
Variable Frequency Drives (VFDs) for Three‑Phase

Motors: Comprehensive Overview

Introduction and Overview of VFDs for AC Motors

A  Variable Frequency Drive (VFD) – also known as a variable speed drive (VSD) or AC inverter – is an

electronic controller that adjusts the speed and torque of an electric motor by varying the frequency and

voltage of the power supplied to that motor. VFDs are used predominantly with three-phase AC induction

motors,  the  workhorses  of  industry,  to  provide  precise  speed  control  and  improved  efficiency.  By

converting fixed-frequency AC from the mains into a variable-frequency output, a VFD enables a motor to

run from zero speed up to above its nominal speed, as needed for the application. This flexibility is key:

altering the supply frequency directly changes the motor’s synchronous speed (per the formula Speed (RPM)

=  120  ×  Frequency  /  #  of  poles),  allowing continuous  adjustment  of  motor  speed.  In  practical  terms,  a

standard four-pole motor that would run about 1800 RPM at 60 Hz can be smoothly controlled anywhere

from standstill  to  full  speed and beyond with a VFD.  The result  is  highly adaptable motor operation

instead of the fixed speed you get when running directly on utility power.

Why focus on three-phase motors? Three-phase induction motors are preferred for VFD use because they

are self-starting, efficient, and readily available in a wide range of sizes. While it is technically possible to

find or use VFD-like controls for single-phase motors, these are rare and not generally recommended – single-

phase motors with start capacitors are not designed for variable frequency operation and will not perform

well. As one motion control engineer notes, “I’ve seen VFDs for single-phase motors in the market, but they are

difficult to find, and we’ve never tested them with our motors.” Oriental Motor In practice, if you only have

single-phase supply available, the solution is to use a VFD that accepts single-phase input and outputs to a

standard three-phase motor. Many smaller VFD units (typically up to ~3 HP) are designed with single-phase

input options, and larger three-phase drives can often be run on single-phase by derating (usually by ~√3,

or  173% of  the  current,  to  compensate  for  the  higher  current  draw on two input  lines)【JP  Motors  &

Drives】. Using a VFD as a phase converter in this way is actually common in farms, workshops, or rural

facilities that lack three-phase utility power – you get the benefit of a three-phase motor’s performance and

the VFD’s speed control,  while only having single-phase mains.  The bottom line is  that  for true speed

control, a three-phase motor + VFD combination is the preferred solution in nearly all cases, whereas

trying to directly put a single-phase motor on a VFD is usually problematic.

Why Use a VFD? Key Benefits of Variable Speed Control

Using a VFD to control a three-phase motor offers significant benefits compared to running the motor at

fixed speed or using mechanical speed control methods. Chief among these benefits are energy savings

and improved process control:

Energy Savings: Perhaps the most  celebrated advantage of  VFDs is  their  ability  to  dramatically

reduce energy consumption, especially in variable torque applications like pumps and fans. Instead
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of running a motor at full speed and throttling flow with valves or dampers (which wastes energy), a

VFD allows the motor to run only as fast as needed to meet demand. This cuts down on unnecessary

power  draw.  It  is  well  documented  that  electric  motor  systems  account  for  over  half  of  global

electricity usage, and experts estimate that applying VFDs in all suitable motor applications could

reduce worldwide electric energy consumption by about  10% . In industrial and HVAC systems,

energy reductions of 20–50% are commonly reported when using VFDs to match speed to load, and

savings can sometimes reach up to 80% in extreme cases where motors were previously oversized or

running idle . For example, Danfoss (a leading drive manufacturer) notes that a 40% energy

savings  is  typical  when replacing  on/off control  with  VFD control,  and payback  periods  for  VFD

projects often range around only 6–12 months due to the electricity cost reductions .

Enhanced Process Control: VFDs give very precise control over motor speed and torque, which

improves the stability and quality of many processes. Instead of the motor being stuck at full speed

and the process being regulated by crude mechanisms, the motor can continuously adjust to the

desired  setpoint.  This  leads  to  better  product  quality,  less  waste,  and  improved  production

throughput in manufacturing lines. It also enables automation systems to ramp speeds up or down

as needed, coordinating multiple motors, etc. For instance, conveyor lines, mixers, or machine tools

using VFDs can easily adjust speed in real-time to match varying load conditions or process recipes.

Soft Starting and Reduced Stress: When an AC motor starts across-the-line (direct on utility power),

it  draws a very large inrush current (often 6–8 times its rated current) and surges to full  speed,

causing mechanical stress on belts, gears, and the driven machinery. A VFD, by contrast, starts the

motor at low frequency and voltage, then gradually ramps up (a soft start). This limits the inrush

current and  avoids  the  mechanical  shock.  The  result  is  less  wear  on  the  motor  windings  and

bearings  and  on  the  connected  equipment  (pumps,  fans,  compressors,  etc.),  which  extends

equipment lifespan and reduces maintenance. For example, in pumping systems, VFD soft start/

stop eliminates pressure spikes in pipes (“water hammer”), protecting plumbing and valves.

