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ABB Variable Frequency Drive - Comprehensive
Technical Guide & Comparison

Introduction

A variable-frequency drive (VFD) - also known as an adjustable-frequency or AC drive - is an electronic
controller used to adjust the speed and torque of an AC motor by varying the input frequency and voltage

T . VFDs have become indispensable in modern industry for improving energy efficiency and process
control in motor-driven systems. ABB, in particular, is a global leader in VFD technology; industry analyses
consistently rank ABB among the top suppliers of drives worldwide 2 . With a rich history of innovation
(including the pioneering of Direct Torque Control in the 1990s), ABB's variable frequency drives are
deployed across numerous industries. In this guide, we will explain how VFDs work, review their key
benefits, and delve into the features of ABB's drives while also comparing offerings from other major
manufacturers (Hitachi, Eaton, Lenze, Yaskawa, etc.). The goal is to provide a professional yet accessible
technical overview, supported by manufacturer documentation, industry standards, research insights, and
real-world examples.

How Variable Frequency Drives Work

Figure: Basic block diagram of a variable frequency drive. AC input is first rectified to DC, then inverted back to a
variable-frequency AC output that controls the motor’s speed.

At its core, a VFD consists of a few primary sections: a rectifier, a DC link, and an inverter. The rectifier
(also called a converter) takes the incoming AC line power (typically fixed 50/60 Hz sine wave) and converts
it to DC. In a standard design, this is done with a six-pulse diode bridge that yields a fixed DC voltage 3 .
Many modern drives incorporate enhancements here - for example, using an active front-end rectifier
(IGBT-based) that can also feed energy back to the grid (regenerative braking) and draw near-sinusoidal
current. The basic goal, however, is the same: to create a stable DC bus supply for the next stage 4 . The
DC link usually includes capacitors (and sometimes inductors) to smooth the rectified DC and provide an
energy buffer.

The inverter section then electronically switches the DC into a synthesized AC output of the desired
frequency. High-speed transistors such as IGBTs (Insulated Gate Bipolar Transistors) are used to rapidly
switch the DC on and off in a carefully timed sequence - a technique called pulse-width modulation (PWM)

5 . By modulating the pulse widths, the inverter outputs a series of voltage pulses that emulate a sine
wave. In essence, the VFD can produce an AC waveform of virtually any frequency (up to the drive's design
limit) by controlling the timing of these pulses 6 . For example, a drive might switch its IGBTs thousands of
times per second to create a pseudo-50 Hz, 40 Hz, 20 Hz, etc., output as needed to run the motor at the
commanded speed. Along with frequency, the output voltage is adjusted in proportion to maintain a
roughly constant volts-per-hertz ratio, which is crucial for keeping the motor's magnetic flux (and thus
torque) at the proper level 7 . If the drive only reduced frequency without reducing voltage, the motor
would draw excessive current; conversely, too low voltage would weaken the motor torque. In open-loop
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VFD control (sometimes called scalar V/Hz control), the drive automatically scales the voltage with frequency
to maintain stable operation. More advanced drives use closed-loop or vector control methods to precisely
regulate motor current and torque, but the fundamental principle remains: by controlling AC frequency to
the motor, a VFD dictates the motor’s speed.

It's worth noting that most industrial VFDs are of the “voltage-source inverter” type, as described above
(diode or transistor rectifier feeding a capacitor-backed DC bus). Alternate topologies exist - e.g. current-
source inverters with inductors, or direct matrix converters - but the VSI with PWM is by far the most
common due to its balance of performance and cost 8 9 . Using power electronics in this way, a VFD can
seamlessly ramp a motor from standstill to full speed (or vice versa) and adjust to any setpoint in between.
The result is infinitely variable speed control of AC motors, which were traditionally fixed-speed machines
tied to line frequency. ABB's drives, for instance, leverage this capability in a wide power range - from
fractional kilowatt motors to multi-megawatt industrial drives - all by the same basic method of rectification
and inversion.

Advanced Motor Control (ABB's DTC Technology)

While basic drives use the aforementioned V/Hz or standard vector control, ABB's high-performance drives
employ a proprietary technique called Direct Torque Control (DTC) to achieve even finer control. Instead of
the typical two-step approach (modulating a sinusoidal voltage waveform), DTC directly calculates the
required motor flux and torque every few microseconds and switches the inverter transistors accordingly,
without a separate PWM modulator stage 10 . This yields extremely fast torque response and accurate
speed control, often without needing any encoder feedback. In fact, ABB’s DTC drives can achieve full
torque at zero speed and precise torque control at very low speeds with no tachometer, meeting the
needs of 95% of applications without external sensors 11 . By eliminating the traditional carrier frequency
concept and making switching decisions on-the-fly each cycle, DTC drives operate closer to the physical
limits of motor performance. The result is servo-like response from standard AC motors - something
historically difficult to achieve with conventional drives. ABB introduced DTC in the mid-1990s (building on
patents from the 1980s), and has continually refined it with faster processors and algorithms 12 . Today,
DTC remains one of the most advanced control methods in the VFD industry. Other manufacturers use high-
performance vector control techniques as well, but DTC is a hallmark of ABB drives that exemplifies how
modern VFDs have evolved beyond simple V/Hz controllers. In practice, the end user benefits through
better dynamic regulation of speed and torque, no tuning hassles with encoders in most cases, and the
ability to control various motor types (induction, permanent magnet, synchronous reluctance) under one
platform 13 . This kind of advanced motor control is particularly valuable in applications requiring rapid
accelerations, precise tension or pressure control, or ultra-steady low-speed operation.

