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Danfoss Frequency Drives: Technology,
Applications, and Industry Comparison

What Is a Frequency Drive and Why It Matters

A frequency drive, commonly known as a Variable Frequency Drive (VFD) or AC drive, is an electronic device
that controls the speed and torque of an electric motor by varying the frequency and voltage of the power
supplied to that motor. This precise speed control allows motors to run at the optimal speed for a given
load, rather than always at full speed. By avoiding the wasteful throttling or damping methods of control
(like running a motor full-speed and then using valves or dampers to restrict output), VFDs can
dramatically improve energy efficiency and process control. In fact, industry studies have documented
that implementing VFDs can reduce energy usage by about 79-55% in variable-flow applications (with an
average savings of ~43%) ' , and in some cases up to ~80% energy reduction for certain applications
where motors previously ran inefficiently at constant full speed 2 . These savings stem from the affinity
laws (or cube law) for pumps and fans - for example, reducing a fan's speed by 20% can cut the power it
consumes by roughly 50% 3 . Beyond energy savings, frequency drives also provide gentler motor starts
and stops (soft-start/soft-stop), minimizing mechanical stress on equipment (e.g. belts, gears, pump
impellers) and extending the lifespan of both the motors and driven machinery. This combination of energy
efficiency and improved equipment longevity is why VFDs have become a cornerstone of modern industrial
and commercial systems, from HVAC fans in large buildings to pumps in water treatment plants and
conveyors on factory floors.

Danfoss is a global leader and pioneer in the development of VFD technology - the company introduced its
first VLT® frequency converter in 1968 and has been at the forefront of drive innovation ever since 4 .
Danfoss frequency drives (marketed under brand families like VLT® and VACON®) are used worldwide in
industrial, commercial, and HVAC applications to save energy and enhance process control. For example,
Danfoss's own analyses note that their drives are key enablers of energy reduction (often advertising up to
~50% energy savings in HVAC and pumping systems, depending on the application) while also improving
system performance and reliability 5 2 . By precisely matching motor speed to the required load,
Danfoss drives help facilities avoid the traditional “full speed then throttle” approach, leading to significant
cost savings and more stable operation. In short, a Danfoss frequency drive allows operators to “do more
with less” - achieving the needed output with less energy, less wear and tear, and greater flexibility in
control.

Danfoss Drive Portfolio and Key Features

Danfoss Drives Overview: Danfoss is one of the world's largest manufacturers dedicated to variable
frequency drives, offering a wide portfolio that covers both low-voltage and medium-voltage applications.
Under the VLT® series brand, Danfoss provides low-voltage AC drives for standard voltage levels (typically
208V, 480V, 600V, or 690V AC). These include general-purpose drives like the VLT AutomationDrive,
industry-specific models such as the VLT HVAC Drive (optimized for heating, ventilation, and air
conditioning systems) and the VLT AQUA Drive (dedicated to water and wastewater pumping), as well as
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micro drives for fractional horsepower needs. Danfoss also expanded its reach by acquiring Finnish drive
maker VACON in 2014, integrating the VACON® product line. As a result, Danfoss's portfolio spans from
small fractional-kilowatt units up to large medium-voltage drive systems exceeding 1 megawatt in
power capacity 6 . For example, Danfoss's VACON 1000 and VACON 3000 series are medium-voltage
drives (operating at several kV) capable of controlling multi-megawatt motors for heavy industrial
applications 7 . This broad spectrum means Danfoss can provide a solution for virtually any motor control
requirement - from a 0.37 kW (~0.5 HP) pump in a residential setup to a 3 MW compressor in a mining
operation.

Rugged Design and Thermal Management: Danfoss frequency drives are known for their robust
construction and ability to operate reliably in challenging environments. Many Danfoss VFD models feature
coated (conformal) circuit boards and a “ruggedized” design to resist dust, humidity, and vibration in
industrial settings & . They are often specified for high ambient temperature operation - Danfoss drives
can typically run at rated load in ambient temperatures of 45-50 °C (113-122 °F), with designed cooling
strategies to handle the heat. A signature Danfoss innovation is its back-channel cooling system used in
larger drives: this design routes about 85-90% of the drive’s waste heat directly out through a rear cooling
channel so that only a small fraction heats the electronics compartment 9 . The result is a more compact
drive that dissipates heat efficiently, reducing the need for external cooling and extending component life.
In fact, Danfoss touts that the VLT AutomationDrive's cutting-edge thermal design and unique back-
channel cooling make it “one of the most compact and cost-efficient drives in the market” 10 . Additionally,
Danfoss offers many models in high ingress protection (IP) ratings - up to IP54, IP55, or even IP66
enclosures - allowing drives to be mounted in harsh or washdown environments without separate panels

11 . This combination of strong environmental protection and thermal management means Danfoss drives
can be trusted in demanding applications like foundries, marine vessels, remote outdoor pumps, and other
places where lesser drives might fail.

Flexible Control and Integration: On the control side, Danfoss VFDs are praised for their ease of
commissioning and integration into diverse systems. They support all common industrial communication
protocols - EtherNet/IP, PROFINET, Modbus, BACnet, CANopen, and many others - often via modular
plug-in option cards 12 . This modular I/0 and communications design means a base drive can be quickly
adapted to the plant's network or control scheme by sliding in the appropriate option card, rather than
needing a unique drive model for each protocol. Danfoss provides a user-friendly interface, typically with
multi-line graphical displays (or at least text-based codes rather than only numeric codes), making setup
more intuitive. In fact, quick-start wizards and automatic tuning features are built-in - for example,
Automatic Motor Adaptation (AMA) allows the drive to auto-detect motor characteristics (impedance, etc.)
and tune itself at start-up for optimal performance 13 . This simplifies commissioning because the drive can
measure the motor and configure key parameters automatically. Danfoss also offers PC software tools (like
the MyDrive® Suite and VLT Motion Control Tool) to assist with drive configuration, monitoring, and
troubleshooting 14 15 .

Another strength is multi-motor flexibility. Danfoss drives are designed to run virtually any type of AC
motor - whether standard induction (asynchronous) motors, high-efficiency permanent magnet (PM)
motors, or newer synchronous reluctance (SynRM) motors. The drive can self-tune to different motor types
easily. Danfoss highlights that a single drive platform can optimize control for IM, PM, SynRM or other
motor technologies, often without requiring an encoder feedback, enabling users to choose the best motor
for the application without changing the drive 16 . This future-proofs installations; for example, if a facility
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later switches to high-efficiency PM motors to save energy, the existing Danfoss VFDs can accommodate the
change with minimal reconfiguration.

Advanced Features for Efficiency and Safety: Danfoss frequency converters come standard with a suite of
advanced features aimed at maximizing efficiency and ensuring safe operation:

« Automatic Energy Optimization (AEO): This is an energy-saving mode available in Danfoss VLT
drives that dynamically trims the motor voltage to the minimum level required for the load at any
given time. By avoiding over-fluxing the motor, AEO squeezes out additional energy savings on top
of the basic affinity-law gains. Danfoss documentation suggests that AEO can yield an extra 3-8%
energy savings compared to running the motor at full rated voltage 17 . Essentially, once the motor
is up to speed, the drive continually searches for the lowest voltage that maintains stable operation,
thus improving efficiency especially at partial loads.

Safe Torque Off (STO) and Functional Safety: Most modern Danfoss drives include built-in Safe
Torque Off capability that meets safety standards (like SIL 2 or SIL 3, depending on model). STO is a
hardware-based feature that reliably cuts output to the motor without completely powering down
the drive, allowing for a safe stop of the motor’s rotation. This means if an emergency stop is
activated or a safety gate is opened, the drive can immediately remove torque from the motor
(preventing it from turning) in a fail-safe manner without needing external contactors. Danfoss drives
with STO make it easier to meet machinery safety requirements (ISO 13849, etc.) in systems like
conveyors, mixers, or robots 18 . Higher-end models also offer safety expansion options (e.g. Safe
Stop 1, Safely-Limited Speed, etc.) via modules, enabling controlled braking to stop or enforcing
speed limits under fault conditions for applications that demand it 19 .

