
VFD Motor: A Comprehensive Guide to Variable

Frequency Drives for Motors

Overview of VFDs and AC Motors

A Variable Frequency Drive (VFD) is an electronic controller used to adjust the speed and torque of electric

motors by regulating the supply  frequency and voltage.  In essence,  a VFD sits  between the electrical

supply and the motor, converting the fixed-frequency AC input into a variable-frequency output that can

smoothly ramp the motor speed up or down . VFDs are also known as variable speed drives (VSD), 

adjustable frequency drives, or simply inverters, and they are used exclusively with AC motors (typically

three-phase induction motors) to provide precise speed control . By varying the frequency of the

motor’s  supply,  a  VFD  directly  controls  the  motor’s  synchronous  speed  (given  by  the  formula

120×Frequency/Poles for AC induction motors),  allowing continuous adjustment from zero to above the

rated nameplate speed as needed.

Why use a VFD? Controlling motor speed with a VFD offers tremendous benefits in terms of energy savings

and process optimization. Most industrial motors run at constant full  speed when connected directly to

mains power, and flow or output is throttled mechanically (for example, using valves or dampers).  This

wastes energy. A VFD, however, can match the motor speed to the load demand, avoiding excess energy

use. According to industry data, electric motor systems consume over 50% of global electrical energy, and

integrating VFDs wherever feasible could reduce worldwide electricity consumption by about  10% due to

improved efficiency . In practical terms, VFD-controlled systems often achieve 30–50% energy savings

compared  to  running  motors  at  full  speed  continuously .  Additionally,  VFDs  provide  soft-start

capability,  meaning  they  can  ramp  the  motor  up  gradually,  avoiding  the  high  inrush  currents  and

mechanical  stress  of  across-the-line  starting.  This  not  only  reduces  wear  on  motors  and  connected

machinery but also minimizes voltage dips in the supply network.

Typical VFD-driven motor setup: The most common scenario is a three-phase AC induction motor driven

by a VFD.  Standard three-phase motors are preferred for VFD applications due to their  availability  and

robustness .  In  recent  years,  inverter-duty  motors (sometimes  called  “VFD  motors”)  have  been

developed with enhanced insulation and cooling designs specifically to handle the unique electrical stresses

from VFDs. It’s important to note that while VFDs can control almost any standard AC motor, using a motor

that meets NEMA MG1 Part 31 (inverter-duty) recommendations is best practice for reliability . We will

discuss these considerations in a later section. VFDs come in sizes from fractional horsepower (for small

pumps and fans) up to thousands of horsepower (for large industrial compressors or traction drives). Major

manufacturers like  ABB, Siemens, Schneider Electric,  Rockwell Automation (Allen-Bradley),  Danfoss,

Yaskawa, Eaton, WEG, Hitachi, Fuji Electric, Mitsubishi, and Lenze all produce VFDs across a wide range

of power ratings and applications .  These drives have become ubiquitous in modern motor systems

across industries due to the compelling benefits outlined above.
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How a VFD Works: AC-to-DC-to-AC Conversion

Internally,  a  VFD  is  a  sophisticated  power  electronics  system that  converts  the  fixed-voltage,  fixed-

frequency AC mains into a variable-voltage, variable-frequency output. This is typically done in three stages

:

Rectifier (AC to DC) – The incoming AC power (often 3-phase, e.g. 480 V 60 Hz) first passes through a

rectifier bridge, usually a six-pulse diode bridge (or an active converter in more advanced drives).

The rectifier converts AC into DC, producing a DC bus voltage. In a basic six-diode rectifier, the DC

bus voltage will be roughly 1.35× the AC line RMS (minus some drops). For example, 480 V AC yields

around 670 V DC on the bus.

DC Link – The DC output of the rectifier feeds the  DC link stage, which includes capacitors (and

sometimes inductors)  to  smooth the DC voltage and store  energy.  The capacitors  filter  out  the

rectified waveform’s ripple, providing a relatively stable DC supply. This DC link acts as an energy

buffer,  supplying the inverter  stage with a  stiff DC voltage .  Many VFDs incorporate a  brake

chopper and resistor across the DC link to dissipate regenerated energy (e.g. when decelerating a

high-inertia load, the motor acts as a generator and raises the DC bus voltage; the brake resistor

safely burns off this excess energy as heat).

Inverter (DC to variable AC) – The final stage is the  inverter,  which uses high-speed switching

devices (today, typically  IGBTs – Insulated Gate Bipolar Transistors)  to synthesize an AC output

from the DC bus. The inverter’s IGBTs are turned on and off in a carefully timed sequence (using

pulse-width  modulation,  or  PWM)  to  create  a  pseudo-sinusoidal AC  waveform  of  the  desired

frequency and voltage . Essentially, the inverter rapidly switches the DC on and off, producing

a train of pulses that the motor windings perceive as an AC voltage with a certain fundamental

frequency.  By  adjusting the pulse  timing (modulation),  the  VFD can vary  the  output frequency

continuously from near 0 Hz up to typically several hundred Hz. For example, many standard drives

allow output frequencies of at least 0–400 Hz, and some specialized drives (e.g. high-speed spindle

drives) can reach  1000 Hz output for motors designed to run at very high RPM . It is also

possible to program a VFD for reverse operation – the output phase sequence can be reversed to

run  the  motor  in  the  opposite  direction  when  needed  (hence  specifications  often  show  output

frequency range as, say, -400 to +400 Hz).

A  crucial  aspect  of  VFD  operation  is  maintaining  the  proper  Voltage-to-Frequency  (V/Hz)  ratio to

magnetize the motor. At any given frequency, the VFD adjusts the output voltage proportionally to keep the

flux in the motor’s magnetic circuit roughly constant . For example, a motor rated 460 V at 60 Hz has a

ratio of 7.67 V/Hz. If the drive is commanding 30 Hz (half speed), it will output about 230 V to maintain

magnetizing flux and enable the motor to produce rated torque. This is the simplest control mode (often

called “scalar” or V/Hz control). It works well for many applications but can struggle to deliver full torque at

very low speeds or during rapid transients. To address this, modern VFDs often employ more advanced

control algorithms:

Sensorless Vector Control / Field-Oriented Control: The drive’s microprocessor uses motor models

and  feedback  from  current/voltage  sensors  to  actively  regulate  the  motor’s  magnetic  flux  and

torque. This allows precise torque control even at low speeds, often achieving 100% rated torque

at 0 speed (holding torque) in open-loop mode, or very high dynamic performance with an encoder
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(closed-loop). Vector control essentially decouples the motor’s torque-producing current from the

magnetizing current, similar to how a DC motor’s field and armature are controlled separately. This

yields better speed regulation and faster response than plain V/Hz.

