
Frequency Drives (VFDs) – Fundamentals, Benefits,

and Applications

Introduction

A frequency drive – more commonly known as a Variable Frequency Drive (VFD) – is an electronic controller

used to adjust the speed and torque of electric motors by varying the motor’s supply frequency and voltage.

These devices are also referred to as  variable speed drives,  adjustable frequency drives, or simply  AC

drives, all referring to the same technology . In industrial settings, VFDs are ubiquitous for controlling

AC induction motors, enabling processes to run at optimal speeds rather than at full power continuously.

This not only improves process control but also yields significant energy savings. In fact, electric motors

consume over half of the world’s electricity, and it’s estimated that 75% of industrial VFDs are deployed on

pumps, fans, and compressors – applications where slowing the motor can dramatically cut energy use

. Broad adoption of VFDs in all suitable motor applications could reduce global electrical energy

consumption by about 10%,  highlighting their  importance for efficiency .  VFDs additionally  provide

gentle motor starts, eliminating high inrush currents and mechanical shocks, thereby extending equipment

life.  Due  to  these  advantages,  they  have  become  an  integral  part  of  modern  automation  and  energy

management in industries ranging from manufacturing and material handling to HVAC, water treatment,

and beyond.

Key benefits of using VFDs include:

Energy Savings: By intelligently modulating motor speed to match load demand, VFDs prevent

wasting energy. Even a small reduction in speed can yield large energy cuts (per affinity laws, a 20%

speed drop can roughly halve the power draw) . Many facilities report 20–50% energy reduction

after installing VFDs on pumps and fans, often achieving payback in under 1–2 years from electricity

savings . 

Cost and ROI: Lower energy usage translates to lower utility bills. Additionally, smoother motor

acceleration and the ability to run at reduced speeds mean less wear on mechanical components,

cutting maintenance costs. It’s not uncommon for a VFD investment to pay for itself within 6–12

months through energy and maintenance savings . 

Improved Process Control: VFDs let operators fine-tune motor speed to the process requirements.

This improves product quality and throughput by avoiding the on/off cycling of fixed-speed systems.

For example, conveyor speeds can be adjusted to match production rates, or pump flow can

continuously match target pressure. Precise speed control also reduces variability and waste in many

processes . 

Soft Starting & Reduced Stress: A VFD can ramp a motor up to speed (and down to stop) in a

controlled manner. This soft-start capability avoids the mechanical stress and electrical surge of

across-the-line starters . Equipment experiences less torque shock, leading to longer bearing

and gearbox life and fewer pipeline surges in pump systems. 

Extended Equipment Life: By running motors only as fast as needed, VFDs minimize unnecessary

heating and wear. They also often include diagnostics that monitor parameters like voltage, current,
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and temperature in real time, alerting maintenance to issues before failures occur . Smoother

operation and built-in protections (like current limits) help extend the lifespan of motors and driven

machinery. 

Versatile Applications: VFDs are extraordinarily flexible. The same drive that controls a pump’s flow

can, with appropriate programming, control a fan’s airflow or a conveyor’s speed. Modern VFDs can

interface with plant control systems, enabling remote monitoring and adjustments. They are used in 

diverse industries: e.g. controlling centrifugal pumps and blowers in water utilities, fans in HVAC

systems, compressors in refrigeration, cutters and mixers in food processing, centrifuges in

pharmaceuticals, and even large mining hoists or marine propulsion systems . In essence, any

application calling for adjustable motor speed or torque is a candidate for a VFD solution.

Given  these  benefits,  it’s  clear  why  more  facility  managers  are  replacing  fixed-speed  starters  with

intelligent  frequency  drives.  The  next  sections  delve  into  how  VFDs  work,  important  technical

considerations (standards,  motor compatibility,  harmonics,  etc.),  real-world case studies of  savings,  and

guidance on selecting and implementing drives for optimal results.

How Does a Frequency Drive Work?

At its core, a VFD  controls motor speed by adjusting the frequency of the AC power delivered to the

motor. For an AC induction motor, the synchronous speed (in RPM) is directly proportional to the supply

frequency – so by varying frequency, the VFD can make the motor shaft spin faster or slower as needed.

However, simply changing frequency without changing voltage would not work well, since motor torque

capability depends on the volts-per-hertz ratio. Thus, VFDs vary both frequency and voltage in tandem to

maintain efficient motor operation throughout the speed range .

To perform this feat, a typical frequency drive has three main sections internally :

Rectifier (AC to DC Converter): Incoming AC line power (often three-phase, e.g. 480 V 60 Hz) first

passes through a  diode bridge rectifier, which converts the AC into DC. In a standard VFD, a six-

pulse diode rectifier is commonly used, producing an unregulated DC voltage. For example, a 480 V

AC input yields roughly 680 V DC after rectification (since DC bus voltage ≈ AC line peak) . Some

drives use more advanced front ends – like 12-pulse or active rectifiers – but the basic principle is to

create a DC supply. 

DC Bus (Intermediate Link): The raw DC from the rectifier is  fed into a  DC bus section,  which

includes  capacitor  banks  (and  sometimes  inductors  or  chokes).  The  capacitors  smooth  out  the

pulsating DC and act as an energy buffer or reservoir . A stable DC voltage is thus maintained on

this bus. In many VFD designs, you’ll find a pair of large electrolytic capacitors here, which store

energy and help ride through brief dips in supply and provide fast current during motor transients.