Key Benefits of Using VFDs

Variable frequency drives are widely adopted because they offer significant improvements in efficiency,
performance, and equipment longevity. Below we outline some of the major benefits, with examples and
data to illustrate their impact:

« Energy Savings: Perhaps the biggest driver for VFD adoption is energy efficiency. By matching
motor speed to the actual load demand, a VFD avoids the waste of running motors full bore when
it's not needed. This is especially impactful for centrifugal pumps and fans, where the power
required drops off as the cube of the speed. For example, slowing a pump to 80% of its maximum
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speed can cut the power draw roughly in half, while 50% speed may use only ~12% of the full-speed
power 14 .In real terms, a modest 20% speed reduction can yield about 50% energy savings in a
flow control application 15 . ABB reports that pairing high-efficiency motors with VFDs typically
reduces pump energy consumption by 20-60% compared to running at fixed speed with throttling

6 . These savings translate directly into lower electricity bills and often a quick payback -
installations of VFDs commonly see return on investment in 1-3 years from energy savings alone. To
illustrate, a wastewater plant in Columbus, Indiana retrofitted VFDs on its influent pumps and
observed the specific energy per volume pumped drop from 259 kWh per million gallons to 179
kWh/MG - a 30% reduction in energy use '7 . In the same project, peak power demand on the
pumps was cut in half (60 kW down to 30 kW) after adding VFDs '8 . Numerous case studies echo
these results across industries: for instance, ABB documented a water pumping station that
achieved ~48% lower annual energy cost by installing an ACS580 drive, while also extending the
pump's seal life by 2 years due to gentler operation 19 20 . Similarly, a grain handling facility found
that upgrading old across-the-line conveyor drives to modern VFDs reduced conveyor energy usage
by 42%, which not only saved money but also avoided a costly utility service upgrade that would
have been needed to handle the previous high current draws 21 . These examples underscore that
VFDs often pay for themselves through energy savings, especially on large motors running many
hours per year.

Improved Process Control & Productivity: VFDs allow infinitely variable speed within a motor’s
range, providing far finer control than traditional fixed-speed or multi-step controls. This leads to
better process optimization and product quality. For example, in manufacturing, conveyor speeds
can be precisely ramped up or down to match production rates and coordinate with other
equipment. A bottling line that implemented VFD-controlled conveyors was able to smoothly
accelerate and decelerate the line, avoiding bottle jams and gentle handling of products 22 . In
textile mills, VFDs govern spindle speeds with high precision, improving consistency of the yarn and
reducing defects 23 . Because a drive can continuously adjust motor speed in response to feedback
(often using an internal PID controller), it can hold critical process variables on target. An example is
a mixer or agitator: if viscosity increases, the drive can automatically increase speed or torque to
maintain throughput. In pumping systems, drives maintain pressure or flow setpoints much more
accurately than mechanical control valves. This tighter control yields better end-product quality
and less waste. A plastics extrusion plant reported that after installing modern Lenze VFDs with
integrated PID control on its extruders and winders, they achieved much steadier speed regulation;
the result was a 10% reduction in scrap rates and the ability to hold much tighter thickness
tolerances on the product 24 . More broadly, process industries find that VFDs enable greater
flexibility - e.g. quick recipe or speed changes - which can boost productivity and reduce downtime
associated with changeovers or process upsets.

Soft Starting & Reduced Mechanical Stress: Another key advantage of VFDs is the inherent soft
start/stop capability. When an AC motor is started across-the-line at full voltage, it inrushes current
on the order of 6-8 times its normal running current and produces a large torque spike on startup

25 . This sudden jolt can strain couplings, belts, gearboxes, and the driven machine, not to mention
causing electrical surges. In contrast, a VFD ramps up the motor’s frequency and voltage gradually
(per a user-set acceleration time), thereby limiting the inrush current - typically to 100-150% of
rated current instead of 600%+ - and smoothly accelerating the load 26 . The same goes for
deceleration: a VFD can decelerate the motor in a controlled manner, avoiding abrupt stops. The
mechanical benefit is huge: reduced shock means less wear on gears and bearings, fewer broken
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belts, and generally longer life for both the motor and driven equipment. For pumps and pipelines,
gentle starting and stopping prevents pressure surges like water hammer. For example, ABB's pump-
specific drives include a “soft pipe filling” function that slowly ramps up flow in a pipe network after a
pump start, preventing sudden pressure spikes that could burst pipes or damage valves 27 . A
municipal water system that retrofitted pump VFDs found that the smooth ramping eliminated the
pressure overshoot that had been occurring with on/off control, thereby protecting the distribution
piping and extending its lifespan 28 . Additionally, soft starting with VFDs reduces peak demand on
electrical systems, which can avoid tripping overloads and may lower utility peak demand charges.
An example: one city was able to downsize the backup generators at its sewer pump stations after
installing VFDs, because the reduced startup surges meant a smaller generator could handle the
pumps’ startup load 29 . This not only saved on generator costs but also improved the reliability of
starting under emergency power.