Direct Torque Control (DTC): A method pioneered by ABB, DTC uses sophisticated algorithms to

directly  control  motor  flux  and  torque  without  an  inner  PWM  modulation  loop.  The  result  is

extremely fast torque response and accurate control without requiring an encoder in many cases.

Each manufacturer  has  its  proprietary  enhancements  –  for  instance,  Yaskawa’s  vector  control, 

Siemens and  Schneider offer sensorless vector modes, etc.,  but all  share the goal of improving

performance for demanding applications.

Output waveform: It’s important to note that the VFD’s output is not a perfectly smooth sine wave. It is a

series  of  voltage  pulses  (from  the  IGBT  switching)  that  approximates  a  sine  wave  –  typically  a  PWM

waveform  with  a  high  switching  frequency  (2–15  kHz  common).  The  motor’s  inductance  filters  this  to

produce a near-sinusoidal current, but the voltage waveform contains high-frequency components. This

has  implications  for  motor  insulation  and  electromagnetic  interference,  which  we  will  discuss  in  the

“Challenges” section. Nevertheless, the effective output frequency can be adjusted over a wide range, and

because the VFD can also adjust voltage, it is possible to run motors above their base speed in the constant

horsepower region. For example, a standard motor might be able to run safely up to ~90 Hz with constant

horsepower (torque dropping inversely with speed) . Beyond that, the motor’s physical limits (bearing

ratings, rotor balance, and reduced torque due to field weakening) constrain further speed increase. In

practice,  many general-purpose motors can be run at 120 Hz (double speed) with reduced torque, and

specially designed motors (or large synchronous machines) even higher, but this should be verified with the

manufacturer.

Power factor and harmonics: A diode-bridge VFD inherently draws current in pulses, which introduces

current harmonics back into the supply. The good news is that the displacement power factor of a VFD is

usually high (near 0.95–0.98) because the drive actively draws current in phase with the voltage during the

rectification process.  However,  the harmonic currents (typically 5th,  7th,  11th,  etc.)  can  distort the line

voltage and cause extra heating in  transformers  and motors  upstream.  Standards  such as  IEEE 519

provide guidelines on acceptable harmonic distortion levels at the point of common coupling. In facilities

with many or large drives, input mitigation (like AC line reactors, harmonic filter banks, 12-pulse or 18-pulse

rectifiers,  or  active front-end converters)  may be needed to meet  power quality  requirements.  Modern

drives with active front-ends can also control the input current waveform, virtually eliminating low-order

harmonics and even enabling power flow back to the grid (regenerative VFDs). This improves overall system

efficiency and is beneficial in applications requiring frequent braking (e.g. cranes or elevators) or where

regenerative energy can be reused.

Key Benefits of VFD Motor Control

Implementing  a  VFD  for  motor  control  provides  numerous  benefits,  which  is  why  VFDs  have  become

standard in both industrial and commercial settings:

Significant Energy Savings: By matching motor speed to the actual load requirements, VFDs avoid

the  energy  waste  of  running  at  full  speed  when  not  needed.  For  variable  torque  loads  like

centrifugal pumps and fans, the savings can be dramatic. Reducing speed just a bit yields a large

reduction in power use (per the affinity laws, power changes roughly with the cube of speed for

• 

16

• 

3

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/#:~:text=Operation%20above%20base%20speed%3A%20Where,for%20these%20motors%20of%20175


fans/pumps). It’s common to see  20–50% energy consumption reduction in HVAC and pumping

systems after adding VFD control .  For example, in a wastewater pumping station case study,

replacing constant-speed pumps with VFD-driven pumps cut the specific energy consumption from

259 kWh per million gallons to 179 kWh/MG – a  30% reduction in energy usage . The same

facility also saw peak electrical demand drop by half (from 60 kW to 30 kW) after installing VFDs on

the pumps . In another upgrade project, an older treatment plant replaced 1950s-era constant-

speed blowers and pumps with new high-efficiency units  controlled by VFDs,  resulting in a  60%

decrease in energy usage and saving ~1.8 million kWh annually . These real-world results

underscore how VFDs can drastically improve system efficiency. The energy cost savings often mean

a VFD installation pays for itself in a short time (typical ROI is on the order of 6 months to 2 years

for many projects).

Enhanced Process Control  and Productivity: VFDs allow  precise control  of  motor speed and

torque, which translates to better process control. Instead of on/off or fixed-speed operation, an

operator (or automated control system) can dial in the exact speed needed to optimize a process.

This might mean holding a conveyor at the ideal speed to match production flow, or adjusting a

pump to maintain a target pressure or fluid level. Many VFDs can respond to analog or digital control

signals and even include built-in PID controllers to maintain process variables. By eliminating the

start-stop  cycling  or  manual  interventions,  processes  become  more  stable  and  throughput  can

increase. For instance, VFDs can soft start equipment, preventing sudden jerks and pressure surges.

In industries like  manufacturing, material handling, and mining, this improved control leads to

higher product quality and less downtime. One industry survey found that adopting VFDs not only

saved energy but also reduced error rates and improved production yields, as machines could be

fine-tuned and ramped through complex profiles easily . Additionally, VFDs today often integrate

with plant automation networks (via protocols like  EtherNet/IP, PROFINET, Modbus TCP, etc.)  to

provide real-time data and diagnostics, enabling smarter operations. (In fact, about 75% of machine

users report they are using or investigating Ethernet connectivity in their drive systems for these

reasons .)

Reduced Mechanical  Stress  & Extended Equipment  Life: A  VFD dramatically  reduces  startup

stress on motors  and driven equipment.  When a  motor  starts  across  the line at  full  voltage,  it

experiences an inrush current that can be 6–10 times the rated current,  and the sudden torque

surge can strain couplings, belts,  and gearboxes. VFDs avoid this by  gradually accelerating the

motor (adjustable ramp-up time),  resulting in a “soft  start.”  This  prolongs the life  of  mechanical

components and the motor itself. Similarly, controlled deceleration (ramp-down) can prevent water

hammer in pumping systems or undue wear from abrupt stops. Furthermore, by running motors at

lower speeds when full speed is unnecessary, VFDs can reduce friction, heat, and vibration in the

system. Many users find that bearings, seals, impellers, and other parts last longer when a system is

optimized with variable speed. Maintenance intervals can thus be extended. Some VFDs even have

built-in  algorithms to reduce mechanical  resonances (by skipping certain frequencies  that  excite

vibration) . Overall, the gentler handling of equipment means fewer unplanned failures and lower

maintenance costs.

Multiple Motor Control and Flexibility: In some cases, a single VFD can control multiple motors

(for example, several motors on a common fan shaft or pump header) as long as they are started

and stopped together. Alternatively, one VFD per motor offers maximum flexibility and redundancy.

