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Product Information

Technical Specifications

« Manufacturer: Precision Electric, Inc.
e Contact: 5742561000

« Website: www.precision-elec.com

Product Overview

Variable Frequency Drives (VFDs) are devices that control the speed of an electric
motor by varying the frequency and voltage supplied to the motor. They offer benefits in

energy savings, equipment protection, and process improvement.
Product Usage Instructions

Key Benefits of Using VFDs

Reduced annual energy costs by 48%.

Extended pump seal life by two years.

Significant energy and maintenance savings by matching motor output to actual

needs.

Enhanced flexibility in process control.


http://www.precision-elec.com

Technical Specifications and Standards

e When selecting or applying a VFD, consider the following technical specifications.
o Input Harmonics and IEEE 519: Understand the impact of non-linear current drawn
by VFD rectifiers on harmonics and industry standards like IEEE 519 for harmonic

limits in power systems.
Introduction

o What is a frequency drive? In industrial contexts, “frequency drive” usually refers to a
Variable Frequency Drive (VFD) — an electronic controller that adjusts the speed of an
AC motor by modulating the frequency and voltage of the power supplied 1.

e By creating a simulated AC sine-wave output at variable frequency, a VFD allows
motors to run at any speed within a wide range, rather than just full-speed or off. This
capability has made VFDs indispensable for modern motor control, offering dramatic
improvements in energy efficiency, process precision, and equipment longevity.

e« Why use a VFD? In traditional fixed-speed motor systems, excess output is often
throttled mechanically (for example, using valves on pumps or dampers on fans),
which wastes energy. A VFD eliminates this waste by matching motor speed to the
actual load demand, so the motor uses only the power needed for the task.

o The benefits are significant: for instance, slowing a centrifugal pump or fan by just
20% can cut its energy consumption by roughly 50%, thanks to the cube-law
relationship between speed and power 2.

¢ 3. In practical terms, facilities that retrofit VFDs on pumps, fans, and conveyors
frequently see 30—-50%reductions in energy use, translating to substantially lower
utility bills 2.

o Beyond energy savings, VFDs provide gentle soft-starting and stopping, improved
process control, and reduced mechanical stress on machines — all of which we will
explore in detail below.

e In this comprehensive guide, we will dive into how VFDs work, their technical
specifications and industry standards, and the real-world applications that illustrate
their value. We will also compare features from multiple leading manufacturers —

including ABB, Yaskawa, Eaton, Lenze, Hitachi, and others — to highlight the state-of-
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the-art in VFD technology. Throughout, we will cite manufacturer documentation,
industry standards, and research to ensure technical accuracy.
o Finally, we'll review case studies demonstrating the dramatic improvements in

efficiency and performance that VFDs can deliver in industrial settings.
How Variable Frequency Drives Work

e A VFD is essentially a power conversion device with three main stages: a rectifier, a
DC link, and an inverter. The rectifier (often a diode bridge or active AC-DC converter)
takes incoming AC line power and converts it to DC. This DC link stage smooths and
filters the power (usually with capacitors and sometimes inductors) to provide a stable
DC supply. Finally, the inverter stage uses high-speed switching devices (IGBT
transistors in modern drives) to create a pulse-width modulated (PWM) waveform that
imitates a sinusoidal AC output at the desired frequency and voltage 4 5 . By
controlling the switching pattern, the VFD outputs a variable frequency (and
corresponding voltage) that can range from near-zero up to a set maximum (often 50—
60 Hz base frequency and higher). For example, a microdrive like the Yaskawa GA500
can output frequencies up to 590 Hz for special applications 6.

o Voltage and frequency control: Simply varying the frequency to the motor is not
enough — the drive must also adjust voltage in proportion to maintain an adequate
magnetising current in the motor. VFDs typically follow a V/Hz profile (constant ratio)
at least up to the base speed. At lower frequencies, the drive reduces the voltage to
avoid saturating the motor (since a longer AC period would otherwise put more energy
into the windings) 7.

o Most VFDs offer a selectable V/Hz pattern or more advanced control modes
(discussed below) to optimise torque across the speed range.

Control modes: Early VFDs used simple open-loop V/Hz control. Modern drives often
implement advanced algorithms like sensorless vector control or even field-oriented
control and Direct Torque Control (DTC). These allow the drive to hold precise speed
or torque without a feedback encoder, by internally estimating the motor’s magnetic
state.

o For example, ABB’s high-end drives use DTC to achieve near-instantaneous torque
response and full torque at zero speed (useful for cranes, mills, etc.), all without

encoders 8.
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o Many drives also support closed-loop control with encoder feedback for applications
requiring extremely tight speed regulation (e.g. elevators or coordinated multi-motor
systems).

o Power and torque characteristics: The motor’s synchronous speed is proportional
to supply frequency (per the formula $ N_S = 120f/p$ for induction motors). Thus, by
lowering frequency, a VFD directly reduces motor speed. Torque capability, however,
depends on maintaining magnetisation — hence the need for proper V/Hz control or
vector control. Typically, a good VFD can maintain rated torque from zero speed (with
vector control) up to base speed, and above base speed, the motor enters a constant-
power region as voltage can no longer increase (field weakening) 9.

o VFDs usually allow some overload capacity: common designs have a “heavy duty”
rating (e.g. 150% of rated current for 60 seconds) and a “normal duty” rating (maybe
110% for 60 seconds) — users select the appropriate size based on whether high
overload for acceleration or peak loads is needed 10.

e This overload capability is crucial for applications like crushers or conveyors with
intermittent heavy loads.

« Efficiency and losses: Modern IGBT-based drives are highly efficient — typically
around 95-98% efficient at full load. Some energy is lost as heat in the power
electronics.

e Drives often include cooling fans and heatsinks, and larger units may be liquid-cooled.
It’'s worth noting that the overall system efficiency can improve with a VFD despite the
drive’s losses, because running a motor at partial speed (with reduced losses in the
load and motor) far outweighs the few per cent losses in the drive.

