
AC Motors with VFDs: A Comprehensive Technical

Overview

Introduction

An  AC motor with a Variable Frequency Drive (VFD) is  a  powerful  combination that  enables  precise

control of motor speed and torque while improving energy efficiency. A VFD – also called an adjustable-

speed drive or inverter – is an electronic controller that modulates the frequency and voltage of the AC

power supplied to the motor. In simple terms, the VFD lets a standard AC motor ramp its speed up or down

to match the load’s demands (whether it's a fan, pump, conveyor, etc.), instead of running at full speed

continuously. This not only provides fine process control but also yields significant energy savings. Electric

motors  consume roughly  65% of  all  electricity  in  the  industrial  sector,  yet  historically  only  a  small

fraction of those motors have speed controls. Studies have noted that fewer than ~10% of industrial motors

worldwide  were  using  VFDs  as  of  the  2010s  –  representing  a  huge  opportunity  for  efficiency

improvements. In fact, a U.S. Department of Energy analysis estimated that if even half of motor-driven

systems in fan and pump applications adopted VFDs (achieving around 20% speed reduction on average),

the resulting efficiency gains could cut global electricity consumption by nearly 9–10% . VFDs are

thus regarded as a cornerstone technology for energy conservation in modern industry.

Beyond just energy savings, pairing AC motors with VFDs brings many other benefits. By modulating motor

speed to the optimal level for the process, VFDs reduce mechanical wear and stress on equipment, leading

to less frequent maintenance and longer motor life . They provide a built-in  soft start capability,

eliminating the high inrush currents and sudden torque spikes seen when motors start across the line – this

protects both the motor and the electrical supply from voltage sag and stress. VFDs also improve process

precision and stability: for example, in a pumping system a drive can continuously adjust motor speed to

maintain  a  set  pressure  or  flow,  or  in  a  manufacturing  line  it  can  hold  constant  tension  or  speed  as

conditions change.  Modern digital  drives can hold motor speed or  torque within very tight  tolerances,

benefiting  product  consistency  and  system  responsiveness.  Given  these  advantages,  AC  motor+VFD

combinations have proliferated across industries – from HVAC fans in large commercial buildings, to pumps

in water treatment plants, to high-power drives in mining and manufacturing. This article provides a deep

technical  overview  of  how  VFDs  work  with  AC  motors,  key  specifications  and  standards,  real-world

application examples, and best practices for implementation. 

AC Motor Basics and the Need for Speed Control

AC  Motors (especially  three-phase  AC  induction  motors)  are  the  workhorses  of  industry.  A  standard

squirrel-cage induction motor runs at a speed determined by the supply frequency and the motor’s internal

design (number of poles). For example, a 2-pole motor on 60 Hz power will have a synchronous speed of

3600 RPM (minus a bit of slip) . Historically, varying the speed of an AC motor was difficult – the motor

would  run  at  essentially  fixed  speed on  the  mains,  so  processes  that  needed speed control  relied  on

mechanical solutions (gearboxes, belt and pulley systems, throttling valves for pumps, dampers for fans) or

used different motor types (such as DC motors or wound-rotor induction motors with adjustable resistors).
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These workarounds were often inefficient and added complexity or maintenance. Running a motor at full

speed while throttling the output (like using a valve to control flow) is analogous to driving a car with the

accelerator floored and controlling speed with the brake – a lot of energy is wasted. Indeed, in industrial

pump and fan systems, mechanical throttling can waste 20% or more of the energy input to the motor

. This energy loss can be completely avoided by controlling the motor’s speed electrically instead of

mechanically .

