
Frequency Drives for Three-Phase Motors: An In-

Depth Overview

Introduction

Electric motors are the workhorses of industry, consuming an estimated two-thirds of industrial electricity

. In particular, three-phase AC induction motors drive countless pumps, fans, conveyors, and machines.

Traditionally these motors run at constant speed (fixed by the mains frequency), and any flow or speed

control  is  done mechanically  (throttling valves,  dampers,  etc.)  –  a  very inefficient  approach.  Frequency

drives for three-phase motors provide a smarter solution by electronically adjusting the motor’s speed to

match real-time demand instead of running full  tilt  unnecessarily.  A frequency drive – more commonly

known as a variable frequency drive (VFD) or AC drive – varies the frequency (and voltage) of the AC power

supplied to a motor, thereby controlling its speed and torque. This ability to “adjust the frequency, adjust

the speed” yields dramatic efficiency gains and improved process control. For example, replacing a simple

on/off or throttling control with a VFD often reduces energy use by 30–50% in variable-load applications

. Major manufacturers report that even modest speed reductions can translate to major energy cuts

due to the cube law relationship between speed and power for centrifugal loads . In fact,  more than

half of global electrical energy is used by electric motors, and studies indicate that worldwide electricity

consumption could be cut by about 10% if  VFDs were applied in all  suitable motor systems . It’s  no

surprise then that VFDs have become indispensable in modern industry and HVAC systems as a key energy-

saving technology.

A compact variable-frequency drive unit for three-phase motors. This electronic controller adjusts the AC power

frequency and voltage to regulate motor speed.

Beyond energy efficiency, frequency drives also bring a host of other benefits: soft-starting motors to avoid

large inrush currents, improving process automation with precise speed control, and reducing mechanical

wear and tear. They have different names –  variable speed drives (VSD),  adjustable frequency drives

(AFD), or simply AC drives – but these all refer to the same concept: an electronic unit that lets an AC motor

run at variable speeds. In the context of three-phase motors (the dominant type in industrial settings), VFDs

have unlocked tremendous flexibility. This article provides a comprehensive look at how frequency drives

work,  their  technical  features,  key  benefits,  application  examples,  and  important  considerations  when

deploying VFDs on three-phase motors.

How Does a Variable Frequency Drive Work?

At its core, a three-phase VFD is an electronic power converter that sits between the electrical supply and

the motor, actively controlling the power flow to the motor. It first takes the incoming AC line power (fixed

frequency, e.g. 50 or 60 Hz) and  rectifies it  to DC. This is typically done with a diode bridge or similar

rectifier front-end. The resulting DC is smoothed in a DC bus (with capacitors and sometimes inductors) to

provide a stable intermediate voltage. The VFD then uses high-power switching devices (most commonly

IGBTs – Insulated Gate Bipolar Transistors) in an inverter stage to create a synthesized AC output of the
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desired frequency and voltage. By switching the transistors on and off very rapidly in a technique called

pulse-width modulation (PWM), the drive produces a series of voltage pulses whose average effect is a

nearly sinusoidal AC waveform at the target frequency . The switching carrier frequency is typically in the

range of  2–15 kHz –  far  higher than the motor’s  electrical  frequency –  which allows a smooth current

waveform  and  quiet  motor  operation .  Essentially,  the  VFD’s  inverter  can  generate  a  variable-

frequency and variable-voltage AC supply to run the motor at any speed from zero up to above its normal

full speed, all under electronic control.

A key principle is that an induction motor’s synchronous speed is proportional to the supply frequency (e.g.

a 4-pole motor runs ~1800 RPM at 60 Hz, ~1500 RPM at 50 Hz, etc.). By lowering the frequency, the VFD lets

the motor turn slower; raising the frequency above nominal can drive the motor faster (though with some

torque limitations and careful consideration of motor design). However, when changing frequency the drive

must also adjust voltage to maintain an appropriate magnetizing current in the motor. Most VFDs follow a

programmed volts-per-hertz (V/Hz) curve – at 50% frequency you apply ~50% of rated voltage, etc., up to

the  base  frequency.  This  ensures  the  motor  develops  rated  torque  across  the  speed  range  without

saturating or overheating. More advanced drives use sensorless vector or field-oriented control algorithms

to dynamically tune the motor excitation, providing better torque at low speeds and faster response than

simple V/Hz control. High-end units (for example, ABB’s drives with Direct Torque Control and other brands’

vector control) can even hold precise speed or torque without an encoder, or control permanent magnet

and synchronous reluctance motors in addition to standard induction motors .

Internally, the typical VFD has several components: a rectifier (diode or active type), a DC link with capacitors

(and often a choke reactor for smoothing), an inverter bridge (IGBT transistors), and a control logic board.