- However, users should be aware of certain side effects of PWM inverters: the
fast switching can introduce voltage spikes and high-frequency harmonics that stress
motor insulation and bearings 5 11.

o We will discuss the mitigation of these issues (filters, “inverter-duty” motors, etc.) in

the standards section.
Key Benefits of Using VFDs

e Variable frequency drives offer numerous benefits across energy savings, equipment
protection, and process improvement.

o Energy Savings: By far the biggest advantage of VFDs is improved energy efficiency.
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For centrifugal loads (pumps, fans, blowers), the power required drops roughly with
the cube of speed as given by the affinity laws 3.

In practical terms, a small reduction in speed yields a large reduction in power: e.g.
running a fan at 80% speed might consume only ~50% of the power; at 50% speed,
power might drop to ~12.5% (an 87% reduction) 3.
This makes VFDs extremely effective for HVAC systems, pumping stations, and any
process with variable flow demand.

Many facilities have documented huge savings: for example, ABB reported that
using an ACS580 VFD on a variable-torque pump load reduced annual energy costs
by 48% while also extending pump seal life by two years 12.

In Section 5, we present additional case studies, including a municipal plant retrofit
that cut energy use by 30%and a commercial HVAC project saving over \$150,000 a
year by adding VFDs.

Soft Starting & Reduced Mechanical Stress: When an AC motor starts across-the-
line (direct on full voltage), it inrushes 6 to 8 times its rated current and produces a
torque spike 13 14.

This abrupt start stresses gears, belts, couplings, and the motor itself, often causing
voltage dips and mechanical wear.

A VFD, in contrast, ramps up the motor speed gradually (adjustable accel/decel
ramps), eliminating the high startup current and mechanical shock. The result is
gentler starts and stops, which extend the life of machinery.

For example, using VFDs can reduce water hammer in pump systems and minimise
pressure surges.

VFDs also offer controlled deceleration and braking functions (dynamic braking
resistors or regenerative braking) to slow down loads without jarring stops 13.

An added benefit is the ability to reduce peak demand charges by avoiding large
instantaneous power draws on startup — a crucial factor in many industrial electric bills
15.

Improved Process Control: VFDs allow infinitely variable speed control, giving
operators and automation systems very precise command over process variables.
Instead of coarse on/off or valve control, a VFD can continuously modulate motor
speed to maintain a setpoint (flow rate, pressure, temperature, etc.). Most drives
include a built-in PID controller mode for this purpose. For instance, a pump VFD can

be set to maintain a constant discharge pressure — it will automatically speed up or
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slow down as demand changes, eliminating the need for a separate pressure
regulator valve 16. The result is better product quality and process consistency, as
conditions can be finely tuned.

In manufacturing, VFDs improve things like tension control in web handling, or ramp-
up profiles for mixers to avoid splashing. In HVAC, they smoothly adjust fan speeds to
meet temperature setpoints.

Overall, VFDs empower a much higher degree of automation and optimisation in
industrial processes.

Reduced Maintenance & Downtime: By running motors at optimal speeds and
avoiding the excessive heat and stress of full-speed operation, equipment lasts longer.
Bearings and seals experience less wear when speeds are reduced; soft starts avoid
sudden mechanical strain that can cause failures 17. Many VFDs also have built-in
diagnostic and protective features that can detect issues early — for example,
monitoring for overcurrent, overvoltage, phase loss, or motor overtemperature.

They can trip to prevent damage or signal an alarm for maintenance. Modern drives
from major manufacturers often include predictive maintenance functions: e.g., ABB’s
drives can display cooling fan run-time or capacitor health so that technicians know
when to service those components 18. All of this means fewer unplanned shutdowns.
One real-world example: a pulp & paper plant replaced 20 ageing motor drives with
modern VFDs and saw unplanned drive failures drop by 76%, dramatically improving
uptime 19 20.

In another case, a bottling facility kept a pre-configured spare VFD on hand; when a
production line drive failed, they swapped in the spare within minutes, avoiding an
estimated \$42,000 in downtime losses 21 22.

Power Factor and Electrical Benefits: VFDs typically use a front-end rectifier that
draws current in phase with voltage (especially with active front ends), so the
displacement power factor is high (near 1.0) at full load. However, standard drives do
introduce current harmonics, which is a trade-off (addressed later). Still, using VFDs
can mitigate the need for separate soft-starters or phase correction capacitors in
some systems.

Additionally, because VFDs reduce overall energy consumption, they can allow
downsizing of backup generators or transformers. For instance, in a case where a
municipality added VFDs, they found they could use a smaller standby generator

since the VFDs limited inrush currents and reduced peak demand 23.


https://www.precision-elec.com/wp-content/uploads/2025/07/Yaskawa-Variable-Frequency-Drive-VFD-%25E2%2580%2593-Overview-Comparisons-Services.pdf?srsltid=AfmBOoquLaKdPEhcg_ZC1SuBB-WYjW-rFNwQIbZxaDCqbpUOEqyLlkmB#:~:text=drive%25E2%2580%2599s%20settings%20or%20an%20automation,at%20optimal%20speeds%20and%20avoiding
https://www.precision-elec.com/wp-content/uploads/2025/07/Yaskawa-Variable-Frequency-Drive-VFD-%25E2%2580%2593-Overview-Comparisons-Services.pdf?srsltid=AfmBOoquLaKdPEhcg_ZC1SuBB-WYjW-rFNwQIbZxaDCqbpUOEqyLlkmB#:~:text=Lower%20Maintenance%20%2526%20Downtime%253A%20By,%25E2%2580%25A2%201%202%20%25E2%2580%25A2
https://www.precision-elec.com/abb-vfd-drive-buying-guide/?srsltid=AfmBOorVtV_cYQvpNcVJFMRrviZ7bKMq2cWt0-75zGiiU2E7KzS6I7jB#:~:text=A%20modern%20abb%20vfd%20is,life%20indicator%252C%20whichever%20comes%20first
https://www.precision-elec.com/wp-content/uploads/2025/07/Precision-Electric-Industrial-Electronics-Distributor-VFD-Repair-Experts.pdf?srsltid=AfmBOooAOxeAsfEsLnluHxilmt71MnuENXycxuDKwv9i6CTmQDhcwDkz#:~:text=Manufacturing%20Plant%20Avoids%20Downtime%253A%20A,the%20new%20drives%20did%20eventually
https://www.precision-elec.com/wp-content/uploads/2025/07/Precision-Electric-Industrial-Electronics-Distributor-VFD-Repair-Experts.pdf?srsltid=AfmBOooAOxeAsfEsLnluHxilmt71MnuENXycxuDKwv9i6CTmQDhcwDkz#:~:text=Bottling%20Line%20Stays%20Running%253A%20During,%25E2%2580%25A2%20%25E2%2580%25A2
http://www.ruekertmielke.com/blog/2021/variable-frequency-drives-benefits#:~:text=stations

