
Three-Phase Motors with Variable Frequency

Drives (VFDs)

Introduction

Three-phase AC motors are the workhorses of industry, traditionally running at fixed speed when connected

directly  to line power.  A  Variable Frequency Drive (VFD) is  an electronic  controller  that  allows precise

control of a three-phase motor’s speed by adjusting the frequency and voltage of the power supplied

. By creating a simulated AC sine-wave output at variable frequency, a VFD lets a standard three-phase

motor run at any speed within a wide range, rather than just full speed or off. This capability has made VFDs

indispensable  for  modern motor  control,  yielding dramatic  improvements  in  energy  efficiency,  process

precision, and equipment longevity . In fact, nearly 70% of all industrial electricity is used by motor

systems, so optimizing motor speed with VFDs can have a huge impact on energy consumption .

VFDs  are  now  common  in  manufacturing,  HVAC,  water  treatment,  and  many  other  sectors  as  a  key

technology for energy savings and automation.

Why pair a three-phase motor with a VFD? In traditional setups, motors run at constant full speed and

any flow or output control is done mechanically (for example, using valves on pumps or dampers on fans).

This wastes energy because the motor still draws full power while excess output is throttled. By contrast, a

VFD can ramp the motor speed up or down to exactly meet the load requirement, so the motor uses only

the power needed for the task . Slowing down a centrifugal pump or fan by even 20% can cut its

power draw by about 50% due to the cube law relationship between speed and power . In practical

terms, facilities that retrofit VFDs on pumps, fans, and conveyors often see energy reductions of 30–50% in

those systems – translating to substantially lower utility bills. Beyond energy savings, using a VFD

offers  other  benefits  like  gentle  soft-starting and  stopping,  improved  process  control,  and  reduced

mechanical stress on equipment. We will explore these benefits, the technical aspects of how VFDs work,

important  considerations  (standards,  compatibility,  sizing),  as  well  as  real-world  examples  and  best

practices for implementing VFDs with three-phase motors.

How VFDs Work with Three-Phase Motors

A VFD is essentially a power conversion device with three main stages – a  rectifier,  a  DC link,  and an

inverter – plus a control system. The rectifier (often a diode bridge or active converter) takes incoming AC

line power and converts it to DC. Next, the DC link stage smooths and filters the power using capacitors

(and  sometimes  inductors)  to  provide  a  stable  DC  supply.  Finally,  the  inverter  stage  uses  high-speed

switching devices (typically IGBT transistors) to create a pulse-width modulated AC waveform that imitates a

sinusoidal output at the desired frequency and voltage . By controlling the switching pattern, the

VFD  can  output  a  variable  frequency  (and  corresponding  voltage)  from  near-zero  up  to  the  desired

maximum (often 50 or 60 Hz as the base frequency, but many drives allow higher). For example, a modern

drive like the Yaskawa GA500 can output frequencies up to 590 Hz for special high-speed applications .

The result is that a standard three-phase motor, usually an induction motor, can be driven at speeds below

or above its normal fixed speed by varying the frequency of the power supply.
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Motor speed is proportional to supply frequency, according to the formula Speed ≈ (Frequency ÷ Nominal

Frequency) × Synchronous Speed. In North America, a motor with a 60 Hz base frequency will run at full rated

speed at 60 Hz; a VFD can slow it down to a crawl at 10 Hz, or even potentially run it faster than rated speed

(e.g. 90 Hz) if the mechanical design allows. To maintain magnetic conditions, VFDs also adjust the voltage

roughly in proportion to frequency (known as  V/Hz control)  so that the motor doesn’t  over-flux at low

speeds. More advanced drives implement sophisticated algorithms like vector control  or  Direct Torque

Control (DTC) to manage the motor’s magnetics and torque. For instance, ABB drives use DTC to achieve

near-instantaneous torque response and full  torque even at  zero speed (useful  for  cranes,  hoists,  etc.)

without needing an encoder . Most general-purpose VFDs offer a form of sensorless vector control that

gives improved torque at low speeds and tighter speed regulation compared to basic V/Hz control.

It’s worth noting that a VFD provides not just variable speed but also acts as a soft starter. When a three-

phase motor is started across-the-line at full voltage, it draws a large inrush current (often 6–8× its normal

full-load current) and produces a mechanical jolt as it accelerates to speed . In contrast, a VFD ramps

up the frequency and voltage gradually (over a programmable acceleration time), eliminating the massive

inrush and torque shock. This soft-start capability reduces stress on motor windings, couplings, gearboxes,

belts, and driven machinery . It also sharply cuts the peak electrical demand during start – an important

benefit for facilities where utilities charge expensive demand fees for surges in power use . The VFD

inherently provides a gentle soft-stop as well, which can prevent water hammer in pumps and undue wear

from sudden stops.

Power Conversion Efficiency: Modern VFDs are highly efficient power converters. The internal losses (heat

dissipation in the transistors, etc.) are typically on the order of 2–4% of the power, meaning a well-designed

drive might be about 96–98% efficient at full load . Efficiency can drop slightly at very low loads or

speeds, but overall the energy saved by running a motor slower usually far outweighs the drive’s losses. The

VFD’s switching electronics do generate some heating, so drives include cooling fans or heatsinks and are

rated for specific ambient temperatures (often up to 40°C or 50°C without derating). Larger drives may

require external cooling or ventilation in their enclosures.

Regenerative Operation: In standard form, most VFDs only drive power from the supply to the motor

(motoring torque). When the motor needs to brake (for instance, a high-inertia load that is slowing down),

the VFD absorbs that energy into the DC link. Usually this energy is dissipated as heat through a braking

resistor. However, some VFDs have regenerative capabilities or use an active front-end, allowing power to

flow back into the supply. This is useful in applications like elevators, cranes, or downhill conveyors where

braking energy can be recovered. For example, ABB’s ACS880 series offers regenerative variants that can

feed energy back into the grid instead of wasting it as heat . Using regenerative drives not only

saves  energy  but  also  reduces  heat  build-up  (since  braking  resistors  aren’t  dumping  heat  into  the

environment), which can have side benefits like lower cooling costs in a factory .