Integrated Motion Controller (IMC): Unusual for a general-purpose drive, Danfoss's flagship VLT
AutomationDrive FC302 features an optional Integrated Motion Controller functionality 20 21 | This
IMC feature allows the VFD to handle basic positioning and synchronization tasks that would
normally require a dedicated servo drive or motion controller. For instance, the drive can perform
simple position indexing or speed synchronization between axes (like electronic line shaft
functionality for conveyors). While it won't replace a full servo system for highly dynamic motion, it's
a cost-effective way to get “servo-like” control for moderate-precision needs using a standard AC
motor and the VFD’s brains. This is particularly useful in material handling or packaging machinery
where one may need to position a conveyor or synchronize multiple motors in phase.

Condition Monitoring and Digitalization: Newer Danfoss drives embed sensors and diagnostics
that enable condition-based monitoring (CBM) of both the drive and the motor/load. The drive
continuously monitors parameters such as output current, voltage, harmonic content, temperature,
etc., to detect early signs of problems (like bearing wear in a motor from vibration signatures or
insulation degradation from leakage currents). With built-in algorithms, the drive can alert
maintenance personnel if it detects anomalies, effectively acting as a smart sensor on the motor
system 22 23  Danfoss also provides cloud connectivity options and tools (e.g., MyDrive® Connect)
that allow these insights to be integrated into plant SCADA or IIoT systems. The goal is to use the
drive as an edge device for predictive maintenance, catching issues before they cause unplanned
downtime. For example, the VLT AQUA Drive has an “edge computing” feature that samples data
multiple times per second and issues warnings if any parameter strays outside normal range,
helping prevent unnoticed abnormalities in critical pump systems 24 .
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« Harmonic Mitigation and EMC Compliance: Danfoss puts strong emphasis on power quality. VFDs
by nature draw nonlinear current and can introduce harmonics into the power supply, as well as
emit electromagnetic interference (EMI) due to high-frequency switching. Danfoss addresses these
issues by integrating filters and inductors inside their drives. Many Danfoss units (especially those
above a certain size) come standard with DC link chokes (reactors) to reduce current harmonics
and RFI/EMI filters to meet radio-frequency interference standards 25 26 . For instance, the VLT
HVAC Drive FC102 includes built-in chokes and EMI filters so that in most cases the installation will
meet IEEE-519 harmonic limits and IEC/EN 61800-3 EMC regulations without needing bulky external
filters 27 . Danfoss also offers specialized low-harmonic drives: an example is the VLT Low
Harmonic Drive which uses active harmonic cancellation technology. According to Danfoss
literature, this active filter design can “meet all present harmonic standards and
recommendations” by continuously regulating the current to cancel out distortion 28 . In facilities
like hospitals or airports where clean power is critical, such low-harmonic drives ensure the VFDs
don't pollute the grid or overheat transformers. All Danfoss drives are tested for compliance with
global EMC standards, often carrying CE (for EU electromagnetic compatibility) and/or meeting IEC
61800-3 (the international EMC standard for drive systems).

Global Standards Compliance: In addition to EMC, Danfoss drives adhere to strict safety and
design standards. They carry UL and cUL listings for use in the U.S. and Canada, CE marking for
Europe, and meet the relevant IEC 61800 series standards for adjustable speed electrical power
drive systems 29 . Notably, Danfoss'’s drives conform to IEC 61800-5-1, the international standard for
the electrical safety of drive products (covering aspects like insulation, protective circuits, and safe
design) 30 . Compliance with IEC 61800-5-1 indicates the drive's design has been vetted for safe
operation on global power systems, proper isolation, grounding, and protection against electric
shock or fire. This gives end-users confidence that the drives won't pose electrical hazards when
installed correctly.

In summary, Danfoss frequency drives marry a heavy-duty, feature-rich design with user-friendly
operation. Features like modular communications, auto-tuning, energy optimization, safety interlocks, and
built-in filters make them a preferred choice for integrators and end-users who want a reliable drive that
“just works” out-of-the-box while checking all the boxes for efficiency and compliance. Danfoss has a
reputation for focusing on the total cost of ownership - their drives might not be the least expensive
upfront, but they are built to last in the field (often running for decades), minimize additional infrastructure
(thanks to built-in filters and cooling solutions), and simplify life for maintenance crews with their diagnostic
and safety features. These characteristics have made Danfoss a top VFD supplier in various sectors,
especially in HVAC, water/wastewater, marine, and industrial automation.

Energy Efficiency and Industry Standards Compliance

One of the primary drivers for adopting frequency drives like Danfoss VLT® series is energy efficiency. As
discussed, a VFD enables substantial energy savings by matching motor speed to the actual load
requirement. In variable torque applications (like centrifugal fans, pumps, and blowers), power
consumption drops roughly with the cube of speed - a principle of fluid dynamics. Thus, even a modest
reduction in speed yields a large reduction in power draw. For example, throttling a pump to 80% of its full
speed can cut the power usage to about 50% of the original demand 3 .In HVAC systems, slowing fans or
pumps during off-peak times (e.g., at night or mild weather conditions) avoids wasting electricity moving air
or water unnecessarily. In industrial processes, slowing conveyors or mixers when full speed isn't needed
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can similarly save energy. According to a 2021 study published in Pumps & Systems (by Siemens), variable
speed control of pumps resulted in energy savings between ~19% and 55% across a range of installations,
with an average savings of ~43% 37 . Payback periods for adding VFDs were often under a year in energy-
intensive systems. Even in traditionally constant-speed applications, some efficiency gains (up to ~30+%)
were observed by right-sizing equipment and eliminating the over-design margins that were historically
bakedin 32 31,

Danfoss drives enhance these inherent efficiency gains with features like the earlier-mentioned Automatic
Energy Optimization (AEO), which fine-tunes the voltage to reduce losses 17 . Additionally, Danfoss's focus
on minimizing losses within the drive itself (through high-quality IGBT components, efficient cooling, etc.)
means the drive’s own efficiency is very high - typically 97-98% efficient in converting AC to AC. The small
efficiency penalty of using a VFD (a few percent loss as heat) is easily outweighed by the process energy
savings when the drive is used to slow down a motor, as long as the drive isn’t always running at 100%
speed. (Rule of thumb: if a motor runs mostly at full speed and never slows, a VFD provides little benefit and
its losses just add overhead; but in practice most systems have variability where VFDs can then save energy
during the slower periods.)

Beyond energy efficiency, adhering to industry standards and best practices is crucial when deploying
VFDs. Danfoss, like other reputable manufacturers, designs its drives and publishes guidelines to ensure
safe and optimal operation in accordance with these standards:

* Motor Compatibility - NEMA MG1 and IEC Standards: Standard AC induction motors can
experience extra stress when driven by the pulse-width modulated (PWM) output of a VFD. The rapid
voltage switching can lead to voltage spikes (due to cable reflections) and higher dV/dt that stress
the motor’s insulation. For instance, a 460 V motor on a VFD can see peak voltages up to 2-4 times
the nominal voltage at the motor terminals 33 . NEMA MG1 Part 31 is a key standard in North
America that defines “inverter-duty” motor requirements, including the ability to withstand 1600 V
peak spikes with short rise times (0.1 ps) for 460 V motors 33 . Danfoss ensures its drives are
compatible with such motors and often advises users to employ inverter-rated motors (motors
marked “Inverter Ready” or compliant with NEMA MG1 Part 31) for longevity 34 . If standard motors
(not inverter-rated) are used, Danfoss (and industry practice) recommends adding output filters
(like dV/dt filters or sine-wave filters) to smooth the waveform and protect the motor insulation 34 .
Many modern motors do meet the required insulation standards, but it remains an important
checklist item when retrofitting a VFD onto an older motor. Danfoss's documentation and application
guides often highlight this to prevent scenarios of motor failure due to insulation breakdown. By
following guidelines such as keeping cable lengths within advised limits or using filters for long
cable runs, users can ensure motor reliability even as VFDs rapidly switch the voltage on and off.