The DC bus is also a convenient point to connect braking resistors or common bus configurations

(more on that later). In some drives, an inductor is placed either on the AC side (line reactor) or DC

side (DC choke) to reduce current ripple and harmonics – this is often optional or built-in .

Inverter (DC to AC Converter): Finally, the smoothed DC is turned back into a controlled AC output

via the inverter stage. The inverter consists of high-speed switching transistors – typically  IGBTs

(Insulated Gate Bipolar Transistors) – arranged in a bridge configuration. Using a technique called

Pulse Width Modulation (PWM),  the  inverter  switches  the DC on and off in  pulses,  creating a
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synthesized AC waveform of the desired frequency and voltage . Essentially, by varying the pulse

widths and timing, the inverter can imitate a sinusoidal AC current to the motor at, say, 30 Hz or 45

Hz instead of the fixed 60 Hz from mains. The fast switching (often thousands of times per second)

and  filtering  by  the  motor’s  inductance  result  in  a  near-sinusoidal  current  flow  in  the  motor

windings. Modern IGBTs switch very rapidly and efficiently, enabling output frequencies from near

zero up to several hundred hertz, as well as precise voltage control. Figure 1 in KEB’s technical guide

illustrates this topology: an input converter, DC link, and output inverter .

In summary, the VFD takes fixed-line AC power, converts it to DC, and then “inverts” it back to AC of a new

frequency/voltage as commanded by the drive’s controller. This controller is typically a microprocessor that

monitors user settings, sensor inputs, and feedback signals. It can adjust parameters like output frequency

ramp  rates,  maximum/minimum  speed,  and  torque  limits.  Notably,  VFDs  also  allow  controlled

acceleration and deceleration of motors by gradually increasing or decreasing the output frequency (and

voltage) over time. This prevents mechanical shocks and electrical surges, as mentioned earlier. Most drives

offer configurable accel/decel ramps to tailor how quickly the motor reaches the new speed setpoint. They

also often include  torque or current limiting –  ensuring the motor doesn’t  draw excessive current or

produce excessive torque at any speed, which protects both the motor and the drive.

To illustrate the effect, consider starting a large pump motor: Without a VFD, an across-the-line start slams

the motor with full voltage at 60 Hz, causing a large inrush current (often 6–8 times the motor’s full-load

current) and a rapid torque rise, which stresses couplings and pipes. With a VFD, the startup might begin at

2 Hz and smoothly ramp up to 60 Hz over, say, 30 seconds – the motor current stays near rated value and

the pump experiences a gentle increase in flow. The ability to adjust speed on the fly also means the same

system can handle  varying process  conditions:  e.g.,  slowing down at  night  when demand is  low,  then

speeding up during peak times, all automatically via a control loop.

Finally, many VFDs incorporate additional features in their operation:  dynamic braking circuits to quickly

stop high-inertia loads (using a resistor to dissipate energy or even regenerating it back to the source in

regenerative drives),  PID controllers to maintain process variables like pressure or flow by modulating

speed, and communication interfaces (Modbus, Ethernet/IP, ProfiBus, etc.)  to integrate with automation

systems.  In  short,  a  frequency drive  is  far  more than just  a  “throttle”  –  it’s  a  sophisticated system for

precision motor control and energy optimization.

Technical Considerations and Standards

When deploying VFDs, it’s important to address some technical aspects to ensure a reliable and compliant

installation.  Key  considerations  include  motor  compatibility,  power  quality  (harmonics),

electromagnetic interference, and safety standards. We discuss each below.

Motor Compatibility and Insulation Stress

Not all motors are created equal when paired with VFDs. The rapid switching of a drive’s inverter can induce

voltage spikes and high dV/dt (rate of change of voltage) on the motor terminals. Especially with long cable

runs, the reflected wave phenomenon can lead to peak voltages 2–4 times the nominal line voltage at

the  motor .  This  can  stress  the  motor’s  insulation.  To  address  this,  inverter-duty  motors are

recommended – these are built per standards like NEMA MG1 Part 31 which, for example, requires a 460 V

motor’s insulation to withstand at least 1600 V peak with short rise times . Many modern motors are
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advertised as “VFD-ready” or “inverter-duty”; however, it’s wise to confirm compliance with such standards

or the use of appropriate output filters (like dV/dt filters or sinewave filters) if you plan to run a standard

motor on a drive, especially with long leads. Filters at the VFD output can significantly blunt the voltage

spikes, protecting the motor insulation and also reducing bearing currents that can cause EDM pitting in

motor bearings (another phenomenon from high-frequency PWM). Additionally,  when running standard

motors at low speeds, their built-in cooling fans may not provide sufficient airflow. Thermal considerations

are critical: a motor that is adequately cooled at 1800 RPM might overheat at 300 RPM if it’s still loaded. You

may need to derate the motor or provide auxiliary cooling (e.g. a separately driven fan) for extended low-

speed operation . Each 10°C increase in winding temperature can halve insulation life, so maintaining

safe temperatures is vital . Most VFDs have settings to reduce voltage at low frequencies (voltage boost

profiles) or to trip if the motor overheats (with an attached thermistor), but the system designer should

always evaluate the load-duty cycle. On the flip side, operating a motor above its nominal base speed (in the

constant horsepower region) is also possible with VFDs – but beyond 100% speed, the drive must reduce

voltage (since it’s  at  max output voltage),  meaning available torque drops.  Standard AC motors (NEMA

Design B) can typically run up to ~90 Hz with constant horsepower (torque falls as speed increases) before

hitting magnetic limits . The drive setup should account for this if overspeed operation is needed, and

ensure the mechanical system can tolerate the higher speed.