In summary, the VFD’s ability to convert fixed-frequency AC into a variable frequency/voltage supply allows

it to closely match a motor’s speed and torque output to the needs of the load. This yields significant

energy and maintenance savings, while also providing flexibility in how processes are run. Next, we’ll look at

the concrete benefits of using VFDs on three-phase motors.
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Key Benefits of Using VFDs on 3-Phase Motors

Deploying a VFD with a three-phase motor unlocks several major benefits:

Energy Savings: As noted, the foremost benefit is improved energy efficiency. By matching motor

speed to load demand, a VFD avoids the excess energy use of running at full speed with mechanical

throttling. For centrifugal pump and fan applications (variable torque loads),  even modest speed

reductions yield large power savings – e.g. a 20% speed reduction can cut power consumption by

~50% .  Real-world  results  bear  this  out:  many  facilities  see  30–50%  energy  consumption

reductions after installing VFDs on pumps, fans, or compressors that previously ran at constant

speed . The U.S. Department of Energy reports that small decreases in speed “yield significant

reductions in energy use” and provides tools to calculate savings versus valve or damper control

.  In  HVAC  systems  and  manufacturing  processes,  these  savings  often  pay  back  the  drive

investment in a matter of months to a few years from utility cost reductions .

Reduced Mechanical Stress & Longer Life: VFDs provide inherently soft starts and stops. Instead of

subjecting the motor and equipment to an instant full-voltage start  (which can draw 6–8× rated

current and stress the system), the VFD ramps up smoothly . This  minimizes shock to shafts,

belts,  gears,  couplings,  and the motor  itself,  greatly  reducing wear  and mechanical  fatigue.  For

example, eliminating across-the-line starts means far less belt slip and heating, extended bearing

life, and lower risk of sheared keys or coupling damage. Likewise, smooth deceleration (or controlled

braking) prevents sudden stops that can hammer pipelines or jerk conveyors. Overall,  machinery

lasts longer and maintenance intervals can often be extended. One pump industry study notes that

soft-starting via VFD can double the life of pump seals and bearings by avoiding pressure surges

and heat build-up during starts . Beyond that, operating at optimal speed (not always max)

means the motor runs cooler and bearings see fewer RPMs, which also contributes to longer service

life.

Improved Process Control: With a VFD, motor speed (and thus output flow, pressure, etc.) can be

continuously adjusted to match process requirements in real time. Operators or automation systems

can  fine-tune  speeds  via  the  drive’s  interface  or  remote  signals.  This  precise  control  improves

product quality and process consistency – for instance, holding a constant pressure in a pipeline by

modulating  pump  speed,  or  maintaining  a  target  airflow  in  an  HVAC  system  based  on  sensor

feedback . VFDs often include built-in PID control functions, allowing them to automatically

adjust speed to maintain a setpoint (for temperature, pressure, level, etc.) without needing separate

control  valves  or  dampers.  The  result  is  smoother  operation:  fewer  surges,  more  stable

temperatures and pressures, and the ability to eliminate ancillary control devices (e.g. a VFD can

maintain a constant tank level by varying pump speed, removing the need for an output throttle

valve). The dynamic response of a VFD-driven system is also superior – it can ramp up quickly when

demand increases, or slow down when demand drops, maintaining optimal control where a fixed-

speed system might overshoot or undershoot.

Lower Peak Demand and Soft Starting: VFDs inherently act as a reduced-voltage starter, which

significantly lowers the starting current and peak power draw of motors.  This is  crucial  because

many industrial and commercial users pay not only for kWh energy usage but also for peak kW

demand.  For  example,  a  large  motor  started  across-the-line  might  draw  5–8  times  its  running

current and cause a spike in demand, incurring hefty demand charges from the utility. Using a VFD,
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the same motor can start with a controlled ramp, keeping the current to perhaps 1×–1.5× its rated

level,  thereby  cutting peak demand dramatically .  A case in point:  the City  of  Columbus

water facility (discussed later) saw pump starting demand drop from 60 kW to 30 kW per pump after

installing VFDs – a 50% reduction in peak power . Soft starting also avoids voltage sag in the

supply and reduces the impact on backup generators. Overall, by limiting inrush currents, VFDs help

stabilize electrical systems and reduce the need for oversizing components to handle surges.

Reduced Maintenance & Downtime: By operating motors at the optimal speed for the task and

avoiding  the  strain  of  full-speed  starts,  VFDs  can  reduce  maintenance  needs  and  unplanned

downtime. Bearings, seals, and other wear components last longer when not subjected to constant

high-speed  operation  or  abrupt  acceleration .  Many  modern  VFDs  also  include  built-in

diagnostics and protective features – they monitor parameters like motor current, temperature, and

voltage and can issue alarms or fault-out to protect  the system. For example,  drives can detect

conditions such as overload, phase loss, or over-temperature and shut down before catastrophic

damage occurs. Some advanced drives even track component life (e.g. run-time of cooling fans or

capacitor health) to facilitate predictive maintenance . The net effect is improved reliability: fewer

motor burnouts and mechanical failures, and quicker troubleshooting via drive fault codes when

issues do arise. In a manufacturing context, reducing unexpected breakdowns translates to higher

production uptime and significant cost savings (avoiding lost production).

Flexibility  and  Special  Functions: VFDs  offer  a  suite  of  features  that  add  flexibility  to  motor

systems. Many drives can operate multiple types of AC motors – not just standard induction motors

but  also permanent magnet or  synchronous reluctance motors –  enabling high-efficiency motor

options  if  desired .  They  often  support  network  communication  (Ethernet/IP,  Modbus,

Profibus, etc.),  making it easy to integrate into modern IIoT and automation systems for remote

monitoring and control. Safety functions like Safe Torque Off (STO) are commonly built-in, allowing

the drive to be easily integrated into safety circuits to meet standards like SIL3/PLe without external

contactors . Some VFDs include  energy optimization modes,  auto-tuning, and application

macros (pre-programmed setups for common applications like fans or pumps). Additionally, a VFD

can enable single-phase supply to three-phase motor conversion in certain cases – for example,

small  drives (up to ~3–5 HP) are sold with single-phase input, three-phase output specifically for

running 3-phase motors where only single-phase mains are available . Even when using a larger

three-phase-rated  VFD  on  single-phase  input,  it’s  often  possible  by  derating  the  drive  (typically

selecting a drive with ~1.73× the motor’s rated current to account for higher input current on single

phase) . This flexibility is extremely useful for rural or small commercial settings that lack three-

phase service, since a VFD can act as both a phase converter and speed controller in one.