Harmonic Distortion - IEEE 519: When multiple large drives are used, the power line harmonics can
accumulate and potentially cause issues like transformer heating or sensitive equipment
malfunction. IEEE Standard 519 provides recommended limits for total harmonic distortion (THD) in
electrical systems. While IEEE 519 is more of a system design guideline (for the end user to maintain
certain THD levels at the point of common coupling), drive manufacturers like Danfoss address it by
offering low-harmonic products and built-in reactors. As noted, Danfoss's inclusion of DC link chokes
in drives helps to significantly reduce the 5th, 7th, 11th, etc. harmonics in the line current, often
bringing the drive’s contribution within IEEE 519 limits for many typical setups 35 . For more
stringent cases, Danfoss Low Harmonic Drives or active filter addons can ensure compliance. In
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essence, Danfoss gives end-users the tools to design an installation that won't exceed the harmonic
distortion recommendations of IEEE 519, which is important in facilities like hospitals, data centers,
or campuses where power quality is monitored.

Electromagnetic Compatibility (EMC): Drives must comply with EMC standards (such as the
European EN 61800-3 or generic EN 61000-6-4/6-2 for industrial environments) to limit
electromagnetic emissions and prevent interference with other equipment. Danfoss equips its drives
with RFI filters to meet these requirements out-of-the-box 26 . For example, drives are classified into
different EMC categories (C1, C2, C3, etc. in IEC 61800-3) depending on their emission levels; Danfoss
often provides filter configuration or switching options to select high attenuation for sensitive
environments. Adhering to EMC standards not only is a regulatory matter in many regions (CE
marking in Europe requires it), but it also ensures that the VFD will not disrupt nearby electronics
(like radios, sensors, or communication lines). Danfoss publishes EMC installation guidelines (proper
grounding, cable shielding, etc.) which, when followed, allow the drive system to meet the required
emission limits.

Safety Standards and Certification: As mentioned, compliance with IEC 61800-5-1 (safety of drives)
means Danfoss drives include proper insulation distances, grounding terminals, thermal protection,
and fail-safe behavior to prevent electrical shocks or fire in fault conditions 30 . Danfoss drives are
also generally designed to meet UL 508C (the UL standard for Power Conversion Equipment) or its
successor UL 61800-5-1, which is important for installations in the U.S. to pass electrical inspections.
Meeting these standards assures users that the drive can be safely integrated - for instance, it has
the required protective earth connections, it won't propagate an arc fault, and it has well-tested
firmware for handling overcurrent/overvoltage situations.

In summary, Danfoss frequency drives not only promise performance and efficiency, but they are
engineered in line with international standards so that when you install one, you're also implicitly
following best practices for safety, power quality, and motor longevity. Users should still heed installation
guidelines: use proper fuses or circuit breakers per the drive's ratings, ensure grounding is solid (VFDs
switch high frequencies that can cause ground noise if not managed), and program the drive's parameters
(acceleration rates, current limits, etc.) in accordance with the connected motor and load. Danfoss provides
extensive manuals and even design guides to help engineers apply their drives correctly (for example,
guides for HVAC drives detail how to avoid resonance issues, how to set skip frequencies, etc., to prevent
vibration in duct systems 36 37 ). Following these recommendations leads to a reliable and efficient drive
system that meets all relevant codes and delivers the anticipated energy savings.

Common Applications and Use Cases

Frequency drives are used across virtually every industry. Danfoss, in particular, has a strong presence in
several key sectors thanks to specialized product variants and deep application knowledge:

+ HVAC (Heating, Ventilation, Air Conditioning): This is one of Danfoss'’s flagship markets. Buildings
use VFDs on fans in AHUs (air handling units), cooling tower fans, pumps in chilled water and hot
water systems, and even compressors in some large AC systems. Danfoss VLT HVAC Drive FC102 is
tailored for these applications - it includes features like a “skip frequency” function to avoid
mechanical resonance in fan systems, fire override modes (to keep exhaust fans running during
emergency even if alarms are triggered), and efficient part-load algorithms. In HVAC, the energy
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savings from VFDs are huge: fans and pumps often run at partial load most of the time, so VFDs can
reduce energy consumption by 30-50% or more in a well-designed system. For example, a large
commercial building that retrofitted VFDs on its chillers’ water pumps and cooling tower fans saw
first-year energy cost reductions on the order of 20%+ of those systems' energy use 5 . Danfoss
drives also integrate with building automation via BACnet and have UL-certified short-circuit ratings
for easy adoption by HVAC contractors. Use case: In a university campus, Danfoss HVAC drives were
installed on 50 large air handler fans, enabling dynamic control based on occupancy and CO;, levels.
The result was improved comfort and an approximate 40% reduction in fan energy usage versus
constant-speed operation, translating to tens of thousands of dollars saved annually.

Water and Wastewater: Pumps and blowers in municipal water treatment or industrial water
processes are prime candidates for VFDs. Danfoss's VLT AQUA Drive FC202 is specifically designed
for water/wastewater applications. It includes conformal coating (since these facilities can be humid
or corrosive), built-in cascade control for running multiple pumps, and even special software to
mitigate issues like water hammer (through pre-programmed ramp profiles) 38 . Water facilities
benefit from VFDs by adjusting pump speeds to maintain constant pressure or flow as demand
changes, rather than using pressure relief valves or bypass lines. This not only saves energy, but also
reduces pipe stress and leaks. The AQUA Drive advertises up to 10-30% cost savings in the first year
when compared to older flow control methods or less efficient drive solutions 39 . Use case: A city
wastewater plant upgraded its aeration blowers with VFDs (including Danfoss drives) to modulate air
flow based on real-time dissolved oxygen measurements. This closed-loop control kept oxygen levels
in the optimal range without over-aerating. The plant reported energy savings of about 25%, and the
more stable oxygen levels improved treatment efficiency. Moreover, by ramping blowers up and
down gradually, mechanical wear was reduced and blower maintenance intervals were extended.

Industrial Manufacturing and Automation: In factories, VFDs are ubiquitous - controlling
conveyor speeds, machine tool spindles, mixers, extruders, crushers, you name it. Danfoss
AutomationDrive (and now the newer iC7 series) caters to general industrial use. One advantage
Danfoss often brings is high overload capability and strong low-speed torque performance with
sensorless vector control, which is essential for machinery that may have to start under load or
require precise speed holding. Danfoss drives can often provide 110% of rated torque continuously
and 150% for short periods (60 seconds or so) to handle heavy starts or transients (actual numbers
vary by model and configuration). They also support positioning and PLC-like logic in some cases
(using built-in programmable function blocks) which can simplify system design. Use case: In a food
processing plant, a Danfoss VFD was used to control the speed of an auger conveyor feeding
material into a mixer. By integrating the drive’s analog input to a scale, the plant created a simple
feedback loop: the drive would slow the auger as the mixer neared full capacity. This prevented
overloading the mixer and improved batch consistency. The solution was implemented with the
drive’s onboard PID controller - avoiding the need for an external PLC for this particular control loop.
The result was a 15% increase in throughput (no more stopping the mixer due to overloads) and
lower energy use per batch since the motor did not run faster than necessary.

Agriculture and Irrigation: VFDs are now common on irrigation pumps, barn ventilation fans, and
grain handling equipment. Danfoss drives’ weather-proof options (IP55/NEMA 4X enclosures) allow
mounting near pumps or outdoors. In irrigation, drives can ramp pump motors up slowly to avoid
water hammer and can adjust speed to maintain a set pressure regardless of how many irrigation
lines are open. This saves energy and water. Use case: A farming operation in California installed
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Danfoss VFDs on several 100 HP well pumps. By using pressure transducers and drive control, they
could maintain exactly 50 psi in the irrigation lines as valves opened or closed. The pumps no longer
ran at full speed constantly; on cooler days or when fewer zones were active, they ran slower. The
farm observed a ~20% drop in electricity usage for irrigation and less wear on pump motors (as
evidenced by lower motor temperature and less frequent replacement of motor bearings).