The control board orchestrates the transistor switching and provides the user interface, such as keypad/

display and connections for remote controls or automation signals. Users can program acceleration and

deceleration ramps, maximum/minimum frequencies, torque limits, and many other parameters. Modern

VFDs also include built-in protections (overcurrent, overvoltage, overtemperature, ground fault, etc.) and

often PID regulators that take feedback from sensors (pressure, flow, speed) to automatically adjust motor

speed and maintain a setpoint. In short, the VFD acts as a highly flexible electronic governor for the motor.

One notable capability of VFDs is that because they convert AC to DC internally, some models can accept

single-phase input power and still output three-phase power for a motor. In this way a VFD can function as

both a phase converter and speed controller – useful in locations that only have single-phase utility service

but need to run a three-phase motor . Typically the drive must be derated (oversized) for this mode, as

single-phase input causes higher DC bus ripple currents. Still, this feature greatly expands the applicability

of three-phase motors (which are more efficient and robust than single-phase motors) in rural or residential

settings by using a VFD as the converter.

Key Benefits of Using VFDs on Three-Phase Motors

Deploying frequency drives with three-phase motors unlocks a wide range of benefits. Below are some of

the most important advantages, along with practical examples:

Significant Energy Savings: By matching motor speed to the load demand,  VFDs eliminate the

wasteful  practice  of  running  a  motor  at  full  speed  and  throttling  the  output.  This  is  especially

impactful for centrifugal fan and pump applications governed by the affinity laws, where power draw

varies with the cube of  speed.  Even a modest reduction in speed can yield a large reduction in
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energy use. Many facilities retrofitting VFDs report energy consumption drops of 30–50% for the

controlled  motor  systems .  For  example,  a  municipal  water  plant  in  Columbus  replaced

constant-speed pumps with VFD-controlled pumps and saw about a 30% drop in energy per volume

of water pumped (from 259 kWh per million gallons to 179 kWh/MG) .  In another case,  ABB

documented that adding a VFD to a water pump reduced annual energy costs by ≈48% while also

extending the pump’s  seal  life  by two years  thanks to  gentler  operation .  Manufacturers  like

Lenze estimate that a 11 kW (15 HP) pump motor running with a VFD can save on the order of €3,000

(≈$3,300)  per  year in  electricity  compared to  fixed speed operation .  These  savings  directly

improve the bottom line and often make for a rapid return on investment – many VFD projects pay

for themselves in under 1–2 years from energy savings alone,  especially  when utility  rebates or

incentives are available . Notably, Danfoss reports that VFDs commonly cut energy use by

40% or more and yield typical ROI in 6–12 months for industrial applications .

Reduced  Inrush  Current  &  Soft  Starting: Starting  large  motors  across  the  line  (direct-on-line)

draws a very high inrush current –  often 5-7 times the motor’s  full-load current –  which causes

voltage dips and mechanical stress. A VFD, on the other hand,  ramps up frequency and voltage

gradually, limiting the inrush to around 100–150% of the motor rated current instead of 500–600%

. This soft-start capability avoids the massive electrical surge and prevents tripping breakers

or  blowing  fuses  during  startup.  It  also  reduces  mechanical  shock  on  couplings,  belts,  and

gearboxes by smoothly accelerating the load.  For instance,  in one water utility,  retrofitting VFDs

allowed pump motors to start without surges – their peak demand during pump start dropped from

60 kW to 30 kW, halving the strain on the electrical system . This not only protects equipment

but can also lower utility demand charges (which penalize brief high peaks). Similarly, VFDs provide

soft stopping (controlled deceleration), which can mitigate water hammer in pipelines and prevent

abrupt stops that wear out motors and driven equipment.

Improved Process Control & Flexibility: VFDs give precise speed control, which is invaluable for

process optimization. Instead of being stuck with one speed (or a few discrete speeds via gear/pulley

changes), a motor can be continuously adjusted to fine-tune the process. Most modern drives have

integrated PID control – they can take a feedback signal (like pressure, flow, temperature, or speed)

and  automatically  adjust  motor  speed  to  maintain  a  setpoint.  This  leads  to  very  stable  and

responsive control. For example, in an HVAC system, a VFD can continuously modulate a fan to keep

building pressure or temperature constant, avoiding the hysteresis and overshoot of simple on/off

control.  In  pumping,  a  VFD-driven pump can maintain  a  target  pressure in  a  water  distribution

network within a narrow band as demand fluctuates, something difficult to achieve with a throttle

valve or stop-start control. This improved control not only enhances product quality or comfort; it

also reduces wear on valves and other final control elements. Versatility is another aspect – one VFD

can often accommodate different motor sizes (within its rating) and can be reprogrammed for new

tasks, making systems more adaptable to changes in production needs. Many VFDs also support

reversing the motor direction and precise speed holding, which can eliminate the need for separate

reversing contactors or specialized servo systems in moderate-precision applications.