In short, pairing a 3-phase motor with a VFD turns a simple “on/off” motor into an intelligent, controllable,

and efficient system. The benefits in energy savings, equipment life, and process performance are well-

documented across  industries.  However,  to  fully  realize  these benefits,  some  technical  considerations

must be kept in mind, which we’ll discuss next.
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Technical Considerations and Compatibility

Implementing a VFD with a three-phase motor requires attention to several  technical  factors to ensure

safety, reliability, and compliance with standards:

Sizing and Ratings: Always size a drive based on the  motor’s full-load amperage (FLA), not just

horsepower. VFDs are typically rated in HP or kW for a standard condition (e.g. normal duty), but the

actual current rating is the critical factor. If your application involves high starting torque or frequent

acceleration, use the drive’s Heavy/High Duty rating (which allows typically ~150% of rated current

for 1 minute) .  Drives usually  have dual  ratings –  for  example,  a  model  might be “50 HP

normal duty / 40 HP heavy duty” meaning it can only support 40 HP if you need the higher overload

capability. Check that the drive’s voltage class matches your supply (common low-voltage classes are

200-240 V, 380-480 V, etc., with ±10% tolerance) , and that the output frequency range meets your

needs (most go to at least 60 Hz, many up to 120 Hz or more for overspeed). It’s prudent to have

some margin: a drive comfortably sized above the motor’s requirements will run cooler and might

handle  abnormal  conditions  better.  Also  consider  environment  –  high  ambient  temperature  or

altitude can require derating or a higher-capacity drive,  as heat dissipation and cooling become

limiting factors .

Motor  Compatibility  (Inverter  Duty): Not  all  motors  are  equal  when  fed  by  the  fast,  pulsed

waveform  of  a  VFD.  The  PWM  output  of  drives,  especially  with  fast  IGBT  switching  (carrier

frequencies 2–15 kHz), leads to very rapid voltage rise times. Long motor cables can cause voltage

reflections that result in  spike voltages at the motor terminals that exceed the DC bus voltage –

these surges can deteriorate insulation in standard motors . Industry standards like NEMA

MG1 Part 31 address this by requiring inverter-duty motors to withstand peak voltages of about

3.1× the motor’s rated RMS voltage (e.g. ~1600 V spikes for a 460 V motor) with short rise times .

Motors labeled “inverter-duty” or meeting NEMA MG1 Part 31 (or IEC 60034-17/25) have enhanced

insulation (such as spike-resistant magnet wire and extra phase insulation) to handle this electrical

stress. They may also be designed for better cooling at low speeds (e.g. a separately driven fan or a

larger frame) and to mitigate bearing currents (which can be induced by high-frequency switching).

If you’re adding a VFD to an existing motor, verify the motor’s insulation and condition – older or

non-inverter-rated motors can usually be used with drives, but you may need to take precautions if

the cable runs are long or the motor is right at the drive’s voltage limits. One common practice is to

install  output filters (dV/dt filters or sine wave filters) on the VFD output when driving standard

motors over long leads, to smooth the waveform and eliminate dangerous spikes . Also, for

larger motors, consider using  shaft grounding rings or insulated bearings to prevent  electrical

discharge machining (EDM) pitting in bearings due to induced shaft voltages .

Input Power Quality (Harmonics): VFDs use rectifiers that draw current in pulses, which means

they introduce current harmonics back into the supply. A simple 6-pulse VFD rectifier can produce

significant harmonic distortion (THD) on the line, potentially affecting other equipment or causing

heating in transformers and generators. IEEE 519 is the key guideline for acceptable harmonic levels

at  the  point  of  common coupling.  To  mitigate  harmonics,  most  drives  either  include or  can be

outfitted with  line reactors or DC link chokes that smooth the current waveform. For example,

ABB’s general-purpose drives include built-in chokes (a “swinging choke” design on the ACS580) that

can cut harmonics by ~35–40% . If a facility has many drives, you might use a larger harmonic

filter or an active harmonic filter at the distribution level. In more demanding cases, 12-pulse or 18-

• 

40 41

42

43 44

• 

45 46

47

46 48

49

• 

50

5

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=Overload%20Duty%3A%20As%20mentioned%2C%20VFDs,torque%20load%20%28like%20fans%29.%20Manufacturers
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=treat%20it%20as%20a%2040,more%20heat%20losses%20in%20the
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=Voltage%20and%20Power%20Ratings%3A%20Low,or%20even%20400%2B%20Hz%2C%20enabling
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=comfortably%20covers%20the%20motor%E2%80%99s%20requirements,for
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=Motor%20and%20Cable%20Considerations%3A%20If,filter%20to%20protect%20the%20motor
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=operation%20and%20smoother%20torque%2C%20but,withstand%20spikes%20of%201600%20V
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=with%20rise%20times%20of%200,prevent%20premature%20bearing%20wear
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=insulation%20damage%20if%20these%20spikes,Also%2C%20high
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=with%20rise%20times%20of%200,prevent%20premature%20bearing%20wear
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=or%20very%20long%20cable%20runs%2C,and%20minimize%20electrical%20noise%20issues
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=%28often%20having%20corona,prevent%20premature%20bearing%20wear
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=match%20at%20L371%20%E2%80%9Cswinging%20choke%E2%80%9D,achieve%20much%20lower%20THD%20%E2%80%93


pulse  rectifier  setups  or  active  front-end  drives  can  be  used  to  meet  strict  power  quality

requirements .  For most installations,  following vendor recommendations (like adding a 3–5%

impedance line reactor) is enough to meet utility or IEEE 519 requirements for harmonics . This is

also important  when running drives  on backup  generators –  the generator’s  regulation can be

upset by the non-linear load. Using drives with DC chokes or adding reactors helps the generator

handle the load by smoothing out the current draw .