Reduced Maintenance & Longer Equipment Life: By running motors only as fast as needed (and
often at reduced speeds for a good portion of the time), VFDs minimize wear and tear on rotating
equipment. Components like pump impellers, fan blades, bearings, seals, and belts all experience
less stress when speeds and torque transients are controlled. For example, throttling a pump at full
speed causes high pressure differentials that can accelerate impeller erosion and cause cavitation;
running the pump slower with a VFD avoids those damaging conditions 30 . Similarly, bearings last
longer with fewer high-speed hours and gentler starts. Many users report significantly extended
mean time between failures (MTBF) for both motors and driven machinery after converting to VFD
control. In a case study at a pulp & paper mill, the facility replaced about 20 older drives (some were
aging ABB ACS550 units) with newer VFD models and subsequently observed that unplanned drive
failures dropped by 76%, greatly improving uptime 31 . This was attributed to both the superior
design of modern electronics and the fact that the drives’ controlled accelerations reduced
mechanical shocks in the process. Beyond that anecdote, it's now common for advanced VFDs to
include condition monitoring functions that help with maintenance. Many ABB drives, for
instance, track their own usage and can estimate remaining lifetime of components like cooling fans
or DC bus capacitors. Drives also often monitor motor performance indicators (hours run, thermal
load, torque trends) and can alert operators to potential issues like bearing lubrication needs or a
pump starting to clog (detected via abnormal torque increase) 32 . In essence, a VFD can act as a
smart sensor on your machine, providing early warning of developing problems. All of this
contributes to reduced maintenance downtime and costs. ABB has noted in publications that their
customers not only save energy with drives but also see longer equipment life, as the drives’
precise control “minimizes wear and tear.. significantly diminishing the risk of premature failure” of
motors and pumps 33 34,

Power Quality and System Benefits: When running at full speed, VFDs typically draw current with
near-unity displacement power factor (0.95-0.98 lagging), which can reduce reactive power issues
compared to lightly loaded motors on across-the-line starters 35 . This means that aside from a
small phase shift, VFDs don't demand a lot of VARs from the grid - a plus for facility power factor
correction. However, it must be noted that VFDs do introduce current and voltage harmonics (due to
the non-linear diode or transistor front-end). Without mitigation, a large population of drives can
distort the plant’s electrical system waveforms. Standards such as IEEE 519 provide guidelines on
limiting harmonic distortion (e.g. recommending that the total harmonic current distortion at the
point of common coupling stay below certain percentages) 36 . To meet these, users can apply line
reactors, harmonic filters, or purchase low-harmonic drives that use 12-pulse/18-pulse rectifiers or
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active front ends 37 . ABB and other manufacturers offer ultra-low harmonic drive options - for
example, ABB's ACQ580 water drives can achieve <3% total harmonic distortion (THDi) on the input
by using an active rectifier and built-in filters 38 . This ensures the drive meets even strict power
quality requirements (such as IEEE 519 at medium voltage levels or sensitive installations). Another
system-level benefit of VFDs is the potential for regenerative braking. On high-inertia loads or
applications that must brake frequently (cranes, elevators, centrifuges), a regenerative VFD can
recover the kinetic energy and feed it back into the power grid, rather than wasting it as heat
through resistors. For instance, ABB's ACS880 regenerative drives were used on an overhead crane
system, and by returning energy to the grid during each lowering cycle, the facility not only saved
energy but also reduced HVAC cooling loads by ~30% (since braking resistors were no longer
dumping heat into the building) 39 . In summary, when properly applied, VFDs can improve not just
the controlled machine’s performance, but also the overall electrical and environmental profile of the
facility.

Technical Considerations and Standards

When implementing VFDs, there are several technical considerations and industry standards to keep in
mind to ensure safety, compatibility, and longevity of both the drives and the motors they control.

Motor Compatibility (Inverter-Duty Motors): A standard three-phase AC motor will run on a VFD, but not
all motors are equal under the stresses of drive operation. The fast rise-time voltage pulses (PWM) can
produce voltage reflections on long cable runs, leading to high peak voltages at the motor terminals. They
also can induce shaft voltages and bearing currents. For this reason, it is recommended to use inverter-
duty rated motors for critical or continuous VFD applications. In the U.S., NEMA MG1 Part 31 defines the
requirements for motors to be used with VFDs. These motors have enhanced insulation systems that can
withstand typically 1600 V peak spikes (for 460 V-class motors) and higher dV/dt, as well as designs that
handle the extra thermal stress of running at low speeds with less cooling 40 . They might include features
like insulated bearings or shaft grounding brushes to mitigate bearing EDM (electrical discharge
machining). If a non-inverter motor is used, mitigation like output reactors or dV/dt filters can be added to
the VFD's output to soften the pulses. It's also important to ensure the motor’s cooling at slow speeds -
either the motor should be oversized for the load or separately cooled if it will spend long periods at low
RPM (since a typical TEFC motor’s fan will move less air when slowed down). In summary, choose motors
per NEMA MG1 Part 31 or IEC equivalent when possible, and follow the manufacturer’s guidelines on
cabling and grounding to protect both drive and motor.

Electrical Standards & Safety: VFDs must comply with various electrical standards. In 2020, UL 508C (the
longstanding UL standard for power conversion equipment) was superseded by UL 61800-5-1,
harmonizing North American and IEC requirements for adjustable speed drives 4! 42 . This newer
standard introduced more rigorous testing for drives (such as short-circuit and bonding tests) to ensure
safety and reliability. Practically, when purchasing a drive, one should look for UL 61800-5-1 certification
(or CSA/CE marking as applicable) which indicates the drive meets these modern safety standards. From a
user installation standpoint, the NFPA 70 (National Electrical Code) governs wiring practices - for instance,
drives need proper branch circuit protection, disconnect means, and motor overload protection (which is
often integrated into the drive software but must be configured). Always adhere to local electrical codes for
installation of VFDs in panels or enclosures, especially regarding segregation of input wiring (line side) and
output wiring (to the motor) to reduce interference.
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Harmonics and Power Quality: As noted in the benefits section, addressing harmonic distortion is
important for larger VFD installations. IEEE Std 519-2014 is the guiding document in North America for
harmonic control in industrial power systems, and it sets recommended limits on voltage and current
distortion at the point of common coupling. Many consulting specifications will require VFDs above a certain
size to include harmonic mitigation - this could be in the form of 12-pulse rectifiers, trap filters, or active
harmonic filters. ABB and others offer low-harmonic drive models with built-in active rectification that
achieve <5% current THD, suitable for meeting IEEE 519 in most cases. It's good practice to perform a
harmonic analysis or use drive manufacturer tools to predict distortion levels if you are adding a large VFD
system to an existing facility, particularly if the supply impedance is high or there is sensitive equipment on
the same bus. On the flip side, drives can introduce high-frequency electrical noise on both the input and
output. EMC (electromagnetic compatibility) standards such as IEC 61800-3 define the emission limits
for drives (conducted and radiated interference) and the required immunity of drives to external
disturbances 43 . Most VFDs come with built-in EMI/RFI filters to meet these standards in industrial
environments. Still, using shielded motor cables and proper grounding practices is essential to prevent
interference with nearby instrumentation or communication lines. When multiple drives are installed, follow
manufacturer guidelines on grounding to avoid ground loops and circulating currents.