e VFDs are also a key enabler for energy management and even regenerative braking —
some drives can feed energy back into the supply, further improving efficiency in
applications with frequent braking (e.g. elevators, cranes).

¢ In summary, the VFD’s ability to closely match motor output to actual needs yields
significant energy and maintenance savings, while the electronic control opens up a

world of flexibility in how processes are run.
Technical Specifications and Standards

e When selecting or applying a VFD, it's important to understand key technical
specifications and how they relate to industry standards and application requirements.

o Voltage and Power Ratings: Low-voltage VFDs (for 3-phase systems) commonly
accommodate input supply in ranges like 200—240 V, 380—480 V, or 575-690 V AC. A
given drive model will be rated for a certain supply voltage range (e.g., “380—480 V
+10%"). Output voltage to the motor is typically up to the line voltage (cannot exceed it
without an active boost converter), and the output frequency range often goes from 0
Hz up to 50/60 Hz or higher. Many drives support output frequencies up to 120 Hz or
even 400+ Hz, enabling overspeed in applications or use with high-frequency spindles
6. Power (horsepower or kW) ratings range widely: microdrives cover fractional HP up
to a few tens of HP, while industrial drives like ABB’s ACS880 series scale to
thousands of HP with modular designs 24. Always size a drive for the motor’s full-load
current rather than HP alone, accounting for overload if needed.

o Overload Duty: As mentioned, VFDs have different current overload capabilities. A
Heavy/High Duty (HD) rating typically allows ~150% of rated current for 60 seconds
(and maybe 200% for a short 2-3 second interval), whereas a Normal Duty (ND) or
light duty might allow ~110-120% for 60 seconds 10. The HD rating is used when the
load is high-torque or has frequent acceleration (e.g. hoists, crushers), whereas ND
assumes a more steady load or variable-torque load (like fans). Manufacturers list
both; for example, an Eaton PowerXL DG1 drive might be labelled “50 HP ND / 40 HP
HD” — meaning if you need heavy overload, treat it as a 40 HP drive. Always check
these specs against your motor’s requirements and the application’s load profile.

o Switching Frequency and Motor Compatibility: VFDs use high-frequency PWM
switching to create the AC output. Typical carrier frequencies are 2—15 kHz, often

user-adjustable (higher can give quieter motor operation and smoother torque, but at
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the expense of more heat losses in the drive). The fast voltage rise times (dv/dt) of
PWM pulses can cause voltage spikes at the motor, especially if long cables are used,
due to transmission line effects and wave reflection 25 .

Standard motors not designed for inverter use can suffer insulation damage if these
spikes exceed their insulation rating.

Industry standards like NEMA MG1 Part 31 address this: for 460 V motors, MG1 Part
31 requires the motor insulation to withstand spikes of 1600 V with rise times of 0.1
microseconds 26.

Motors meeting “inverter-duty” ratings will comply with these specs (often having
corona-resistant wire, etc.). If a motor is older or cable runs are very long, it's prudent
to use output filters or dV/dt filters on the VFD to protect the motor 27 .

Also, high switching frequencies induce shaft voltages that can cause bearing EDM
pitting; shaft grounding rings or insulated bearings are recommended for larger motors
to prevent premature bearing wear 11.

Input Harmonics and IEEE 519: A drawback of VFD rectifiers (especially the common
6-pulse diode type) is that they draw non-linear current, injecting harmonics back into
the supply.

Excessive current harmonic distortion can overheat transformers and disturb other
equipment. IEEE 519 is the key guideline for harmonic limits in power systems (e.g. it
might require <5% total harmonic distortion (THD) at the point of common coupling for
certain systems). Drive manufacturers address harmonics in several ways: many
standard drives include DC link chokes or AC line reactors that significantly cut down
harmonics (a “swinging choke” design in ABB’s ACS580 drives, for example, can
reduce harmonics by ~35-40%, helping meet IEEE 519 limits 24 28). Some drives use
12-pulse or 18-pulse rectifier configurations or active front-end (AFE) converters to
achieve much lower THD — these are often specified in sensitive installations. For
most general-purpose drives, adding an input line reactor or using the built-in choke is
enough to satisfy typical utility requirements. If a facility has strict power quality
standards or generator-fed drives, an AFE drive or external harmonic filter might be
warranted to comply with IEEE 519.

Safety Functions (STO and more): Modern VFDs often integrate functional safety
features, most commonly Safe Torque Off (STO). STO is a circuit that, when activated,
immediately disables drive output (removing power to the motor) without completely

powering down the drive. This facilitates a safety stop that meets standards like IEC
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61800-5-2 and ISO 13849. Many drives have STO rated to SIL 2 or SIL 3 (Safety
Integrity Level) and Performance Level e (PL €). For example, the Yaskawa GA500
microdrive includes dual-channel STO that meets SIL3/PLe requirements 29, as does
ABB’s entire ACS family (ACS180/380/580/880 all have STO to SIL3 built-in) 30. This
means that machine builders can often eliminate external safety contactors,
simplifying panel design and improving safety integration. Other safety options on
high-end drives might include safe brake control, safe stop ramps (SS1), or even
integrated safety controllers, but STO is by far the most common and important for
most use cases.