Electrical Installation: Proper wiring and grounding practices are essential when hooking up a VFD.

Always follow the manufacturer’s guidelines on cable types and grounding. Use  shielded motor

cables for larger drives or sensitive environments to reduce electromagnetic interference (EMI) – the

high-frequency switching can otherwise induce noise into nearby instrumentation cables. Ground

the  shield  at  the  drive  end  (as  instructed)  and  ensure  both  motor  frame  and  drive  are  solidly

grounded to  a  common ground point.  Keep motor  leads  physically  separated from control  and

signal  wiring  to  avoid  cross-talk .  It’s  also  important  to  mount  drives  in  appropriate

enclosures – for example, use NEMA 1 or open chassis for clean, cool indoor areas or NEMA 4X/IP66

sealed  drives  for  washdown  or  outdoor  environments.  Check  if  the  drive  requires  spacing  for

cooling; some compact drives can be side-by-side with no clearance, but others might need a gap for

airflow or to avoid overheating when multiple units are in one panel . In harsh locations with

dust, humidity, or corrosive air, opt for drives with conformal coating on PCBs and higher enclosure

ratings, or install them in a clean, ventilated cabinet.

Standards  and  Safety: VFDs  must  be  applied  in  accordance  with  electrical  codes  and  safety

standards. Ensure the drive is  UL listed (or equivalent) for the intended installation. Many drives

include a function called Safe Torque Off (STO) which, when integrated properly, allows the motor to

be disabled for safety without cutting power to the drive. STO is part of functional safety standards

(IEC 61508/SIL, ISO 13849) – for instance, a drive’s STO rated to SIL3, PLe means it can be trusted for

a very high level of safety integrity when used as an emergency stop method . Always follow the

wiring diagrams for hooking up the STO circuit (usually two channels that must both drop out). If not

using STO, traditional safety contactors might be required to fully isolate the motor in an emergency.

Also,  consider  thermal protection:  many drives can take a motor’s  thermal model into account

(electronic overload protection per NEC), but if the motor has internal thermostats (PTC or thermal

switches) it’s good practice to wire those to the drive or system for alarm/shutdown. Finally, ensure

your personnel are trained on the drive’s operation and that proper lockout-tagout procedures are

established, since a VFD-driven motor might start automatically if a remote command or PLC tells it

to, even when the equipment was idle.

By  minding  these  considerations  –  correct  drive  sizing,  motor  suitability,  harmonic  mitigation,  proper

installation, and adherence to standards – you can greatly enhance the success of using a VFD on a three-

phase motor. Essentially, treat the drive, motor, and the facility power system as a holistic system that must

work together.
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Leading VFD Manufacturers and Notable Drive Series

The  VFD  market  is  mature,  with  many  reputable  manufacturers  offering  high-quality  drives.  Each  has

unique strengths or features, but any major brand’s drive will perform the core functions well. Below is an

overview of some leading VFD manufacturers and their notable offerings (in no particular order):

ABB: ABB is a global leader in drives, known for advanced control algorithms and a wide power

range. Their flagship ACS series (“all-compatible” drives) spans from small ACS180 microdrives up to

industrial  ACS880 units  reaching  6000  kW (low-voltage)  in  modular  configurations .  ABB

introduced Direct Torque Control (DTC) in the 1990s, which gives very high performance (precise

torque control  without feedback).  The popular  ACS580 general-purpose drives have features like

built-in “swinging chokes” for harmonic reduction and an intuitive interface that can display energy

saved in kWh and even estimated cost or CO₂ reduction . ABB also includes Safe Torque Off

(STO) to SIL3 as a standard feature on most models . They emphasize consistency in user

experience – programming a small ABB drive is similar to a large one, which simplifies training and

integration .  ABB drives are widely  used across industries  (water/wastewater,  marine,  mining,

etc.) and are considered very robust in harsh environments . In terms of cost, ABB is usually mid-

range priced – often cheaper than Rockwell (Allen-Bradley) in comparable sizes – making them a

solid, “safe choice” brand for reliability vs. cost .

Yaskawa: Hailing from Japan, Yaskawa Electric is often cited as the gold standard for VFD reliability.

In fact,  Yaskawa is the world’s largest manufacturer of AC drives by volume. Their drives have a

legendary track record for longevity –  every unit is 100% tested and published data show a final

factory test failure rate of only 0.01%, with field failure rates around 0.006% (only ~62 failures per

million  drives  in  service) .  The  MTBF  (Mean  Time  Between  Failure) for  Yaskawa  drives

exceeds 28 years , reflecting the design rigor (they even earned the Deming Prize for quality).

Yaskawa’s current lineup includes the GA500 microdrive (up to ~30 HP or 18 kW) and the GA800 (for

motors up to ~600 HP or 500 kW), which replaced their well-known A1000 series . Yaskawa

packs  a  lot  of  features  standard:  for  example,  the  GA500  has  an  embedded  setup  wizard  and

Bluetooth  connectivity  via  a  mobile  app  for  easy  programming,  and  can  even  be  programmed

without main power via USB (no-power programming) . They support all common industrial

networks  (Modbus  is  built-in,  with  optional  EtherNet/IP,  PROFINET,  etc.) .  Performance-wise,

Yaskawa drives deliver high starting torque and very precise speed holding, even in open-loop vector

mode . They can run both induction and permanent magnet motors; the GA800 can auto-tune a

PM  motor  sensorlessly .  Yaskawa  is  also  known  for  innovation  –  they  developed  a  matrix

converter drive  (U1000)  that  directly  converts  AC-to-AC,  enabling  true  regeneration  with  low

harmonics and no DC bus . In heavy industries (metal, mining, oil & gas), Yaskawa drives are

valued  for  being  nearly  “indestructible”  in  the  field .  Despite  their  top-tier  quality,  Yaskawa’s

pricing is quite competitive – generally on par or even lower than ABB for similar specs, and their

long life means a lower total cost of ownership .