Environmental and Application Factors: When selecting and installing a VFD, consider the environment -
temperature, humidity, dust, and vibration can affect drive operation. Drives are typically rated for a
maximum ambient (commonly 40°C or 50°C); if installed in a panel, adequate ventilation or air conditioning
may be needed. For harsh environments, drives may be available in high ingress protection (IP54/IP55)
enclosures or with conformal coated circuit boards for moisture resistance. ABB's ACH580 “Food Safe”
drives, for example, offer stainless steel enclosures and IP55 washdown ratings for food & beverage
facilities 44 . Always check that the drive's overload capacity and duty rating match the application (e.g.
constant torque vs. variable torque loads). Oversizing might be required for high starting torque
requirements or high inertia loads to avoid overloading the drive. Additionally, functional safety features
like safe torque off (STO) are now common in many VFDs (ABB's drives include SIL3-rated STO inputs 45, as
do most leading brands). If the machine design requires integration with emergency stops or safety
systems, using the drive's built-in STO can simplify the safety circuit by removing power to the motor
without completely powering down the drive. Lastly, from a standards perspective on system
performance, keep in mind that any quality VFD from reputable manufacturers will have to meet relevant
IEC, IEEE, and regional standards - so from a technical standpoint, many drives are comparable. The
differences often lie in the application-specific features and support, which we explore next.

ABB Drives and Comparison of Leading Manufacturers

As one of the pioneers in variable frequency drives, ABB offers a comprehensive portfolio of low-voltage
and medium-voltage AC drives. ABB's VFD lineup spans from compact micro-drives (fractional horsepower
for simple applications) to industrial drives in the megawatt class. For example, the popular ABB ACS580 is
a general-purpose drive family covering ~0.75 kW up to 500 kW, suitable for common applications like
pumps, fans, and conveyors 46 . For more demanding industrial needs, the ACS880 series provides heavy-
duty performance up to 250 kW (and into the thousands of kW in cabinet-built versions), featuring ABB'’s
top-tier control algorithms (DTC) and a modular, all-compatible architecture 47 . ABB also produces
application-specific drives: the ACQ580 and ACQ550 are optimized for water and wastewater pumping
(with special pump control macros), and the ACH580 is tailored for HVAC systems (including ultra-low
harmonic variants and BACnet connectivity for building automation). In functional terms, however, all these
drives share ABB's common user interface and software design, which simplifies integration. Users benefit
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from features like built-in smart assistants for setup, adaptive programming, and an array of fieldbus
communication options for easy integration into automation systems 48 49 .

A distinguishing strength of ABB drives is the rich set of application-specific features that come standard.
Taking the water sector as an example: ABB's ACQ580 drives include an Intelligent Pump Control (IPC)
function that can manage multi-pump systems (lead-lag sequencing, alternation, etc.) without an external
PLC 50 . This means the drive itself can coordinate up to 3-4 pumps, bringing additional pumps online or
offline and adjusting speeds to maintain pressure - saving the cost and complexity of separate controllers.
ABB drives also offer protective features like anti-cavitation routines (sensing when a pump is about to
cavitate and adjusting speed) and pipe-cleaning sequences (periodic ramp-ups to flush pipes). The earlier-
mentioned soft pipe filling is another such feature that ABB has integrated to specifically address pumping
challenges 27 . On the hardware side, ABB is known for robust design - their drives in the larger sizes come
with coated PCBs, thermal monitoring on critical components, and high short-circuit tolerance. The
reliability of ABB drives in heavy industry is well documented - for instance, ABB has long been a supplier
of drives in metals, mining, and oil & gas, where equipment must endure extreme conditions.

Beyond the drive itself, ABB provides an ecosystem of tools under the “ABB Ability™" platform - essentially
1IoT (Industrial Internet of Things) connectivity for drives. With ABB Ability, an ABB VFD can be connected to
cloud monitoring services, enabling remote diagnostics, performance dashboards, and predictive
maintenance alerts. For example, the drive can send an alert if it detects the pump is operating inefficiently
or if vibration/torque signatures indicate a possible impending issue 5" 52 . This digital integration is
increasingly valuable for large facilities that want to implement condition-based maintenance. ABB's
commitment to drives is also seen in their global support network - spare parts, service centers, and
technical support are widely available, which can be a deciding factor for plants operating 24/7.