Best practice: When applying a VFD, ensure the motor is either rated for inverter use or apply mitigating

measures (output filters, shorter cable lengths, etc.). Follow NEMA, IEC, or manufacturer guidelines on peak

voltage  and  rise  times.  It’s  also  wise  to  use  shielded  motor  cables and  proper  grounding  to  limit

electromagnetic interference and common-mode currents, which can contribute to bearing issues. If the

motor will run very slow or very fast relative to its rating, consult motor curves and consider temperature

monitoring.

Harmonics and Power Quality

While VFDs save energy on the load side, their front-end rectifiers can introduce issues on the supply side in

the form of  harmonic distortion.  A standard six-pulse VFD draws current from the line in pulses (only

during the peaks of the AC waveform), which creates harmonic currents at 5th, 7th, 11th, 13th… multiples of

the fundamental frequency. The total current waveform is non-sinusoidal, typically characterized by a high

Total Harmonic Distortion (THD). Without any filtering, a 6-pulse VFD can have current THD of around 80%

of  the fundamental .  These harmonic  currents  flowing in  the plant  or  utility  system can distort  the

voltage waveform (especially if source impedance is high), potentially causing overheating of transformers,

nuisance tripping of sensitive equipment, and other power quality problems.

To maintain electrical power quality, most facilities adhere to guidelines like the IEEE 519-2014 standard,

which recommends limits on harmonic distortion at the point of common coupling (PCC) with the utility. For

example, IEEE 519 sets a target of voltage THD below 5% on low-voltage systems, and it provides allowable

current distortion limits based on the system’s short-circuit strength . While IEEE 519 is technically a

recommended practice (not a law), many utilities or project specs enforce it to avoid mutual interference

between customers . Therefore, in larger installations with multiple drives, harmonic mitigation is often

required.

Harmonic mitigation solutions: The simplest method is adding an  AC line reactor or DC choke to the

VFD. This inductance smooths the input current waveform, typically reducing current THD from ~80% down

to roughly 35–40% . Another option is using a passive harmonic filter tuned to trap specific harmonics,
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which can bring THD under ~10–15%. For more stringent requirements, VFDs can be configured with multi-

pulse rectifiers: e.g. a 12-pulse drive (using phase-shifting transformers) can cut THD to ~12–15%, and an

18-pulse configuration can achieve <5% THD, often compliant with IEEE 519 limits . Multi-pulse solutions

are  common  for  larger  motors  (>250  HP)  where  harmonic  limits  are  tight.  The  most  effective  (and

expensive)  approach  is  an  Active  Front  End  (AFE) drive  or  active  harmonic  filter  –  essentially  using

transistor rectifiers or parallel active filters that dynamically cancel harmonics. An active front end VFD can

virtually eliminate harmonics (THD ~3% or less) and even correct power factor to near unity . As a bonus,

AFE drives can also regenerate energy back to the source if the load is overhauling (e.g. braking a hoist),

avoiding wasted energy as heat. When designing a system, one should weigh the cost and complexity of

harmonic solutions against the harm of distortion in that context. In many industrial plants, a combination

of techniques (e.g. a reactor on each drive and a central active filter for the plant) is used to meet standards

efficiently.

In summary, be mindful that VFDs are nonlinear loads. Check harmonic distortion levels for your installation

and consider  mitigation to maintain compliance and avoid overheating of  electrical  infrastructure.  This

ensures both the user’s facility and the utility’s network remain within safe distortion limits .

Electromagnetic Interference (EMC) and Noise

The  high-frequency  switching  in  VFDs  (PWM  typically  in  the  2–15  kHz  range)  means  that  without

precautions,  they can generate electromagnetic interference (EMI)  or radio-frequency interference (RFI).

EMC (Electromagnetic Compatibility) standards such as  IEC 61800-3 (for drive systems) define emission

limits to ensure drives don’t disturb other equipment. To comply, most VFD manufacturers integrate EMI/

RFI filters or offer them as add-ons. For example, Hitachi’s SJ700 series drives include built-in EMC filtering

up to 150 kW to meet noise regulations, reducing electromagnetic emissions and saving panel space .

When installing drives, it’s good practice to use shielded motor cables with the shield grounded at both

ends  to  contain  radiated  noise.  Also,  routing  motor  leads  away  from sensitive  signal  cables  (or  using

separated conduit)  will  minimize coupling of  noise into instrumentation or  communication lines.  Some

drives have  switching frequency settings – lowering the switching frequency can reduce EMI (and reduce

motor insulation stress),  at  the expense of potentially  more audible noise from the motor.  Speaking of

which, the audible noise of motors can increase when run on VFD power, due to magnetostriction effects

from the  PWM waveform.  It’s  noted  that  motors  can  exhibit  5–15  dB  higher  noise  levels  under  PWM

excitation compared to pure sine wave, depending on switching frequency and motor design . If this is a

concern (in, say, HVAC building environments), increasing the switching frequency above the audible range

or using sinewave filters can help, albeit with efficiency trade-offs.

In essence, ensuring EMC compliance and noise mitigation is part of a proper VFD deployment. This may

involve  installing  the  drive’s  supplied  ferrite  cores  or  filters,  following  the  manufacturer’s  wiring

recommendations, and adhering to applicable standards (CE directives in Europe, FCC rules in the US, etc.).