Adaptability and Multiple Functions: Modern VFDs often come with an array of built-in control

features. They can hold a motor at a set speed, or follow a programmable speed profile, or even

perform PID control (using feedback from sensors to maintain pressure, flow, temperature, etc.).

Many  drives  support  reversing  the  motor,  without  needing  external  contactors,  and  some  can

coordinate multiple motors. VFDs also commonly include protections (overload, overvoltage, phase

loss,  etc.)  and  monitoring capabilities  that  improve system reliability.  All  this  adds up to a very

flexible motor control solution, replacing the need for many separate starters or controllers. Some

advanced drives can even enable energy regeneration (braking energy fed back to the supply) or

coordinate with IoT systems for predictive maintenance and remote monitoring.

Power Quality Improvements: Although VFDs are non-linear devices (more on harmonics later),

they  typically  have  near-unity  displacement  power  factor  on  the  input.  This  means  unlike  an

unloaded  motor,  the  VFD  itself  doesn’t  draw  excessive  reactive  power  (VARs)  from  the  grid.

Additionally, the soft starting avoids the voltage sags that across-the-line starts can cause in weak

power systems. Many VFDs also include filters or can be paired with line reactors to improve the

overall power quality seen by the utility when large motors are in use.

In summary,  VFDs allow motors to run at the speed that actually matches the load requirement –

avoiding wasteful overspeeding – and thereby deliver substantial energy and cost savings. They also turn
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the motor into a smarter device that can ramp, stop, and respond to commands in ways fixed-speed motors

cannot.  These  benefits  are  why  VFDs  have  become  indispensable  in  modern  automation  and  energy

management.

How a VFD Works: AC-to-DC-to-AC Power Conversion

Internally, a typical VFD for a three-phase motor consists of three main sections that together convert the

fixed AC supply into a variable frequency output:

Rectifier (Converter Stage): The incoming AC power (which might be three-phase or single-phase

input, depending on drive design) first passes through a rectifier. In most VFDs this is a diode bridge

rectifier (six-pulse diode bridge for three-phase input). It converts the AC sine waves into a rough

DC. In higher-power or regenerative drives, active switching devices (thyristors or transistor-based

Active Front Ends) may be used instead of diodes, but the end result is still DC. After this stage, the

power becomes unidirectional DC voltage with ripple.

DC Link (Bus): The DC output of the rectifier is fed into a  DC bus link that typically includes large

capacitors (and sometimes inductors or a DC choke). The capacitors smooth out the pulsating DC

from the rectifier, storing energy and providing a relatively stable DC voltage. The DC link acts as an

energy buffer between the input and output.  In many VFDs,  this section also has provisions for

managing regenerated energy: for example, a brake chopper circuit that can divert excess energy

to a resistor if the motor is braking (acting as a generator). In more advanced regenerative VFDs, the

excess energy can be fed back into the supply instead. The DC bus voltage in a three-phase VFD will

be roughly √2 times the AC line RMS voltage (for example, a 480 V AC system results in about 680 V

DC bus).

Inverter (DC to AC): The final stage is the inverter, which converts the DC back into AC output with

variable frequency and voltage. This is done using high-speed switching devices, typically  IGBTs

(Insulated Gate Bipolar Transistors) arranged in a bridge configuration. The inverter chops the DC

into pulses in a carefully timed manner – using a technique called Pulse-Width Modulation (PWM) –

to synthesize an AC waveform at the desired frequency. Essentially, by turning transistors on and off

many  times  per  cycle,  the  inverter  creates  a  series  of  voltage  pulses  that  the  motor  windings

perceive as an AC current. The frequency of the PWM pulses determines the fundamental frequency

seen by the motor, and by modulating the pulse widths, the drive also controls the effective RMS

voltage supplied. This PWM output is not a pure sine wave; it’s a modulated square wave rich in

harmonics, but the motor’s inductance smooths it into a near-sinusoidal current.

During  operation,  the  VFD’s  control  electronics  adjust  the  inverter’s  switching  to  change  the  output

frequency and voltage together. For standard induction motors, the VFD maintains a near-constant Volts-

per-Hertz  ratio  (V/Hz) up to  the base frequency –  this  keeps the magnetic  flux in  the motor  roughly

constant so that the motor can produce rated torque. For example, a 460 V, 60 Hz motor might get 230 V at

30 Hz (same 7.67 V/Hz ratio) to avoid saturating or under-fluxing the motor. At low speeds, some drives

apply  voltage  boost  to  compensate  for  motor  resistance.  Above  base  speed  (in  the  field-weakening

region), the drive will typically hold the output voltage at max (e.g., 460 V) as frequency increases, resulting

in reduced torque (constant horsepower behavior).
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Modern drives use sophisticated  microprocessor control to manage this inversion process. Many offer

advanced  control  modes  beyond  basic  open-loop  V/Hz.  Sensorless  vector  control and  field-oriented

control algorithms can precisely regulate motor current and slip to deliver full torque even at low speeds,

without an encoder. High-end drives from companies like ABB even implement Direct Torque Control (DTC),

which bypasses the traditional PWM scheme for even faster torque response. These control advancements

mean VFDs can now run motors at very low RPM with good stability, hold setpoints with minimal drift, and

even control torque directly.