Mechanical  Wear Reduction & Extended Equipment Life: Running a motor  at  only  the speed

needed – and ramping it up/down gently – means less stress on mechanical components. Pumps

and fans experience lower bearing loads and reduced cavitation or  turbulence when not  driven

excessive to requirements. Belts and pulleys see less strain from soft starts. By eliminating the brute-

force throttling (e.g. a nearly closed valve causing a pump to churn against high backpressure), the
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motor and pump operate in a smoother regime with less vibration. All of this translates to longer life

for motors, bearings, seals, impellers, and other connected equipment. The ABB case noted above

illustrated  that  pump  seal  lifespan  doubled  when  a  VFD  was  implemented,  due  to  the  gentler

operation . VFDs also often include built-in diagnostics and protective features that can catch

issues early – for instance, detecting an overload, a phase imbalance, or even tracking running hours

for maintenance scheduling. By preventing hard starts and giving tools to monitor motor health,

VFDs help avoid catastrophic failures. Manufacturers have observed that well-installed drives and

motors can run for decades; Fuji Electric has reported VFD lifespans of 10–20 years when properly

maintained .

Energy Monitoring and Power Factor Benefits: Many VFDs come with digital displays or network

communication that allow monitoring of power usage, current, voltage, and other parameters in real

time. Plant operators can use this data to optimize processes and spot inefficiencies. Additionally,

VFDs generally maintain a high power factor on the supply side. A typical diode-bridge VFD has a

displacement power factor near 0.95 (since the DC bus draws current in phase with voltage), and

although there is harmonic distortion (discussed later), the overall power factor seen by the grid is

relatively stable across the motor’s load range. This contrasts with an unloaded induction motor on

line power,  which can have a very low power factor.  By eliminating the over-excitation of  lightly

loaded motors, VFDs avoid the wasted reactive power and can reduce any power factor correction

needs. Some drives further include active front-end rectifiers or power factor correction circuits to

draw near-unity power factor current from the mains. As an added benefit, slowing a motor can also

reduce stray heat losses and noise, contributing to a better work environment (for example, a fan

running at half speed is much quieter than one running full speed with a damper partly closed).

Application Versatility (Multiple Motors, Single-Phase Supply, etc.): A single properly sized VFD

can control  multiple  motors simultaneously  in  certain cases –  for  example,  several  motors on a

conveyor or pumping system can be driven together if  they all  run at the same speed. This can

simplify systems (though all motors start and stop together in that scenario). VFDs also enable the

use of three-phase motors in locations with only single-phase power, by acting as a phase converter

– a big advantage for rural  facilities or small  workshops that need industrial-grade motors.  And

because VFDs inherently allow variable speed, they are an enabling technology for many modern

solutions: from wind turbine generators (which use power converters to adapt variable generator

speed to grid frequency) to electric vehicle drivetrains and renewable energy systems that require

flexible power conversion . About 75% of VFDs in service are used to control pumps, fans, and

compressors,  but  they are also commonly applied to conveyors,  mixers,  crushers,  machine tool

spindles, elevators, extruders – virtually any AC motor application where adjusting speed or torque

can improve the  process .  This  wide applicability  makes  VFDs a  cornerstone of  industrial

automation and energy management.

Technical Considerations and Best Practices

While VFDs offer many benefits, using them with three-phase motors requires attention to certain technical

considerations. Here are key factors and best practices to ensure a successful implementation:

Motor Compatibility: Not all  motors are equally suited for VFD operation. Standard three-phase

induction motors can certainly be run on VFDs, but if a motor is old or not inverter-duty rated, its

insulation may not withstand the rapid voltage pulses (high dV/dt) from a drive. Inverter-duty motors

3

17

• 

• 

18

4 19

• 

4

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.precision-elec.com/wp-content/uploads/2025/07/VFD-on-Pumps_-Benefits-Technical-Insights-and-Best-Practices.pdf?srsltid=AfmBOorutLHTLGNkiynGTvJ_fyCu-GzIYuoQ0zBRuRsWt0GDSoJg_eLr#:~:text=pumping%20fell%20from%20259%20kWh%2FMG,the%20order%20of%20%E2%82%AC3%2C000%20per
https://www.canroon.com/Industry-Insights/vfd-manufacturers-user-reviews-reliability-comparison#:~:text=Over%20half%20of%20VFD%20motor,you%20take%20care%20of%20it
https://www.danfoss.com/en-us/about-danfoss/our-businesses/drives/what-is-a-variable-frequency-drive/#:~:text=Drives%20are%20also%20useful%20in
https://www.danfoss.com/en-us/about-danfoss/our-businesses/drives/what-is-a-variable-frequency-drive/#:~:text=,used%20in%20every%20suitable%20application
https://www.danfoss.com/en-us/about-danfoss/our-businesses/drives/what-is-a-variable-frequency-drive/#:~:text=consumption%2C%20intelligent%20motor%20control%2C%20and,driven%20system


per NEMA MG-1 standards have enhanced insulation to handle the voltage spikes and often have

other features like varnish to resist corona discharge. Additionally, when a motor is driven at low

speeds by a VFD, its internal fan may not provide sufficient cooling, so thermal considerations arise

–  heavy  torque  at  low RPM can  overheat  a  standard  motor.  Many  inverter-duty  motors  include

separate cooling blowers or are oversized to handle continuous low-speed operation. Always check

the motor’s  VFD compatibility  and turn down the motor’s  overload protection accordingly  when

running on a drive. If  you must run a standard motor at very low speeds for extended periods,

consider external cooling or using a motor with a higher torque rating.