VFDs also enable special modes of operation that are not possible with fixed speed. For example,
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they can provide  “jog”  operation at  very  low speed for  setup or  cleaning,  quick reversing for

positioning  tasks  (without  needing  reversing  contactors),  and  even  torque  control mode  for

winding/unwinding applications. This flexibility can eliminate the need for additional hardware. In

pumping  systems,  using  VFDs  can  allow  lead-lag  control of  multiple  pumps,  where  drives

automatically  adjust  speeds  and  sequence  pumps  on/off to  meet  a  varying  flow demand most

efficiently.

Power  Quality  and  Protection  Features: Modern  VFDs  include  a  host  of  built-in  protection

functions that benefit both the motor and the power system. They typically monitor parameters like

motor current, voltage, and temperature. If a motor is overloaded or a fault (short circuit, ground

fault)  occurs,  the  VFD  can  trip  and  protect  the  motor  from  damage.  Drives  often  incorporate

undervoltage and overvoltage ride-through capabilities, smoothing out power fluctuations. Many

have phase-loss protection, so if one of the supply phases is lost, the drive shuts down gracefully

rather than letting the motor draw excessive current on the remaining phases . Because VFDs can

control acceleration, they also mitigate the brief voltage sags caused by large motor starts, helping

maintain steadier voltage in the facility. On the output side, they prevent mechanical shock which

could otherwise cause breakers to trip or fuses to blow on starting. In summary, a VFD not only

saves energy but also functions as an intelligent motor controller that  guards against common

problems (overload, phase imbalance, etc.), improving the overall reliability of the system .

Technical Considerations and Challenges

While VFDs bring many advantages, it’s important to understand the technical considerations and potential

challenges when using them with motors. Proper application and mitigation of these issues are key to a

successful VFD-driven system:

Voltage Stress and Insulation: The fast switching edges of a PWM VFD output can create voltage

spikes and reflections in the motor leads. Especially when the cable runs between drive and motor

are long, the voltage seen at the motor terminals can reach 2–4 times the DC bus voltage due to

cable impedance and wave reflections . For a 480 V drive, peaks of over 1200 V are possible. This

is why  motor insulation becomes critical.  Standard motors not designed for VFD use may have

insulation  that  fails  prematurely  under  these  repetitive  spikes.  NEMA  MG1  Part  31 is  the  key

standard that defines “inverter-duty” motor requirements – it requires, for example, that a 460 V

motor’s insulation withstand at least 1600 V peak with a rise time of 0.1 microseconds . Motors

advertised as “VFD-rated” or “inverter-duty” should meet this. If using an older or non-inverter motor,

consider  adding  output  filters (like  dV/dt  filters  or  sine  wave  filters)  to  smooth  the  waveform.

Always confirm with the motor manufacturer if their motor insulation is compatible with VFD drives

at your operating voltage and cable length. Also note that higher voltage systems (575 V, 690 V) have

even higher spike levels, so mitigation is essential. Using shielded VFD cables with low capacitance

can help reduce the stress, and connecting the motor leads in a differential mode (keeping them

close together) minimizes inductive voltage build-up.

Thermal Management at Low Speeds: When a motor is run at reduced speed, its built-in cooling

(usually an internal fan on the shaft) slows down as well, which  diminishes the airflow over the

motor. This can lead to overheating of the motor windings at low speeds, even if the load torque is

within limits. For example, an induction motor that is self-cooled might overheat if run at 20% speed

continuously, because the fan is moving very little air. To address this, it’s often recommended to
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derate  the  motor for  continuous  low-speed  operation  or  provide  auxiliary  cooling.  In  practice,

solutions include adding a blower kit (an external fan that provides constant airflow independent of

motor speed) or using a larger motor than normally required so it runs cooler at partial load .

NEMA guidelines suggest that each 10°C rise above the rated insulation temperature halves the

insulation life, so maintaining adequate cooling is crucial . Modern drives have thermal modeling

and can estimate motor temperature based on current and speed, sometimes triggering an alarm if

they  project  overheating.  It’s  wise  to  consult  the  motor’s  torque-speed  thermal  curves  or  VFD

application notes to know the continuous torque available at low speeds without extra cooling. Some

inverter-duty motors are built  with a  full  Class F or H insulation and larger frames to better

dissipate heat for this reason.

Carrier Frequency and Audible Noise: VFDs use high-frequency switching (carrier frequency) to

achieve a  smooth output,  but  this  switching can induce  acoustic  noise in  the motor.  The rapid

voltage changes cause magnetostriction in the motor’s iron core and windings, often resulting in a

high-pitched whine or buzz. Many installations report an increase of about  5–15 dB in A-weighted

sound levels when running a motor on a PWM drive vs. across the line . The exact noise level

depends  on  the  carrier  frequency  (higher  kHz  switching  tends  to  push  the  noise  into  higher

frequencies, sometimes less audible, but can also excite resonances), the motor’s construction, and

mounting. To mitigate noise, some drives allow adjusting the carrier frequency – increasing it can

reduce the motor noise up to a point (making the PWM more continuous), but trade-offs are higher

switching losses and more heat in the drive. Special low-noise or sinewave filters on the output can

virtually eliminate PWM noise by delivering near-sinusoidal voltage to the motor (used in hospitals

or  office HVAC where  noise  is  a  concern).  Additionally,  mechanical  means like  isolation pads  or

enclosures can help if noise is problematic. It’s worth noting that torque ripple with modern PWM

drives is much lower than old six-step inverters, so vibration issues are less common, but drives do

let you program “skip frequencies” to avoid running continuously at a speed that causes a machine

resonance or vibration spike .

Harmonic Distortion and Input Current: On the input side, as mentioned, VFDs draw non-linear

current which can distort the facility’s electrical system. A standard 6-pulse VFD without filters might

have a total harmonic current distortion (THDi) of around 30–40% at full load, predominantly 5th and

7th harmonics. These currents can overload neutrals (for single-phase/harmonic scenarios), cause

extra heating in transformers, or lead to interference with other equipment. To ensure compliance

with IEEE 519 or local power quality standards, mitigation might be needed for large installations.

Options include adding a  line reactor or  DC link choke (these smooth the current waveform and

typically cut THDi to ~ 30% or less), using passive harmonic filters (tuned L-C filters to shunt specific

harmonics, getting THDi < 10% often), or using active harmonic filters (power electronics that inject

counter-harmonic currents). As an alternative, multi-pulse rectifiers (12-pulse, 18-pulse) use phase-

shifting transformers to cancel harmonics and can drastically reduce distortion but are more costly

and bulky. Active Front End (AFE) VFDs use IGBTs on the input rectifier to actively shape the current

– these can achieve near-sinusoidal input current (THDi < 5%) and even allow regen braking (sending

energy back to the supply). The trade-off is higher complexity and cost. For most low-voltage drives

under 100 HP, the simplest step is adding a 3–5% line reactor, which also protects the drive from line

transients. From a power factor standpoint, note that while the displacement PF is ~0.98 (virtually

constant across load), the  true power factor will be lower when harmonics are present (because

harmonics do not deliver real power). Harmonic filtering thus can improve the true PF seen by the
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utility. Always evaluate drive systems in the context of the facility: one VFD is usually fine, but dozens

of drives might necessitate a harmonic study.