Eaton (Cutler-Hammer): Eaton is a major player in North America, leveraging its broad electrical

equipment presence. Eaton’s drives often originate from the former Danfoss/Vacon designs (some

models are rebranded collaborations). The  PowerXL series is Eaton’s main line; for example, the

DG1 general-purpose VFD covers around 1–500 HP and features an “active energy control” function

for optimizing efficiency at  partial  loads .  Eaton also offers micro drives like the  DM1 for

smaller motors, and HVAC-specific drives (previously the HVX series, now the H-Max), which come
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with built-in PID controllers and easy interfaces for building systems . Eaton drives are known

for solid performance and very good pricing – they might not have every advanced feature of ABB

or Yaskawa, but they cover most needs at a lower price point .  Many Eaton units include

integral EMC/RFI filters and conform to IEEE 519 with basic filtering. Users often comment that Eaton

has good documentation and an extensive distributor network, meaning spares and support are

readily available. Overall, Eaton VFDs are a cost-effective choice, especially where budgets are tight,

without sacrificing reliability (many are based on time-proven European designs) .

Lenze (AC Tech): Lenze, a German manufacturer, has a strong niche in compact and mid-size drives.

Through its U.S.  division (formerly AC Tech),  Lenze produced the popular  SMVector drive,  which

earned a following as a simple, low-cost workhorse for smaller motors. Their current flagship is the

i500 series, a modular drive system from about 0.33 HP up to ~60 HP (0.25–45 kW) . The i500

is notable for its slim form factor (space-saving in panels) and plug-in option modules so that OEMs

can add only the features needed (fieldbus comms, extra I/O, etc.) .  Lenze drives support

standard  V/Hz  and  sensorless  vector  control  and  are  known  for  being  user-friendly  and  cost-

effective for general applications . They might lack some high-end features (fewer advanced

control  modes  or  customization  compared  to  a  premium brand),  but  for  pump/fan  and  simple

machine control,  they perform well.  Lenze’s  documentation can be very detailed (which is  good,

though some users find it a bit dense to navigate) . They have a strong presence in packaging

machinery  and  smaller  automation  systems,  especially  in  Europe,  and  are  often  a  significantly

cheaper alternative to,  say,  Allen-Bradley in the sub-50 HP range .  Their  hardware quality

benefits from German engineering rigor, and they’ve been pushing aggressive pricing which makes

them attractive for OEMs building equipment in volume.

Hitachi: Hitachi has produced drives for decades and offers robust, no-frills VFDs at a good price

point. The Hitachi WJ200 series (through ~20 HP) gained popularity as a compact general-purpose

drive known as a “little workhorse” – it  includes sensorless vector capability and straightforward

setup, making it a solid choice for pumps, fans, conveyors, etc. . For larger motors, Hitachi’s SJ

series (e.g. older SJ700 and newer SJ-P1) goes up to around 500 HP and provides more advanced

vector control,  with features like 200% torque at  0.3 Hz and even a built-in simple PLC function

(Hitachi’s EZ SQ programming) for basic sequencing logic . A selling point of Hitachi is that

many models come with extras included (like EMC filters, braking transistors, dual ratings for heavy/

normal duty) rather than as costly add-ons . In North America, Hitachi’s market share isn’t as

large as some others, but those who use them often comment on their reliability and value – for

example, a 10 HP Hitachi drive might cost 20–30% less than an equivalent Rockwell PowerFlex, yet

deliver similar performance for standard applications . The main adjustment for users can be

the parameter naming and documentation, which reflect Hitachi’s global ( Japanese/European) roots,

but once familiar, integration is straightforward . Hitachi has distributors and service in the U.S.,

and companies like Precision Electric support repair and retrofits for them . In summary, Hitachi

VFDs are a strong option especially in small-to-mid power ranges where budget is tight but a solid,

proven drive is needed.

Rockwell  Automation  (Allen-Bradley): Allen-Bradley  drives  (PowerFlex  series)  are  extremely

common in the U.S., especially in plants that use Rockwell PLCs. The PowerFlex family ranges from

the compact PowerFlex 523/525 up to the high-performance PowerFlex 755/755T. These drives are

deeply integrated into Rockwell’s automation ecosystem – for instance, using an Allen-Bradley PLC,

you get “Premier Integration” with Add-On Profiles that make configuration and monitoring very
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seamless in Studio 5000. The  technical capabilities of PowerFlex drives are high (the 755 series

offers everything from safety options to active front-ends and low-harmonic solutions).  However,

Rockwell drives tend to be significantly more expensive than equivalent drives from other brands

. Part of this is Rockwell’s support model and the value of integration; however, many users

outside strictly Rockwell-centric facilities opt for other brands to save cost. Studies have shown that

switching from Allen-Bradley to a brand like ABB or Yaskawa can save 20–30% in upfront cost with no

sacrifice in quality or performance . Nonetheless, if a plant is already heavily standardized on

Allen-Bradley, sticking with PowerFlex can reduce training needs and spare parts diversity. In recent

years, even some Rockwell users have started mixing in other drives to cut costs. Rockwell’s strength

lies in certain industries (like automotive or large integrated systems) and in users who prioritize

single-vendor solutions. For an independent comparison, outside of specific integration needs, many

other drives offer  better value while matching the performance.  It’s  worth noting Rockwell  has

begun acknowledging competition by offering more mid-tier solutions (like the PowerFlex 6000 for

medium voltage, or reducing prices on smaller drives), but they remain a premium brand.