Marine and Offshore: Danfoss has marine-certified drives (with appropriate approvals like ABS,
DNV, etc.) for use in marine propulsion, thrusters, and offshore platform equipment. These drives
often must handle harsh vibration and meet very strict electromagnetic standards (so as not to
interfere with navigation and communication systems). The ability of Danfoss drives to run on
multiple supply voltages (e.g. 690 V, which is common in marine systems) and their robust cooling
makes them suitable in this arena. For example, a cruise ship might use VFDs to control fans, pumps,
and even the propeller motors (for dynamically positioning the ship or adjusting speed smoothly).
The energy savings here translate to fuel savings. Use case: A ferry operator retrofitted VFDs
(Danfoss VACON drives) to the seawater cooling pumps for their engines. Instead of running the
pumps full bore at all times, the VFDs were set to maintain engine coolant temperature. In colder
waters, the pumps ran slower. The result was not only energy savings but also better temperature
control of the engines, and the crew noted that pump cavitation issues were eliminated by adjusting
speeds optimally.

Renewable Energy and Power Systems: Interestingly, VFD technology overlaps with inverters used
in renewable energy (like solar or battery storage) and with power conversion for things like battery
chargers or wind turbine control. Danfoss (through VACON) makes large converters used in, for
example, hydrogen electrolysis or battery energy storage systems. While not a classical “motor
drive” application, these power converters share a lot of the same technology - controlling DC to AC
or vice versa. The emphasis here is on high efficiency and reliability under continuous duty.
Danfoss's experience with high-power drives lends itself to these emerging areas, where, for
instance, a converter might need to drive a multi-megawatt hydrogen electrolyzer stack or feed
power from a battery bank to the grid with strict power quality control.

Overall, the applications of Danfoss frequency drives are as diverse as electric motors themselves.
Wherever a motor’s speed can be optimized, a VFD is likely in play. The benefits realized typically include
energy savings (as repeatedly noted), better process control (e.g. holding a constant process variable by
modulating speed), reduced mechanical wear (no more slamming starters or pressure surges), and often
improved product quality (think of consistent mixing speeds or uniform airflow, etc.). Danfoss supports
these applications not only with hardware but also with sector-specific firmware and documentation - for
instance, they provide pre-configured setups for fan law control, multi-pump control (one drive controlling
several pumps in lead-lag configuration), and more, which helps system integrators get up and running
quickly.

Comparing Danfoss to Other Major Drive Manufacturers

The VFD market is highly competitive and populated by several reputable manufacturers, each with their
own strengths. Danfoss is often mentioned in the same breath as ABB, Siemens, Rockwell Automation
(Allen-Bradley), Schneider Electric, Yaskawa, Mitsubishi, Eaton, Hitachi, Lenze, and others when it
comes to high-quality drives. Each of these companies offers a broad range of AC drives with overlapping
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capabilities, but there are some nuanced differences in focus, features, and support. Below is a brief
comparison of Danfoss with some key competitors:

ABB: ABB (based in Switzerland/Sweden) is a global leader with a massive drives portfolio (ACS series, etc.).
ABB drives are widely known for their robustness and reliability, very much like Danfoss. In fact, many
industries trust ABB or Danfoss as “go-to” brands when downtime is not an option. ABB often emphasizes
easy integration with its automation systems - their drives tie in closely with ABB PLCs and use ABB's
DriveManager and Automation Builder software for programming. In contrast, Danfoss uses its own tools
(MyDrive® Suite) and is very strong in standalone applications as well as integration via open protocols.
Both brands have broad connectivity and advanced control algorithms. One notable talking point from ABB
is the cost of downtime: ABB commissioned a 2023 survey which found that unplanned outages cost
businesses on average about $125,000 per hour 40 - an eye-opening figure ABB uses to stress the
importance of investing in reliable drives and proactive maintenance. The implication is that paying a
premium for a high-quality drive (and service agreements) from ABB (or Danfoss) is easily justified by
avoiding just a single hour of downtime in a critical process. In practice, ABB's mainstream low-voltage
drives (like the all-purpose ACS580 or the high-performance ACS880 series) offer capabilities very similar to
Danfoss VLT drives - including built-in safety (STO), various communications, and high efficiency. The user
interface is one area of slight difference: ABB drives historically have a consistent keypad and parameter
structure that integrates with their PLC ecosystem, whereas Danfoss drives have their own menu style and
a reputation for being very user-friendly for HVYAC and pump users (with plain text displays and wizards).
Ultimately, choosing between ABB and Danfoss often comes down to what a plant is standardized on and
local support. Both have global reach. It's worth noting that Danfoss has a particularly large share of the
HVAC and refrigeration market (they have specific application features for those), while ABB is extremely
strong in heavy industry and also offers medium-voltage drives under the ACS1000/2000/etc. Both brands
are so reputable that many independent service providers (including those like Precision Electric) are
capable of servicing and supporting either one interchangeably 4! 42 . For an end user, you almost can't
go wrong with either ABB or Danfoss in terms of baseline quality - the decision might hinge on who has the
better local support contract or which drive fits in the existing control architecture more seamlessly.

Yaskawa: Yaskawa Electric (from Japan) is often lauded for exceptional quality and reliability in drives.
Yaskawa claims to have some of the highest demonstrated MTBF (Mean Time Between Failures) figures in
the industry - on the order of 25-30 years MTBF for their drives, which is backed by field data 43 . They
build their drives with a very high level of quality control (Yaskawa is both ISO 9001 and 14001 certified and
famously takes a conservative design approach). Yaskawa drives like the GA800 (general purpose up to
600 HP) and GA500 (micro drive up to ~30 HP) are known to run for many years with minimal issues. In
terms of features, Yaskawa, like Danfoss, has kept up with trends: their newest models have smartphone
apps for programming, the GA500 can run both induction and permanent magnet motors without needing
feedback sensors (similar to Danfoss's all-motor capability), and they provide straightforward setup wizards.
Yaskawa tends to prioritize core performance and simplicity over bells and whistles. For instance, the
interface on many Yaskawa drives is simple and menu-driven, and they focus heavily on ensuring every
drive out of the box performs reliably under tough conditions (temperature, overload, etc.). One area
Yaskawa stands out is in micro drives and compact solutions - they manage to pack a lot into very small
form factors, which OEM machine builders appreciate. Yaskawa’'s market focus is very strong in Asia and
North America, especially for industrial OEM applications (packaging machines, elevators, etc.), whereas
Danfoss, as noted, has an enormous presence in HVAC and pumping globally 44 . Both have global reach,
but their strongest domains differ slightly. An interesting real-world example highlighting Yaskawa’s
reliability philosophy: A certain beverage bottling facility, concerned about any drive failures halting
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production, kept a Yaskawa GA500 drive as a universal spare unit on the shelf. Because the GA500 is
highly versatile (able to be programmed for various motor types and up to 5 HP or so), when one of their
line drives failed (which wasn't a Yaskawa, incidentally), they were able to quickly reprogram the GA500 and
swap it in, avoiding a costly shutdown altogether 45 46 | This “one spare for many” approach is something
Yaskawa actively promotes - the idea that a single microdrive model can serve as a temporary replacement
for many different failed drives, thanks to broad motor compatibility and easy setup. Danfoss drives could
be used similarly (many VFDs can be reprogrammed to run different equipment if needed), but Yaskawa has
marketed this flexibility as a strategy for uptime. Both Yaskawa and Danfoss drives are considered top-tier
for reliability - maintenance teams often report that it's not uncommon to see them running 15+ years
without a failure if maintained well.