Shaft Bearing Currents: The fast switching in a PWM inverter can induce high-frequency currents

on the motor shaft, which then pass through the bearings to ground – causing electrical discharge

machining (EDM) pitting in the bearings over time. In fact, studies have found that bearing failures

account  for  over  half  of  motor  problems in  VFD applications if  no mitigation is  in  place .  To

prevent this, it’s recommended to use shaft grounding rings or brushes and/or insulated bearings

on VFD-driven motors,  especially  larger motors.  Many motor manufacturers now include a shaft

grounding device on inverter-duty models. Installing output filters (dv/dt filters or sine wave filters

that smooth the waveform) can also greatly reduce the high-frequency content that causes bearing

currents. By addressing this issue – through proper grounding, filtering, and motor selection – users

can ensure reliability and long motor life even with the VFD’s high-frequency switching. With good

practices, a VFD-driven motor system can be very reliable; for example, Fuji Electric notes their drives

can last 10–20 years with proper installation and maintenance , and many motors in industry

have been running on VFDs for decades.

Harmonics and Power Quality: A VFD’s rectifier draws current in pulses, which creates harmonic

distortion in the facility’s electrical system. A standard six-pulse VFD without any filtering can have

input current total harmonic distortion (THD) on the order of 30–40% (variable with load).  These

harmonics can heat transformers, cause nuisance tripping of other equipment, and violate utility

power quality standards if the VFD load is a significant portion of the system. To mitigate this, IEEE

519 provides  guidelines  for  allowable  harmonic  levels  at  the  point  of  common  coupling.  Best

practices include adding reactors or chokes to the VFD. Many modern drives actually come with a

built-in DC choke or AC line reactor to reduce harmonics and protect the drive from line transients

. For example, Eaton’s industrial drives include an internal 5% DC link choke and EMI/RFI filters

standard,  which  help  meet  IEEE  519  and  IEC/EN  61800-3  EMC  requirements .  For  larger

installations or very stringent requirements, using 12-pulse or 18-pulse rectifier front-ends, or active

front-end (AFE) drives that use IGBT rectifiers, can dramatically cut harmonics (often to <5% THD). It’s

advisable to perform a harmonic analysis when adding large VFDs and consider harmonic filters if

needed. Also,  be mindful  of not overloading the facility’s  neutral  with triplen harmonics (though

three-phase diode drives mainly inject 5th, 7th, etc., which flow in phase conductors).

Electromagnetic Interference (EMI): The high-speed switching in drives can generate electrical

noise  (RF  interference)  that  may affect  sensitive  electronics  or  communications  if  not  managed.

Good installation practices are crucial: use shielded motor cables (with the shield or armor grounded

properly at the drive and motor end), keep power cables separated from signal cables, and add EMI/

RFI  filters  if  required  for  compliance.  In  fact,  VFDs  destined  for  use  in  commercial/residential

environments often must meet EMC standards (electromagnetic compatibility) such as IEC 61800-3

which defines conducted and radiated emission limits. Filters on the input or output of the drive can

help meet these. Most drives in industrial enclosures are also in metal conduits or tray which help
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contain radiated noise.  Additionally,  ensure the grounding of  the drive and motor is  robust  –  a

common  grounding  system  helps  avoid  circulating  noise  currents.  When  these  practices  are

followed,  VFDs  can  coexist  with  PLCs,  sensors,  and  networking  equipment  without  issues,  but

ignoring EMI can result in erratic sensor readings or communication faults in extreme cases.

Output  Cabling  and  Voltage  Drop: The  distance  between  a  VFD  and  the  motor  should  be

considered in design. Long cable runs (over, say, 50–75 meters) between the drive and motor can

lead to voltage reflections due to the fast rise times of the pulses. These reflections can cause the

voltage  at  the  motor  terminals  to  overshoot  (sometimes  exceeding  twice  the  DC  bus  voltage),

stressing motor insulation. To counteract this, for long leads one can install  dV/dt filters or sine

wave filters at the drive output, which smooth out the pulses. Another approach is using special

VFD  cables with  low  capacitance  and  proper  impedance  matching.  Some  drive  manufacturers

specify maximum cable lengths for different scenarios (with or without filters).  Also,  long cables

incur voltage drop – at low frequency output this can become significant, so proper conductor sizing

is important. In multi-motor scenarios, proper thermal overload protection for each motor is needed

(VFDs generally provide electronic motor overload settings, but multiple motors on one drive require

external  overload  relays  for  each  motor  per  code).  Lastly,  never  use  power  factor  correction

capacitors on the load side of a VFD – the drive’s output is already a controlled PWM waveform and

adding capacitors there can cause severe overvoltages. Any power factor capacitors should be on

the input side and typically switched off when drives are running, since the drive’s rectifier doesn’t

need external PF correction like motors do.