Environmental Ratings and Filters: VFD units come in various enclosure ratings. A
basic open chassis might be IP20 or NEMA1 (indoor, protected), whereas sealed units
for harsher environments can be IP54/55 (dust tight, water resistant) or NEMA 4X
(watertight, outdoor use). Ensure the chosen drive enclosure suits the installation —
e.g., an HVAC rooftop unit might need a NEMA 3R or 4 type enclosure. Thermal
management is critical: most drives are specified for operation up to 40°C ambient
without derating, and many can do 50°C with some derate or with special high-
temperature ratings. For instance, Eaton’s PowerXL drives are designed with cooling
isolation that allows operation at 50°C without performance loss 31 32.

Always check the datasheet to see if the drive will be in a hot room or sunlight. Also
consider altitude (above ~1000m, cooling is less effective), and provide adequate
cooling air clearance as recommended.

Many drives include EMC filters (RF interference suppression) built-in or as options to
meet CE (European) EMC directives. For installations in the EU or where radio
interference could affect nearby equipment, use of these filters is recommended to
comply with standards like IEC 61800-3 for EMC.

Motor Types and Special Features: While standard VFDs are associated with AC
induction motors, many can also control advanced motor types. Permanent Magnet
(PM) AC motors and synchronous reluctance motors offer higher efficiencies; leading
drive brands have incorporated control algorithms for these.

For example, Yaskawa’s latest drives can auto-tune and run interior PM or surface PM
motors in open-loop, and ABB offers packages combining their drives with SynRM
(synchronous reluctance) motors to achieve IE5 efficiency class systems 33 34.
Other notable features to look for: built-in PID controllers for process control, “droop”

control for load sharing between multiple motors, flying start (ability to catch a
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spinning motor and ramp it down or up smoothly), DC injection braking to hold a motor
at a standstill, and application macros (pre-configured parameter sets for common
setups like fans, pumps, conveyors). Communication connectivity is also key — most
industrial VFDs support fieldbus modules or onboard protocols such as Modbus RTU,

o Ethernet/IP, PROFINET, CANopen, BACnet, etc., making it easy to integrate the drive
into a plant’s control system.

o Check the drive’s I/0 as well: typically, you get several programmable digital inputs,
analogue inputs, relay outputs, etc., which can often eliminate external PLC logic for
small tasks.

o Compliance and Certification: VFDs should carry relevant certifications for the
regions they are used in. UL and CSA listings are important in North America for
safety; CE marking in Europe indicates compliance with low-voltage and EMC
directives. Many drives also comply with IEC 61800-5-1 (general safety requirements
for adjustable speed drive systems). If used in hazardous (classified) locations such as
gas or dust environments, special drive enclosures or purging might be required —
check for any ATEX or UL Zone ratings if applicable.

o To summarise, proper drive selection involves matching these technical specs to the
motor and application: supply and motor voltage, current and overload needs,
environmental conditions, and any special functionality needed (EMC, safety,
communications).

o Additionally, adherence to standards like NEMA MG1 and IEEE 519 ensures that both

the motor and the supply line will have long, reliable service with the VFD in place.

Leading VFD Manufacturers and Notable Drive Series

e The VFD market is well-established, with several major manufacturers producing high-
quality drives. Each has its strengths and unique technologies. Here we highlight a
few top brands and examples of their drive series, to provide a sense of the
landscape:

o ABB: ABB is one of the global leaders in drives, offering the all-compatible ACS series
for low voltage and a range of medium voltage drives. ABB drives are known for their
advanced control (they introduced Direct Torque Control in the 1990s) and broad
power range. For example, the ACS880 series (industrial drives) covers 0.55 kW up to

6000 kW in low voltage, with options for regenerative capability and ultra-low harmonic



versions 24 35.

The general-purpose ACS580 is a popular model for fan/pump and general
automation, featuring built-in swinging chokes for harmonic reduction and user-friendly
energy saving features (the ACS580 drive can even display energy saved in kWh and
estimated cost or CO:z reduction on its panel) 36 37.

ABB emphasises consistency across its range — the user interface and programming
of a small ACS180 is similar to a large ACS880, which simplifies training 38.

Another note: ABB includes Safe Torque Off (SIL3) as standard on virtually all its
models 30.

In terms of support, ABB has a global service network and typically offers extensive
documentation and software tools (e.g., DriveSize for selection, DriveComposer for
configuration). ABB drives are often praised for robust hardware and the ability to
handle tough industrial environments; they are used in industries from
water/wastewater to metals and marine. Cost-wise, ABB is generally mid-range —
typically more affordable than Rockwell/Allen-Bradley, and competitive with other
European brands. Many users consider ABB drives a “safe choice” given their
reliability and support.

Yaskawa: Hailing from Japan, Yaskawa Electric is frequently cited as the gold
standard for VFD reliability. Yaskawa is the world’s largest manufacturer of AC drives
by volume.

Their drives have an extraordinary track record for longevity — published quality data
shows a final factory test failure rate of only 0.01%, and field failure rates around
0.006% (just 62 units per million in service), corresponding to a mean time between
failure (MTBF) exceeding 28 years 39 40. This is achieved through rigorous design
and 100% testing of every unit. Yaskawa is also famous for its user-friendly design.
Current product lines include the GA500 microdrive (low horsepower, up to ~30 HP or
18.5 kW) and the GA800 (for larger motors up to -600 HP or 500 kW), which replaced
the older V1000/A1000 series 41 42. Yaskawa drives typically come standard with
features that simplify use: for example, the GA500 offers an embedded setup wizard,
Bluetooth connectivity via an optional keypad, and a mobile app for programming.
They also support all common fieldbuses (Modbus is built-in, and option cards add
Ethernet/IP, PROFINET, etc.) 43 44. Performance-wise, Yaskawa drives have
excellent motor control, with high starting torque and precise speed hold even in open-

loop vector mode 45 46. They can run both induction and permanent magnet motors
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(the GA800 can auto-tune PM motors in sensorless mode).