Others (Danfoss, Schneider, Mitsubishi, etc.): Beyond the above, there are many other reputable

drive makers.  Danfoss,  a Danish company, is known for HVAC and refrigeration drives (their VLT

series)  and  also  high-power  industrial  drives  (Danfoss  acquired  Vacon,  merging  Finnish  drive

expertise). Schneider Electric produces the Altivar series of VFDs, which have a strong presence in

Europe  and  in  OEM  machinery.  WEG (Brazil)  sells  drives  often  alongside  their  motors  –  they

emphasize simple, rugged designs at competitive prices, popular in Latin America. Japanese firms

like Mitsubishi and Fuji Electric offer drives often seen in semiconductor fabs and manufacturing

equipment (they tend to have very compact designs and fast control loops, given their CNC/CNC

machine tool lineage). Delta Electronics, KEB, Parker SSD, and others each have niches (e.g. Delta is

big in Asia for affordable drives, KEB in elevators and motion control, Parker SSD in extrusion and DC

drive replacements, etc.). The landscape is such that  competition is strong, which benefits users:

even lower-cost drives today pack quite advanced features and decent support. When choosing a

drive brand, considerations include the local availability of support, familiarity of your technicians,

any needed special features (e.g. high ingress protection, built-in PLC functions, etc.), and price. But

fundamentally, a “big five” brand (ABB, Siemens, Rockwell, Schneider, Danfoss, Yaskawa, etc.) or a

trusted second-tier brand will all perform reliably if applied correctly. Many of these manufacturers

also offer application engineering help, selection software, and well-written manuals – resources

worth leveraging to ensure the drive is set up optimally for your 3-phase motor and load.

Real-World Applications and Case Studies

VFDs are used across virtually every industry – wherever motors are found, using a VFD can optimize the

operation. Below are several real-world examples illustrating how three-phase motors with VFDs achieve

tangible improvements in energy efficiency, performance, and reliability:

Municipal Water Pumping (Energy Savings): In a city wastewater treatment facility in Columbus,

Ohio, five large influent pumps had been running at constant speed with throttling valves to control

flow – an inefficient method. In 2011 the city replaced three of the pumps with new VFD-driven

variable-speed pumps (keeping two as occasional backups). The VFDs allowed pump speed to closely

match the incoming flow and enabled raising the wet-well level setpoint (reducing how much head

the pumps had to overcome) .  The results  were dramatic:  the  specific energy (kWh per

million gallons pumped) dropped from 259 to 179 kWh/MG – a 30% energy reduction for the same
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volume of water . Additionally, by soft-starting the pumps, the facility cut its  peak power

demand in half: peak draw went from 60 kW (across-the-line start) to 30 kW with VFDs . This

yields big savings on demand charges.  The upgrade also improved process control  (maintaining

more stable wet well levels) and even allowed the city to avoid upsizing its emergency generator,

since starting currents were tamed . Following this success, the city later added VFDs to aeration

blowers, netting ~26% energy savings on aeration as well . This case highlights how a relatively

straightforward  retrofit  –  installing  VFDs  on  pumps  –  captured  30+%  energy  savings in  water

infrastructure, a sector where pumps often run 24/7 and energy costs dominate operating expenses.

Many other municipalities have reported similar gains by using VFDs to match pump speed to actual

demand .

Commercial  HVAC in Buildings: Large buildings (offices,  hospitals,  malls,  campuses)  often have

dozens of motors for chilled water pumps, cooling tower fans, air handler blowers, etc. Retrofitting

these with VFDs has shown  dramatic energy and cost  savings.  For example,  a high-rise building

underwent a multi-year HVAC retrofit from 2011–2013, gradually installing VFDs on pumps and fans

(about 150 motors from 7.5 HP to 250 HP got drives) . Once all VFDs were operational, the

building’s annual electricity use dropped by 32% (from ~65 million kWh to 43 million kWh) .

The peak demand fell by roughly one-third (from ~16–17 MW down to ~10 MW) . In dollars, this

was over  $1.1 million per year saved on energy , and the payback for the VFDs was under 3

years.  Beyond the energy numbers,  they  saw more stable  indoor  temperatures  because airflow

could modulate instead of on/off cycling, and less wear on mechanical HVAC components since soft

starts reduced belt and bearing stress . This story is echoed across thousands of VFD retrofits

in  commercial  facilities  –  whether  it’s  a  retail  chain  saving  $150k  annually  by  adding  drives  on

rooftop AC units, or a university campus optimizing chiller plants . Many electric utilities even

offer rebates for VFD installations because reducing peak load helps the grid. In short, VFDs have

become one of the best “low-hanging fruit” measures for energy efficiency in HVAC systems, often

cutting 20–50% of motor energy usage while improving environmental control.

Industrial Manufacturing (Reliability & Uptime): While energy savings get a lot of attention, VFDs

also enhance reliability and uptime in industrial settings. Consider a Midwestern pulp and paper mill

that  was  experiencing  frequent  failures  of  older  drives  on  critical  production  motors.  They  had

legacy ABB ACS500 drives (early 1990s tech) controlling large rollers and pumps, and as those aged,

unexpected drive trips and failures were disrupting production. The mill partnered with a service

firm (Precision Electric) to proactively replace 20 of these old drives during a scheduled shutdown,

upgrading to new ABB ACS580 units that have modern diagnostics and more robust design .

They kept the old drives as emergency spares and implemented a regular monitoring routine. In the

year after this overhaul,  unplanned drive failures dropped 76% compared to prior years .

The  few  faults  that  did  occur  were  resolved  quickly  because  the  plant  had  spare  drives  pre-

configured and ready to swap in – standardizing on one drive family made this easier . The

improvement translated to significantly higher uptime; given that a single failed drive could halt a

paper line costing tens of thousands of dollars per hour, this was a big win for the mill’s bottom line

.  In  another  example,  a  beverage bottling  plant,  extremely  sensitive  to  downtime,  set  up a

redundant drive scheme: they installed a second (spare) Yaskawa GA500 drive in parallel wiring on a

critical motor, so that if the primary drive failed, they could switch over in minutes . Indeed a

failure did happen; thanks to this preparedness the line was back up almost immediately and the

incident avoided an estimated  $42,000 in lost production .  These cases show that VFDs,

especially modern ones, can improve reliability both through better hardware (less prone to fail) and
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through the ability to monitor and quickly replace if needed (cloning parameters, having spares,

etc. are much easier with standard drive packages) . The bottom line for industry: upgrading

old  motor  controls  to  VFDs  can  not  only  save  energy  but  also  prevent  downtime and  give

maintenance teams better tools (fault logs, warning alarms) to keep production running smoothly.