Motor  Bearing  Currents  (EDM):  A  known  phenomenon  with  VFDs  is  the  occurrence  of  shaft

voltages and bearing currents. The high-speed switching in the inverter produces common-mode

voltages (a voltage that drives the motor frame relative to ground). This can capacitively induce a

voltage on the motor shaft. When that shaft voltage builds up and exceeds the dielectric strength of

the thin oil film in the bearings, it discharges as a sparking current through the bearings – this is

called  Electrical  Discharge Machining (EDM),  as it  gradually  erodes (pits)  the bearing surfaces.

Over time, these currents can cause frosting patterns on the races and premature bearing failure. It

has been documented that VFD-induced bearing currents are a frequent cause of motor failure if not

mitigated . However, not every drive system will have this issue; it depends on factors like

motor size, cable length, grounding, and the drive’s switching scheme. Larger motors (above ~50

HP) and  high-frequency  PWM tend  to  have  greater  risk.  Industry  research  indicates  that  a

significant minority of motor bearing failures (around 8–10% of cases in studies) are attributable to

electrical bearing currents in inverter-fed motors . To prevent this, there are a few approaches.

One is to use insulated bearings (or an insulated bearing housing) on at least one end of the motor,

breaking the circuit path. Another is to install a  shaft grounding ring (e.g. carbon fiber brush or

conductive ring like Aegis™) on the motor shaft, which provides a low-impedance path to ground for

shaft voltage, bypassing the bearings. Using both (insulated bearing on one end, ground brush on

the other) is common in larger motors and is very effective. Additionally, common-mode chokes or

filters on the VFD output can reduce common-mode voltage amplitudes, thereby reducing bearing

currents (though they may not eliminate them entirely). It’s worth consulting NEMA MG1 and IEEE

guides on shaft grounding if you have big motors on VF drives. In critical applications or high-power

drives,  specifying motors  with  factory-installed grounding provisions  or  hybrid  ceramic  bearings

(which inherently block most EDM currents) can save a lot of hassle. Users should also regularly

monitor  motors  for  bearing  noise  or  vibration,  as  those  could  indicate  early  bearing  damage.

Thankfully, awareness of this issue is high now – even IEC 60034-17/25 standards address measures

against bearing currents, and many motor manufacturers label when a motor has features to handle

inverter duty (though again, verify the specifics beyond just a label).

Environmental  and Installation  Factors: VFDs  are  electronic  devices  that  must  be  installed  in

appropriate conditions. They generate heat (inefficiency around 2–5%), so  adequate cooling and

ventilation of the drive panel is required. For example, a 50 kW drive at 97% efficiency will dissipate

about 1.5 kW of heat that needs to be removed. Drives are typically rated for operation in ambient

temperatures up to 40 °C (104 °F) without derating; above that, you may need to oversize or provide

air conditioning. Pay attention to the ingress protection (IP) / NEMA enclosure rating of the VFD if

it’s in a dusty or wet area – you might need a NEMA 4X (outdoor rain-tight) or an IP54/55 enclosure.

If  the drive is in a cabinet with other equipment,  segregate power and control wiring to reduce

electrical  noise  coupling.  Electromagnetic  interference (EMI) is  another  consideration:  the fast

switching  can  emit  radio-frequency  interference.  Use  shielded  motor  cables and  ground them

properly at both ends to contain EMI. Most VFDs include EMI/RFI filters (or have options for them) to

meet EMC regulations (like CE/fCC for emissions). Good grounding practices – bonding the motor

frame, drive chassis, and cable shields to a common ground reference – not only help with EMI but

also with safety and reducing common-mode issues. Additionally,  keep motor cables as short as

feasible (excess cable can exacerbate voltage reflections and EMI).  If  long runs are unavoidable,

consider  output  reactors  or  sine  filters.  Finally,  when  installing  a  VFD  system,  follow  the
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manufacturer’s  guidelines for  programming and tuning:  you’ll  usually  need to input the motor

nameplate data (voltage, base frequency, full-load current, poles or base RPM) into the drive so it

can  properly  scale  its  control  algorithms.  Many  modern  drives  auto-tune  to  the  motor  (either

stationary  or  rotating  auto-tune)  –  this  helps  measure  the  motor’s  parameters  and  optimize

performance, especially for sensorless vector control. Taking advantage of these features will ensure

you get the best results and avoid instability or nuisance trips.

Standards and Certifications: Ensure the VFD and its installation meet relevant standards. In the

US,  VFDs  should  be  UL  listed or  recognized,  and  the  installation  must  follow  NEC  (National

Electrical  Code) guidelines,  including  proper  branch  circuit  protection,  disconnect  means,  and

grounding.  There  are  also  product-specific  standards  –  for  example,  IEC  61800-5-1 for  safety

requirements of drive systems, and IEC 61800-9-2 for energy efficiency classification of drives (the

latter introduces the IE (International Efficiency) classes for complete drive+motor systems). High-

efficiency drives can reduce losses; in fact, IEC 61800-9-2 requires that at a key operating point (90%

speed, 100% torque), the drive’s losses are at least 25% lower than a defined reference value .

This is pushing manufacturers to make drives more efficient. When selecting a drive, you can look

for these efficiency class indicators (IE1, IE2, etc. for drives) similar to high-efficiency motor ratings.

In summary, a VFD installation should be treated as an engineered system – taking into account

electrical, thermal, and mechanical factors – to ensure safety, compliance, and longevity.

Real-World Applications and Examples

VFDs  are  used  across  virtually  every  industry  today.  Below  are  some  common  application  areas  and

illustrative examples of how VFD-controlled motors are implemented:

HVAC Systems (Heating,  Ventilation,  Air  Conditioning): Perhaps the largest  usage of  VFDs by

volume is in commercial building HVAC fans and pumps. By controlling fan speed in air handlers or

cooling tower fans, and pump speed in chilled water or hot water circulation, building automation

systems can drastically cut energy use. For example, slowing a fan to 80% speed can cut its power

consumption  roughly  in  half.  Most  building  codes  now  require  VFDs  on  large  motors  in  HVAC

systems to meet energy efficiency standards. The result is not only energy savings but improved

comfort (better control over temperatures and pressures) and reduced noise. One specific case is a

large  office  building  that  retrofitted  VFDs  on  its  100  HP  chilled  water  pumps  and  saw  a  35%

reduction in electricity use for cooling, especially during part-load conditions. The VFDs also allowed

the pumps to soft-start, avoiding pressure surges that had occasionally caused pipe leaks before.