Proper grounding of  the drive and motor frame is  also essential  –  it  not only helps with EMI but also

provides a return path for high-frequency common-mode currents, which if left to stray can cause issues

like bearing EDM or nuisance tripping of ground fault protectors.

Functional Safety Features

Modern frequency drives increasingly incorporate functional safety functions that allow them to be used

in safety-critical applications (in compliance with standards such as  IEC/EN 61800-5-2).  This standard is a
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product-specific extension of IEC 61508, outlining the requirements for safe drive operation and integrated

safety options . One of the most common safety features is  Safe Torque Off (STO). STO is a function

where the drive will rapidly remove power from the motor so that it cannot produce torque, typically in

response to an emergency stop condition.  It  corresponds to a  Category 0 stop (immediate removal  of

power) as defined in IEC 60204-1 . The advantage of using STO via the drive is that you can achieve a

safe stop without completely removing mains power to the drive – the drive’s internal circuits ensure no

torque is delivered, which can be faster and extends the life of power contactors (since they don’t need to

open under load for E-stops).  Many VFDs from major manufacturers come with STO inputs (often dual-

channel inputs that, when opened, trigger a hardware-based shutdown of output) certified to SIL2/PLd or

SIL3/PLe levels, depending on design. Other integrated safety functions per IEC 61800-5-2 include Safe Stop

1 (SS1 – a controlled deceleration to stop), Safe Limited Speed (SLS), Safe Direction (SDI), and more .

These allow drives to,  for example,  monitor that a motor stays below a set  speed or only rotates in a

permitted direction, with redundant checks to trip if limits are exceeded. Implementing such safety features

can remove the need for external safety relays or complex interlocking, simplifying machine design. If your

application involves hazards (like a high-inertia saw, mixer, or conveyor that people interact with), consider

using VFDs that support functional safety and integrate them into the overall safety system. Always ensure

the drive’s safety functions are correctly commissioned and tested according to the manual and relevant

standards.

Relevant Standards Summary

To recap,  several  standards and guidelines come into play with VFDs:  -  IEC 61800 series: International

standards covering adjustable speed electrical power drive systems. For example, IEC 61800-5-1 addresses

electrical  safety  requirements,  and  61800-3  addresses  EMC emissions/immunity  for  drives.  Compliance

ensures  drives  are  safe  and  not  interfering  with  other  equipment.  -  NEMA  MG1  Part  30/31: NEMA

guidelines  (used  in  North  America)  for  motors  on  drives,  specifying  insulation  requirements  and

performance for “inverter-duty” motors to handle the fast rise times and potentially higher frequencies

from VFDs . Motors meeting these standards are recommended for reliability. - IEEE 519 (2014): An IEEE

recommended practice that provides harmonic distortion limits (voltage and current) for power systems

. While not legally mandated, it’s often required in design specs. It guides engineers in applying filters

or multi-pulse drives so that the use of VFDs doesn’t compromise power quality for the utility or neighbors. -

UL and CE markings: VFDs should be UL listed (or equivalent) for the intended installation, indicating they

meet safety standards for electrical equipment. CE-marked drives in Europe must meet the Low Voltage

Directive and EMC Directive – essentially compliance to EN 61800-5-1, EN 61800-3, etc., which mirror the IEC

standards. Always use a drive that’s certified for your region and follow local electrical codes (e.g., NEC in

the U.S.) regarding branch circuit protection, enclosure ratings, and so on.

By understanding and addressing these technical factors – motor thermal limits, harmonics, EMI, safety –

you can ensure a smooth and efficient application of frequency drives in your system.
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Real-World Examples and Case Studies

VFDs  have  a  proven  track  record  of  delivering  performance  improvements  and  cost  savings  across

industries.  Below  are  a  few  anonymized  case  studies  and  examples  that  highlight  the  impact  of

implementing frequency drives:

Energy Savings in a Fan System: A tea processing factory in Asia conducted a trial on two identical

4 kW ventilation fans – one controlled by a traditional inlet damper (throttle) and the other by a VFD.

The VFD-driven fan maintained the same airflow as the throttled fan but consumed significantly less

power. The study found about a 40% reduction in energy usage for the fan with the VFD . This

illustrates  how throttling  (dissipating  excess  energy)  is  inherently  inefficient  compared to  speed

control.  The factory subsequently retrofitted more fans with drives and achieved similar savings,

validating an expected ROI well under two years from energy savings alone.

HVAC  (Building  Climate)  Example: In  an  experiment  in  Saudi  Arabia,  two  identical  large  air-

conditioning systems were compared – one using a conventional on/off compressor and one using a

VFD-driven compressor. Both were set to maintain the same indoor temperature. The variable-speed

system was able to ramp the compressor down during periods of lower cooling demand, whereas

the fixed-speed unit could only cycle off. The result was dramatic:  the home with the VFD-based

system saw energy savings between 22% and 65% over various months (e.g. 22–65% reduction in

energy use in March) compared to the on/off system . Beyond energy, the VFD system provided

more  stable  temperatures  and  lower  peak  currents.  This  demonstrates  how even  residential  or

commercial HVAC can benefit from industrial drive technology – especially in hot climates where AC

is a major energy consumer.