Dynamic  Applications  (Regeneration  and  Precision): VFDs  also  shine  in  dynamic  or  novel

applications. A case study in an automotive manufacturing plant looked at overhead cranes used for

heavy loads.  These crane hoists  traditionally  used resistor  banks to dump energy as heat  when

lowering loads (to brake). By switching to  regenerative VFDs with active front-ends on the hoist

motors, the plant was able to  feed braking energy back into the facility’s power system .

One crane builder reported that using regenerative drives (in this case ABB ACS880 units) not only

saved energy but also significantly reduced heat in the building – so much so that HVAC costs for the

crane bay dropped ~30%, because the big resistor banks were no longer dumping heat into the area

. This is a double benefit: energy that would be wasted is reused, and the cooling load on the

air  conditioning  is  reduced.  Additionally,  the  VFD-based  control  provided  very  precise  speed

handling and  smooth  operation of  the  crane,  improving  safety  and  positioning  accuracy  (no

sudden  jolts  when  picking  or  placing  heavy  parts) .  In  other  transportation-related  uses,

regenerative drives are common: for example, electric train systems and elevators commonly use

regen  drives  to  recapture  energy  on  braking,  improving  efficiency.  Another  application  area  is

remote or  adaptive processes –  consider  irrigation pumps in  agriculture  or  booster  pumps in

pipelines.  By using VFDs,  operators  can ramp pumps up slowly  to avoid water  hammer in  long

pipelines, adjust speed based on well levels or pressure feedback, and even tie drives into remote

monitoring systems (SCADA) for automated control . The  operational flexibility gained is

hard to quantify but very valuable: processes can be fine-tuned in real time (e.g. adjusting pump

output as conditions change, something not possible with a fixed-speed motor and valve). In these

examples, VFDs show benefits beyond just energy – improving controllability, safety, and process

stability in ways that often pay off through improved production quality or reduced wear-and-tear.

These  case  studies  underscore  that  VFDs  are  not  just  theoretical  energy  savers;  they  deliver  tangible

results across industries. Whether the goal is cutting electricity usage, stabilizing a process, or avoiding

downtime, real-world data consistently shows that VFDs often pay for themselves quickly through energy

and  maintenance  savings .  The  key  to  success  is  considering  the  whole  system:  using  VFDs  in

conjunction with proper motor upgrades or filters if needed, training staff to utilize the new capabilities,

and sometimes implementing complementary measures like keeping spare drives or using regen units for

maximum benefit . When done right, integrating a VFD with a three-phase motor is a win-win: lower

operating costs and improved performance and control.

Best Practices for VFD Implementation

To get the most out of using a VFD with a 3-phase motor, keep these best practices in mind during selection,

installation, and operation:

Proper Drive Selection: Use manufacturer sizing tools or consult application engineers to select the

right drive. Size for the motor’s full-load amps, including a safety margin. Don’t undersize thinking

you’ll “limit” the output – the VFD must handle the current for peak load or during ramp-up. If the

application is high starting torque or frequent acceleration (e.g. a hoist, crusher, or heavily loaded

conveyor), choose a drive rating that supports 150% overload for 60 seconds (heavy duty) .

140 141

• 

142 143

144 22

145

146 147

148 19

149

• 

40 41

11

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=readily%20available%20VFD%20models%20and,Traditionally%2C%20crane%20hoists
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=drives%E2%80%99%20ability%20to%20have%20parameters,dissipate%20braking%20energy%20as%20heat
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=Case%20Study%204%3A%20Regenerative%20Applications,One%20crane%20builder
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=dissipate%20braking%20energy%20as%20heat,since%20the%20braking
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=active%20front%20ends,Additionally%2C%20the
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=power%20system,the%20regenerative%20drives%20provided%20very
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=area%20,seen%3A%20electric%20trains%20and%20elevators
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=In%20transportation%2C%20a%20similar%20principle,and%20can%20adjust%20speed%20to
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=VFDs%20support%20remote%20monitoring%20%E2%80%93,speed%20motors
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=These%20case%20studies%20underscore%20that,the%20new%20capabilities%2C%20and%20sometimes
https://new.abb.com/drives/energy-efficiency#:~:text=The%20additional%20purchase%20price%20of,VSDs%20can%20come%20within%20months
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=results%20across%20industries,spares%20or%20using%20regen%20units
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=Overload%20Duty%3A%20As%20mentioned%2C%20VFDs,torque%20load%20%28like%20fans%29.%20Manufacturers
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=treat%20it%20as%20a%2040,more%20heat%20losses%20in%20the


On the other hand, for fans or pumps with light loads, a normal duty rating (typically ~110% for 60s)

may suffice. Also consider the supply: for example, if you only have single-phase power but a three-

phase  motor,  either  select  a  drive  rated  for  single-phase  input  or  derate  a  three-phase  drive

appropriately (roughly 1.7× the motor current) . Ensure the drive’s input voltage matches your

line (e.g. a 480 V drive on a 480 V supply) and that any control interface (analog/digital I/O, network

comms) is suitable for your system or PLC. 

Motor and Cabling: Before adding a VFD, verify the motor is in good condition and ideally inverter-

duty rated (per NEMA MG1 Part 31 or IEC 60034-25) if it will see high speeds or very low speeds for

extended times . Inverter-duty motors have insulation designed for the PWM waveform and

often have better cooling at low RPM. If using a standard motor, try to keep cable lengths moderate

(e.g. under 50 meters) or use output filters for long distances to protect the motor insulation from

voltage spikes .  Use shielded motor  cables  especially  for  larger  drives,  and follow grounding

practices  meticulously  –  ground the  motor  frame and  drive  to  a  common earth  point  to  avoid

circulating currents. If the motor is large (>50 HP) or running at high frequency, consider adding a

shaft grounding ring or insulated bearings to mitigate possible bearing EDM from shaft voltages

. For multi-motor setups (one drive running several motors), ensure each motor has overload

protection and be mindful that all motors will start/stop together.