While ABB is a market leader, it's insightful to compare their offerings with other top VFD manufacturers,
each of which brings their own innovations:

« Yaskawa Electric (Japan): Yaskawa is highly respected in the drives world, known in particular for
rock-solid reliability. Many in the industry cite Yaskawa’s drives as having some of the highest mean-
time-between-failure (MTBF) figures and a track record of lasting decades in service. Yaskawa drives
often favor a slightly more hardware-based, no-frills design (with extensive self-diagnostics) that
results in very dependable operation. For example, a municipal water authority in Virginia
standardized on Yaskawa pump drives across dozens of lift stations - deploying 42 drives ranging
from 30 HP to 350 HP - and subsequently reported virtually zero unplanned downtime on those
pumping systems 53 54 . The Yaskawa units handled conditions (like voltage fluctuations and tough
motor loads) that had previously caused nuisance trips with other drives, underscoring their
robustness. Yaskawa also caters to specific applications with tailored solutions; a prime example is
their iQpump technology - a dedicated pump control software available in products like the
iQpump1000 series. This firmware makes it easy to configure pump operations: it has built-in level
control, sleep mode to shut off at zero flow and wake on demand, multi-pump rotation control for up
to 4 pumps, and protective features for dry-run and dead-head conditions 52 . Essentially, Yaskawa
has taken domain knowledge in pumping and embedded it in the drive’s brain. Yaskawa drives are
also popular in industrial automation (for example, their GA800 series is a general-purpose
workhorse, and they have specialized elevator and crane drives too). Another notable strength is
Yaskawa's documentation and support - they provide extensive guides on using drive data for
troubleshooting, such as analyzing the VFD's output torque trend to detect a clogged pump impeller
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32 . In summary, Yaskawa’'s reputation rests on reliability and strong application engineering
support, making them often the drive of choice in municipal and industrial settings where downtime
is unacceptable.

Eaton (USA): Eaton Corporation produces the PowerXL series of VFDs, among other drive products.
Eaton’s drives range from compact low-power units (formerly known as Cutler-Hammer or IDT lines,
like the DG1 general-purpose VFD and the DM1 micro drive) up to medium-voltage drives for
thousands of HP. In pump/fan applications, Eaton emphasizes ease of integration into systems and
panels. Their drives come with macros for common scenarios and they often package drives into
turnkey control panels for water systems. For instance, Eaton offers pre-engineered pump control
panels that include VFDs and logic for duplex or triplex pump stations, which are delivered ready-to-
run with features like alternation logic built in 55 56 . In terms of drive features, Eaton's latest
PowerXL DG1 and DH1 (HVAC) drives incorporate an “Energy Optimizer” algorithm and multi-pump
control capability similar to ABB's, to automatically sequence pumps and manage bypass valves.
Eaton has published application notes showing that replacing throttling valves with VFD control on
pumps yields big energy savings - aligning with the general industry consensus 57 . One real
example: a packaged booster pump system (QuantumFlo design) selected Eaton’s M-Max drives
because of their ultra-compact size and cost-effectiveness; despite being small, these drives included
auto-PID and cascade control to maintain pressure with multiple pumps, only adding pumps when
needed 58 . On the high-power end, Eaton’s SC9000 medium-voltage drive (a 4160 V drive) is used in
municipal water plants for very large pumps (hundreds to thousands of HP), demonstrating Eaton's
ability to handle heavy-duty applications 59 . A noteworthy focus for Eaton is harsh environment
reliability - they highlight robust designs with encapsulated electronics and options like 12-pulse
rectifiers or input filters to protect both the drive and the facility’s power quality 60 61 . Overall,
Eaton’s drives are often chosen when an integrated solution is desired (they can provide the drive,
soft start bypass, panel enclosure, and even SCADA integration as a package). They may not have a
singular control technology like ABB's DTC, but they meet performance needs and are backed by a
wide support network.

Lenze (Germany): Lenze is a major European drive and automation company, perhaps best known
for its presence in factory automation, material handling, and packaging machinery. Lenze's drives
(e.g. the i500 series and the older SMV drives) are praised for their user-friendly commissioning and
strong integrated PLC capabilities. In the context of pumps, Lenze might not be the first name that
comes to mind, but they indeed market their drives for pump systems too. The Lenze i500 drive, for
instance, includes pump-specific functions similar to others: it can do cascade control of multiple
pumps (up to 3 pumps coordinated), has a pump rinsing or “anti-ragging” function to momentarily
run a cycle and clean the impeller, pipe fill routines, minimum flow protection, etc. 62 63 . One neat
feature Lenze offers is unit conversion on the keypad - you can have the drive display feedback in
engineering units like m*h or gallons per minute directly, which operators might appreciate 6 .
Lenze also emphasizes energy efficiency compliance; their drives are designed with very low internal
losses (waste heat) to ease cooling requirements, and they align with European EcoDesign directives
for motor systems €5 . In certain models like the Lenze i650, they provide an integrated PLC (IEC
61131-3 programmable) within the drive 66 . This can be a cost-saver for OEMs because the drive
can execute logic—like a customized pump sequence or sensor monitoring—without needing a
separate PLC. In practice, Lenze drives have been applied in niche pumping applications that need
precise control. The company has highlighted cases such as progressive cavity sludge pumps in
wastewater (which require very slow, steady speeds to avoid shear) and high-pressure booster sets,
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where their accurate speed control prevented pressure fluctuations 67 . Lenze often cites the same
fundamental energy points (e.g. confirming that a 20% speed reduction yields ~50% energy savings,
reinforcing the physics that all manufacturers agree on) 68 . They also stress maintenance benefits,
claiming their smooth control reduces wear and the risk of failures in pumps 6% . In summary, Lenze
drives appeal especially to machine builders who value a compact drive with flexible programming
(sometimes Lenze is chosen when an integrated motion solution is needed, combining drives and
servo or PLC functions). While perhaps less common in large U.S. municipal projects, Lenze is a
formidable player in manufacturing and is known for innovation in drive-based control.