Industrial  Pumping and Flow Control: A municipal  water purification plant in Egypt needed to

maintain a constant discharge pressure to a distribution network that supplied tens of thousands of

residents. Originally, the pump ran at full speed and a valve throttled the flow to regulate pressure –

a very wasteful method. Engineers installed a VFD on the 50 HP pump motor to directly control its

speed and thus pressure. Measurements before and after showed the pumping energy consumption

dropped significantly.  In  similar  case studies,  retrofitting centrifugal  pumps with VFD control  (in

place of throttle valves) has yielded on the order of  20–50% energy savings,  depending on how

oversized the original pump was for the average demand . In the water plant’s case, the VFD

also enabled soft-starting the pump, reducing water hammer and pipe stress. This improved the

reliability of the system and reduced maintenance on valves and couplings. 

Boiler Fan (Combustion Control) Retrofit: A sugar mill had large induced-draft fans on its boilers,

each driven by a 400 HP motor at constant speed. The airflow was regulated by mechanical dampers,

and at low boiler loads the damper would mostly stay closed (wasting fan energy). By installing VFDs

on these fan motors, the plant was able to slow down the fans when full flow wasn’t needed. During

tests, at a low load condition the VFD-driven fan system used 47% less electrical power than the

baseline  with  the  damper,  while  maintaining  the  required  draft .  This  translated  to  tens  of

thousands of dollars in annual energy savings. Additionally, by easing the mechanical strain on the

dampers,  their  lifespan  increased.  Many  industrial  facilities  with  variable  demand  (like  multiple

boilers,  furnaces,  or ovens)  have replicated such results,  often funded through energy efficiency

incentives due to the substantial kWh reductions.
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These cases demonstrate a common theme: baseline control methods (valves, dampers, on/off cycling)

waste a lot of energy, and VFD-based control recovers that waste. The exact savings depend on the load

profile – generally, the more time an equipment spends at partial load, the greater the opportunity for VFD

savings. Beyond energy metrics, VFDs frequently improve other aspects (process stability, product quality,

equipment  longevity),  which  can  be  just  as  valuable.  It’s  also  worth  noting  that  many  utilities  and

governments  offer  rebates  or  incentives for  VFD installations  because  of  their  proven role  in  energy

conservation. 

Leading Manufacturers and Drive Technologies

The VFD market  is  well-established,  with  many reputable  manufacturers  offering a  range of  drives  for

different needs. While the fundamental operation is similar, vendors differentiate their drives with various

features, industry-specific solutions, and support services. Here we highlight a few leading manufacturers

(among many), along with examples of their technologies and applications:

ABB: A global leader in drives, ABB produces everything from fractional-horsepower micro drives to

multi-megawatt  medium-voltage  drives.  ABB’s  low-voltage  ACS series  is  widely  used  across

industries  (in  textiles,  mining,  oil  &  gas,  pulp  &  paper,  HVAC,  etc.),  known  for  robustness  and

advanced control algorithms. For example, the  ABB ACS880 industrial drives can be configured as

standalone units or as part  of  a coordinated multi-drive system. In a multi-drive setup,  multiple

inverter modules share a  common DC bus and a single power supply unit, allowing energy to be

exchanged  between  motors  (useful  in  systems  with  one  motor  motoring  while  another  is

regenerating) .  This  common  bus  design,  along  with  common  braking  resources,  simplifies

installation and can reduce total system cost via a single input and shared components. ABB is also

famous for its development of  Direct Torque Control (DTC) technology – a control method that

provides very fast torque response and high efficiency without needing an encoder. ABB drives often

come with extensive programmability  and options (I/O,  fieldbus interfaces,  safe torque off, etc.),

enabling them to be tailored to specific applications. 

Yaskawa: Hailing from Japan, Yaskawa Electric is often cited for its high reliability and quality. They

have been producing VFDs for  decades  and were  among the  pioneers  of  vector  control  drives.

Yaskawa’s products are popular in manufacturing environments and OEM machinery due to their

durability and user-friendly interface. Two of their flagship families are the GA500 and GA800 series,

which Precision Electric frequently recommends for general-purpose low-voltage applications .

The GA500 (up to 30 HP) and GA800 (up to 600 HP) drives feature side-by-side compact designs,

built-in EMC filters and network communications, and the ability to run not just standard induction

motors but also permanent magnet and synchronous reluctance motors. Yaskawa drives are known

for  being  out-of-the-box ready,  with  autotuning functions  that  easily  optimize  the drive  to  the

motor.  They  also  provide  extensive  diagnostics  and  even  prognostic  features  (for  example,

estimating remaining capacitor life). In terms of reliability, some users note that Yaskawa VFDs rarely

fail if properly installed – anecdotes often put them at the top of the list for mean time between

failures. For integration, Yaskawa offers free programming software and mobile apps that simplify

setup. Overall, the brand’s emphasis is on performance, ease of integration, and longevity, which is

why their drives are found in everything from automotive factories to commercial water parks.

Eaton (Cutler-Hammer): Eaton’s drives (sometimes still branded Cutler-Hammer from their legacy)

are designed to cover both simple and complex motor control tasks. They have dedicated lines for
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HVAC and pumping (often emphasizing ease of use for building engineers) as well as heavy-duty

industrial drives. One notable series is the Eaton SVX9000 (a product of the former Cutler-Hammer

division),  which  has  been  used  extensively  in  applications  like  air  compressors (e.g.  in  Sullair

compressor packages)  and marine drives .  Eaton drives are known for their  robust build and

good overload capacities.  They often incorporate  modular  designs –  for  instance,  the SVX9000’s

control section could be common across multiple power ratings, easing spare parts and learning.