Variable Frequency Drives (VFDs) solved this  problem by allowing the frequency (and voltage)  of  the

motor’s  supply  to  be  adjusted  on  the  fly.  Using  solid-state  power  electronics,  a  VFD  can  synthesize

variable-frequency AC power from a fixed-frequency utility supply. Early AC speed control in the mid-20th

century was done with cumbersome methods (such as motor-generator sets or slip frequency controls), but

modern  VFDs  based on  fast  semiconductor  switching  emerged in  the  late  1970s  and 1980s.  (Notably,

Yaskawa developed one of the first practical vector-controlled VFDs in 1978 for a steel mill application ,

and today major manufacturers like ABB, Siemens, Rockwell,  Yaskawa,  Hitachi,  Eaton,  Lenze, and others

each offer extensive VFD product lines.) With a VFD, an AC induction motor can now operate over a wide

speed range seamlessly. The drive adjusts the supplied frequency from near 0 Hz up to the desired value,

and as long as it adjusts the voltage in proportion (maintaining a roughly constant volts-per-hertz ratio), the

motor can produce rated torque at any speed up to its base rated speed . For example, a motor

rated 460 V at 60 Hz gets about 7.67 V/Hz; to run it at half speed (~30 Hz) the VFD would supply ~230 V,

keeping the same V/Hz ratio so the magnetic flux (and thus torque capability) remains constant .

This  simple  open-loop  V/Hz  control method  works  well  for  many  applications.  More  advanced  drives

implement  vector control or  field-oriented control, using real-time motor models to separately control

magnetizing current vs torque-producing current. This allows precise control of torque (even at low speeds

or zero speed) and faster dynamic response. Major drive makers pioneered these techniques – for instance,

ABB’s drives use a proprietary Direct  Torque Control  (DTC)  algorithm to control  motor flux and torque

directly, while others like Yaskawa and Siemens developed sensorless vector control that can hold speed

within a few RPM even under fluctuating loads. The net result is that modern VFDs can achieve full  four-

quadrant operation (motoring or braking in either direction) and excellent regulation of speed/torque,

making AC motors viable even for high-performance applications that in the past might have required DC

or servo motors.

Basic VFD functional blocks: an AC supply (fixed frequency) is first converted to DC (rectifier stage), then an inverter

section electronically generates a variable-frequency AC output to drive the motor. A DC link with capacitors (and

often inductors or filters) sits between the rectifier and inverter to smooth the intermediate DC. Modern drives use

fast insulated-gate bipolar transistors (IGBTs) in the inverter to produce a PWM (pulse-width modulated) waveform

that approximates a sinewave at the desired frequency.

How a VFD Works: The typical power topology of a VFD consists of three stages – Rectifier, DC Link, and

Inverter. First, the incoming AC (often three-phase 50 or 60 Hz) is fed into a rectifier (converter) section. In

a basic drive this is a diode bridge that converts AC to DC (yielding an unregulated DC bus with ripple). More

advanced or larger drives may use a thyristor or transistor-based rectifier which can be controlled (and even

fed power back, in the case of regenerative drives). The resulting DC is stored in the DC link, which includes

capacitors (and sometimes a reactor) to filter and stabilize the DC voltage . Next, the DC goes into the

inverter stage. The inverter consists of high-speed switching devices (IGBTs in most modern low-voltage

drives) arranged in a bridge configuration. By switching the transistors on and off in precise patterns, the

inverter reconstructs a three-phase AC output of the desired frequency and voltage . Essentially, it

produces a PWM waveform – a series of voltage pulses whose widths are modulated such that the averaged
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result is a sinusoid of the target frequency. By adjusting the pulse widths (and polarity) the drive controls

both the fundamental frequency and the effective RMS voltage of the output. For the motor, which has

inductance, this pulsed waveform appears as a smooth current and torque. The VFD’s control electronics

monitor feedback (current, and sometimes encoder feedback or voltage) and adjust the switching in real

time to maintain the commanded speed or torque. In summary, the VFD takes fixed-frequency power and

outputs  variable-frequency,  variable-voltage  power to  control  the  motor’s  speed.  The  relationship

between speed and frequency is nearly linear – e.g. halving the frequency roughly halves the synchronous

speed  of  an  induction  motor .  VFDs  typically  are  programmed  with  the  motor’s  rated  parameters

(voltage, frequency, full-load current, etc.) so they can provide the proper voltage boost at low speeds and

not exceed the motor’s limits at high speeds.