HVAC VFDs (like those by Danfoss, Johnson Controls, ABB ACH series) often come with features like

fire-mode bypass (to run at full speed during a fire regardless of controls) and serial communications

to integrate with building management systems.

Pumping  Stations  and  Water/Wastewater: Municipal  water  supply  and  wastewater  treatment

plants employ large pumps and blowers, which traditionally ran continuously or were throttled. VFD

retrofits  in  this  sector  are  very  popular  due  to  the  energy  and  cost  savings  for  taxpayers.  We

mentioned earlier the example of the City of Columbus wastewater facility, where VFDs on influent

pumps led to 30% energy per volume savings . Another example is a rural water distribution

system that installed VFDs on well  pumps to maintain a constant output pressure regardless of

demand.  The VFDs eliminated the need for  throttling valves and reduced the cycling of  pumps.

Energy  use  went  down  by  about  20%  and  water  hammer  issues  were  resolved.  In  wastewater
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aeration blowers, which often run at varying speeds to maintain dissolved oxygen levels, VFDs have

enabled fine control and big efficiency gains (a blower running at 50% speed might use only ~15% of

the  power  compared to  full  speed,  due  to  affinity  laws).  A  documented case  at  a  Pennsylvania

treatment plant saw a  60% energy reduction by replacing old constant-speed blowers with VFD-

controlled turbo blowers . Beyond energy, VFDs in these applications provide better process

stability (e.g. consistent water pressure, stable oxygen levels) and reduce mechanical stress on aging

infrastructure.

Industrial  Drives  and  Manufacturing: In  factories,  VFDs  drive  conveyors,  mixers,  crushers,

extruders, compressors, and more. For instance, a  conveyor belt transporting products can be

tuned precisely to the required speed and even have its speed profile vary during different steps of

production (slow down for delicate operations, speed up where possible to increase throughput). In

the mining industry, giant VFDs (in the thousands of HP) run grinding mills and crushers; they allow

soft-starting  these  huge  masses,  which  reduces  mechanical  wear  and  prevents  peak  electrical

demand charges due to across-the-line starts.  In textiles, VFDs on looms and spinning machines

enable speed adjustments to fine-tune product quality.  Food and beverage processing frequently

uses VFDs on agitators and pumps to adjust flow rates for recipes. One success story involved a

bottling plant that installed VFDs on its  compressor motors and was able to maintain stable air

pressure with fewer compressor start-stop cycles, saving energy and reducing maintenance on the

compressors. The  automotive manufacturing sector heavily uses VFDs in robotics and assembly

lines,  where  coordinated  motion  control  is  needed;  often  these  are  integrated  into  automation

systems  via  networks.  Many  industrial  VFDs  (like  Siemens  SINAMICS,  Rockwell  PowerFlex,

Yaskawa GA/VP series, ABB ACS880, etc.) come with safety features such as safe-torque-off (STO)

and are designed to integrate with functional safety systems – allowing, for example, a quick stop of

a motor during an emergency while still maintaining power to the drive’s logic.

Regenerative and Specialized Applications: Some applications inherently involve frequent braking

or the ability to return energy to the source. Elevators and cranes are prime examples – when a

loaded elevator car descends, the motor acts as a generator. Traditional methods wasted that energy

as heat in resistors,  but modern VFD systems with regenerative capabilities or common DC bus

setups can recover it.  Regenerative VFDs feed that power back into the building’s grid or share it

with other drives via a DC bus, boosting overall efficiency. In public transit like metros or electric

trains,  traction  drives  (which  are  essentially  VFDs  for  large  AC  motors)  regenerate  power  when

braking, significantly reducing net energy consumption. Another area is renewable energy and test

rigs. For instance, wind turbine generators often use full-scale converters (which are essentially big

VFDs) to connect variable-speed wind turbine generators to the grid at constant frequency. In test

stands  for  engines  or  wind  tunnels,  VFD-driven  motors  provide  controllable  loads  or  speeds  to

simulate various conditions. These drives are often four-quadrant (motoring and generating in both

directions). Manufacturers like Danfoss (VACON line) and Siemens produce specialized regenerative

drives for these purposes. The technology overlaps with  energy storage as well – battery energy

storage systems use bidirectional inverters that are conceptually similar to regenerative VFDs.

Precision Motion and CNC: VFDs are also used in motion control when ultimate precision of servo

drives is not required. Many  CNC machines or machine tools use VFDs to run the main spindle

motors. These spindles often need variable speed (for different cutting operations) and can have

high speed requirements (several hundred Hz drive output for tens of thousands of RPM). VFDs in

this role are typically sensorless vector or closed-loop vector drives to ensure tight speed regulation
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under  rapidly  changing loads  (like  when a  cutting tool  engages the workpiece).  Companies  like

Hitachi and  Lenze have drives targeted for  machine tool  spindles and similar  applications.  The

benefit is that one motor-spindle can handle a range of speeds and materials, improving machine

versatility.  In  paper mills  and steel  mills,  where coordinating the speed of  multiple  sections is

critical, VFDs are networked together so that tensions in the material are controlled. For example,

multiple rolls  in a paper machine each have a VFD and the speeds are synchronized with slight

differentials to maintain proper tension in the paper – this is something that was very difficult to

achieve in the past with mechanical means.

The above examples scratch the surface – virtually any scenario requiring motor control can benefit from

VFDs. Even domestic appliances (washing machines, HVAC units, pool pumps) now frequently use built-in

VFDs for efficiency and performance. As a testament to their impact, an analysis by the U.S. Department of

Energy  noted  that  if  VFDs  or  other  adjustable  speed  drives  were  applied  universally  where

appropriate, it would save billions of kWh annually and sharply cut CO2 emissions. We are also seeing

VFD technology merging with smart sensors and cloud connectivity – many drives can now report their

status and energy usage to cloud platforms, enabling predictive maintenance (e.g., alerting when a motor is

drawing more current, which might indicate a developing bearing issue). This integration of VFDs into the

Industrial Internet of Things (IIoT) is making them not just motor controllers, but critical nodes of data in

modern facilities.

Major VFD Manufacturers and Selection Tips

Given the widespread adoption of VFDs, numerous manufacturers offer a range of drive products. Some of

the  leading  VFD  manufacturers globally  include  ABB,  Siemens,  Schneider  Electric,  Rockwell

Automation  (Allen-Bradley),  Yaskawa,  Danfoss,  Eaton,  General  Electric,  Hitachi,  Fuji  Electric,

Mitsubishi Electric, Delta, and WEG, among others . Each has its strengths and specializations:

ABB: A  Swiss-Swedish  company,  ABB  is  a  pioneer  in  drive  technology  and  offers  an  extensive

portfolio from micro drives (fractional kW) to multi-megawatt medium voltage drives. ABB drives

(like  the  popular  ACS  series)  are  known  for  their  advanced  features  and  emphasis  on  energy

efficiency and reliability . ABB introduced the concept of Direct Torque Control (DTC) in the 1990s,

which is a hallmark of their high-performance drives. They also provide industry-specific solutions

(e.g., HVAC drives, marine drives). ABB’s drive services and global support network are often cited as

advantages.