Braking and Regeneration: When a motor decelerates quickly or an overhauling load drives the

motor (e.g. a heavy crane lowering a load, or a high-inertia fan being slowed down), the motor acts

as a generator and feeds energy back into the VFD’s DC bus. This causes the DC bus voltage to rise. If

nothing is done, the drive will trip on overvoltage to protect itself. To handle regenerative energy,

many  VFD  systems  include  a  dynamic  braking  resistor –  essentially  a  resistor  and  a  chopper

transistor that dissipates the excess energy as heat. The resistor is switched on when DC bus voltage

exceeds  a  threshold,  bleeding  off  energy.  This  allows  fast  braking  but  wastes  the  energy.  An

alternative  available  in  some drives  is  full  regenerative  capability,  where  the  drive’s  front-end

actually inverts the power and feeds it back into the supply (this typically requires an active rectifier

or a separate regen unit). Regen drives are used when braking energy is substantial and frequent,

such as in elevators, cranes, or test dynamometers, and the recovered energy can improve system

efficiency.  When  selecting  a  VFD,  it’s  important  to  consider  the  duty  cycle  of  braking  –  if  the

application involves frequent stops or holds (like a centrifuge or hoist), ensure to size the braking

resistor  properly  or  choose  a  drive  with  regen.  Also  be  aware  of  coasting  vs  braking:  if  you

command  a  stop  without  a  brake  resistor  on  a  normal  VFD,  it  will  usually  just  coast  to  stop

(freewheel) unless you have DC injection braking enabled for a gentle stop. For holding a load at

zero speed (like an inclined conveyor), an electro-mechanical brake may still be needed; the VFD can

control the release and apply of that brake in coordination with torque.

Standards  and Safety  Compliance: VFDs  and  their  installation  are  subject  to  various  electrical

standards and codes. In the U.S., drives must be UL listed (UL 508C or the updated UL 61800 family

standards)  and  used  in  accordance  with  the  National  Electrical  Code  (NEC).  This  means  proper

branch circuit  protection,  disconnects,  and grounding are required. Many drives include a safety

feature called  Safe Torque Off (STO) which is an IEC 61508 / SIL-rated way to rapidly disable the

drive’s output (used for safety interlock circuits in machinery – it prevents the drive from energizing
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the motor but keeps the control power on for quick restart). When integrating a drive, one should

adhere  to  local  codes  regarding  overload  protection,  enclosure  ratings  (use  NEMA  or  IP  rated

enclosures  suitable  for  the environment  –  e.g.  NEMA 4X for  washdown,  or  NEMA 1 for  general

indoor),  and electromagnetic  compatibility.  NEMA ICS 7 and  IEC 61800 series standards provide

guidelines on drive performance, interface, and testing. It’s also wise to follow manufacturer-specific

manuals for wiring and installation – every VFD comes with detailed instructions for fusing, cable

sizing, grounding, and programming the unit for safe operation. By following these standards and

guidelines, users can ensure the VFD system operates safely and reliably.

Real-World Applications and Examples

Frequency drives for three-phase motors are used across virtually every industrial and commercial sector

today. Below we highlight a few common applications and the tangible benefits in each:

Pumping  Systems: Perhaps  the  most  celebrated  application  of  VFDs  is  in  pump  control  –  for

municipal  water  supply,  wastewater  treatment,  irrigation,  building hydronic  systems,  etc.  Pumps

often  run  at  variable  demand,  and  traditionally  excess  flow  or  pressure  was  wasted  across  a

throttling valve. VFDs changed that paradigm. By controlling pump speed, VFDs let the pump deliver

exactly  the  needed  flow/pressure,  yielding  huge  energy  savings  (recall  the  cubic  relationship

between speed and power). In water distribution, VFDs also reduce pipeline pressure fluctuations,

thereby cutting leaks and pipe stress. Real-world case studies abound: for example, a wastewater

plant that installed VFDs on influent pumps not only saved 30–40% on energy, but also improved

reliability  by  reducing  water  hammer  and  motor  strain .  In  building  HVAC,  chilled  water

pumps and hot water circulators with VFDs adjust flow based on building load, maintaining comfort

while minimizing pump power (often reducing pump energy usage by half or more during off-peak

times). Many utilities offer rebates for VFDs on large pumps because of the clear efficiency gains.