It’s worth noting that because the VFD’s output is a series of fast PWM voltage pulses, there are some side

effects. The output waveform’s fast rise times (high dV/dt) can induce additional stress on motor winding

insulation  and  can  cause  electromagnetic  interference  (EMI).  We  will  discuss  these  technical

considerations and how industry standards address them in a later section. But first, an important aspect of

VFD operation to understand is how it impacts power and efficiency in a system.

Operation  Above  Base  Speed: Many  VFDs  allow  running  a  motor  above  its  nominal  frequency  (e.g.,

running a 60 Hz motor at 70 Hz or 90 Hz) to get more speed. In this range, the motor voltage is maxed out

so the V/Hz ratio drops, meaning available torque falls off inversely with speed – the motor is in constant

horsepower  mode.  Most  general-purpose  motors  can  safely  overspeed  by  some  percent  (20–50%

overspeed is common in specs) as long as the load torque drops accordingly. NEMA Design B motors, for

instance, are often rated for constant horsepower up to about 90 Hz . For very high-speed applications,

specialized  motors  and  drives  are  needed.  Some  VFDs  are  designed  to  output  extremely  high

frequencies –  for  example,  Yaskawa offers  custom drive  firmware for  its  V1000/A1000 series  that  can

output up to 1000 Hz to run high-speed spindles . Such high-frequency drives are used in machine

tool  spindles,  centrifuges,  and  other  specialized  machinery.  Always  ensure  the  motor  and  mechanical

system are rated for any overspeed you plan to use.

Power Factor and Harmonics Considerations

One technical aspect of VFDs is that while they provide great benefits on the load side, they do introduce

some issues on the supply side. VFDs use rectifiers that draw current in pulses, which affects power quality

in two main ways: input current harmonics and power factor.

Input  Current  Harmonics: The non-linear  rectifier  means the  VFD doesn’t  draw a  perfectly  sinusoidal

current from the line. Instead, the current is drawn in pulses near the peaks of the voltage waveform. This

results in harmonic currents (typically most significant are the 5th, 7th, 11th, 13th harmonics from a six-

pulse rectifier). These harmonics can cause additional heating in transformers and motors, and interference

with other equipment. If a facility has many VFDs, the cumulative effect can distort the facility’s voltage

waveform and need to be mitigated. Standards such as  IEEE 519 set recommended limits on harmonic

distortion (THD)  at  the  point  of  common coupling.  To  comply  with  such standards  or  avoid  problems,

various mitigation strategies are used: - Installing AC line reactors (inductors) in series with the VFD input

to smooth current spikes. - Using  DC link chokes or filters in the VFD design. - Adding harmonic filters

(passive filter banks or active harmonic filters)  on the facility.  -  Using drives with  12-pulse or 18-pulse

rectifiers for phase cancellation of some harmonics, or active front-end drives that actively shape the input

current sinusoidally. 

In most typical industrial settings with a moderate number of drives, adding a 3–5% line reactor or using

drives that  come with DC chokes is  enough to bring current  distortion to acceptable levels.  For  larger
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installations or sensitive environments (like hospitals, airports), active filters or multi-pulse arrangements

might be justified. It’s always a good practice to do a harmonic analysis if installing a large VFD system on a

weaker power network.

Displacement Power Factor: The good news is that a VFD’s input  displacement power factor is  high

(usually ~0.95–0.98) because the rectifier draws current roughly in phase with the voltage when it does

conduct.  Unlike  an induction motor  that  might  have 0.8  PF,  the VFD itself  doesn’t  inherently  consume

reactive magnetizing current from the grid. However, the  total (true) power factor of a VFD load will be

reduced by the presence of harmonics (since they contribute to RMS current but not to real power). Even so,

the net PF is often around 0.9 or so, and many utilities focus more on fundamental PF which the VFD keeps

near unity. If needed, passive PF correction capacitors should not be placed in front of a VFD (they can cause

resonance with harmonics); instead, filters or active front ends are the solution for improving PF/harmonics

together.

In summary, while VFDs might introduce harmonics, these are manageable with proper drive selection and

filtering.  Most  major  manufacturers  offer  “low  harmonic”  VFD  models or  accessories  to  help  meet

standards like IEEE 519. For example, some ABB and Schneider drives come with 12-pulse rectifier options,

and others like Danfoss have active filter products. Checking the harmonic impact and installing mitigation

upfront is part of good practice in VFD system design.