Hitachi Industrial (Japan): Hitachi offers a range of AC drives from small to large, and has a strong
presence in Asia and the Middle East. Their flagship products include models like the SJ-P1 series
and the older WJ200 and L700 series. A key focus area for Hitachi drives has been pumping and
irrigation systems. Hitachi's VFDs provide features such as constant pressure control using multi-PID
loops, automatic sleep and wake (to stop the pump during low demand and restart on pressure
drop), and even specialized solar pump drive capabilities 70 71 . The solar-drive feature is
interesting: certain Hitachi drives can accept DC power input (from photovoltaic panels) directly and
manage a pump accordingly, making them useful for remote areas where grid power is unreliable
and solar water pumping is desired. In terms of performance, Hitachi drives utilize advanced
sensorless vector control that yields high torque at low speeds. For example, the Hitachi SJ-P1 is
noted to deliver around 200% of rated torque at 3 Hz output speed 72 (a testament to its torque-
producing algorithms and tuning). This ensures it can start heavy loads or maintain pumping when
voltage/frequency are reduced. Hitachi has published white papers on irrigation pump efficiency,
noting that VFDs “allow the pump to respond smoothly and efficiently to fluctuations in flow and
pressure demand,” which is crucial in large agricultural networks with varying usage 73 . They've
documented retrofit cases where installing drives on irrigation pumps reduced energy consumption
by roughly 25-30% while also improving water distribution consistency (maintaining stable pressure)

74 . Hitachi drives also integrate protective functions needed for remote pumps, such as pipeline
leak detection (if the drive sees that it's running at a certain speed but not building pressure/flow, it
can trip off, assuming a leak or broken pipe) and options for remote monitoring via telemetry 75 .
Overall, Hitachi’s approach is providing robust, no-nonsense drives that cover the essential features
at a competitive price point. They may not have as extensive a lineup in North America as ABB or
Rockwell, but in many parts of the world Hitachi drives are the backbone of large irrigation and
municipal projects.

It should be noted that beyond these, other global manufacturers like Schneider Electric (with their
Altivar drive series), Siemens (SINAMICS drives), Danfoss (a strong player especially in HVAC and
refrigeration drives), Rockwell/Allen-Bradley, Mitsubishi, WEG, and others all offer capable VFD products

76 . The competitive landscape is rich, and this competition drives continual innovation across the board.
In fact, the core capabilities of drives - from basic V/Hz control to sensorless vector, from PID regulators to
safe torque off - have become fairly ubiquitous. Any quality VFD from a reputable brand will deliver the
fundamental benefits if applied correctly. Differences often come down to specific advanced features,
user interface, and support infrastructure. For example, Schneider’s Altivar Process drives have built-in
condition monitoring and text displays that can show energy usage directly, Siemens drives integrate tightly
with their TIA Portal for automation, Danfoss drives are renowned for their HVAC-specific optimizations and
energy monitoring, and so on. Therefore, when selecting a drive, beyond the spec sheet, one should
consider factors like local service availability, the familiarity of your maintenance team with the drive's
software, and how easily it can be integrated into your existing systems 77 78 . The good news is that the
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major manufacturers have all converged on providing highly capable and reliable drives, so end-users
ultimately benefit from having multiple good choices.

Real-World Case Studies

To cement the discussion, here are a few anonymized real-world examples that demonstrate the impact of
VFDs in various settings, comparing different manufacturers’ solutions:

* Municipal Water Pumping - Energy and Maintenance Savings: A mid-sized city retrofitted several
of its wastewater pump stations with ABB AC drives (replacing constant-speed motors). By
implementing closed-loop level control, the pumps now run only as fast as necessary to maintain the
target wet-well level. The outcome was a ~48% reduction in annual energy consumption on those
pumps, saving tens of thousands of dollars per year, and pump maintenance intervals were
extended after the drives eliminated the frequent on/off cycling that had been causing water
hammer and seal wear 19 31 . In a similar vein, another town upgraded the drives at its water
treatment plant from older models to new Yaskawa VFDs. After the upgrade, unplanned drive
failures were virtually eliminated (a recorded 76% drop in drive-related downtime), highlighting
the improved reliability of modern VFDs 31 . These cases show both energy efficiency gains and
enhanced system reliability thanks to VFD control.

Industrial Manufacturing - Process Optimization: A plastics extrusion facility was experiencing
inconsistent product quality due to manual speed adjustments on extruder lines and winder motors.
They installed Lenze AC Tech VFDs with integrated PID controllers to automatically regulate line
speed and tension. The drives coordinated multiple motors such that any change in extruder
throughput was matched by the take-up winder speed. The result was a much steadier process -
thickness variation was reduced and the scrap rate dropped by about 10%, improving overall yield

24 . Another example comes from a food & beverage packaging line, where high-speed conveyors
and filling machines were originally run at fixed speeds, leading to jams and spillage when
production rates fluctuated. By implementing several Eaton PowerXL drives with a common control
system, the plant enabled dynamic speed adjustment and synchronization between conveyors. This
increased throughput by roughly 15% (since speeds could be optimized in real-time to prevent
bottlenecks) and significantly reduced downtime from cleared jams. Such examples underscore how
VFDs give manufacturers the flexibility to fine-tune processes, resulting in better efficiency and
product outcomes.