Notably, Yaskawa introduced a special matrix converter drive (U1000) that can feed
power back to the grid with low harmonics, eliminating the need for separate
regenerative units or braking resistors 47.

While a niche product, it showcases Yaskawa’s innovation. In heavy industries like
mining, metal, and oil & gas, Yaskawa drives are valued for being nearly
“indestructible” in harsh conditions 48.

Despite their high quality, Yaskawa’s pricing is quite competitive — usually on par with
or slightly lower than ABB, and lower total cost of ownership over time due to their
longevity 49.

Eaton (Cutler-Hammer): Eaton is a major player, especially in North America, offering
the PowerL series, among others. Eaton’s drives originated from acquisitions (such as
Powerware and parts of the former Danfoss/Vacon designs).

Their DG1 general-purpose VFD covers ~1-500 HP, with features like active energy
control (which can autotune energy savings at partial loads) and dual ratings for
normal/heavy duty 50 51.

For smaller motors, Eaton has the DM1 micro drives.

Eaton also specifically targets HVAC with products like the H-Max series and legacy
HVX9000 drives, which come with built-in PID controllers and HVAC-friendly
interfaces (hand-off-auto switches, etc.) 52 53.

While Eaton’s brand in drives isn’t as globally recognised as ABB or Yaskawa, they
are known for solid performance and very good pricing. Many Eaton drives are indeed
re-badged Danfoss or share design DNA with former Vacon drives, which are proven
designs. Users often comment that Eaton drives have good documentation and
software, and they particularly appreciate Eaton’s extensive distributor network — if
you need a drive quickly in the US, Eaton is often readily available locally 54 55.
Eaton drives support common protocols (EtherNet/IP, BACnet, Modbus, etc.), typically
via add-on modules. In summary, Eaton VFDs represent a cost-effective alternative
that doesn’t sacrifice much in capability. They may not have some of the ultra-high-
end features, but they meet the needs of most applications at a lower price point, and
with the backing of a large electrical equipment company.

Lenze (AC Tech): Lenze is a German manufacturer that, through its AC Tech division
in the USA, has a strong presence, particularly in small and mid-size drives. Lenze

drives are known for their compact size and simplicity. A popular legacy product was
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the SMVector series (AC Tech), which was often used as a drop-in replacement for
smaller Rockwell PowerFlex drives. Now Lenze’s flagship is the i500 series, a modular
drive system from 0.33 HP up to -60 HP (0.25-45 kW) 56 57.

e The i500 is designed with a slim form factor to save panel space and has plug-in
modules for communications and I/O, so OEMs can tailor the cost by only adding what
they need 58 59.

e Lenze drives handle standard V/Hz and vector control reliably for general industry
needs.

e They might not have every advanced feature of a high-end drive (for example, fewer
custom functions or advanced autotuning compared to Yaskawa), but for standard
applications, they are very easy to use and cost-effective.

e One caveat often noted by users is that Lenze’s documentation, while thorough, can
be a bit hard to navigate 60.

o However, once set up, the drives are stable and perform well. Lenze has a strong
niche in packaging machinery and machine tools, particularly in Europe.

e Their drives can integrate in automation systems via CANopen (commonly used in
Europe), and options for EtherNet/ IP, EtherCAT, PROFINET, etc., are available to
interface with Allen-Bradley or Siemens PLCs 61 62.

« Given their German engineering background, Lenze’s hardware quality is solid, and
they aggressively price their smaller drives — often significantly cheaper than Allen-
Bradley for similar power.

e This makes them attractive for OEMs building cost-sensitive equipment.

« Hitachi: Hitachi has produced drives for decades and is well-regarded for offering
robust, no-frills VFDs at a good price. The Hitachi WJ200 series (up to ~20 HP) gained
popularity as a compact general-purpose drive, known as a “workhorse” that includes
sensorless vector capability and easy setup. Hitachi also offers larger drives like the
SJ series (e.g., SJ700, and the newer SJ-P1), which can handle higher horsepower
(the SJ700 went up to -500 HP at 480V) and provide more advanced vector control
with features like 200% starting torque and even simple built-in PLC logic (Hitachi’s
EzSQ programming) 63 64.

o A key selling point for Hitachi is that many models come with built-in EMC filters and
functional options included, rather than as expensive add-ons.

e They also generally support both heavy and normal duty ratings. While Hitachi’s

drives in the North American market are somewhat lesser-known compared to ABB or
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Yaskawa, those who use them often comment on their reliability and value for money.

o For example, a 10 HP Hitachi drive might cost significantly less (sometimes 20-30%
less) than a comparable Rockwell PowerFlex, yet deliver similar performance in many
standard applications.

o Hitachi’'s documentation and parameter naming can be a bit different (since originally
targeted at Asian/European markets), but once acquainted, integration is
straightforward. Hitachi has authorised distributors and some service centres in the
U.S., and companies like Precision Electric often support Hitachi drives for repairs or
replacements. In summary, Hitachi VFDs are a strong option, especially for small-to-
medium power ranges where budget is tight but solid performance is needed.