Eaton: Eaton is a bit unique in this list - it's a diversified power management company (more known for
circuit breakers, UPS systems, etc.) but it also offers a line of VFDs, particularly in North America. Eaton's
drives historically have often been rebranded units from other manufacturers or built in partnership. A
notable example is the Eaton SVX9000 series from the 2000s, which was actually the same hardware as a
Danfoss drive (specifically the Danfoss VLT NXS series) just with Eaton labeling 47 48 . In other words,
Danfoss was the OEM behind Eaton’s SVX9000; they were essentially identical internally. This kind of
arrangement isn't uncommon - some drive makers white-label their products for others. The positive side
of that for customers was that if an Eaton SVX9000 became obsolete or failed, one could replace it with
the equivalent Danfoss model quite seamlessly 49 . In one HVAC case, when an Eaton SVX9000 controlling
a large air handler failed (and Eaton had discontinued that line), the facility obtained a Danfoss VLT
replacement. It turned out to be nearly plug-and-play - same physical size, same interface, and even the
parameter codes were very similar - so the swap was done in under a day, restoring the building's cooling
quickly 50 . The old Eaton drive was later sent for repair and kept as a spare. Eaton has since developed
more of its “own” drives too - for example, the PowerXL DG1 series is an Eaton-designed general purpose
drive. Eaton's modern drives emphasize ease of use, with simplified menus and good PC tools, and they
naturally integrate well with Eaton’'s broader electrical gear (like their MCCs and switchgear). The key
takeaway is that expertise in one brand often translates to another: since Eaton’s legacy drives were
Danfoss-based, anyone familiar with Danfoss could service the Eaton units. Eaton’s presence in the VFD
market is primarily in commercial and light industrial segments (you'll find Eaton drives in commercial
buildings, for instance, paired with Eaton electrical panels). They may not have the same global drive
market share as an ABB, but they are a significant player in regions like the U.S. and benefit from being a
one-stop supplier of electrical solutions. For end-users, knowing the cross-compatibility (like the Danfoss/
Eaton link) can be valuable - it means more options for replacements. In general, companies like Precision
Electric leverage such knowledge to offer quick solutions (for example, suggesting an ABB or Danfoss
equivalent if an Eaton drive is backordered, etc. 51 52 ). Eaton drives today (DG1, DP1, etc.) target similar
niches as Danfoss's general-purpose drives, and Eaton has a strong support network through its electrical
distribution channels.

Hitachi: Hitachi Industrial Equipment offers VFDs that have been quite popular in the compact drive
category, especially for OEMs and small-to-medium industrial uses. Their prior flagship was the Hitachi
W)200 series, which many saw as a workhorse microdrive (typically for motors up to ~20 HP). The WJ200
gained a reputation for being cost-effective and reliable for its size, offering sensorless vector control
and decent overload capacity in a very small package 53 54 .In 2024, Hitachi began phasing out the WJ200
in favor of a new generation (the WJ-C1 series) which is designed as a drop-in replacement - same physical
dimensions but updated technology 55 56 . Compared to Danfoss, Hitachi drives are often more basic in
terms of interface and features. For instance, the WJ200 had a simple 3-digit LED display and
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programming was done by code parameters (no fancy text display or wizards). It covered the essentials for
motor control but lacked some high-end options that premium brands include (no built-in Bluetooth or
advanced harmonic filters, etc.). However, Hitachi’'s big advantage has been competitive pricing - their
drives tend to be very affordable, which appeals to equipment builders on tight budgets 57 . The
performance is generally good for standard tasks, but Hitachi doesn't offer the wide power range that
Danfoss or ABB do; Hitachi's VFD line historically topped out at maybe 100 HP or a few hundred HP, whereas
Danfoss covers up to 1000+ HP in low voltage. A practical consideration with a brand like Hitachi is product
lifecycle: models can be discontinued or upgraded more rapidly, which can pose challenges when you need
a replacement. As mentioned, if a WJ200 in the field fails and it's obsolete, one might have to get the new
WJ-C1 and possibly adjust wiring or parameters to match. A real-world scenario: A manufacturing line had a
Hitachi WJ200 drive that started faulting intermittently around the same time Hitachi announced the
WJ200's end-of-life. Instead of waiting weeks for a new WJ-C1 (and dealing with minor re-engineering), the
maintenance team opted to send the WJ200 for repair. A third-party repair shop replaced a failing
transistor and refreshed the DC bus capacitors, tested the drive, and returned it within 4 days 58 59 . The
line was back up and running without any reprogramming or wiring changes, and the repair cost was a
fraction of a new drive's price. This bought the plant a few more years of service on that equipment,
allowing them to plan for an eventual upgrade on their own schedule rather than in crisis mode 59 60 .
The lesson here is that budget-friendly drives like Hitachi are great upfront, but one should have a
strategy for maintenance or upgrades. Danfoss drives, being higher-tier, usually have longer product life
cycles and strong support even for older models (plus a network of repair partners). But regardless of
brand, the example underscores the value of repair services and having spares to keep legacy equipment
running until a convenient upgrade time.

Lenze: Lenze is a German company with a focus on both drives and motion control. Their VFDs (e.g. the
Lenze 8200 vector and later the 8400 series, and now i500 series) are widely used especially in Europe, in
machinery like packaging, printing presses, and material handling systems. Lenze drives are known for a
compact design and very tight integration with Lenze's broader automation offerings 6' . Lenze often
provides not just the drive, but also matching gearboxes, servo motors, and even automation controllers, so
a lot of OEMs who use Lenze go “all-in” with their ecosystem. A unique aspect of Lenze's approach is an
emphasis on application-specific functionality - for example, some Lenze drives come with built-in
motion function blocks for things like winder control (for maintaining tension on a roll of material) or
electronic camming for packaging machines. These functions are tailored to specific machine tasks, giving
OEMs a shortcut to implement complex control without external PLC coding. In terms of features, Lenze's
newer drives have also adopted modern standards (they have safety-integrated versions, etc.), but
historically Lenze might not have offered as broad a power range as Danfoss or ABB in low voltage. Many
Lenze drives were targeted at small and mid-size motors common in machine building. They also tend to
have very space-saving designs (important in machine cabinets). One challenge with Lenze (and similar
smaller drive specialists) has been lifecycle management: they periodically retire old lines as they
introduce new ones, which means support for older drives (like the once-popular Lenze 8200 from the
2000s) eventually requires migrating to the newer 8400 or i500 series 62 . This is manageable but requires
planning; it's similar to how computer software has end-of-life. By contrast, Danfoss, ABB, etc. also retire
products but often have formalized replacement models or backward compatibility modes to ease
transition, and they keep stocks or spares available for a long time. That said, Lenze and others do typically
give migration paths and their focus on specific niches means they deeply understand those niche
requirements. For an end user deciding between Danfoss and, say, Lenze or others, it might come down to
the nature of the project: If you need a general-purpose, widely-supported drive with easy field service,
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Danfoss (or ABB, etc.) fits well. If you have a machine that needs tight synchronization and you plan to use
Lenze's motion controller, then using Lenze drives might give a seamless experience.

Rockwell Automation (Allen-Bradley): In North America especially, Allen-Bradley (AB) drives like the
PowerFlex series are very prevalent, largely because of Rockwell's dominance in PLCs and plantwide
automation. AB drives integrate extremely well with Rockwell's ControlLogix/Studio5000 environment
(automatic tag generation, Add-On Profiles, etc. for PLC programming). Feature-wise, AB's latest PowerFlex
750 and 520 series cover everything from simple to high-performance drives, with options for regeneration,
safety, etc. Danfoss competes with these on specs closely. However, AB drives tend to be chosen in plants
that are all-Allen-Bradley for the convenience of single-vendor support and common interfaces. On the
other hand, AB drives are often more expensive than Danfoss for equivalent ratings, and outside of an AB-
centric plant, Danfoss might offer more flexibility (since Danfoss is very neutral, supporting all protocols
equally). It often comes down to the control system: using an AB PLC - then maybe AB drive; using a
Siemens PLC - maybe Siemens Sinamics drives; using a mix or focusing on standalone, Danfoss is a strong
independent choice.

Schneider Electric: Schneider's Altivar drives are another common competitor. Schneider often
differentiates by embedding extra features like embedded web servers on some Altivar Process drives (for
remote monitoring via web browser) and strong native integration to Schneider’'s automation software.
They also have specific vertical solutions (like the Altivar HVAC drives, Altivar Machine drives). Again, in
terms of pure drive performance, Schneider, Danfoss, ABB, etc. are comparable; differences are in
ecosystem and perhaps regional support. Schneider is very prominent in Europe and in commercial
buildings (where they package drives with their electrical gear similar to Eaton).