Technical Considerations and Challenges (Motor and System)

When applying a VFD to a three-phase motor, it’s important to consider a few  technical challenges and

design considerations to ensure reliability and longevity:

Voltage Spikes and Motor Insulation: The PWM output of a drive can cause rapid voltage rise

times (high dV/dt). Especially when long cable runs are between the drive and motor, reflected wave

phenomena can lead to voltage spikes at the motor terminals that are significantly higher than

the DC bus. Peaks of 2–3 times the DC bus voltage are possible, which can stress motor insulation. To

address this, use  inverter-duty motors or ensure the motor meets at least NEMA MG-1 Part 31

standards. (For instance, NEMA MG-1 specifies that 460 V motors should withstand spikes of 1600 V

with 0.1 µs rise time .) Inverter-duty motors have enhanced insulation (often dual-coated magnet

wire) to handle this. If you must drive a standard motor over long leads, consider installing dV/dt

filters or sine wave filters on the VFD output to reduce spike magnitudes. These filters smooth the

waveform and protect the motor. Also,  shielded motor cables help by reducing transmission line

effects and containing electromagnetic noise.

Thermal  Cooling  at  Low  Speeds: Standard  induction  motors  are  usually  self-cooled  by  an

attached fan on the shaft. At low speeds, that fan moves less air, so the motor may not get enough

cooling even if the electrical loading (torque) is the same. Thus, a motor running at 20% speed might

overheat under full torque load. Solutions include: using a motor with a separately driven cooling fan

(common in larger inverter-duty motors), adding an external blower kit to the motor, or  derating

the motor (only using a fraction of its rated torque at low speeds). As a rule of thumb, if a motor will

spend a lot of time below ~50% speed under heavy load, check its temperature or provide extra

cooling.
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Audible Noise and Switching Frequency: VFDs operate with high-frequency switching,  typically

anywhere from 2 kHz up to 15+ kHz. The PWM carrier frequency can induce an audible  whine or

hiss in the motor (due to magnetostriction and mechanical vibration at the switching frequency and

its harmonics).  Many drives allow adjusting the carrier frequency – a higher kHz can push noise

mostly out of the audible range at the expense of more switching losses (heat)  in the drive.  Be

mindful that increasing carrier frequency makes the drive run hotter and possibly the motor as well,

but  it  can reduce audible  noise.  Some modern drives  use  random or  spread-spectrum PWM to

minimize tonal noise. If noise is a big concern (e.g., HVAC in quiet environments), look for drives

marketed as “low-noise” or use an enclosure/insulation to dampen sound.

Motor Bearings and Shaft Currents: A phenomenon with VFDs is that the common-mode voltage

(the fact that all  three motor terminals are being switched relative to ground) can induce

currents  in  the  motor  shaft  and  bearings.  These  bearing  currents result  from  capacitive

coupling between the stator and rotor.  If  the shaft voltage builds up and then discharges

through the bearings, it causes tiny electrical arcs that can pit and damage the bearing race –

a process called  Electrical  Discharge Machining (EDM).  Over time, this can lead to premature

bearing failure. An article in EC&M Magazine describes how VFD-induced shaft voltages can “arc

across a motor bearing… over a short period of time, this can lead to audible noise and eventual

bearing failure” if not mitigated . To counter this, many inverter-duty motors come with

insulated bearings or use  ceramic bearings on one end to break the circuit. Another common

solution is to install a shaft grounding ring (e.g., Aegis ring) on the motor, which provides a low-

impedance path to bleed off shaft voltage to ground instead of through the bearings. Using

common-mode chokes** on the drive output can also reduce high-frequency leakage currents. For

larger  motors  or  critical  applications,  it’s  advisable  to  include  one  or  more  of  these  mitigation

techniques to avoid bearing issues.

Environmental and Installation Factors: VFDs contain power electronics that generate heat and

are sensitive to contaminants. They should be housed in appropriate  enclosures. Pay attention to

the ingress protection (IP/NEMA rating) of the VFD enclosure – e.g., if it’s in a washdown area, use

NEMA 4X or IP66 drives; for dusty areas, NEMA 12, etc.  Cooling is also critical:  ensure adequate

clearances around the drive and that ambient temperature is within limits (often 40 °C or so, or

derated  above  that).  In  higher  altitudes,  drives  also  need  derating  due  to  thinner  air  cooling.

Electromagnetic  interference  (EMI) control  is  another  consideration:  use  shielded  cables  and

proper  grounding  practices  to  prevent  the  VFD’s  high-frequency  noise  from  affecting  nearby

instrumentation or radios. Many drives require grounding the motor cable shield at the drive end

(and  sometimes  at  both  ends)  to  control  emissions.  Following  the  manufacturer’s  installation

guidelines on grounding and cable separation (keeping power cables away from signal cables, etc.)

will save a lot of troubleshooting later.