Siemens: Germany’s  industrial  giant  Siemens  produces  the  SINAMICS and  Micromaster drive

families. Siemens drives are recognized for engineering excellence and integration into their Totally

Integrated Automation (TIA) architecture. They feature state-of-the-art control algorithms and robust

hardware. Siemens offers everything from small general-purpose drives to large regenerative and

multi-motor  systems.  Their  drives  are  often  used  in  heavy  industries  and  are  praised  for

performance and flexibility .

Rockwell Automation (Allen-Bradley): Rockwell’s PowerFlex series drives are widely used in North

America,  especially  in  plants  that  use  Allen-Bradley  PLCs.  These  drives  are  known  for  seamless

integration with Rockwell’s controlLogix/Studio 5000 platform and for their user-friendly interfaces.

PowerFlex drives have strong diagnostic features and a range of options (from simple V/Hz drives to

precise servo-grade drives).  Rockwell focuses on reliability in tough industrial environments, with
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features  like  predictive  maintenance  algorithms.  Many  US  automotive  and  food/bev  plants

standardize on Allen-Bradley drives.

Schneider Electric: Schneider (which owns the  Altivar drive brand) offers many drives suited for

building automation, pumping, and industrial use. Altivar drives are modular and often come with

built-in logic capabilities (some can run simple PLC-type programs for drive control). Schneider drives

are appreciated for robust design and ease of integration with the company’s wider EcoStruxure

automation system. Schneider also markets drives under brands like Square D in some regions. They

emphasize efficiency and have offerings for both low and medium voltage.

Danfoss: A specialist in drives, Denmark-based Danfoss has a broad lineup geared towards energy

efficiency. Danfoss drives (like the VLT and VACON series) are very popular in HVAC, refrigeration,

and pump/fan applications. They are known for their focus on reducing harmonic impact (many have

built-in  chokes  or  active  filter  options)  and for  being very  user-configurable.  Danfoss  also  plays

heavily  in  specialized markets like marine drives and has been a leader in drives for  renewable

energy and hybrid systems. Their application engineering support is well-regarded in the industry.

Yaskawa: A Japanese company, Yaskawa is synonymous with motion control excellence. Yaskawa

drives (such as the GA800, A1000, etc.) are celebrated for rock-solid reliability and long service life –

user  reviews  often  cite  that  Yaskawa  VFDs  “just  run  and  don’t  fail” .  They  also  feature  very

sophisticated  motor  control  algorithms;  Yaskawa  was  an  early  adopter  of  vector  control  and

continues to refine their autotuning and load monitoring features. Another advantage is their ease

of setup – integrators find the parameter structure and documentation very clear. Yaskawa offers

drives  from  tiny  compact  units  to  large  industrial  models,  and  also  servo  drives  and  robotics

(leveraging similar control  tech).  In a comparison of top brands,  Yaskawa drives scored high for

being user-friendly and dependable .

Eaton: Eaton’s PowerXL series drives are part of its power management product line. Eaton drives

are  often used in  commercial  and light  industrial  settings  and valued for  their  integration with

Eaton’s  motor control  centers and switchgear.  They focus on providing robust  performance with

simpler configuration for pumping, fan, and conveyor applications. Eaton, being a large electrical

equipment maker, often packages drives into turnkey solutions for customers (like pump control

panels, etc.). Their drives may not have as many high-end vector features as some, but they cover

the common needs well and have a reputation for solid hardware quality .

WEG: Originating  in  Brazil,  WEG  is  a  major  motor  manufacturer  that  also  produces  drives  to

complement its motors. WEG VFDs are designed with the motor in mind and are known for reliability

in harsh environments (mining, oil & gas, etc.). They often are competitive in cost and provide strong

basic functionality and protection features. WEG drives might not be as feature-rich in advanced

control as some high-end brands, but they are considered workhorses and come from a company

with deep motor expertise .

Hitachi & Fuji Electric: These Japanese firms offer a range of drives primarily for industrial and

HVAC use.  Hitachi drives (e.g. SJ series, WJ series) are widely used in Asia and beyond, noted for

being user-friendly and economical. Fuji Electric drives are likewise known for compact design and

precision – Fuji has a strong presence in AC drives for general industry, with an emphasis on energy
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saving and quick response. Fuji’s latest drives highlight easy networking and maintenance features

.

Mitsubishi Electric: Mitsubishi’s inverter drives (e.g. the FR series) are known for high performance

and are often used in coordination with their  PLCs and factory automation solutions.  Mitsubishi

drives have very advanced vector control and are commonly found in semiconductor manufacturing

equipment, elevator systems, and other demanding uses. They also integrate well with Mitsubishi

servo systems when different axes require both VFDs and servos. Users often cite Mitsubishi for

excellent build quality and longevity.

Lenze: A German company, Lenze specializes in both VFDs and servo drives for automation. Lenze’s

AC Tech drives (for example, the Lenze i500 series) target machine builders who need compact form

factors  and  easy  PLC  connectivity.  They  excel  in  applications  like  packaging  machines,  material

handling, and where a mix of rotary and linear motion control is needed. Lenze drives often come

with software tools to simplify setup for dynamic applications (flying shear, electronic line shaft, etc.),

bridging the gap between simple VFDs and full servo control.

This is not an exhaustive list – other notable makers include Delta Electronics (known for very cost-effective

drives,  often  used in  HVAC and basic  machinery),  INVT (a  growing Chinese  drive  manufacturer),  SEW-

Eurodrive (focused on integrated motor/drive gearmotor solutions),  and  Parker Hannifin (which offers

specialized drives for motion control). When selecting a VFD, consider the following tips:

Match the Drive to the Motor and Load: Ensure the drive’s voltage and current ratings are suitable

for your motor. Always check the drive’s amp rating against the motor’s full load amps (FLA). If the

application has high starting torque or requires short-term overload (e.g. crane), select a drive with

the appropriate overload capacity (most drives have a normal duty vs heavy duty rating, e.g. 110%

for 60s or 150% for 60s). Also consider the motor type – induction motors are standard, but if you

have a permanent magnet or synchronous reluctance motor,  make sure the drive can control  it

(many newer VFDs can, with proper settings). The load profile (constant torque vs variable torque)

matters: variable torque drives are optimized for fans/pumps and may have less overload capacity,

whereas constant torque drives are needed for heavier loads like conveyors or extruders.