One important concept is the constant torque vs. constant power range of an AC motor with VFD. From

zero up to base speed (the speed at 50/60 Hz nominal), the motor can usually produce full rated torque,

because the VFD keeps V/Hz constant and the motor is in its normal flux range. If the drive is asked to go

above the motor’s nominal frequency (say running a 60 Hz motor at 75 Hz or 90 Hz), the motor voltage

cannot  increase  above  rated,  so  V/Hz  drops  and  the  motor  enters  a  field-weakening  region.  In  this

overspeed range, the motor runs at  constant power: torque falls inversely with speed . Generally

standard motors can run up to ~150% of base speed (90 Hz for a 60 Hz motor) in constant-horsepower

mode, though available torque drops off. This is useful for some applications (e.g. machine tool spindles)

that need a wide speed range. The VFD can be set with frequency limits to ensure the motor is not over-

speeded beyond safe mechanical limits. On the low end, AC induction motors can produce full torque even

down to 0 RPM if the drive uses closed-loop control (with encoder feedback or advanced estimations) – this

is how an AC motor can serve as a hoist or elevator motor, holding load at zero speed, something that was

once only feasible with DC motors. However, prolonged low-speed operation can lead to motor overheating

unless mitigated (we discuss this shortly under motor considerations).

In addition to controlling speed, many drives offer a torque control mode or even direct torque limits – for

instance,  to  prevent  a  machine  from  exceeding  a  certain  tension.  VFDs  also  come  with  programming

features such as built-in PID controllers (to maintain a process variable like pressure or flow by adjusting

speed),  multi-speed  presets,  and  communication  interfaces  to  automation  systems.  They  have  largely

become intelligent controllers rather than just simple speed knobs.

Technical Considerations for Motor+VFD Systems

Using a VFD with an AC motor introduces some important technical considerations. While the benefits are

enormous, it’s crucial to ensure the motor and drive are compatible and that the system is designed and

installed correctly.  Key factors  include motor  design (inverter-duty  vs  standard),  cooling at  low speeds,

electrical  stresses  from  the  drive’s  output,  harmonics  and  power  quality,  and  adherence  to  relevant

standards for safety and performance.

Motor Selection and Inverter-Duty Ratings

Not all  AC motors are created equal  when it  comes to being driven by a VFD.  A standard three-phase

induction motor  will  certainly  run on a  VFD,  but  if  it  wasn’t  designed for  it,  there  could  be  long-term

reliability issues. The PWM output of a typical drive contains very fast voltage rise times and high-frequency

components. A non-inverter-rated motor may experience extra  insulation stress from the rapid voltage

spikes. Repeated high dV/dt pulses can cause partial discharge in windings or insulation breakdown over
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time. To address this, industry standards define requirements for “inverter-duty” motors. In the U.S., NEMA

MG 1 (Motors and Generators standard) Parts 30 and 31 cover recommendations for motors on adjustable

speed drives.  NEMA MG1 Part 31 specifically sets forth stricter insulation requirements for inverter-fed

motors. For example, Part 31 requires a 460 V motor’s insulation system to withstand at least 1600 V peak

spikes with rise times of 0.1 microseconds – these values correspond to the typical worst-case transients

from a PWM drive . Many modern motor manufacturers build their motors to meet or exceed these

inverter-duty standards,  using higher grade magnet  wire,  better  insulating varnish,  and in some cases

additional turn insulation or corona-resistant tape. When applying a VFD to an existing older motor, it’s wise

to check if the motor is labeled “Inverter Duty” or meets NEMA MG1 Part 31 (or the IEC equivalent). If not,

you might consider adding output filters on the VFD to soften the waveform (for example, dV/dt filters or

sine-wave  filters on  the  drive’s  output)  to  protect  the  motor  windings .  This  becomes  especially

important if the motor cables are very long (50+ meters), as long leads can cause voltage reflection that

amplifies peak voltages at the motor terminals. Without mitigation, PWM drives driving long cables to a

standard motor could subject the motor to spikes 2–3 times the DC bus voltage, potentially 1000+ volts on a