Compliance with Standards: When installing VFDs, ensure compliance with electrical  codes and

standards. In the US,  NEC (National Electrical Code) has requirements for motor branch circuits

and  overload  protection  that  still  apply  to  VFD-fed  motors  (the  VFD  often  provides  overload

protection—so NEC Article 430 allows the drive’s internal protection to serve as the motor overload

in  many  cases).  Drives  should  be  UL  listed or  equivalent  for  safety.  Internationally,  look  for

compliance with  IEC 61800-5-1 (safety of adjustable speed electrical power drive systems) and IEC

61800-3 (EMC requirements for drives). If the installation is in a specific industry (like marine or oil &

gas),  there  may  be  additional  standards  (ABS,  DNV,  ATEX,  etc.)  for  drives.  Fortunately,  major
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manufacturers  typically  have  their  products  tested  and  certified  for  these  as  needed,  but  it’s

something to verify during selection.

In short, applying a VFD is not as simple as “wire it up and go” – you must consider the system impacts on

both  the  motor  and  the  facility.  However,  all  the  challenges  above  have  well-established  solutions.  By

choosing the right equipment (inverter-duty motor, proper filters, etc.) and following best practices, you can

enjoy the benefits of VFDs while maintaining high reliability.

Examples and Applications of VFDs

VFDs are found in nearly every industry today. Anywhere a motor is used, there is potential to add a VFD if

variable speed or better control can improve the process. Here are some common applications and real-

world examples:

Pumps and Fans (HVAC and Water/Wastewater): Controlling centrifugal pumps and fans is the

poster  child  for  VFD  energy  savings.  For  example,  in  municipal  water  systems  and  wastewater

treatment plants, VFDs adjust pump speeds to maintain pressures and flow rates efficiently. The City

of Columbus, OH wastewater facility provides a great case study: they retrofitted three of their

influent pumps (replacing constant-speed units  with VFD-driven pumps)  and raised the wet well

levels under control for efficiency. The result was about 30% reduction in energy usage, measured

in kWh per million gallons of water pumped, after the VFD implementation (specific energy went

from  259  kWh/MG  down  to  179  kWh/MG) .  In  another  example,  the  Norristown,  PA

Wastewater Treatment Plant upgraded 70-year-old constant-speed blowers and pumps to new

VFD-driven equipment. This project yielded a 60% reduction in energy consumption (saving about

1.83 million kWh annually) and greatly reduced operating costs . These kinds of savings are

typical because pump/fan power drops roughly with the cube of speed – even a small reduction in

RPM can translate to big energy cuts. HVAC systems in large buildings use VFDs on fans and chillers

to dynamically adjust airflow and water circulation, improving comfort and slashing utility bills. Many

utilities  even  offer  rebates  for  VFD  retrofits  on  qualifying  pump/fan  systems  due  to  the  clear

efficiency gains.

Manufacturing and Industrial Machinery: VFDs are ubiquitous in factories – running conveyors,

mixers, extruders, crushers, grinders, and machine tools. The ability to soft start heavy loads is

crucial  in  applications  like  conveyors  (no  more  jerking  that  spills  product  or  breaks  belts).  In

machining and processing, being able to  tune speed can optimize throughput and quality (e.g.,

adjusting a conveyor to match product fill rate, or varying mixer speed for recipe changes). Textile

mills use VFDs to control loom and spindle speeds.  Metalworking machines use VFDs to control

spindle and feed rates with precision. Additionally, many industrial VFD applications involve holding

constant tension (e.g.,  in web printing or paper mills,  a drive with tension control keeps paper

tension  consistent  by  adjusting  speed/torque  on  the  rollers).  Such  applications  often  use  more

advanced closed-loop VFD control with feedback devices for coordination.

Compressors and Refrigeration: Many large chillers, air compressors, and refrigeration systems

now use VFDs to modulate compressor motor speed. This can vastly improve efficiency compared

to  on/off  cycling  or  unloading  valves.  For  instance,  a  VFD-controlled  centrifugal  chiller  can

continuously match cooling output to building demand, avoiding the energy waste of constant full-

speed operation. In one study, retrofitting air compressors with VFDs (to create “VSD compressors”)
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was found to save 15-35% energy and also improve pressure stability in the plant compressed air

system.

Mining, Oil & Gas: These sectors use massive motors for pumps, fans, hoists, and drilling. VFDs

allow soft starting of high-inertia loads like mine hoists or rock crushers, reducing mechanical wear.

They also provide critical control – e.g., in oil pumping, VFDs on pumpjacks can adjust stroke speed

to optimize well production and eliminate the inefficiency of throttling. In drilling applications, VFDs

drive the top-drive motors, giving precise torque and speed control which is essential for safety and

performance.

Regenerative  Applications: Certain  systems  inherently  generate  energy  when  slowing  down  –

elevators,  cranes,  winders,  and  downhill  conveyors are  examples.  VFDs  with  regenerative  or

braking capability are used here to handle that energy. In an elevator, for instance, when a heavily

loaded car goes down, the motor acts as a generator; a regenerative VFD can feed that power back

into the building’s grid or dissipate it in a brake resistor. This not only saves energy but also provides

controlled  braking.  Modern  elevator  drives  are  almost  universally  VFD-based,  providing  smooth

acceleration and deceleration curves for ride comfort, as well as precise leveling at floors.

