures causing hot spots; notes advanced VFD
tech packs more heat in smaller form factor; compares passive vs active cooling; emphasizes rule-of-
thumb guides for VFD cooling selection 71 1 .

15. NEMA Enclosure Types (General) - NEMA 12 enclosures for dust protection require cooling since they

trap heat; NEMA 4/4X enclosures even more sealed - often solved by air conditioners or heat exchangers.
43 52
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https://ddpartssolution.com/blogs/servo-drive/lenze-8200-vector-fault-codes-troubleshooting?srsltid=AfmBOops_5GznLrhXPPRJyDHlmAKxxln1WWJBKm7XL4gxLai6k7dmYZM#:~:text=,Overtemperature
https://www.indmallautomation.com/faq/does-vfd-need-cooling/?srsltid=AfmBOor4ruYMW8Ae9N4xLDTLWjjx9OBsdy_-yB4yEyufGjY4ELJM_nFL#:~:text=include%20fan%20failures%2C%20blocked%20airflow%2C,levels%20in%20liquid%20cooling%20systems
https://www.indmallautomation.com/faq/does-vfd-need-cooling/?srsltid=AfmBOor4ruYMW8Ae9N4xLDTLWjjx9OBsdy_-yB4yEyufGjY4ELJM_nFL#:~:text=When%20a%20cooling%20issue%20arises%2C,paths%20can%20prevent%20such%20blockages
https://www.linkedin.com/pulse/clogged-filter-test-ensuring-reliability-variable-frequency-2pyvf?trk=organization_guest_main-feed-card_feed-article-content#:~:text=The%20clogged%20filter%20test%20simulates,16%20kV
https://www.linkedin.com/pulse/clogged-filter-test-ensuring-reliability-variable-frequency-2pyvf?trk=organization_guest_main-feed-card_feed-article-content#:~:text=In%20a%20100,without%20any%20reduction%20in%20characteristics
https://www.automate.org/motion-control/case-studies/blown-film-extrusion-machine-user-saves-nearly-30k-on-annual-electricity-expenses-with-kebs-vfd#:~:text=cooled%20setup%20saves%20%2420%2C000%20to,cost%20savings%20and%20operational%20efficiency
https://www.automate.org/motion-control/case-studies/blown-film-extrusion-machine-user-saves-nearly-30k-on-annual-electricity-expenses-with-kebs-vfd#:~:text=Currently%20seeing%20annual%20savings%20of,cooled%20F6%20drives
https://www.danfoss.com/en/about-danfoss/articles/dds/it-s-a-harsh-world-part-5-drives-vs-high-altitudes/#:~:text=I%E2%80%99m%20sure%20you%E2%80%99ve%20noticed%20so,AC%20drive%20product%20being%20used
https://www.danfoss.com/en/about-danfoss/articles/dds/it-s-a-harsh-world-part-5-drives-vs-high-altitudes/#:~:text=When%20neither%20option%20is%20ideal%2C,of%20the%20air%20at%20high
https://www.rockwellautomation.com/en-us/company/news/magazines/beat-the-heat-when-mounting-low-voltage-ac-drives.html#:~:text=must%20be%20sealed%2C%20it%20likely,other%20component%20in%20the%20ICP
https://www.rockwellautomation.com/en-us/company/news/magazines/beat-the-heat-when-mounting-low-voltage-ac-drives.html#:~:text=VFDs%20mounted%20in%20ICPs%20also,a%20drive%20system%20prematurely%20failing
https://literature.rockwellautomation.com/idc/groups/literature/documents/wp/drives-wp022_-en-p.pdf#:~:text=temperature%20within%20the%20design%20limits,ICP%20is%20outdoors%2C%20this%20may
https://literature.rockwellautomation.com/idc/groups/literature/documents/wp/drives-wp022_-en-p.pdf#:~:text=Another%20viable%20alternative%20to%20ventilating,sensitive%20devices
https://forums.mikeholt.com/threads/eaton-svx-9000-vfd-overtemp.2555686/#:~:text=i%20will%20say%20this,a%20significant%20amount%20of%20air
https://forums.mikeholt.com/threads/eaton-svx-9000-vfd-overtemp.2555686/#:~:text=Vacon%20,is%20a%20hot%20heat%20sink
https://www.processingmagazine.com/pumps-motors-drives/variable-frequency-drives/article/21288904/protecting-vfds-from-overheating#:~:text=The%20size%20of%20the%20enclosure,of%20VFDs%2C%20wreaking%20havoc%20on
https://www.processingmagazine.com/pumps-motors-drives/variable-frequency-drives/article/21288904/protecting-vfds-from-overheating#:~:text=But%20VFDs%20are%20also%20hot,reliability%20and%20shorten%20service%20life
https://www.processingmagazine.com/pumps-motors-drives/variable-frequency-drives/article/21288904/protecting-vfds-from-overheating#:~:text=be%20placed%20in%20an%20enclosure,which%20necessitates%20protection%20from%20overheating
https://www.processingmagazine.com/pumps-motors-drives/variable-frequency-drives/article/21288904/protecting-vfds-from-overheating#:~:text=And%20with%20the%20wide%20scale,creating%20a%20larger%20cooling%20challenge
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By integrating these reference insights into design and maintenance practices, engineers can ensure VFD
systems operate within safe temperature limits, thereby improving reliability and extending drive lifespan.
Cooling might not be the most glamorous aspect of VFD engineering, but as the evidence shows, it is
absolutely vital - and with proper attention, overheating and cooling system failures can be effectively