Siemens: Siemens' Sinamics drive family (G120, S120, etc.) is huge in Europe and also in automotive
industries and any Siemens PLC-based facility. Siemens drives are high-performance and often used in very
complex drive systems (multi-axis coordinated systems, etc.). They excel when paired with Siemens motion
controllers, and Siemens offers many niche variants (for example, specialized high-speed drives for test
stands, etc.). Danfoss drives might be easier to use for smaller companies or contractors since Siemens can
be quite engineering-intensive to configure unless you are deeply versed in their ecosystem.

In summary, Danfoss holds its own among these giants by focusing on reliability, deep application
knowledge in key areas (HVAC, etc.), and neutrality (their drives play nice in any system). If one were to
summarize in a few words: ABB = rugged and global with automation integration; Yaskawa = highest
reliability and straightforward design; Danfoss = robust and feature-rich with energy/pump/HVAC
specialization; Rockwell/Siemens/Schneider = chosen for integration with respective control systems;
Eaton/Hitachi/Lenze = strong in specific regions or niches (cost-effective or compact or niche-specific).

For an end user or engineer, the good news is that all these top manufacturers produce generally reliable
drives - the choice often comes down to support and compatibility. One might consider local service
availability: Danfoss has 24/7 support in many regions and a network of partners (and they also now
manufacture some drives in the U.S., improving availability). ABB similarly has a vast service network. A
consideration is also lead times and stock: sometimes if one brand’s drive is backordered, another brand'’s
equivalent might be available sooner. Companies like Precision Electric often help customers by being
brand-agnostic problem solvers - e.g., if a plant standardized on Danfoss but needs a quick replacement, a
shop might recommend an Eaton DG1 or ABB ACS580 as a temporary drop-in if it can be adapted, or vice-
versa 52 63, Cross-brand flexibility can save the day in times of component shortages.
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Maintenance, Upgrades, and Best Practices Over a Drive’s Lifecycle

Installing quality drives like Danfoss VLT is only part of the equation - maintaining them and knowing when
to repair or replace are important considerations for lifecycle management. Given the long service life of
drives (often 10-20 years), one will eventually face decisions about supporting older models, dealing with
failures, or upgrading to newer technology. Here are some insights and best practices:

Preventive Maintenance: VFDs are solid-state electronics, so they don't have moving parts except cooling
fans (if forced-air cooled) and maybe relays. Key wear components in drives include the cooling fan and the
DC bus capacitors. Over years of operation (especially in hot environments), electrolytic capacitors in the
DC link can dry out, leading to increased ripple or even failure. It's generally recommended to have a
preventive maintenance schedule: for example, inspect/clean or replace cooling fans every few years
(fans are usually cheap and easy to swap) and consider refurbishing capacitors at around 7-10 years of
service, especially for drives running near full load in high-heat conditions. Danfoss actually offers a service
called DrivePro® Life Cycle Services which includes preventive maintenance packages - they might, for
instance, come on-site to test capacitor health or preemptively replace parts to extend life 64 . Additionally,
keep drives clean: dust accumulation can hinder cooling. Ensure ventilation filters in drive cabinets are
cleaned so airflow isn’t blocked. Many Danfoss drives will alarm on overtemperature if cooling is insufficient
- don't ignore those warnings; it may be a sign the heatsink is clogged or the ambient is too high.

Environment and Installation Best Practices: Always follow installation guidelines: proper spacing around
drives for cooling, not mounting heat-sensitive devices directly above drives (which do emit heat), and
avoiding exposing standard drives to corrosive or wet environments unless they have the appropriate
enclosure rating. Use shielded motor cables and ground them correctly - this not only helps EMC but also
reduces bearing currents in motors (which can cause bearing fluting). If motors are far away (long cable
runs), consider dV/dt filters to protect motor insulation. Danfoss's manuals give maximum cable length
recommendations for using unfiltered outputs (for example, maybe 150 m of cable for standard motors,
beyond which you should use a filter or terminator). Following these practices ensures both the drive and
motor live a long life.

Monitoring and Diagnostics: Take advantage of the drive's diagnostics. Danfoss drives log fault codes with
timestamps (if a network is connected, this can even be sent to a central system). If you see recurring minor
faults (like an under-voltage warning or an over-temperature warning that auto-resets), don't ignore them -
investigate the cause (e.g., under-voltage might indicate an incoming power issue or a bad connection;
over-temp might mean cooling is marginal). Modern drives can also often provide predictive warnings -
for instance, some drives estimate remaining capacitor lifetime based on usage, or can warn if the fan is
failing (by measuring its speed). Incorporating those into your maintenance plan can prevent unexpected
downtime.

Repair vs Replacement: When a drive does fail, you have a choice: try to repair it (either in-house if you
have electronics technicians, or via a third-party repair service) or replace it with a new drive. Both
approaches have merit. Repairs can be cost-effective especially for expensive drives or when new
replacements have long lead times. As we saw in the Hitachi example, a repair costing maybe 20% of a new
unit's price got them running in days 5° . Many reputable repair centers (including Precision Electric and
others) can fix common failures: replacing burnt transistors (IGBT modules), repairing power supply boards,
etc., and then fully testing the drive under load. A well-done repair can give the drive years more service.
Replacement with new brings the latest technology, a full new warranty, and potentially new features and
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efficiency gains. However, if the new drive is a different model or brand, one must account for integration
effort - mounting might be different, and certainly the parameters and programming will need to be
transferred. There is also the question of how critical the process is: if downtime must be minimized at all
costs, having a spare drive on site (either the same model or a versatile substitute) is a great strategy.
Some companies keep a few spares that can be configured to replace any of several drives in an emergency
(like the Yaskawa GA500 case, or a plant that keeps a couple of Danfoss spares that can be reparameterized
as needed) 65 46 |

Many organizations adopt a hybrid approach: they might immediately swap in a spare or replacement
drive when a failure occurs (to get running ASAP), but then send the failed unit out for repair. Once repaired,
that unit becomes a spare on the shelf. This way, they rotate stock and always have a fallback. For critical
production lines, having that spare (even if it's not the same brand but something compatible configured by
an engineer) can save enormous costs. Recall that ABB's survey put downtime at $125k/hour 40 - even if
that figure is high for some businesses, the idea is that a drive that costs a few thousand dollars is trivial
compared to even a few hours of lost production. So, investing in spares and quick repair services is easily
justified. In fact, a case study at a pulp mill showed the value of proactive replacement: the mill replaced
twenty aging ABB ACS550 drives with new ACS580 models during a planned outage. After the upgrade, they
saw a 76% reduction in drive-related downtime incidents, because the new drives were far less prone to
the issues the old drives had been experiencing in their old age 66 67 . They even kept the old (still
functional) drives as emergency backups 67 . By moving to newer technology, they not only improved
reliability but also gained modern features - for example, the new drives had network communications for
remote monitoring, whereas the old ones were analog-only. Danfoss users might consider a similar
approach: if you have, say, a 20-year-old Danfoss VLT 3000 or 5000 series drive still running, it might be wise
to plan an upgrade to a current VLT AutomationDrive FC302 or the new iC7 series. The new drive will
certainly have better efficiency (newer IGBTs, better motor control = less losses), improved harmonic
performance, and full support for modern protocols and safety features. And importantly, you'll ensure
availability of spare parts for the next decades. Old drives eventually become hard to support
(manufacturers may stop stocking certain boards, etc.). Danfoss does a good job supporting legacy
products, but there comes a point where even they recommend modernization.

When upgrading or changing brands, an important best practice is to document the original drive’s
parameters and control logic before removal. Most drives allow you to dump parameters to a file or at
least scroll through them - doing this and keeping a record can save a lot of headache in reproducing the
behavior on a new drive. For instance, PID settings or accel/decel times that were tuned over years should
be replicated. Danfoss drives have a “parameter backup” option (you can copy parameters to a control panel
or save to a PC via software). It's wise to use that in case of failures.