Parameter Setup and Tuning: Take advantage of the VFD’s programmability. Set acceleration and

deceleration times appropriate for your system’s inertia – too fast and you might get mechanical

strain or even drive overcurrent faults; too slow and you may not meet process demands. A common

default is 5–10 seconds accel/decel for general loads, but adjust as needed (some high-inertia fans

might need 30s or more to coast down without tripping). Use the built-in PID control if you want the

drive to maintain a process variable (like pressure or flow) automatically – many drives have this

feature, which can directly control speed from a sensor input. Be sure to tune the PID gains (or use

the  drive’s  auto-tune)  to  avoid  oscillations .  Enable  any  energy-saving  modes the  drive

offers, especially for pump/fan applications – for instance, some drives can go into “sleep” mode by

turning off the motor when a setpoint is reached and load is minimal, then wake up when needed

. Configure protection features: set the motor overload parameter to the motor’s FLA per the

nameplate (the drive can then protect the motor thermally). If you have a high-friction load, set stall

prevention or torque limits to avoid stalling the motor and damaging equipment. It’s also wise to

program custom fault thresholds or warnings if possible – e.g. if you know a pump should never

exceed 50 A, set an alarm at 50 A to alert of a potential issue like a jam or bearing failure, rather than

waiting for a trip. Modern VFDs often let you assign such triggers easily .

Harmonic Mitigation & EMC: If you are installing multiple drives or have sensitive electronics in the

facility, include basic mitigation from the start.  Line reactors (3–5% impedance) on the input of

each drive are a simple, cost-effective way to cut harmonic distortion and also protect the drive from

surges.  Many  drives  have  DC  link  chokes  built-in  –  check  the  specs,  and  if  not,  add  reactors

externally. For larger systems, a passive harmonic filter on a group of drives or an active filter might

be considered if you need to meet stringent IEEE 519 limits on THD . For EMC compliance

(electromagnetic compatibility), the shielded motor cable and proper grounding we mentioned are

key. Additionally, keep the drive’s power cables separate from instrument and network cables (route

them in separate conduit or trays). If radio frequency interference is a concern (e.g. in a building with

sensitive  lab  equipment),  consider  using  EMI/RFI  filters on  the  drive  input  –  these  are  often
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available as an accessory and can reduce conducted interference back into the mains. Ensure all

enclosures are properly bonded to ground, as high-frequency noise will find any ground loops.

Maintenance  and  Monitoring: VFDs  are  relatively  low-maintenance  compared  to  mechanical

controls, but they’re not “set and forget” forever. Keep the drive’s cooling system in mind: clean or

vacuum out dust from heat sinks and fans periodically (for example, during annual shutdowns) to

prevent overheating. Fans and electrolytic capacitors in drives do have a lifespan (often 7–10+ years),

so some facilities do proactive replacements at major intervals. Many drives provide diagnostic data

– use it! Check the drive’s fault log if a trip occurs to identify the cause (overcurrent, overvoltage,

overtemp, etc.). Leverage any condition monitoring features; for instance, some drives can estimate

when capacitors need replacement or log how often the drive’s internal temperature gets near limit

. With networking, you can even tie drives into a supervisory system to monitor their status in

real time. It’s also a best practice to  keep a spare drive (or at least a spare control board) for

critical motors. Having a clone of the drive’s parameters stored (many drives let you copy settings via

a keypad or software) means a failed drive can be swapped and back online in minutes, drastically

reducing downtime . Make sure the maintenance team is trained on the drive’s interface – at

least knowing how to start/stop in local mode, read faults, and if needed, bypass the drive in an

emergency (some systems have bypass contactors to run across-the-line if the process must run and

the drive is out).

By following these best practices, you ensure that the integration of a VFD with your three-phase motor is

smooth and yields the expected benefits. Essentially, you are providing the drive-motor system with the

right  environment  and  setup  to  thrive:  correct  matching,  proper  wiring,  well-tuned  parameters,  and

proactive maintenance.

Conclusion

The combination of a three-phase motor with a VFD represents one of the most impactful improvements in

industrial and commercial motor systems in the past few decades. It transforms the motor from a brute-

force device into a flexible, intelligent component of the system. The energy efficiency gains alone – often

20–50% savings – make VFDs attractive, especially with rising energy costs and sustainability goals. But

equally important are the enhanced control, allowing processes to run exactly as needed, and the reduced

stress,  which  extends  equipment  life  and  uptime.  We’ve  seen  that  across  various  industries  –  from

municipal  water plants to high-rise buildings to factories –  VFDs deliver measurable improvements like

lower  power  consumption,  fewer  breakdowns,  and  improved  performance  metrics.  Moreover,  modern

drives  have  become  more  user-friendly,  reliable,  and  cost-effective,  with  virtually  every  major  motor

manufacturer offering VFD solutions that can be tailored to an application.

Of course, achieving these results requires proper application: selecting the right drive, considering motor

suitability, and following best practices in installation and programming. Industry standards (NEMA, IEEE,

IEC) and manufacturer guidelines exist to help users navigate these technical details, ensuring safety and

longevity. As long as those are respected, the VFD-motor pairing is usually a win-win proposition. It’s not

surprising that only about 23% of industrial motors today are on drives, yet experts suggest roughly half of

motor systems would benefit from one  – indicating vast potential for further adoption of VFDs.

In summary, using a VFD with a three-phase motor allows one to precisely match motor output to the

actual  needs of  the work,  eliminating waste and adding significant  flexibility.  Whether you aim to cut

• 

33

136 138

156 6

13

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=e,world
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=power%20quality%20before%20they%20led,they%20could%20switch%20cables%20to
https://www.precision-elec.com/wp-content/uploads/2025/07/Frequency-Drives-VFDs-%E2%80%93-Comprehensive-Technical-Overview.pdf?srsltid=AfmBOornpxBDlcJDXMukVf4rlmrSerim0TUKlbknaEmKwEsIwyMcvTO3#:~:text=parallel%20,While
https://new.abb.com/drives/energy-efficiency#:~:text=It%20is%20estimated%20that%2023,are%20equipped%20with%20a%20drive
https://new.abb.com/drives/energy-efficiency#:~:text=Image%3A%20drives


energy bills, gain better control over a process, or minimize equipment stress, a VFD is a proven tool to

achieve those goals. With the right approach, a VFD will pay for itself and then some, all while bringing your

motor-driven system into the modern age of smart, efficient operation.
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