Aside from energy, VFDs in pump systems also allow “soft” pipe filling (ramping up slowly to avoid

surges)  and intelligent  alternation of  multiple pumps –  modern drives can have built-in  logic  to

alternate lead/lag pumps and even sleep extra pumps when not needed, thus optimizing runtime

distribution across a pumping station.

HVAC Fans and Blowers: Heating, ventilation, and air conditioning (HVAC) is another domain where

VFDs  have  become  standard.  Large  air  handler  fans,  cooling  tower  fans,  and  boiler  draft  fans

frequently run at partial capacity. Installing a VFD and pressure or temperature sensors enables the

fan speed to continuously modulate to maintain the desired environmental setpoints. The result is

substantial energy savings (affinity laws apply to fans too) and better climate control. For example,

many large office buildings and hospitals have retrofitted VFDs to their cooling tower fans, allowing

dynamic speed control based on water temperature – eliminating the need for cycling fans on and

off (which was inefficient and caused wear). In one retrofit, a VFD on a 50 HP supply fan showed

energy savings around 40% alongside improved humidity control, because the fan could run slower

for longer instead of full-blast on a timer. Reduced noise is another benefit – fans running at lower

speeds generate less noise, improving occupant comfort. In fact, building green certifications (like

LEED) often award points for VFD installations due to their energy and noise benefits. It’s also worth

noting that in HVAC, VFDs can alleviate belt wear in fans by soft-starting and reducing the shock that

tends to stretch belts and require frequent retensioning in constant-speed systems.
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Conveyors and Material Handling: Conveyor systems in manufacturing or baggage handling often

need to adjust speed for throughput or indexing. With VFDs, a conveyor’s speed can be fine-tuned or

even programmatically varied (via PLC control) to coordinate with upstream/downstream processes.

For instance, in a packaging line, if one station slows down, the upstream conveyors can also slow to

prevent pileups, and then speed back up as the bottleneck clears – all  accomplished by sending

speed  reference  signals  to  the  VFDs.  This  kind  of  flexibility  greatly  improves  overall  production

efficiency. Additionally, the soft start/stop of VFDs prevents boxes or products from toppling due to

jerk,  and  reduces  stress  on  gearbox  teeth  and  chains.  Mining  and aggregates conveyors  also

benefit: VFDs allow high-torque starting of long belts gently (avoiding belt slack snap), and enable

features like inching or creep speed for maintenance. In escalators and moving walkways, drives are

used to slow down the motors when traffic is low (or implement stop-start control), saving energy

while still providing service on demand.

Machine Tools and Manufacturing Equipment: Many machine tools (like lathes, mills, grinders)

use  VFDs  to  control  spindle  speeds.  Rather  than  legacy  designs  with  mechanical  pulley  speed

changes,  a  VFD-driven spindle  motor  can run at  any RPM commanded,  which is  convenient  for

dialing in cutting speeds. This improves machining quality and reduces setup time. CNC machines

commonly integrate drives for both main spindles and auxiliary motors (coolant pumps, feed drives

if not servo-based, etc.). In the plastics industry, extruders and injection molding machines use VFDs

on screw drives and pumps to regulate speed and pressure precisely.  For example,  an extruder

might slow the screw when downstream cooling can’t keep up, preventing waste, then speed up

again – something that was not possible with fixed-speed motors. Textile mills, paper machines, and

printing presses have all  embraced VFDs as well,  because they allow synchronization of multiple

motors’ speeds and adjustment of process speed on the fly. Crane and hoist systems use VFDs to

provide  smooth  acceleration  and  deceleration,  minimizing  load  sway  and  mechanical  shock;

regenerative  drives  are  often  used  here  to  recover  energy  when  lowering  loads.  In  sum,  any

application requiring speed variability or torque control can benefit from a VFD.

Specialty Applications: The versatility  of  frequency drives means they are increasingly found in

niche but important applications.  In the renewable energy sector,  VFDs (or more broadly,  power

converters)  are used in wind turbines and solar farms to manage power conversion to the grid

frequency. In mining, VFDs on grinding mills or pumps allow soft start and optimize process flow,

which can improve yield. For marine propulsion, large VFDs drive ship propeller motors, enabling

ships  to  vary  speed  efficiently  and  even  hold  position  (dynamic  positioning)  by  subtle  speed

adjustments – a task formerly done by clutches or throttle valves on engines. In electric vehicles, the

same fundamental technology as a VFD (an inverter drive) controls the AC traction motors, providing

smooth acceleration and regenerative braking. Elevator systems use VFDs for precise speed profiling

– giving a smooth ride and leveling accuracy while reusing energy when the cab travels in the aiding

direction.  Even  agriculture has  adopted  VFDs  for  irrigation  pumps  and  barn  ventilation  fans,

resulting in energy and maintenance savings for farmers. These examples underscore that VFDs are

a mature technology that continues to expand into new areas wherever efficient and flexible motor

control is needed.