Automotive Testing and High-Speed Machines: VFDs also find use in test stands (like dynometers

to test engines or motors) because they can simulate variable loads and speeds. High-performance

drives  can  create  fast  torque  changes  to  mimic  real-world  conditions.  As  mentioned  earlier,

specialized high-frequency VFDs can drive motors at tens of thousands of RPM for applications like

centrifuges, flywheel systems, or machining spindles. For example,  Yaskawa offers drives that

run  induction  or  permanent-magnet  motors  up  to  1000  Hz  output,  enabling  spindle  speeds  of

30,000+ RPM for machining centers .

Renewable Energy and Storage: While not a classic “motor control” in the traditional sense, the

power electronics in VFDs are also used in renewable energy systems. For instance,  wind turbine

generators often use converter drives to maintain generator speed and frequency output. Battery

storage inverters and solar pump drives are other relatives – a solar pump VFD can take DC from

solar panels and drive an AC pump motor, varying speed to use available power.

These examples only scratch the surface, but they illustrate how broadly applicable VFDs are – from huge

industrial  motors  down to appliances (your  washing machine likely  has a  VFD-driven motor  now).  And

beyond energy savings, many of these applications simply would not be feasible without precise speed

control. For instance, high-rise building elevators use VFDs to achieve smooth rides, and modern theme

park rides  use them for  controlled motion profiles.  The continued integration of  VFDs in  industry  is  a

significant contributor to productivity gains and energy efficiency improvement worldwide.

It’s also worth noting how quickly VFD technology has advanced and penetrated the market. According to

industry research, the global market for VFDs has been growing steadily as more industries adopt them for

both retrofits and new projects focused on energy efficiency and automation. Prices of VFDs have come

down and reliability has gone up, making them a standard component in electrical engineering today.

• 

• 

• 

6

• 

8

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.yaskawa.eu.com/_downloads/download_d2048#:~:text=Excellent%20motor%20drive%20performance%3A%20A1000,open%20loop


Leading VFD Manufacturers and Selection Tips

There are many companies that manufacture VFDs, from general-purpose drives to highly specialized ones.

Some  of  the  leading  VFD  manufacturers globally  include  ABB,  Siemens,  Schneider  Electric (Altivar

drives),  Rockwell  Automation (Allen-Bradley PowerFlex series),  Danfoss,  Yaskawa,  Mitsubishi Electric, 

Fuji Electric,  Eaton (Cutler-Hammer / PowerXL drives),  WEG,  Hitachi, and  Lenze, among others. Each of

these brands has a broad portfolio. For example, ABB’s ACS series drives are known for high performance

and options like Direct Torque Control; Yaskawa’s drives are renowned for rock-solid reliability and long life;

Danfoss  focuses  on  energy  efficient  HVAC  and  pump  drives;  Schneider  offers  integration  with  its

automation  systems;  and  so  on.  In  practice,  most  major  brands  are  quite  comparable  for  standard

applications – they all offer the core functionalities – so selection often comes down to matching the right

features and getting good support/service.

Key factors when selecting a VFD for a 3-phase motor:

Motor Compatibility (Voltage/HP): Choose a drive that matches the motor’s voltage and has an

output current (or horsepower rating) equal or above the motor’s requirements. Drives are typically

categorized by voltage class (low-voltage 208 V, 480 V, etc., or medium voltage) and by horsepower

or  amp rating.  Ensure  the  drive  can  handle  the  motor’s  full-load  amps  (FLA)  and  any  overload

needed. If the application requires heavy overload (e.g., 150% for 1 minute for hard starting loads),

select a drive rated for “heavy duty” use at that motor size. Always check the drive’s amp rating vs

the motor’s nameplate amps; horsepower ratings can be nominal.

Application  Type  (Constant  vs  Variable  Torque): Some  drives  are  marketed  as  “variable

torque” (VT)  for fans and pumps,  versus “constant torque” (CT)  for conveyors,  crushers,  etc.  The

difference is usually in the overload capability – VT drives assume you won’t need high torque at low

speed (pump/fan load decreases with speed), so they allow a smaller drive for a given motor but

with only ~110% overload. CT drives have higher overload (150%) for handling constant torque at

any speed. Make sure to use the appropriate rating for your load type to avoid nuisance trips or

undersizing.

Environment and Enclosure: Consider where the VFD will be installed. If on the factory floor with

dust or moisture, you may need a NEMA 12 or NEMA 4X enclosed drive, or you’ll mount the drive in a

suitable electrical cabinet. Some drives come as open chassis (IP20) for mounting in a panel, others

come in wall-mount enclosures (IP54, IP66, etc.). Also check the ambient temperature rating – in a

hot plant or sun-exposed pump house, you might need to oversize or provide cooling for the drive.

Vibration can be a concern too – e.g., if mounting a VFD on a pumping skid with vibration, ensure it’s

rated for that or use damping mounts.