¢ Rockwell Automation (Allen-Bradley): No comparison would be complete without
mentioning Allen-Bradley’s PowerFlex drives, since they are prevalent in North
America. Rockwell’'s PowerFlex line (70/700, 750 series, 523/525, etc.) is deeply
integrated into Allen-Bradley PLC systems. They excel in applications where tight
integration with Rockwell controllers is desired (Add-On Profiles in Studio 5000 make
drive parameters very accessible, etc.).

o However, PowerFlex drives are typically more expensive than equivalent drives from
other brands — partly due to Rockwell’s pricing structure and support model. Many
plants that are standardised on Allen-Bradley use PowerFlex by default for the
commonality. Technically, PowerFlex drives are very capable (the 755, for instance,
has options for almost any feature: safety, regen units, harmonics filters, etc.). But
outside of a Rockwell-centric plant, alternatives from ABB, Yaskawa, etc., often
provide better value. As illustrated in a Precision Electric analysis, switching from
Allen-Bradley to other brands can save 20-30% in upfront cost with no sacrifice in
quality 65 66.

o Many facilities choose to retrofit older AB drives with, say, an ABB or Eaton when
budgets are constrained, especially once the original warranty/support is no longer a
concern.

« Others: There are many other reputable drive makers. Danfoss, for instance, is
known for HVAC and refrigeration drives (their VLT series) and high-performance
industrial drives (Danfoss also acquired Vacon).

e Schneider Electric (Telemecanique) offers the Altivar series. WEG (from Brazil)
produces a wide range of drives often paired with their motors.

o Mitsubishi, Fuji Electric, Delta Electronics, and KEB are also players with niche
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followings or regional presence.

o Each of these has its particular strengths (for example, Danfoss drives are very
common in HVAC pumping stations due to excellent flow control features and inbuilt
PID, Mitsubishi is known for compact servo drives and high-speed spindle drives,
etc.).

o For brevity, we focus on the major brands above, but it's always wise to evaluate local
support and specific feature needs — sometimes a local brand with good service can
be the best choice for a given plant.

¢ In conclusion, the VFD market has matured such that quality and performance are
high across all top brands.

o Differences come in nuances: one brand might excel in high overload applications,
another in user- user-friendliness, another in cost or specific industry solutions.

e When choosing, consider the application’s demands, your team’s familiarity, and the
availability of support.

o All the manufacturers discussed provide extensive catalogues and selection guides to

help pick the right drive for the job.
Real-World Applications and Case Studies

o To cement the understanding of VFD benefits, let's examine a few real-world case
studies from different industries.
e These examples showcase how implementing variable frequency drives can lead to

measurable improvements in energy usage, performance, and reliability.
Case Study 1: Municipal Water Pumping Energy Savings

o A city wastewater treatment facility (City of Columbus, Ohio) undertook a project to
improve efficiency at its influent pumping station by installing VFDs 67 68.

 Originally, the station had constant-speed pumps and used valve throttling to control
flow — a very inefficient method.

e In 2011, the city replaced three of five large pumps with new variable-speed pumps
driven by VFDs (the other two old pumps were kept for occasional backup use) 67.

e The VFDs allowed the pump speeds to be modulated to match incoming flow more
closely and also enabled raising the wet-well water level setpoint (reducing static lift).

¢ Results: After the retrofit, the specific energy (electricity per volume pumped)
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dropped from 259 kWh per million gallons to 179 kWh/MG — a 30% reduction in
energy usage for pumping the same volume of water 68.

« In addition, because the VFDs act as soft starters, the facility saw a significant drop in
peak demand.

e The peak power drawn by the pumps went from 60 kW (with across-the-line starting)
to just 30 kW with the VFDs — a 50% reduction in peak power demand 69.

e This is extremely important, as utilities often charge high demand fees; cutting the
peak in half can yield thousands of dollars in additional savings annually.

e The city also extended VFD control to its aeration blowers in a later project, resulting
in about 26% energy cost reduction for aeration, demonstrating VFD’s effectiveness in
multiple processes 70. Overall, the case study highlights how a relatively
straightforward upgrade (installing VFDs and modern controls) can capture 30+%
energy savings in water infrastructure — a sector where pumps and blowers typically
run 24/7 and energy costs are a major part of operating expenses.

e The success in Columbus mirrors many other municipal and industrial water systems:
by tailoring motor speed to the actual demand, enormous waste is eliminated.

« (Notably, this project also allowed the city to avoid upsizing its emergency generator,

since the VFDs limited inrush currents, illustrating another side benefit 23 .)

Case Study 2: Commercial HVAC and Building Retrofits

e Large commercial buildings — such as office towers, hospitals, and shopping centres —
often have dozens of motors for fans, pumps, and chillers. Retrofitting these with
VFDs has shown dramatic energy and cost savings.

¢ A well-documented example comes from a multi-year retrofit of a high-rise building’s
HVAC system.

e Over 2011-2013, the facility progressively installed VFDs on various equipment: first
on chilled water pumps, then on cooling tower fans, air handler fans, etc. By the end,
roughly 150 motors from 7.5 HP up to 250 HP were outfitted with VFDs 71 72.

o Results: The building operators tracked energy use and found an annual electricity
consumption reduction of 32% after all VFDs were in place (the building’s usage
dropped from -65 million kWh/year to 43 million kWh) 73.

e Peak demand, which had been about 16-17 MW, fell to around 10 MW (~ 33%

reduction) after the retrofit 73. In financial terms, the project saved over 1$1.1 million
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per year in energy costs 74 75.

e The payback on the VFD investments was well under 3 years just from energy savings
alone. Additional benefits included more stable indoor temperatures (since fan speeds
adjust continuously rather than on/off cycling) and less mechanical stress on the
HVAC equipment (soft starts reduced belt and bearing wear). This case is emblematic
of thousands of VFD retrofits across commercial facilities — whether it’s a retail chain
like JPenney installing drives on rooftop units and saving $150k+ annually 76 77, or a
university campus upgrading chiller pumps and air handlers. The combination of utility
incentives, energy savings, and maintenance reduction makes VFDs very attractive in
the HVAC domain.

o Many utilities offer rebates for VFD installations because they help reduce peak grid
load.

e Overall, the investment in VFDs is often one of the best “low-hanging fruit” energy

efficiency measures in large buildings 78.