Eaton also focuses on  power quality solutions;  they offer integrated harmonic mitigating drives

and active front end options for facilities that need IEEE 519 compliance. Another interesting offering

is Eaton’s DG1 series which is an industrial workhorse drive with built-in energy optimizing software

and compatibility with Eaton’s Power Xpert energy monitoring. In terms of standards, many Eaton

VFDs are UL listed for plenum use (important for HVAC drives in building air handling units) and

carry  onboard  EMC/RFI  filters  for  commercial  compliance.  They  are  typically  found  in  water/

wastewater  plants,  factory  automation,  and  commercial  buildings.  Eaton  provides  extensive

documentation and regional support, which is valued by integrators and end users who may already

use Eaton electrical distribution gear.

Lenze (AC Tech): Lenze Americas (which incorporated the former AC Tech brand) offers a range of

compact  drives  that  are  especially  popular  for  packaging  machinery,  food  processing  lines,

conveyors, and HVAC systems . Lenze drives are often selected when cost-effective, open-loop

speed control is required without advanced feedback or networking. A prime example is the Lenze

SMV series, available in various enclosure ratings (from IP31/NEMA 1 to IP65/NEMA 4X washdown)

for power ratings from fractional 120 V units up to 600 V, 50+ HP units . The SMV series is known

for its simple commissioning – it has an auto-tuning algorithm for sensorless vector control, giving

good torque even at low speeds, and a straightforward keypad interface. One standout feature is

Lenze’s  Electronic Programming Module (EPM),  a small removable memory chip that stores the

drive’s  parameter  settings .  The  EPM  lets  users  copy  settings  from  one  drive  to  another  in

seconds, or swap it into a replacement drive to be up and running immediately. This is extremely

handy  for  OEMs  with  multiple  identical  machines,  or  for  maintenance  spares  –  a  drive  can  be

replaced and the parameters restored just by moving the EPM. Lenze drives focus on the essentials:

reliable V/Hz or vector control, quick setup, and affordability. They may not have all the bells and

whistles of some higher-end drives, but for many applications that don’t require advanced comms or

feedback, they hit a sweet spot. Precision Electric often uses Lenze SMV drives for applications like

simple conveyors, mixers, or pump skids that need a basic, rugged speed control solution.

Hitachi: Hitachi  Industrial  Equipment  offers  VFDs  that  are  feature-rich  and  aimed  at  high

performance. A notable model line is the Hitachi SJ series (e.g. SJ700D and the newer SJ-P1). These

drives come with advanced sensorless vector control algorithms – for instance, the Hitachi SJ700D

can  develop  150%  torque  at  0.5  Hz in  sensorless  mode ,  which  is  quite  impressive  for

applications needing high low-speed torque without an encoder. This makes them suitable for heavy-

duty uses like cranes or extruders where starting torque is critical. Hitachi drives also often include

enhanced  programmability;  the  SJ  series  has  a  built-in  PLC-like  functionality  called  EzSQ (Easy

Sequence) where the drive itself can run simple logic sequences and control auxiliary equipment

. This can eliminate the need for a separate small PLC in some systems – the drive can monitor

inputs (like a sensor or pushbutton) and execute programmed actions accordingly. For example, you

could program a drive to follow a specific start/stop cycle or to alternate between two speeds based

on a timing sequence. Moreover, Hitachi emphasizes ease of use despite the advanced features –

their  configuration  software  and  keypad  navigation  are  designed  to  be  user-friendly.  On  the
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hardware side, Hitachi drives through 150 kW come standard with EMC filters and DC link reactors,

addressing  noise  and  harmonics  compliance  out  of  the  box .  They  also  provide  a  lifetime

monitoring function that gives alarms when components like cooling fans or capacitors approach

end-of-life ,  aiding in preventive maintenance.  Hitachi  VFDs are commonly applied inAsia and

globally for processes such as plastics machinery, pumps/fans, and machining tools. They strike a

balance between high performance and high reliability, benefiting users who need strong torque

control and robust design.

Of course,  there are many other prominent VFD manufacturers:  Danfoss,  Siemens,  Schneider Electric

(Square D), Rockwell Automation (Allen-Bradley), Mitsubishi Electric, WEG, Toshiba, Delta, and more all

offer competitive drive products. Each tends to have specialties or particular industries where they are most

popular. For instance, Danfoss drives are very common in HVAC and refrigeration (they pioneered many

drive solutions for those markets), while Rockwell’s Allen-Bradley PowerFlex line is deeply ingrained in North

American industries tied to Rockwell PLC systems. Selecting the right drive often involves considering not

just  the  specs,  but  also  the  available  local  support,  the  ease  of  integration  into  your  existing  control

architecture, and any unique features needed (like a certain communication protocol,  or a high ingress

protection rating for harsh environments, etc.). It’s wise to consult with an expert or the manufacturer’s

application engineers when in doubt.  Precision Electric,  for example, being a distributor and integrator,

often guides customers to the optimal brand/model based on their project requirements and even helps

compare lifecycle costs.