Leading Manufacturers and Product Examples

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

suit various power ratings and applications. Industry sources consistently list  ABB, Siemens, Schneider
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Electric, Rockwell Automation (Allen-Bradley), Yaskawa, Danfoss, Eaton, General Electric, Hitachi, Fuji

Electric, Mitsubishi Electric, Delta, and WEG among the top VFD producers worldwide . All of these

companies provide three-phase motor drives with broadly similar core functions – any standard VFD will

perform the main job of adjustable frequency control – but each has unique product series and specialties:

ABB: Offers the well-known ACS series and ACH series drives, among others. ABB drives (such as the

ACS880 industrial  drives)  are  known for  high-end features  like  Direct  Torque Control  (DTC) for

precise torque and speed regulation without feedback, built-in harmonic mitigation options, and a

very  wide  power  range  (from fractional  kW up  to  multi-megawatt  medium-voltage  drives).  ABB

emphasizes  energy  efficiency  and  even  packages  high-efficiency  motors  with  drives  for  optimal

performance.  Their  drives  are  common  in  heavy  industry  and  water/wastewater  facilities,  often

prized for robust design and global support.

Siemens: Markets the  SINAMICS series of drives (replacing the older Micromaster line). Siemens

drives  integrate  tightly  with  their  automation  systems  (SIMATIC  PLCs)  via  PROFINET  and  other

networks. They cover everything from micro drives (Sinamics V20/V90) to general purpose (G120)

and  high  performance  servo/inverter  drives  (S120).  Siemens  is  known  for  strong  engineering

software tools for drive tuning and a modular approach. Many OEM machines, especially in Europe,

incorporate  Siemens  VFDs  due  to  their  reliability  and  the  company’s  extensive  industry-specific

solutions (e.g. specialized HVAC drives, motion control drives, etc.).

Rockwell Automation (Allen-Bradley): Offers the PowerFlex line of AC drives. PowerFlex drives are

popular in the Americas, often used in manufacturing and process plants alongside Allen-Bradley

PLCs. They range from compact PowerFlex 4/40 for small motors up to PowerFlex 755/780 for large

motors.  A-B  drives  are  appreciated  for  their  easy  integration  into  Rockwell’s  Logix  control

architecture and add-on-profiles, as well as features like Safe Torque Off and DeviceNet/EtherNet

connectivity.  The company has  options  tailored to  fan/pump (PowerFlex  70,  which  offer  specific

pump control functions) and regenerative units for lifting applications. Users often cite strong local

support and a user-friendly interface as advantages.

Schneider  Electric: Produces  the  Altivar series  (ATV  drives).  Schneider’s  drives  have  a  large

presence in both industrial and commercial sectors, including many building automation projects.

The  Altivar  Process  line,  for  instance,  comes  with  embedded  logic  and  IP  ratings  for  harsh

environments. Schneider drives typically incorporate good customization via their SoMove software

and offer models from simple (ATV12, ATV310) to advanced (ATV630/930, etc.). They often highlight

energy optimization algorithms and integrated services like condition monitoring. Schneider (which

acquired brands like Square D and Telemecanique) also ensures its drives meet global standards and

offers strong IEC compliance (making them popular in Europe and Asia).

Danfoss: A  pioneer  in  drives,  Danfoss’s  VLT and  newer  VACON series  drives  are  widely  used,

especially in HVAC, marine, and refrigeration applications. Danfoss drives are renowned for their

reliability  in  pump/fan  service  and  for  strong  built-in  features  tuned  to  those  applications  (like

cascade control for multiple pumps, sleep modes, and BMS communication protocols).  They also

offer high-power units and active front ends for regenerative systems. Danfoss often emphasizes

their expertise in power electronics for efficiency and their global support network. Notably, Danfoss

drives are used in some specialized fields like marine propulsion and hybrid energy systems, where

robust performance in challenging conditions is needed .
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Yaskawa: A Japanese leader in drives, Yaskawa’s AC drives (e.g. the  GA500, GA800, V1000, A1000

series) are famed for rock-solid reliability and long life. Many users note that Yaskawa drives “just

keep running” with minimal issues, and they historically were among the first to use IGBTs in drives

decades  ago.  Yaskawa  drives  offer  both  open-loop  and  closed-loop  vector  control  and  support

induction, permanent magnet,  and even reluctance motors. They also typically have dual ratings

(normal  duty  vs  heavy  duty)  so  one drive  can handle  different  overload requirements.  Yaskawa

emphasizes ease of setup (with autotuning features and simple keypad programming) and provides

extensive documentation.  Their  drives are used in everything from simple pump/fan systems to

high-performance elevators and cranes. Yaskawa also OEMs drives to other brands (for example,

some private-labeled drives in the market are built by Yaskawa).