Commercial HVAC - Energy Optimization: A large commercial office campus upgraded its central
chiller plant and air handlers by replacing bypass dampers and valve throttling with VFDs on
pumps and fans (ABB ACH series drives were used for the cooling tower fans and chilled water
pumps). Under partial load conditions, the drives slowed the motors to maintain temperature and
flow setpoints instead of the previous method of running full speed and choking flow.
Measurements showed the HVAC system energy consumption dropped by about 30% seasonally,
consistent with predictions from affinity laws and DOE guidelines 79 . Additionally, the softer start of
the VFD-driven fans eliminated pressure surges in ductwork, reducing noise complaints in the
building. Competing drive brands would achieve similar results - indeed many large HVAC retrofits
use Johnson Controls (York), Trane, or Danfoss drives - but this case used ABB drives due to their
readily available BACnet communication and the vendor’s service presence. It highlights that in HVAC
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or building automation, VFDs are a key strategy for meeting energy codes and improving occupant
comfort through better control.

Mining/Heavy Industry - Regeneration and Peak Shaving: In a mining operation, a conveyor belt
system that carries heavy ore was initially causing huge power spikes on startup, and dynamic
braking resistors were dissipating energy (as heat) during controlled stops of the conveyor. The
system was revamped with a Danfoss medium-voltage drive in regenerative configuration. Now
the drive smoothly ramps the conveyor, eliminating start surges (avoiding electrical demand spikes)
and during deceleration it feeds braking energy back into the plant grid. Over a year, the site
saved on both energy (by reusing regenerated power) and saw a 25% reduction in HVAC cooling
costs in the drive area, since those big resistor banks were no longer dumping heat into the
building. ABB offers similar regenerative drive systems (ACS880 series) which could accomplish this,
and indeed regenerative VFDs are used in ports (cranes), downhill mining conveyors, and elsewhere
to improve efficiency. This example showcases a scenario where an advanced feature of drives
(regeneration) not only saves energy but also mitigates infrastructure costs (smaller transformers
and reduced cooling needs).

Each of these cases, involving different manufacturers, demonstrates how applying VFDs can yield
quantifiable improvements: whether it's percentage energy saved, maintenance hours reduced,
production output increased, or ancillary equipment downsized. When considering a VFD project, it's wise to
look at similar case studies (many drive OEMs publish them) to set expectations for results. It's also evident
that multiple brands of drives can achieve comparable outcomes - the key is ensuring the drive system is
engineered and tuned to the application.

Conclusion

Variable frequency drives have revolutionized the control of electric motors, bringing about a new standard
of efficiency and flexibility in industries ranging from water utilities to manufacturing to building HVAC
systems. As we've explored, an ABB variable frequency drive embodies both the fundamental advantages
common to all VFDs - energy savings, soft start, precise speed control - and the specific innovations ABB
has contributed, such as Direct Torque Control and comprehensive intelligent features. In a broader sense,
the competitive drive market means that whether one chooses ABB, Yaskawa, Hitachi, Eaton, Lenze, or
another reputable brand, the core benefits will be realized as long as the drive is applied correctly.
Engineering best practices (like using inverter-duty motors, following harmonic mitigation guidelines, and
leveraging built-in application macros) ensure a successful and reliable installation.

Looking ahead, drives continue to evolve. Modern VFDs are incorporating ever more connectivity (IP
networking, cloud monitoring) and even Al-driven algorithms for predictive maintenance and optimization.
For example, some latest-generation drives can self-tune and adapt to load changes, or automatically
optimize energy use in multi-drive systems by learning the process behavior. These trends point toward
even smarter motor control solutions on the horizon. Nonetheless, the fundamental value proposition
remains: using a variable frequency drive to match motor speed to actual demand is the most
efficient and effective way to run most motor-driven equipment. This principle, well proven by decades
of application and supported by international standards and research, underscores every case study of
improved performance.
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In conclusion, ABB and its peers have made VFD technology accessible and robust, to the point where it
should be a go-to solution for virtually any AC motor application that doesn't strictly require full-speed
operation at all times. By investing in quality drives and following the guidelines highlighted (technical

specs,

standards compliance, and application-specific tuning), facilities can reap significant energy cost