Implementation Best Practices

Installing and programming a frequency drive correctly is crucial to getting the expected performance and

longevity. Here are some best practices and tips for implementing VFDs in your facility:

Proper Sizing and Selection: Always size the VFD not just for the motor’s horsepower, but for its

full-load current (FLA) and application demands. Check the motor nameplate amps and ensure the

drive’s rated continuous current is equal or above that. If the application has intermittent overloads

(e.g. a crusher or hoist), choose a drive with the appropriate overload capacity – drives often have

different ratings, such as Normal Duty (110% overload for 60 sec) or Heavy Duty (150% overload for 60

sec). For instance, a drive might be labeled 50 HP normal duty but only 40 HP heavy duty; in high-

torque applications, the latter rating is the safe one. Also consider adding a margin for long-term

reliability – drives running near 100% all the time may run hotter. As noted earlier, include harmonic

current when considering supply loading; a motor drawing 50 A may cause the VFD to pull ~55 A

from the line due to waveform distortion . If multiple motors will run on one VFD (in sequential or

parallel  operation),  sum the currents and account for any diversity  factor.  Always verify  that  the

drive’s voltage rating matches your supply (drives are built for specific voltage classes like 208 V,

480 V, 600 V, etc.) and that the enclosure type suits the environment (open chassis vs. NEMA 4X

washdown enclosure, etc.).

Upstream and Downstream Protection: Install proper protection and peripherals around the VFD.

Upstream, this means appropriate fusing or circuit breakers as specified by the drive manufacturer

(usually UL-class RK5 fuses or a molded-case circuit breaker with magnetic trip). Also, consider an

input line reactor or  dual-element (AC/DC) choke, especially if the facility power is stiff or other

sensitive devices share the network – input reactors reduce inrush currents and soften harmonics,

benefitting both the drive and the grid . Downstream, use  output reactors or filters for long
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motor lead lengths to protect the motor from voltage spikes. As a rule of thumb, if the motor cable

exceeds about 50–100 meters (150–300 feet), a dV/dt filter or sine wave filter is recommended to

limit voltage overshoot and high-frequency ringing. Many drive manufacturers specify a maximum

cable length in their manuals (e.g. 50m without filter, 200m with filter, varying by model). Following

these guidelines will prevent insulation stress and nuisance tripping. It’s also important to use the

correct cable type – shielded tray cable designed for VFD use is often advised for its low capacitance

and braided shield. Terminate the shield at ground on both ends (drive ground and motor frame) to

contain EMI. 

Motor and Drive Configuration: Parameter setting is key to a successful startup. Most VFDs have

an auto-tune function – use it! This typically involves running the motor at no-load to let the drive

measure  motor  characteristics  (stator  resistance,  leakage  inductance,  etc.)  which  improves

performance, especially for vector control. Enter the motor nameplate data accurately (voltage, FLA,

power factor or idle current, rated frequency, poles or base RPM). Set the appropriate control mode

for  your  needs:  for  example,  basic  Volts/Hz  mode  might  suffice  for  a  fan,  whereas  a  crane  or

extruder might benefit from sensorless vector or closed-loop vector mode for better torque control.

Configure the  acceleration and deceleration times to values that the system can handle – too

short and you may get overcurrent or overvoltage trips (if decel is too fast, the drive might need a

braking resistor to dump energy). Many drives by default have relatively long ramps (10–20 seconds)

to be safe, but you can shorten these if the machine can tolerate it. If you have a high-inertia load

that needs quick stops, consider adding a braking resistor and enabling the dynamic brake chopper

(if  internal or via an external module) to absorb regenerative energy. Also, program any  critical

frequencies to “skip” – VFDs allow you to set forbidden frequency bands to avoid running the motor

at speeds that cause mechanical resonance in the driven equipment . For instance, if a pump

impeller resonates at 45 Hz, you can configure a skip around 44–46 Hz. This prevents prolonged

operation at that speed, avoiding excessive vibration. 

Environmental  Factors: Drives  are  electronic  devices,  typically  rated  for  a  maximum  ambient

temperature (often 40 °C or 50 °C) at full  capacity. Ensure the installation location has adequate

cooling or ventilation. If installing multiple drives in a cabinet, follow spacing guidelines and consider

using cooling fans or even air conditioners for larger drive cabinets. Keep the VFD free from dust,

moisture, and corrosive chemicals – if the environment is harsh (e.g. a wastewater plant with H₂S

gas, or a sawmill with lots of dust), use appropriate enclosures or conformal-coated circuit boards.

Check the ingress protection (IP/NEMA rating) of the drive if it’s going near water or outdoors. It’s

also critical to ground the drive properly; most have a dedicated PE ground terminal. A good ground

not only ensures safety but also helps the built-in filters work effectively to shunt noise. If using

multiple drives, avoid sharing grounding conductors – each should have its own low-impedance path

to the ground bus or plant earth. Finally, in environments with power instability, consider adding a

surge protector or transient voltage suppressor on the drive’s supply, as VFDs can be sensitive to

overvoltage surges (though most have MOVs internally for transient suppression).

Commissioning and Testing: Upon initial power-up, verify the basic operation in a safe manner. Test

the drive first in manual control (from the keypad) at low speed to ensure the motor rotates correctly

and that there are no abnormal sounds or vibrations. If the motor turns the wrong direction, swap

any two of the three output leads (after powering down) or use the drive’s phase rotation setting if

available. Check that the drive’s display values (frequency, current, voltage) make sense. It’s prudent

to set up some protective monitoring in the drive: e.g., motor overtemperature sensor input, or set
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the drive’s internal thermal overload for the motor (often a parameter where you input the motor

service  factor  or  a  trip  class).  If  your  application is  critical,  you might  also  test  the drive’s  fault

scenarios – for example, trigger an emergency stop (which might be wired to an STO input or a drive

coast stop command) to ensure the motor stops as expected. Integrate the drive into the control

system (PLC or DCS) via the desired interface and test start/stop commands and speed references.