Case Study 3: Industrial Manufacturing — Reliability and Uptime

e Energy savings often steal the spotlight, but VFDs also profoundly affect reliability and
process uptime.

o Consider the example of a Midwestern pulp & paper mill that was experiencing
frequent failures of older drive units on critical production motors. The drives in
question were legacy ABB ACS500 series, well past their prime, controlling things like
large rollers and pumps. The plant partnered with a service provider (Precision
Electric) to proactively replace 20 of these drives during a scheduled shutdown,
upgrading to new ABB ACS580 models with modern diagnostics 19 79.

e They also kept the old drives as spares and implemented a monitoring routine.

¢ Results: In the year following the upgrade, unplanned drive failures dropped by 76%
compared to prior years 80 81.

o The few faults that did occur were handled quickly because the plant had spare drives
ready to swap in (a strategy enabled by standardising on one drive family and keeping
the old units as backups).

o This directly translated to improved production uptime and prevented costly downtime
that previously plagued the mill. In heavy industries, a single drive failure can stop an

entire production line, costing tens of thousands of dollars per hour, so this
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improvement was extremely valuable to the mill's bottom line.

o Moreover, the new drive diagnostics gave maintenance staff better insight (e.g.,
warning of over-temperature or power issues), so they could address underlying
causes like cooling fan failures or input power quality before they led to drive trips.

o Another industrial example comes from a beverage bottling plant that was highly
sensitive to downtime — they faced global supply chain delays for parts, so a failed
drive could halt production for days if no replacement was on hand.

e The plant installed a spare Yaskawa GA500 drive in parallel (wired and configured) for
a critical bottling line motor, such that if the primary drive failed, they could switch
cables to the spare in minutes 21 82.

e Indeed, a failure did occur, but the maintenance team swapped to the spare drive
immediately and kept the line running. The failed unit was sent for repair, but no
production was lost.

« It was estimated that this quick recovery avoided around 1$42,000 in lost output for
that incident 21.

o While this example is more about smart redundancy than the VFD itself, it underlines
that using standard, readily available VFD models and having spares can be a crucial
reliability strategy.

o And modern drives’ ability to have parameters cloned (e.g. via keypad copy or using a
laptop) makes deploying a spare very straightforward — one can pre-load the settings

so the new drive behaves exactly like the old one.

Case Study 4: Regenerative Applications and Unique Benefits

e VFDs also enable energy regeneration and improved control in dynamic applications.
A notable case is in overhead cranes for a manufacturing plant. Traditionally, crane
hoists dissipate braking energy as heat through resistor banks when lowering loads.

e By using regenerative VFDs (with active front ends) on the hoist motors, the plant was
able to feed that energy back into the facility’s power system. One crane builder
reported that using ABB ACS880 regenerative drives not only saved energy but also
reduced the heat load in the building, which in turn lowered HVAC costs by about 30%
for the crane bay area (since the braking resistors were no longer dumping heat) 12
83.

e This is a double benefit — energy that would be wasted as heat is reused, and the
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ambient cooling load drops. Additionally, the regenerative drives provided very precise
speed control and safety interlocks, improving the positioning accuracy of the cranes
and the safety of operations (smooth handling of heavy loads with no jolts).

e In transportation, a similar principle is seen: electric trains and elevators use
regenerative drives to send power back when slowing down, significantly improving
overall efficiency.

e These are specialised VFD applications, but are growing more common as everyone
looks to recycle energy.

o Finally, consider remote pumping operations (like oil pipeline booster pumps or
irrigation systems in agriculture).

e VFDs not only save energy but can dramatically improve operability: a VFD can ramp
a pump up slowly to avoid water hammer in long pipelines, and can adjust speed to
match varying supply (for example, if a well’'s water level changes).

e They also reduce the need for maintenance trips because many VFDs support remote
monitoring — pumping stations can be monitored and even controlled over SCADA
systems.

o The reliability improvement (fewer abrupt pump seizures, less stress on couplings)
means less frequent repairs.

e This kind of operational flexibility is hard to quantify in dollars but often very valuable -
processes can be fine-tuned or adapted in real-time, something simply not possible
with fixed-speed motors.

e These case studies underscore that VFDs are not just theoretical energy savers; they
deliver tangible results across industries.

o Whether the goal is cutting energy consumption, stabilising a process, or avoiding
downtime, real-world data consistently shows VFDs paying for themselves quickly.

e It's also evident that success involves considering the whole system — using VFDs in
conjunction with proper controls, possibly upgrading motors to inverter-duty if needed,
training staff on the new capabilities, and sometimes implementing complementary
measures (like keeping spares or using regen units) for maximum benefit.

o When done right, VFD integration is a win-win: lower costs and better performance.
Best Practices for VFD Implementation

o When deploying VFDs, a few best practices can ensure you get the most out of the



investment.

Proper Sizing and Selection: Use manufacturer tools or consult application
engineers to pick the right drive for your motor and load. Ensure the drive’s current
rating (especially heavy-duty current) comfortably covers the motor’s requirements
and any overload demands. If the environment is harsh (high temperature, dust,
altitude, factor in derating or choose a drive with the appropriate enclosure and
cooling. Also, consider if you need options like filters or network communication
modules upfront.

Motor and Cable Considerations: If you are adding a VFD to an existing motor,
verify the motor is in good condition and ideally “inverter-duty” rated per NEMA MG
Part 31 (for medium-voltage motors or very long cable runs, also check peak voltage
specs carefully) 26.

Use shielded motor cables and keep cable lengths within the drive’s
recommendations. If long cables (>50m or so) are unavoidable, consider adding a
dVdt output filter or sine wave filter to protect the motor insulation and reduce EMI.
Don’t forget to provide proper grounding — both the drive and motor should be
grounded as per the manual to ensure safe operation and minimise electrical noise
issues.

Harmonic Mitigation: In facilities with a large number of drives or sensitive equipment,
plan for input harmonic mitigation.