Environment and Enclosure: Decide if the drive will be mounted in a control room, on the factory

floor,  or  outdoors.  Drives  come  in  open  chassis,  NEMA  1,  NEMA  4/4X,  etc.  For  dusty  or  wet

environments, either put the drive in a suitable enclosure or get a drive with an ingress protection

rating that can handle it.  Also, if  the ambient is hot, consider a drive with a higher temperature

rating or plan for cooling. Altitude can affect cooling (above ~1000m, drives need derating).

Harmonics and Power Quality Needs: If the facility has stringent power quality requirements or

generator-supplied power,  you might want a drive with built-in harmonic mitigation or an active

front end. Otherwise, plan to add line reactors or filters. Similarly, check if the drive has an EMC filter

built-in if electromagnetic compliance is required for your site (in EU, most drives include this). 

Control Interface and Features: Think about how you want to control and monitor the drive. Will it

be stand-alone with local potentiometer/keys, or integrated into a PLC/SCADA system via network?

Ensure the drive supports the communication protocol you need (EtherNet/IP, Modbus, PROFINET,

etc.,  often via optional communication cards).  Also, check for any specific features you need: for

41

• 

• 

1. 

2. 

3. 

4. 

12

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.hars-vfd.com/top-10-variable-frequency-drive-vfd-manufacturers.html#:~:text=7,LOGO


example,  does the application need  PID control (most drives have it  built-in for process control

loops), or torque control mode, or safe torque off (STO) for safety circuits? Different models have

different feature sets, so choosing one that aligns with your needs will save a lot of hassle. As an

example, if you are retrofitting a pump and want the drive to directly regulate pressure by throttling

the motor, pick one with easy PID setup and maybe even a sleep mode for pumps (some drives can

detect low flow and stop the pump to save energy, then wake up as needed).

Support and Programming: Usability is important, especially if you will  maintain the drive long-

term. Consider brands that your maintenance team is familiar with, or that have good local support.

The availability  of  software tools  for  programming and troubleshooting can be a  factor  –  many

drives  now  have  PC  tools  or  even  mobile  apps  for  setting  parameters,  updating  firmware,  or

diagnosing faults. For example, some newer drives allow downloading parameters via a phone app

using  NFC  or  Bluetooth,  which  can  be  very  convenient.  Review  the  documentation;  a  well-

documented drive can make a big difference in commissioning time.  Also,  ensure availability  of

spare parts or replacements – using a very new or obscure model might pose replacement delays if

it ever fails. Established models from major brands often have better longevity and support.

Compliance and Standards: If your project requires adherence to certain standards (e.g.  ABS or

DNV marine certifications,  ATEX for  explosive  atmospheres,  or  functional  safety  SIL  ratings),

make  sure  the  chosen  drive  has  those  certifications.  For  instance,  some  drives  are  built  into

explosion-proof housings or are certified for use in mines, etc. Others have built-in safety functions

up to SIL2 or SIL3 which can eliminate external safety contactors in some setups. Matching these

requirements early will narrow down the choices.

By carefully  considering these factors and leveraging the expertise of  drive manufacturers (many offer

selection guides or even software configurators), you can pick a VFD that will serve your application well for

years. As a final note on manufacturers: regardless of brand, all VFDs operate on similar principles, so a

knowledgeable technician can adapt to different brands with a bit  of  learning. It  often comes down to

preference and specific feature needs. Many vendors are willing to do a demo or loan a drive to test in your

application – it can be worthwhile, especially for tricky applications, to do a trial run and ensure the drive

performs as expected (for example, test a sensorless drive at low speed to see if it  holds torque if you

require that).

Implementation Best Practices

Successfully  deploying  a  VFD-motor  system  involves  some  practical  best  practices  that  installers  and

engineers should follow:

Proper Sizing and Selection: Always size the drive not just for the motor’s nominal running current,

but also consider starting requirements and any overloads. If the driven load has a high breakaway

torque or the motor is expected to drive through a overload for short periods, ensure the drive can

handle that (most have a 150% overload rating for a limited time – use that as a guide). It’s a good

idea to review the motor’s torque-speed curve and the load’s requirements (fan and pump curves,

etc.) to confirm the drive/motor can supply sufficient torque across the range. For high-inertia loads,

you  might  need  an  extended  ramp  time  or  an  oversized  drive  to  avoid  overcurrent  faults  on

acceleration. Additionally, if multiple motors will be run from one drive (which is possible for parallel

5. 

6. 
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operation in some cases), each motor needs its own overload protection and the drive must be sized

for the sum of currents and any imbalance.

Installation and Wiring: Follow the manufacturer’s wiring diagrams carefully. Use  shielded, low-

capacitance cable for the motor leads if possible, especially for longer runs, to reduce EMI and

voltage reflection issues. Grounding is critical: ground the drive to the supply ground, ground the

motor  frame,  and  ideally  ground  the  cable  shield  at  both  ends  (drive  end  typically  a  clamped

termination to ground, and motor end pigtail to motor frame). Keep the motor cables separate from

sensitive instrument or communication cables – a rule of thumb is at least 1 foot of separation for

every 30 feet of parallel run, and if they must cross, do so at right angles. If using an external control

wiring (for start/stop commands, analog reference, etc.), use shielded twisted pairs and ground the

shield  at  the  drive  end.  Many  drives  have  digital  inputs  that  can  be  programmed  for  various

functions – wire them to fail-safe states (e.g., use normally closed stop circuits so that a broken wire

causes a stop).

Drive  Parameter  Setup: When  commissioning,  input  the  correct  motor  data  (voltage,  current,

power, frequency, RPM, cosφ if required). Run an auto-tune if the drive supports it – this measures

the motor stator resistance, leakage inductance, etc., for better performance. Be cautious with the

auto-tune on a coupled system if it rotates the motor; some drives have a “stationary tune” option if

the motor cannot spin during tuning. Set the proper V/Hz profile – for constant torque loads, linear

V/Hz is standard; for variable torque (fans/pumps), many drives have an energy-optimized quadratic

V/Hz curve option. Set acceleration and deceleration times judiciously: too short and you might trip

the drive on overcurrent or cause a DC bus overvoltage on decel (unless you have a brake resistor). If

you see overvoltage faults when stopping, either extend the decel time or install a braking resistor

so the drive can bleed off energy. Program any needed skip frequencies (if you know a certain RPM

causes  a  resonance  in  your  system,  configure  the  drive  to  avoid  steady  operation  there).  Also

configure the critical protections: most drives allow setting electronic overload protection for the

motor (usually this is on by default per UL requirements). Verify it’s set to the motor’s FLA and service

factor  appropriately.  Set  up  stall  protection  if  available  (this  will  trip  if  the  motor  is  stalled  or

overloaded beyond a threshold), and any PI control if the drive is running a process loop. Finally, if

using a fieldbus (network) control, double-check the node addresses, baud rates, and mapping of

control words – it’s common to have a mismatch that prevents the PLC from starting the drive until

resolved.