Harmonic Mitigation Needs: If  you know your facility  has strict  power quality  requirements or

many large drives, you might opt for drives with built-in harmonic mitigation. For instance, some

manufacturers  offer  18-pulse  drives  or  add-on  active  filters.  If  not  built  in,  plan  space  for  line

reactors or external filters. It’s easier to address this upfront than to fix a harmonics problem later.

Control Features and Interface: Evaluate what kind of control interface you need. How will  the

drive receive speed commands (analog signals 4-20 mA or 0-10 V, digital communication fieldbus,

simple  potentiometer)?  Does  it  need  to  integrate  with  a  PLC  or  DCS  system?  Common
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communication  protocols  that  drives  support  include  Modbus,  Profibus/Profinet,  EtherNet/IP,

EtherCAT, CANopen, BACnet, etc. Ensure the drive has the option card or built-in support for the

network you use. Also consider the user interface: some drives have advanced graphical keypads,

others  basic  7-seg  displays.  If  on-site  personnel  will  adjust  settings,  a  friendly  interface  or  PC

software tool  can be a plus.  Features like internal  PID controllers,  programmable logic  (like PLC

functions inside the drive), safety interlocks (safe torque off, etc.)  might be important for certain

applications.

Reliability  and  Support: In  industrial  environments,  having  local  support  or  at  least  good

documentation and technical help is crucial. All major brands have extensive manuals – but some are

easier to follow than others. Consider the availability of spare parts, the warranty, and whether the

supplier can assist with startup/commissioning if  needed. Sometimes choosing a drive that your

maintenance team is already familiar with is wise, even if another might be slightly cheaper or more

efficient – standardization can reduce errors.

Compliance and Certifications: Verify that the drive has the certifications you need for your site or

industry. UL or CE marking is typically necessary. If you’re in a hazardous (explosive) environment,

you  may  need  drives  in  purged  enclosures  or  that  are  rated  for  that  environment.  Marine

applications often require ABS or DNV type approved drives. For the food industry, a drive with a

stainless washdown enclosure might be needed, etc.

Overall, modern VFDs from reputable manufacturers are highly reliable and perform similarly for general

purpose use. So, you’ll be looking at the fine details to pick one – sometimes the decision is driven by a

specific function (e.g., one brand might have an edge in extremely low-speed torque control, another might

have an easier network integration for your PLC, etc.). It’s always a good idea to consult with application

engineers from the manufacturers or distributors, especially for complex or large horsepower installations.

Implementation Best Practices for VFD Systems

To ensure a successful VFD installation driving a 3-phase motor, keep these best practices in mind:

Proper  Sizing and Duty Rating: Always  size  the  VFD not  just  for  the  motor’s  nominal  running

current, but also for any overload or special duty. Use the manufacturer’s selection tables to pick the

correct  drive  model  based  on  whether  you  need  heavy  duty  (constant  torque)  or  normal  duty

(variable  torque).  If  your  supply  is  single-phase  into  a  three-phase  drive  (as  discussed  earlier),

remember to derate the drive per guidelines (typically use a drive 1–2 sizes larger). When in doubt, a

little oversizing of the VFD can provide thermal headroom and longevity – drives don’t like being

right at their limit continuously.

Installation and Wiring: Follow  correct wiring practices to avoid problems. Use shielded motor

cables  for  the  output  side,  especially  for  long runs,  to  minimize  EMI  and protect  against  noise

coupling. Ground the VFD, motor frame, and cable shields per the drive manual – usually, shield is

bonded at the drive end. Keep the motor leads separate from sensitive signal cables (a few feet of

separation or crossing at  90° angles if  they must meet).  Ensure all  terminations are tight;  loose

power connections can overheat or cause erratic behavior. If the motor is far away, consider adding

a dv/dt filter or sine filter as mentioned. Also, never use a contactor between drive and motor to
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start/stop the motor without consulting the drive documentation – breaking the circuit under load

can damage the drive. Instead, use the drive’s control logic to start/stop the motor.

Line Side Protection and Accessories: Protect the drive on the line side with the appropriate fuses

or circuit breaker as specified by the manufacturer (they’ll  specify a fuse class and rating). If  the

environment has a lot of lightning or switching transients, consider a surge protector on the input.

Use line reactors if harmonic reduction or transient buffering is needed. If the drive is feeding a

high-inertia load that could drive the motor (like a flywheel), ensure you have a braking resistor or

regen unit to handle energy when stopping.

Drive Parameter Setup: During commissioning, input the correct motor nameplate data into the

drive  (voltage,  full  load  current,  rated  frequency,  poles  or  base  RPM,  etc.).  Most  VFDs  have  an

autotune function – use it with the motor uncoupled if possible, to let the drive measure the motor

characteristics for optimal control. Set appropriate acceleration and deceleration times – too short a

ramp can cause nuisance trips (overcurrent or overvoltage) if the system can’t physically ramp that

fast. If decel is causing overvoltage trips and no regen unit is present, you may need to extend decel

time or add a brake resistor. Configure any critical protections: e.g., motor overtemperature sensor

inputs, max frequency limits (to prevent someone from overspeeding a motor), and so on. It’s also a

good practice to set up the VFD’s  under-voltage and fault auto-restart functions if the process

needs to resume automatically after a power dip, but make sure safety considerations are taken into

account (some systems might require a manual restart after an outage).