Many drives today support remote monitoring – take advantage of that by pulling diagnostics into

your system (for  instance,  read the drive’s  trip  alarms or  temperature via  Modbus/TCP or  other

protocol, so maintenance gets a notification if something is nearing a limit). 

Maintenance and Lifecycle: VFDs generally require little maintenance, but it’s wise to periodically

inspect and clean them. Dust buildup can reduce cooling effectiveness,  so blowing out filters or

heatsink fins with dry compressed air  (with the drive powered off) is  a  good practice every few

months or as needed. Keep an eye (or ear) on the cooling fan; those are usually the first components

to wear out. If a fan becomes noisy or fails, replace it promptly – most manufacturers sell fan kits,

and many drives will fault on overtemperature if the fan stops. Electrolytic capacitors in the DC bus

will  degrade over years (typical  lifespan might be 7–10 years depending on temperature).  Some

drives have a capacitor life monitor function, or you can have them tested/ reformed as preventive

maintenance. It’s also recommended to tighten control and power wiring terminals occasionally, as

thermal  cycling  can  loosen  connections  over  time.  Firmware  updates  may  be  released  by

manufacturers – if a known issue is fixed or for improved performance, consider updating the drive’s

firmware, following the vendor’s procedures. In critical systems, keeping a spare drive (or at least a

spare control board or power module if modular) is cheap insurance against downtime. If a drive

fault  does  occur,  consult  the  fault  code  in  the  manual;  common  ones  include  overcurrent,

overvoltage (during decel), undervoltage (supply dip), or external faults. Each has typical causes that

can be addressed (for example, an overvoltage trip on stop means you likely need a braking resistor

or longer decel time).

By following these best practices, users can ensure that their VFD installations run smoothly, efficiently, and

with minimal unexpected downtime. The key is to think of the VFD as part of a system – the motor, the

driven load, and the electrical supply all interact. A well-engineered drive system takes into account all these

elements for optimal performance.

Conclusion

Frequency drives (VFDs) have revolutionized the way industries use electric motors, bringing a new level of

efficiency and control. By varying the speed of motors to precisely meet demand, VFDs eliminate the waste

and limitations of fixed-speed operation. The fundamentals of how a VFD works – converting AC to DC and

back to a variable AC – belie the sophisticated advancements that modern drives incorporate, from digital

microprocessor  control  to  real-time feedback,  safety  functions,  and network  communications.  As  we’ve

explored,  the benefits of  VFDs are substantial:  energy savings,  better  process control,  gentler  machine

operation,  and adaptability  to name a few. These advantages are evidenced by real-world case studies

showing 20–50% energy reductions in applications like fans, pumps, and compressors, often with very quick

payback on the investment.

Implementing VFDs is not without its considerations. One must be mindful of harmonics, ensure motors are

up to the task, and adhere to electrical standards and best practices in installation. Fortunately, the industry

has developed robust standards (IEEE, IEC, NEMA, etc.) and a wide ecosystem of solutions – from harmonic
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filters  to  inverter-duty  motors  –  to  address  these  issues.  With  proper  application  engineering,  the

challenges (like voltage spikes or EMI) can be mitigated effectively, allowing the VFD’s advantages to greatly

outweigh any drawbacks.

From a technology perspective, VFDs continue to evolve. Manufacturers are adding smarter diagnostics

(leveraging IoT and Industry 4.0 concepts for predictive maintenance), improving power electronics (e.g.

new SiC MOSFET transistors for higher efficiency and higher frequency switching), and making drives more

user-friendly to commission (graphical wizards, mobile apps for configuration, etc.). We also see specialized

drives for certain sectors – for instance, integrated drives that mount on motors for decentralized control,

or drives with built-in motion controllers for coordinated multi-axis systems. This means that whether you

are running a simple irrigation pump or a complex assembly line, there’s likely a drive solution tailored for

you.

Environmental  sustainability is  a  driving  force  behind  VFD  adoption  as  well.  With  electric  motors

consuming such a large share of global electricity, using VFDs to cut down waste is one of the most effective

energy efficiency measures available. Many companies have mandated the use of VFDs in new projects to

meet sustainability targets and reduce carbon footprint. Additionally, by enabling processes like renewable

energy integration (for example, VFDs are used in wind turbines and solar pump inverters) and improving

the efficiency of HVAC systems in buildings, drives contribute to broader efforts against climate change.

In conclusion,  understanding and leveraging frequency drives is  essential  for  engineers and managers

seeking to optimize their operations. The fundamentals – a solid grasp of how VFDs work and how to apply

them – combined with knowledge of the latest advancements and best practices will ensure that one can

fully capitalize on this technology. Whether it’s reducing the energy bill, ramping up production with more

agility,  or  extending the  life  of  critical  equipment,  a  VFD is  often the  answer.  As  we have detailed,  by

selecting  the  right  drive,  configuring  it  properly,  and  following  industry  guidelines,  you  can  unlock

significant performance improvements in virtually any motor-driven system. Embracing VFDs is not just a

matter of keeping up with modern industry – it’s  a strategic move towards more efficient,  flexible,  and

sustainable operations.
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