This could be as simple as line reactors on each drive or a passive harmonic filter on
groups of drives, or, for critical cases, active harmonic filters or multi-pulse drives.
IEEE 519 guidelines can be met with relatively straightforward measures in most
cases, 84 85.

Also, to avoid nuisance trips or generator issues, use drives with DC chokes or add
reactors when drives are fed from standby generators — this smooths the current
waveform and helps the generator handle the nonlinear load.

Programming and Tuning: Take advantage of the VFD’s programmability. Set
appropriate accel/ decel times to balance between quick response and avoiding
mechanical stress (e.g., don’t set acceleration to 0.1s unless needed; a few seconds
ramp is easier on equipment). Use the built-in PID loop if you want the drive to
maintain a process variable — but do tune the PID gains, or use auto-tuning features if
available, to get stable control. Enable any energy optimisation or “sleep” functions for

pumps/fans (some drives can sense when flow is minimal and stop the motor to save
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energy, then restart when needed). Also configure the protective features: motor
overload protection, stall prevention, torque limits, etc., to suit your application.

e Modern drives often let you set custom fault thresholds or alarms — for example, you
could program an alert if a fan is running at 100% speed (maxed out), which might
indicate a filter is clogged downstream, causing high load.

« Safety and Integration: If using the drive’s Safe Torque Off, be sure to integrate it
properly into your safety circuits (typically, it involves two-channel wiring to the STO
terminals and periodic testing).

e This can eliminate the need for a contactor, but make sure to meet whatever local
code or safety standard applies to your machine.

e Integrate the drive into your control system via whichever communication protocol is
convenient — having networked drives can greatly simplify monitoring and control (you
can adjust speeds, get feedback on current, power, temperature, etc., remotely).

e Many drives also support condition monitoring data over these interfaces.

o Environmental and Installation Factors: Provide adequate cooling air around
drives, and if in a cabinet, consider using forced ventilation or air conditioning for
larger drives that emit significant heat.

» Keep the drive and motor leads separate from sensitive signal cables to minimise
electromagnetic interference (EMI); follow the wiring practices recommended (e.g.,
using conduit or shielding and proper grounding at one end of the shield).

o If multiple drives are in one panel, check if you need to de-rate due to grouping (some
compact drives can be mounted side-by-side with no clearance, others may need
spacing). For drives in dusty or corrosive areas, use appropriate enclosures and
possibly conformal-coated circuit boards (many industrial drives come with PCR
coating by default for protection). Regularly clean any cooling fans and heat sink fins —
clogged filters or failed fans are a common cause of drive overheating.

e Maintenance: VFDs are largely maintenance-free, but they do have some
consumable components.

e The cooling fan(s) often have a lifespan of maybe 3-5 years of continuous operation —
plan to inspect or replace them on that interval, especially for larger drives.

e The DC bus capacitors gradually dry out over the years; a typical design life is ~7-10
years at full load/full temp operation 86.

e Some drives, as noted earlier, can display capacitor health or give a “capacitor reform”

alarm. It’'s a good practice to proactively replace capacitors in critical drives at maybe
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the 10-year mark if uptime is crucial (or keep a spare drive ready to swap).

e Maintaining a log of drive fault codes and performance can help predict issues — for
instance, repeated under-voltage trips might indicate an upstream power problem or
loose connection.

o Training: Ensure the maintenance and operations personnel are trained on the new
drives. They should know how to start/stop/reset faults from the panel, interpret any
alarm codes, and ideally have access to the parameter settings.

o Many issues can be resolved or prevented if technicians are comfortable navigating
the drive’s menus or software. Most manufacturers offer quick reference guides or
even mobile apps (Yaskawa has DriveWizard Mobile, ABB has DriveTune, etc.) for
easy interface. Because VFDs involve both electrical and software elements, bridging
any skill gaps with training will pay off. A small investment in training can prevent
improper settings or panic replacements down the line.

o By following these best practices, users can maximise the ROI of their VFD
installations — capturing the full energy savings while avoiding common pitfalls that

can lead to erratic performance or premature failures.

Conclusion

o Variable Frequency Drives have revolutionised the control of electric motors in
industry. They embody a fusion of power electronics and digital control that yields
substantial energy efficiency gains, superior process control, and gentler mechanical
handling.

e From heavy industrial machinery to HVAC fans in an office, VFDs have proven their
worth. In this article, we’ve covered how they work, what critical specs and standards
to mind, and looked at concrete examples of their impact.

o The key takeaway is that a VFD is often the single most effective tool for matching
motor work to actual needs, and in doing so, it removes waste and adds flexibility.

o As technologies advance, drives continue to get more efficient and smarter — with
better harmonic performance, IT connectivity, and even Al-driven predictive controls
on the horizon.

o Major manufacturers like ABB, Yaskawa, Eaton, Lenze, Hitachi, and others offer a rich
selection of drives to fit every conceivable application.

e The competition and innovation in this field benefit end users with reliable products



that often exceed the required standards.

o When implementing VFDs, leveraging the expertise available (from manufacturer
documentation to industry guidelines like NEMA and IEEE standards) ensures a
smooth and successful deployment.

e For engineers and facility managers considering a VFD project, the evidence is
compelling.

o Whether your goal is to slash energy costs in a pump network, improve the
consistency of a production line, or extend the life of agina motor systems, variable
frequency drives provide a well-proven solution.

o Just be sure to plan the integration thoughtfully — size correctly, protect the motor and
drive with the right accessories, and utilise the advanced features to your advantage.

« If done correctly, you'll join the ranks of those who see not only a healthier electric bill,
but also a more controllable and reliable operation.

o (References are embedded as links throughout this article for further reading on

specific points.)
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Frequently Asked Questions

How do VFDs help in saving energy?

VFEDs control the motor speed based on actual needs, reducing energy

consumption by avoiding constant running at full speed.

Can VFDs be used in all types of motors?

VFDs are suitable for most AC motors, but compatibility should be verified with the

motor manufacturer.
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