Testing and Tuning: Before putting the system into full operation, do a test run at low speed to

ensure motor  rotation direction is  correct  and that  there are  no abnormal  vibrations or  noises.

Monitor the motor current and temperature at various speeds under load. If the motor runs hot at

low speed, consider forced cooling or derating as discussed. Test the drive’s response to transients –

for instance, if a sudden load change occurs, does the drive maintain control or does it trip? Many

drives have adjustable slip compensation or torque limits that you can fine-tune. If multiple motors

are driven by one VFD (it is possible in some scenarios), ensure they are identical and balanced, and

use individual overload relays on each if needed since the drive can only see total current.

Maintenance and Monitoring: Even though VFDs are solid-state and relatively low-maintenance,

plan for periodic checks. Cooling fans in drives do wear out – some larger drives have fan runtime

monitors. Keep the heatsinks and air vents clean from dust build-up (blow them out with dry air

periodically,  but  carefully  to  avoid  static).  Ensure  environmental  conditions  (temperature,  etc.)

remain within spec – a clogged air filter in a drive cabinet can lead to overheating. Many VFDs have

self-diagnostic alarms (for example, it might log if the DC bus voltage is trending high, which could

indicate input voltage issues, or if output currents are imbalanced, etc.). Leverage these features:

some can be tied into plant monitoring systems via communications. Also, have spare parts or a

contingency plan – critical processes might keep a spare VFD on the shelf or at least have a bypass

starter as a backup if the drive fails. Thankfully, modern drives are very reliable (MTBFs can be many

years), but being prepared is part of good practice.

By  following  these  best  practices,  users  can  ensure  that  their  VFD  +  motor  system  operates  safely,

efficiently, and with minimal downtime. Most issues with VFDs arise from either misapplication (wrong

drive for the job), poor installation (wiring, grounding problems), or lack of understanding of the settings.

Taking the time upfront to address these will pay off in smooth operation.
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Conclusion

Variable Frequency Drives have revolutionized the way we use and control three-phase electric motors. In

the past, engineers were stuck with one-speed motors and had to get creative (and often inefficient) with

mechanical or electrical tricks to vary speed. Today, a VFD coupled with a standard AC motor provides a

clean, elegant solution to adjust motor speed on the fly, with a host of side benefits from energy savings

to reduced maintenance. VFDs allow us to match motor output to the actual needs of the work, whether

it’s gentle ramp-ups to avoid shocks, fine-tuning a process speed for quality, or slowing a pump at night to

save power. The result is substantial operational savings – not just in energy (which can be on the order of

20-50% or  more,  as  we've  seen  in  case  studies)  –  but  also  in  extended equipment  life  and  enhanced

performance. 

Technically, we’ve seen that VFDs are a mature technology, but  care must be taken in their application:

understanding harmonics, insulation stress, thermal effects, and so on. The industry has answered these

challenges with better motor designs (inverter-duty motors), add-on solutions (filters, reactors, grounding

rings),  and ever smarter drive electronics.  Standards and best  practices are in place to guide safe and

effective  use.  Thus,  when  properly  implemented,  a  VFD-controlled  system  is  highly  reliable  and  often

outperforms the old fixed-speed approach on every metric – efficiency, flexibility, reliability, and even

power quality (thanks to soft start).

Looking forward, VFDs are getting more integrated with digital systems. Many drives now can feed data

into IIoT (Industrial Internet of Things) platforms, providing information on energy usage, motor condition

(via parameter monitoring), and predictive maintenance alerts. They’re becoming key components in smart

motor systems and Industry 4.0 initiatives. Moreover, with the global emphasis on energy efficiency and

CO₂ reduction, VFDs have a vital role: by some estimates, if every suitable motor worldwide were outfitted

with  a  VFD,  it  would  cut  a  significant  chunk of  global  power  demand  –  a  meaningful  step  toward

sustainability.

In  conclusion,  a  VFD  for  a  three-phase  motor is  much  more  than  an  energy-saving  gadget;  it  is  a

comprehensive motor control solution that brings agility to industrial processes and equipment. Whether

you’re an engineer looking to optimize a process, a plant manager aiming to reduce costs, or a technical

enthusiast  wanting  to  understand  modern  motor  controls,  VFD  technology  is  indispensable  in  the

conversation. By harnessing it, we achieve not only immediate benefits in control and efficiency but also

contribute to broader goals of energy conservation. With numerous manufacturers (ABB, Hitachi, Yaskawa,

Eaton,  Lenze,  and others)  offering a  spectrum of  reliable  products,  and with the wealth  of  application

knowledge gathered over decades,  deploying VFDs has never been more accessible or effective.  It’s  an

exciting time where even age-old electric motors are becoming smart, and VFDs are at the heart of that

transformation.
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