Thermal Management and Cooling: Ensure the drive panel or enclosure has adequate ventilation.

Do not block the drive’s cooling fans or vents. Maintain the clearance around the drive as specified in

the manual (typically drives need a few inches above and below for airflow). If multiple drives are in

one cabinet, consider forced ventilation or even an air conditioner for the cabinet if they generate a

lot  of  heat.  For  very  large  drives  (hundreds  of  kW),  be  aware  that  they  might  have  cooling

requirements like  external  heat  exchangers  or  water  cooling.  Monitor  the  drive’s  internal

temperature readings during initial operation to ensure it’s running cool. Also, verify that the motor

is running at reasonable temperature – if you have an infrared gun or thermal camera, take baseline

readings of the motor body when running at typical loads and speeds. This can help spot if  the

motor  is  being  overstressed  or  not  getting  enough  cooling  at  low  speed.  Many  motors  have

thermistors or RTD sensors in their windings; if so, and if the drive has inputs for it, hook them up

so the drive can alarm or trip if the motor gets too hot.

• 

• 
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EMI and Noise Mitigation: If  you observe interference in nearby instrumentation (for example,

noise on sensor readings, or random faults in PLCs when the drive is running), it could be due to EMI

from the VFD. Mitigating steps include adding or checking the common-mode filters/cores on motor

cables, ensuring all grounds are good (ground impedance low), and possibly reducing the drive’s

carrier frequency (lower switching frequency can reduce high-frequency emissions, though it might

make audible noise more noticeable). If the problem persists, consider adding an EMI/RFI filter at

the drive input if not already present – this is basically a line filter that can block noise from feeding

back into the mains. For long motor leads, output  dV/dt filters or even full  sine-wave filters will

dramatically cut down on radiated EMI and also protect the motor – they are a bit of an extra cost

but can solve multiple issues at once. Also remember to use ferrite beads/rings on control wiring if

needed – looping control wires through ferrites can choke off high-frequency noise.

Maintenance and Monitoring: VFDs generally don’t require much maintenance, but a few things

can ensure longevity. Periodically inspect the drive’s cooling fans and heatsink fins for dust buildup –

in dusty environments, you may need to blow out or vacuum the drive heatsinks every so often to

prevent overheating. Likewise,  ensure vent filters (if  any)  are clean. Most drives have electrolytic

capacitors in the DC link; these capacitors slowly age (over 5–10 years typically). Some drives can

estimate capacitor health or at least alert on a runtime that suggests inspection. It’s a good practice

to do a visual inspection inside the drive (with power off, capacitors discharged!) every few years –

look for bulging capacitors or discolored components which could indicate overheating. Ensuring

the input voltage is stable and within tolerance (e.g. not significantly above the drive’s rated voltage)

will also help the drive’s components live a long life. For critical systems, consider keeping a spare

drive or spare parts (like a spare control board or fan kit) on hand, as lead times for replacements

can  be  an  issue.  Monitoring  the  drive’s  operation  can  be  as  simple  as  checking  the  displayed

parameters – many have a display or can be accessed via software to see things like output current,

DC bus voltage, etc. There are also advanced condition monitoring systems that can be used; for

example,  analyzing  the  motor  current  signature  via  the  drive’s  data  can  sometimes  detect

mechanical issues in the driven equipment (like a pump’s impeller starting to foul) – some high-end

drives have these analytic functions built-in. Leverage the drive’s ability to trip diagnostics: if it ever

faults,  record  the  code  and  reference  the  manual  to  understand  what  happened  (overcurrent,

overspeed, etc.), as this can point to underlying problems in the system.

By following these best practices – from design and installation through commissioning and maintenance –

you can fully realize the benefits of VFD motor control while avoiding common pitfalls. A well-implemented

VFD system should run smoothly, save energy, and require minimal intervention day-to-day, aside from the

occasional parameter tweak or filter replacement. 

Conclusion

The VFD motor control paradigm has revolutionized how we use electric motors. Instead of one-speed fits

all, we now have the means to tailor motor operation to the exact needs of the process, yielding significant

improvements in energy efficiency, performance, and longevity. As we have seen, a VFD achieves this by

electronically varying the supply frequency and voltage, in turn controlling motor speed and torque with

precision. The technology rests on advanced power electronics and control algorithms that have matured

greatly over the past few decades – to the point that VFDs are highly reliable and cost-effective for a huge

range of applications.
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That said, using VFDs is not simply a plug-and-play affair. Care must be taken in selection, installation, and

operation  to  address  the  electrical  and  mechanical  side  effects  (harmonics,  insulation  stress,  bearing

currents, etc.).  Fortunately, a wealth of standards (like NEMA MG1, IEC 61800 series, IEEE 519) and best

practices guides exist  to help engineers apply VFDs correctly.  Manufacturers also continue to innovate,

incorporating features like automatic tuning, condition monitoring, and connectivity that make it  easier

than ever to deploy and manage VFD systems. Today’s drives often come with built-in IoT connectivity and

smart diagnostics, enabling predictive maintenance strategies – your drive might email you an alert if it

detects the motor is drawing unusually high current, for instance, prompting a check on the motor and load

before a failure occurs. This integration of drives into the broader Industry 4.0 ecosystem is an exciting

frontier.

When we consider the broader impact, VFDs are a key technology in the global effort to improve energy

efficiency and reduce emissions. By some estimates, over 30% of industrial motors still run without speed

control – representing a vast opportunity for retrofit with drives to save energy. Many governments and

utilities offer incentives for VFD upgrades due to these savings. Beyond economics, VFDs also contribute to

smoother,  smarter  operations:  from  making  our  buildings  more  comfortable  with  adjustable  HVAC,  to

enabling precision manufacturing that delivers high-quality products with less waste.

In summary, the VFD is both a highly technical tool – involving cutting-edge power semiconductors, real-

time  control  software,  and  motor  physics  –  and  yet  a  very  practical  one,  with  real-world  benefits

manifesting in dollars saved and improved process outcomes. For any engineer or technician working with

motor-driven systems, understanding VFDs and how to apply them is invaluable. As we have detailed in this

guide, a balanced approach that considers both the promises and the challenges of VFD motor control will

lead to successful  applications.  Whether you are looking to reduce your plant’s  energy bill,  ramp up a

conveyor softly, or precisely control a pump flow, VFDs provide a mature and robust solution.

The future likely holds even more efficient and integrated motor drive solutions – such as drives that work

in concert with advanced motor designs (e.g. synchronous reluctance motors or brushless DC motors) to

push efficiency boundaries further, and even more user-friendly drives that commission themselves using

AI.  But  even  today’s  state-of-the-art  VFDs  are  an  indispensable  part  of  modern  electrical  engineering.

Embracing this technology and following best practices will  ensure you get the most out of your  “VFD

motor” systems, harnessing the full potential of variable speed for a smarter and greener operation.
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