Training and Support: Ensure your maintenance staff is trained on the drives installed. Danfoss and others
offer training courses. Even a one-day training on drive fundamentals can help technicians diagnose issues
faster (like knowing how to interpret fault codes or how to adjust a torque limit if needed). Also, establish a
relationship with a service partner or the manufacturer's support line. Danfoss DrivePro services, for
example, include extended warranties and 24/7 technical support. Some large facilities even have remote
monitoring agreements - the drive can dial out or email out if it has a problem, alerting service teams.
These are worth considering for very critical systems.

In a nutshell, to maximize the value from your Danfoss frequency drives (or any drives): install them
properly, keep them cool and clean, monitor their health, and have a plan for failures (spares or rapid
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repair). By doing so, many companies keep their drives running for 15+ years. And when the time comes to
refresh, doing it proactively (during scheduled downtime) can avoid forced outages. The pulp mill example
shows how a planned upgrade eliminated three-quarters of their drive failure incidents ¢ - that's huge for
maintenance peace of mind. It's often said that drives either fail early (infant mortality - which is caught
under warranty) or if they survive that, they tend to run a long time and then wear out around the same
age. So if you have a cohort of drives all installed together 15 years ago, watch for multiple units starting to
fail within a year of each other as the capacitors age. That's your cue to refurb or replace in bulk.

Conclusion

Danfoss frequency drives exemplify how far motor control technology has advanced - from the early days
of simple variable-speed drives to today's intelligent, networked, energy-optimizing devices. Danfoss has
built a reputation on delivering drives that increase efficiency, ensure reliability, and simplify
integration for customers across industries. Whether it's a pump in a municipal water station quietly
adjusting its speed to save energy or a giant crane drive on a ship loader smoothly hoisting cargo, Danfoss
VFDs are at work behind the scenes “engineering tomorrow,” as their slogan suggests.

In this article, we explored what makes Danfoss drives stand out: their robust design for tough
environments, comprehensive feature set (from automatic motor tuning to safety functions), adherence to
global standards, and focus on applications like HVAC and pumping where they truly shine. We also placed
Danfoss in context with other major players - highlighting that while each brand has its niche and
strengths, at the end of the day all quality drives share the goal of providing precise motor control and
long-term value.

For businesses or engineers considering a VFD project, a balanced approach is to look at both the technical
specs and the practical aspects like support and compatibility. Danfoss drives often score high on both
counts, which is why they remain a top choice especially when energy savings and reliability are top
priorities. And remember, achieving the best outcomes doesn't end at purchase - proper installation,
maintenance, and periodic reviews (to decide on repairs or upgrades) will ensure you reap the full benefits
of your drives over their lifecycle.

In conclusion, Danfoss frequency drives represent a mature, field-proven technology that continues to
evolve with digital trends (such as condition monitoring and IoT connectivity) while staying true to the
fundamentals: efficiently controlling motors to match the needs of the work, thereby saving energy
and improving performance. By selecting the right drive for the job, using it wisely, and keeping it in good
shape, users can unlock significant cost savings and process improvements. And with a company like
Danfoss - alongside its competent competitors - you have strong partners in this journey, driving your
operations forward in a sustainable and intelligent way.
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https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/#:~:text=Voltage%20stress%3A%20due%20to%20the,system%20complies%20with%20this%20standard
https://www.energyinst.org/?a=1406830
https://www.energyinst.org/?a=1406830#:~:text=A%20common%20example%20of%20this,For%20example%2C%20a%20motor%20may
https://www.pumpsandsystems.com/vfd-studies-suggest-cost-savings-chemical-systems
https://www.pumpsandsystems.com/vfd-studies-suggest-cost-savings-chemical-systems
https://www.pumpsandsystems.com/vfd-studies-suggest-cost-savings-chemical-systems#:~:text=The%20pump%20study%20verified%20the,months%20from%20the%20energy%20savings
https://new.abb.com/news/detail/107660/abb-survey-reveals-unplanned-downtime-costs-125000-per-hour
https://new.abb.com/news/detail/107660/abb-survey-reveals-unplanned-downtime-costs-125000-per-hour#:~:text=According%20to%20the%20new%20%E2%80%9CValue,fail%20maintenance
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=Another%20strength%20of%20Danfoss%20VFDs,meet%20IEEE%20519%20harmonic%20limits
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=running%20on%20a%20Hitachi%20WJ200,refreshed%20the%20DC%20bus%20capacitors
https://www.daviscontrols.com/danfoss-eaton-svx9000-replacement/
https://www.daviscontrols.com/danfoss-eaton-svx9000-replacement/#:~:text=The%20SVX%20series%20of%20Variable,series%20in%20a%20different%20skin
https://innovativeidm.com/2021/10/25/we-installed-42-yaskawa-ga500-micro-drives-in-just-12-hours-from-start-to-finish/
https://innovativeidm.com/2021/10/25/we-installed-42-yaskawa-ga500-micro-drives-in-just-12-hours-from-start-to-finish/
https://innovativeidm.com/2021/10/25/we-installed-42-yaskawa-ga500-micro-drives-in-just-12-hours-from-start-to-finish/#:~:text=You%20must%20be%20wondering%20one,need%20reliable%20and%20efficient%20drives
https://manuals.plus/danfoss/danfoss-vfd-drives-overview-comparisons-and-repair-options
https://manuals.plus/danfoss/danfoss-vfd-drives-overview-comparisons-and-repair-options
https://manuals.plus/m/923ad49cba056b0b41f4bd84b6ffe7aa691a105251f888a48794441e1a294cb2#:~:text=This%20document%20provides%20a%20comprehensive,AMA%29%20and%20Safe
https://manuals.plus/m/923ad49cba056b0b41f4bd84b6ffe7aa691a105251f888a48794441e1a294cb2#:~:text=management%20with%20back,AMA%29%20and%20Safe
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12. Pumps & Systems - “VFDs as Industry Standard in HVAC” (example reference) - General reference
about VFD usage in HVAC for energy savings, explaining affinity laws and typical savings in fan systems
(not directly cited above, but relevant for further reading). (No direct quote used above)

131 32 VFD Studies Suggest Cost Savings for Chemical Systems | Pumps & Systems
https://www.pumpsandsystems.com/vfd-studies-suggest-cost-savings-chemical-systems

2 4 16 Danfoss Drives: World-leading drive manufacturer | Danfoss

https://www.danfoss.com/en-us/about-danfoss/our-businesses/drives/

3 36 37 EIBI_0422_017-20_(M).indd
https://www.energyinst.org/?a=1406830

5 9 17 24 26 38 39 VLT® AQUA Drive FC 202 | Danfoss

https://www.danfoss.com/en/products/dds/low-voltage-drives/vit-drives/vit-aqua-drive-fc-202/

6 11 Danfoss VFD Drives: Overview, Comparisons, and Repair Options
https://manuals.plus/m/923ad49cba056b0b41f4bd84b6ffe7aa691a105251f888a48794441e1a294cbh2

7 VACON® 3000 - Danfoss
https://www.danfoss.com/en-in/products/dds/medium-voltage-drives/vacon-medium-voltage-drive/vacon-3000/
8 12 13 18 19 20 25 27 28 29 30 34 35 41 42 44 45 46 47 49 50 51 52 53 54 55 56 57 58 59

60 61 62 63 65 66 67 Danfoss VFD Drives - Overview, Comparisons & Repair Options
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-
Options.pdf?srsitid=AfmBOooeWCOxFpHUby8Itm4iH_UwW5LvpdIIBbxs6u02fOqQNbCLG2Uy

10 14 15 21 22 23 64 68 VLT® AutomationDrive FC 301 / FC 302 | Danfoss

https://www.danfoss.com/en/products/dds/low-voltage-drives/vit-drives/vit-automationdrive-fc-301-fc-302/

33 NEMA MG1 Guidelines for adjustable speed/motor applications - JP Motors & Drives
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/

40 ABB survey reveals unplanned downtime costs $125,000 per hour | News center

https://new.abb.com/news/detail/107660/abb-survey-reveals-unplanned-downtime-costs-125000-per-hour