Eaton (Cutler-Hammer): Eaton offers  the  PowerXL series  drives  (such as  DG1 general-purpose

drives, DC1/DM1 micro drives, and DP1 for pumps/fans). These drives have gained popularity for

their  user-friendly  interface  (the  PowerXL  series  introduced  a  highly  improved  LCD  keypad  and

Wizards  for  startup) ,  and  strong  built-in  protective  features.  Eaton  drives  often  come  with

standard integrated filters (EMI/RFI) and DC chokes to meet IEC EMC and reduce harmonics ,

reflecting Eaton’s power quality focus. The PowerXL DG1, for example, has both 150% and 110%

overload  ratings  for  heavy/normal  duty,  and  includes  an  “Active  Energy  Control”  algorithm  to

optimize energy use under partial loads . Eaton’s offering is broad but especially targeted to

commercial  and  industrial  power  systems  where  their  switchgear  and  drives  can  be  packaged

together.  They also support  networking with building systems (BACnet,  Modbus)  and even have

options  for  connecting  to  Eaton’s  SmartWire-DT  panel  wiring  system  for  simpler  panel

integration.

Other  Notable  Brands: Mitsubishi  Electric produces  the  FR  series  drives,  known  for  high

performance in both industrial and HVAC markets (and often competitive in price). Fuji Electric and

Toshiba are also recognized brands, each with strong presence in certain regions and applications

(Fuji in general industry drives and high-performance systems, Toshiba in larger horsepower drives

and engineered systems).  WEG (from Brazil)  provides drives alongside their  motors,  focusing on

rugged industrial solutions with an expanding global reach.  Delta Electronics (Taiwan) and  INVT

(China) are examples of newer players that have grown, offering cost-effective VFDs especially for

OEM use. These and other brands like Emerson/Control Techniques, Lenze, Baldor (now ABB), and

SEW Eurodrive (who integrate VFDs into gearmotor systems) all contribute to a very competitive

market. For end users, the good news is that there are many quality options – and key criteria often

boil down to local support, compatibility with existing control systems, specific feature needs (e.g. a

certain communication protocol or form factor), and of course cost. 

Regardless of brand, any reputable VFD for a three-phase motor will  include the fundamental capabilities:

adjustable frequency/voltage, ramp-up/ramp-down control, overload protection, and various configuration

parameters. Most also have similar efficiency (modern drives are typically 95–98% efficient at full load) and

use similar PWM techniques. Thus, the competition drives innovation in ease-of-use and advanced features.

For example, one brand might tout a very intuitive smartphone-based configuration app, while another

highlights superior harmonic mitigation or safety features. It’s wise to choose a drive from a manufacturer

with a proven track record and strong support in your region. According to user surveys, top brands like

Siemens,  ABB,  Schneider,  Rockwell,  Mitsubishi,  and  Yaskawa  consistently  rank  high  for  reliability  and

performance , giving end users confidence that these frequency drives will perform as advertised for

years.
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Conclusion

Frequency drives (VFDs) have revolutionized the control of three-phase motors by bringing  intelligence

and  flexibility to  what  were  once  brute-force  electromechanical  systems.  By  electronically  tailoring  a

motor’s  speed and torque to  match  the  load,  VFDs  deliver  immense  energy  savings,  superior  process

control, and gentler mechanical operation. They form a cornerstone of modern energy management – from

cutting waste in industrial pumps and fans to enabling precision motion in advanced manufacturing. While

the technology behind VFDs is sophisticated (power electronics, microprocessors, and control algorithms

working in tandem), their user interfaces and reliability have matured to the point that even small facilities

can deploy them with confidence. 

In implementing VFDs, engineers and technicians must keep in mind the system aspects: ensuring motors

are compatible and properly protected, managing input harmonics and output filtering as needed, and

following best practices in installation. When done right, the payoff is a more efficient, controllable, and

predictable motor  system.  Processes  run  smoother,  maintenance  intervals  lengthen,  and  energy  bills

shrink – a triple win for business, maintenance staff, and the environment. 

As we move towards smarter factories and sustainable operations, VFDs are also getting smarter – many

now integrate into IIoT (Industrial Internet of Things) platforms, providing data on energy usage, predictive

maintenance alerts, and remote programming. The fundamental function of a frequency drive will remain

the same: vary the motor speed at will. But new generations of drives will undoubtedly offer even greater

connectivity, safety, and efficiency features, reinforcing their role as an essential tool in every engineer’s

toolbox for controlling three-phase motors.

In  summary,  a  frequency drive  for  a  three-phase motor is  much more  than a  speed knob –  it  is  a

transformative  device  that  turns  a  fixed-speed  workhorse  into  an  agile,  energy-conscious,  and  highly

controllable asset. Whether in a simple fan or a complex multi-motor industrial line, applying a VFD unlocks

better performance and significant savings. With the knowledge of how to select and apply VFDs correctly,

engineers can harness these benefits to build more efficient and flexible systems across all sectors of the

economy.
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