prevented.
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14 6 43 44 51 52 71 Protecting VFDs from overheating | Processing Magazine
https://www.processingmagazine.com/pumps-motors-drives/variable-frequency-drives/article/21288904/protecting-vfds-from-

overheating

29 70 Does VFD Need Cooling? Importance, Methods, and Solutions
https://www.indmallautomation.com/faqg/does-vfd-need-cooling/?srsltid=AfmBOor4ruYMW8Ae9N4xLDTLWjjx90Bsdy_-
yB4yEyufGjY4ELJM_nFL

3 47 49 Beat the Heat When Mounting Low-Voltage AC Drives | Rockwell Automation | US
https://www.rockwellautomation.com/en-us/company/news/magazines/beat-the-heat-when-mounting-low-voltage-ac-
drives.html

5 19 24 25 ABB ACH550 Fault Codes & Alarms | Precision Electronic Services
https://www.pesquality.com/blog/abb-ach550-fault-codes-alarms

7 8 17 21 23 45 46 50 53 69 Selecting the Best Option for Mounting Low-Voltage AC Drives

https://literature.rockwellautomation.com/idc/groups/literature/documents/wp/drives-wp022_-en-p.pdf

10 18 27 28 29 30 42 PowerXL series trouble shooting guide APO50085EN
https://www.eaton.com/content/dam/eaton/products/industrialcontrols-drives-automation-sensors/variable-frequency-drives/
powerxl-dm1-variable-frequency-drives/powerx|-series-troubleshooting-guide-ap050085en.pdf

1 32 Microsoft PowerPoint - PP.P5G5.03.Troubleshoot
https://www.yaskawa.com/delegate/
getAttachment%3FdocumentId%3DPP.P5G5.03.Troubleshoot%26cmd%3Ddocuments%26documentName%3DPP.P5G5.03.Troubleshoot.pdf

12 oh fault code in drive - Drives - click2electro Forum
https://click2electro.com/forum/drives/oh-fault-code-in-drive/

13 5 Tips for Preventing VFD Cooling Failures and Overheating
https://gesrepair.com/5-tips-for-preventing-vfd-cooling-failures-and-overheating

14 [PDF] GA800 Drive Maintenance & Troubleshooting - Lakewood Automation
https://www.lakewoodautomation.com/support/manuals/Yaskawa/
TOEPYAIGA8001%20GA800%20Maintenance%20and%20Troubleshooting%20Manual.pdf

15 16 20 31 57 58 Eaton SVX 9000 VFD Overtemp | Information by Electrical Professionals for Electrical
Professionals
https://forums.mikeholt.com/threads/eaton-svx-9000-vfd-overtemp.2555686/

22 59 It's a harsh world... part 5 - Drives vs High altitudes | Danfoss
https://www.danfoss.com/en/about-danfoss/articles/dds/it-s-a-harsh-world-part-5-drives-vs-high-altitudes/

26 4310 fault in ABB ACS880 drive - Click2Electro
https://click2electro.com/forum/abb-acs880-drive/4310-fault-in-abb-acs880-drive/

33 34 Hitachi drive error code list - Hitachi Drives - click2electro Forum

https://click2electro.com/forum/hitachi-drives/hitachi-drive-error-code-list/

35 48 [PDF] CASE STUDY ON THE CAUSE OF DRIVE FAILURE IN AN INDUSTRY
https://www.irjmets.com/uploadedfiles/paper/volume3/issue_6_june_2021/11518/1628083467.pdf

36 37 38 Troubleshooting Lenze 8200 Vector Faults: Common Errors and Fixes - DDPARTS SOLUTION
https://ddpartssolution.com/blogs/servo-drive/lenze-8200-vector-fault-codes-troubleshooting?
srsltid=AfmBOops_5GznLrhXPPRJyDHIMAKxxInTWW)BKm7XL4gxLaiek7dmYZM
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