43 We Installed 42 Yaskawa GA500 micro-drives in JUST 12 HOURS from start to finish - Innovative-IDM |
Industrial Automation Controls Repairs
https://innovativeidm.com/2021/10/25/we-installed-42-yaskawa-ga500-micro-drives-in-just-12-hours-from-start-to-finish/

48 DANFOSS - EATON SVX9000 REPLACEMENT - Davis Controls

https://www.daviscontrols.com/danfoss-eaton-svx9000-replacement/
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https://iaeimagazine.org/magazine/2018/07/01/vfds-for-energy-savings-in-hospitals-what-the-code-says/
https://www.pumpsandsystems.com/vfd-studies-suggest-cost-savings-chemical-systems#:~:text=and%20estimated%20energy%20savings%20between,power%20difference%20normalized%20to%20be
https://www.pumpsandsystems.com/vfd-studies-suggest-cost-savings-chemical-systems#:~:text=The%20pump%20study%20verified%20the,months%20from%20the%20energy%20savings
https://www.pumpsandsystems.com/vfd-studies-suggest-cost-savings-chemical-systems#:~:text=New%20research%20points%20to%20opportunities,on%20the%20energy%20savings%20alone
https://www.pumpsandsystems.com/vfd-studies-suggest-cost-savings-chemical-systems
https://www.danfoss.com/en-us/about-danfoss/our-businesses/drives/#:~:text=Energy%20efficiency
https://www.danfoss.com/en-us/about-danfoss/our-businesses/drives/#:~:text=With%20best,A%20partner%20more%20than
https://www.danfoss.com/en-us/about-danfoss/our-businesses/drives/#:~:text=IM%2C%20PM%2C%20SynRM%2C%20or%20any,of%20efficiency%2C%20speed%20and%20torque
https://www.danfoss.com/en-us/about-danfoss/our-businesses/drives/
https://www.energyinst.org/?a=1406830#:~:text=A%20common%20example%20of%20this,For%20example%2C%20a%20motor%20may
https://www.energyinst.org/?a=1406830#:~:text=an%20application%20is%20understood%20as,Need%20to%20run%20below%2050Hz
https://www.energyinst.org/?a=1406830#:~:text=instances%20of%20VSDs%20installed%20but,normally%20installed%20for%20their%20energy
https://www.energyinst.org/?a=1406830
https://www.danfoss.com/en/products/dds/low-voltage-drives/vlt-drives/vlt-aqua-drive-fc-202/#:~:text=The%20considerable%20daily%20load%20variation,the%20lowest%20cost%20of%20ownership
https://www.danfoss.com/en/products/dds/low-voltage-drives/vlt-drives/vlt-aqua-drive-fc-202/#:~:text=and%20design%20which%20focus%20on,reducing%20heat%20loss
https://www.danfoss.com/en/products/dds/low-voltage-drives/vlt-drives/vlt-aqua-drive-fc-202/#:~:text=using%20freely%20programmable%20warnings%20and,alerts
https://www.danfoss.com/en/products/dds/low-voltage-drives/vlt-drives/vlt-aqua-drive-fc-202/#:~:text=How%20do%20real%20time%20analytics,work
https://www.danfoss.com/en/products/dds/low-voltage-drives/vlt-drives/vlt-aqua-drive-fc-202/#:~:text=Save%20energy%20on%20air%20conditioning,heat%20away%20from%20the%20room
https://www.danfoss.com/en/products/dds/low-voltage-drives/vlt-drives/vlt-aqua-drive-fc-202/#:~:text=Protect%20your%20assets%20well%20with,by%20water%20hammering%20and%20more
https://www.danfoss.com/en/products/dds/low-voltage-drives/vlt-drives/vlt-aqua-drive-fc-202/#:~:text=The%20considerable%20daily%20load%20variation,the%20lowest%20cost%20of%20ownership
https://www.danfoss.com/en/products/dds/low-voltage-drives/vlt-drives/vlt-aqua-drive-fc-202/
https://manuals.plus/m/923ad49cba056b0b41f4bd84b6ffe7aa691a105251f888a48794441e1a294cb2#:~:text=This%20document%20provides%20a%20comprehensive,AMA%29%20and%20Safe
https://manuals.plus/m/923ad49cba056b0b41f4bd84b6ffe7aa691a105251f888a48794441e1a294cb2#:~:text=management%20with%20back,AMA%29%20and%20Safe
https://manuals.plus/m/923ad49cba056b0b41f4bd84b6ffe7aa691a105251f888a48794441e1a294cb2
https://www.danfoss.com/en-in/products/dds/medium-voltage-drives/vacon-medium-voltage-drive/vacon-3000/#:~:text=VACON%C2%AE%203000%20,system%20integration%20and%20easy
https://www.danfoss.com/en-in/products/dds/medium-voltage-drives/vacon-medium-voltage-drive/vacon-3000/
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=installations,and%20use%20a%20modular
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=On%20the%20control%20side%2C%20Danfoss,AEO
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=plug,functionality%20to%20meet%20machinery%20safety
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=minimize%20energy%20use%20by%20trimming,IMC%29%20feature%20on%20the
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=an%20integrated%20method%20to%20remove,as%20a%20simple%20positioning%20drive
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=models%20can%20also%20offer%20safety,material%20handling%20or%20indexing%20conveyors
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=Another%20strength%20of%20Danfoss%20VFDs,meet%20IEEE%20519%20harmonic%20limits
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=drives%20come%20standard%20with%20features,Danfoss%20also%20offers%20dedicated%20low
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=without%20needing%20bulky%20external%20filters,facilities%20strive%20to%20minimize%20voltage
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=transformers%20or%20disrupt%20sensitive%20equipment,This%20means%20the
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=61800%20series%20of%20standards%20for,Danfoss%20VFDs%20a%20reliable%20choice
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=Ready%E2%80%9D%20or%20%E2%80%9CMeets%20NEMA%20MG1,Many%20modern%20motors
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=brochure%29.%20These%20built,low%20under%20all%20load%20conditions
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=prevalent%20in%20HVAC%20and%20refrigeration,for%20its%20exceptional%20quality%20and
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=choosing%20between%20ABB%20and%20Danfoss,to%20run%20for%20many%20years
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=GA500%20can%20run%20permanent%20magnet,Both%20brands%2C%20however
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=reach%20and%20top,Precision
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=line%2C%20so%20they%20stocked%20a,drives%E2%80%9D%20concept%20given%20the%20versatility
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=example%2C%20the%20older%20Eaton%20SVX9000,In%20one%20HVAC
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=cases%20a%20failed%20Eaton%20drive,The
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=modifications,was%20later%20repaired%20and%20kept
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=general,which%20can%20greatly%20reduce%20downtime
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=from%20ABB%2C%20Yaskawa%2C%20Eaton%2C%20or,For
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=Hitachi%20%E2%80%93%20Hitachi%20Industrial%20produces,C1
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=and%20OEM%20equipment,In%20comparison%20to%20Danfoss
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=sensorless%20vector%20control%20and%20decent,digit%20display
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=,graphical%20displays%20or%20at%20least
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=or%20extensive%20power%20range%20that,line%20was%20running%20on%20a
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=running%20on%20a%20Hitachi%20WJ200,refreshed%20the%20DC%20bus%20capacitors
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=team%20sent%20the%20WJ200%20to,This%20underscores%20how
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=and%20it%20bought%20the%20plant,rather%20than%20in%20a%20crisis
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=Lenze%20%E2%80%93%20Lenze%20is%20a,specific%20functionality%20%E2%80%93%20for
https://www.precision-elec.com/wp-content/uploads/2025/07/Danfoss-VFD-Drives-%E2%80%93-Overview-Comparisons-Repair-Options.pdf?srsltid=AfmBOooeWCOxFpHUby8ltm4iH_UwW5LvpdIlBbxs6u02fOqQNbCLG2Uy#:~:text=relative%20to%20Danfoss%20or%20ABB,in%20the%202000s%20but%20was
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