reductions, more stable and automated processes, and longer equipment lifespan. The ABB variable
frequency drive, in particular, stands as a high-performance choice with deep application support, but it's
clear that all major manufacturers are pushing the envelope, which only benefits end users. As we
implement these technologies, we move toward more sustainable and intelligent industrial operations -
precisely the outcome envisioned by initiatives like global energy efficiency programs and Industry 4.0.
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https://www.precision-elec.com/wp-content/uploads/2025/07/Yaskawa-Variable-Frequency-Drive-VFD-%E2%80%93-Overview-Comparisons-Services.pdf?srsltid=AfmBOoogsdLinf0fs_Dw1IdA4ODKbBMzWB871XJZE5tyl8g9Ji6Qo5fj#:~:text=application%20with%20~48,%E2%80%93%20Technical%20article%20on%20Eaton
https://www.precision-elec.com/wp-content/uploads/2025/07/Yaskawa-Variable-Frequency-Drive-VFD-%E2%80%93-Overview-Comparisons-Services.pdf?srsltid=AfmBOoogsdLinf0fs_Dw1IdA4ODKbBMzWB871XJZE5tyl8g9Ji6Qo5fj
https://www.precision-elec.com/wp-content/uploads/2025/07/Yaskawa-Variable-Frequency-Drive-VFD-%E2%80%93-Overview-Comparisons-Services.pdf?srsltid=AfmBOoogsdLinf0fs_Dw1IdA4ODKbBMzWB871XJZE5tyl8g9Ji6Qo5fj
https://www.precision-elec.com/wp-content/uploads/2025/07/VFD-on-Pumps_-Benefits-Technical-Insights-and-Best-Practices.pdf?srsltid=AfmBOopXn0jNctFTr4mBvn-7v4Py7-ro3xAvP0LEYCWuLeNgliHyWmv6#:~:text=ramp%20down%20slowly%29,noted%20that%20the%20VFD%E2%80%99s%20smooth
https://www.precision-elec.com/wp-content/uploads/2025/07/VFD-on-Pumps_-Benefits-Technical-Insights-and-Best-Practices.pdf?srsltid=AfmBOopXn0jNctFTr4mBvn-7v4Py7-ro3xAvP0LEYCWuLeNgliHyWmv6#:~:text=in%20daily%20operation%2C%20VFDs%20can,18%2019%2020%2021
https://www.precision-elec.com/wp-content/uploads/2025/07/VFD-on-Pumps_-Benefits-Technical-Insights-and-Best-Practices.pdf?srsltid=AfmBOopXn0jNctFTr4mBvn-7v4Py7-ro3xAvP0LEYCWuLeNgliHyWmv6#:~:text=,dV%2Fdt%2C%20as%20well%20as
https://www.precision-elec.com/wp-content/uploads/2025/07/VFD-on-Pumps_-Benefits-Technical-Insights-and-Best-Practices.pdf?srsltid=AfmBOopXn0jNctFTr4mBvn-7v4Py7-ro3xAvP0LEYCWuLeNgliHyWmv6#:~:text=include%20multi,speeds%20to%20maintain%20setpoint
https://www.precision-elec.com/wp-content/uploads/2025/07/VFD-on-Pumps_-Benefits-Technical-Insights-and-Best-Practices.pdf?srsltid=AfmBOopXn0jNctFTr4mBvn-7v4Py7-ro3xAvP0LEYCWuLeNgliHyWmv6
https://www.precision-elec.com/wp-content/uploads/2025/07/VFD-on-Pumps_-Benefits-Technical-Insights-and-Best-Practices.pdf?srsltid=AfmBOopXn0jNctFTr4mBvn-7v4Py7-ro3xAvP0LEYCWuLeNgliHyWmv6
https://www.kebamerica.com/blog/ul-508c-moves-to-ul-61800-5-1-what-you-need-to-know/#:~:text=In%20February%202020%2C%20UL%20,users%2C%20manufacturers%2C%20and%20OEMs%20worldwide
https://www.kebamerica.com/blog/ul-508c-moves-to-ul-61800-5-1-what-you-need-to-know/#:~:text=In%20February%202020%2C%20UL%20,users%2C%20manufacturers%2C%20and%20OEMs%20worldwide
https://www.kebamerica.com/blog/ul-508c-moves-to-ul-61800-5-1-what-you-need-to-know/
https://industrialgearboxsolutions.com/articles/abb-variable-frequency-drive/#:~:text=The%20food%20and%20beverage%20industry,This%20specialized%20drive%20includes
https://industrialgearboxsolutions.com/articles/abb-variable-frequency-drive/
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/general-purpose-drives/acs580#:~:text=Enhanced%20safety%20features
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/general-purpose-drives/acs580#:~:text=Technical%20data
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/general-purpose-drives/acs580#:~:text=Increased%20production%20uptime
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/general-purpose-drives/acs580#:~:text=ACS580%20drives%20support%20a%20wide,process%20and%20component%20optimization%20straightforward
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/general-purpose-drives/acs580
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47 ACS880-01 wall-mounted single drives | ABB
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives/acs880-01

72 Hitachi VFD P1-02130-HFUF - Trimantec
https://trimantec.com/products/hitachi-sj-p1-inverter-p1-02130-hfuf?
srsltid=AfmBO0qz61VWQypMkQPih23XnelChSFy7KOcXQZZEwbpSw8MUA5NZx;j1

79 [PDF] Using Variable Frequency Drives (VFD) to save energy and reduce ...
https://library.e.abb.com/public/a2bd960ccd43d82ac1257b0200442327/
VFD%20EnergyEfficiency_Rasanen_Schreiber_ABB_27%2004%202012.pdf
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https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives/acs880-01#:~:text=Up%20to%20250%20kW%2F350%20HP
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives/acs880-01
https://trimantec.com/products/hitachi-sj-p1-inverter-p1-02130-hfuf?srsltid=AfmBOoqz61VWQypMkQPih23XnelChSFy7K0cXQZZEwbpSw8MuA5NZxj1#:~:text=Hitachi%20VFD%20P1,%40%203%20Hz
https://trimantec.com/products/hitachi-sj-p1-inverter-p1-02130-hfuf?srsltid=AfmBOoqz61VWQypMkQPih23XnelChSFy7K0cXQZZEwbpSw8MuA5NZxj1
https://trimantec.com/products/hitachi-sj-p1-inverter-p1-02130-hfuf?srsltid=AfmBOoqz61VWQypMkQPih23XnelChSFy7K0cXQZZEwbpSw8MuA5NZxj1
https://library.e.abb.com/public/a2bd960ccd43d82ac1257b0200442327/VFD%20EnergyEfficiency_Rasanen_Schreiber_ABB_27%2004%202012.pdf#:~:text=,by%20as%20much%20as%2060
https://library.e.abb.com/public/a2bd960ccd43d82ac1257b0200442327/VFD%20EnergyEfficiency_Rasanen_Schreiber_ABB_27%2004%202012.pdf
https://library.e.abb.com/public/a2bd960ccd43d82ac1257b0200442327/VFD%20EnergyEfficiency_Rasanen_Schreiber_ABB_27%2004%202012.pdf
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