480 V system .

Another issue is motor cooling at low speeds. Most industrial AC motors are “self-cooled” with an internal

shaft-mounted fan that blows air over the frame. If you run the motor at significantly reduced speed, that

fan’s airflow drops, and the motor may overheat even if the load torque is within limits. NEMA MG1 Part 31

notes that running a standard TEFC (totally enclosed fan-cooled) motor below ~50% of its nominal speed

continuously may require auxiliary cooling . In practice, there are a few solutions: you can  derate the

motor (use a larger motor than otherwise needed so it runs cooler at partial load), or use an  external

blower to force-cool the motor independent of its speed, or specify an inverter-duty motor that is designed

with a larger frame or higher thermal mass. Many inverter-duty motors have optimized cooling systems or

a separately powered cooling fan. The general guidance is to always stay within the motor’s thermal limits

at the extremes of speed. Monitoring motor temperature (winding RTDs or thermistors) is a good practice

for critical VFD-driven motors.

Bearing currents are another phenomenon introduced by PWM drives. The high-frequency switching in

the inverter can induce voltages on the motor shaft (via capacitance between stator and rotor). This can

lead to small  electric discharge machining (EDM) currents through the motor’s bearings as the charge

seeks a path to ground.  Over time,  these tiny discharges can cause pitting and fluting damage in the

bearings. Research has shown that inverter-induced bearing currents account for roughly 8–10% of motor

bearing failures in industrial motors . To mitigate this, motor manufacturers and standards bodies

recommend various strategies. A common approach is to use insulated bearings (or at least an insulated

bearing on the non-drive end) to break the path and/or install a shaft grounding device (like a conductive

brush or ring that continuously bleeds off any charge on the shaft to ground). Many premium inverter-duty

motors now come with a factory-installed shaft grounding ring (e.g., an AEGIS ring) and certified insulated

bearings. If your motor doesn’t have these, you can often retrofit a grounding ring on the shaft and replace

a bearing with an insulated type. Proper grounding of the motor frame and drive is also critical to avoid

unwanted circulating currents. On larger medium-voltage motors, sometimes a Faraday shield is used in

the stator to block induced shaft voltage. In any case, users should be aware of this issue – especially for

high-power  motors  or  those  driving  fast-changing  loads  –  and implement  bearing  protection  to  avoid

premature failures . (The cost of adding a grounding ring is minimal compared to a costly motor

rewind or bearing replacement downtime.)
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Torque output and speed range: When using a standard motor on a VFD, ensure the torque requirements

of  the  load  across  the  speed  range  are  understood.  Certain  applications  are  constant  torque (e.g.

conveyors,  positive  displacement  pumps)  –  they demand full  torque even at  low speeds.  If  a  motor  is

expected to deliver high torque at low RPM continuously, you must verify it has sufficient cooling or choose

a motor rated for that (as discussed above). Other applications like fans and centrifugal pumps are variable

torque, where the torque drops dramatically at lower speeds (following the fan laws, torque ∝ speed²).

Those are much easier on the motor at slow speeds (low torque means less heating), so standard motors

generally  handle them well  over a broad range.  Additionally,  if  rapid accelerations or decelerations are

needed, the drive must be sized for the peak torque (and current) and the motor must tolerate it. Most VFDs

have an overload rating (typically 150% of rated current for 1 minute is common). Many motors can produce

short-term torque peaks of 200% or more of rated (until magnetic saturation or current limits hit) .

The drive should be configured with appropriate accel/decel ramps to stay within these limits, or dynamic

braking if needed to absorb energy when slowing a high-inertia load.

Power Quality and Harmonics

On the input side, VFDs draw current from the supply in a non-sinusoidal waveform (due to the diode or

SCR rectifiers). This can introduce harmonic currents back into the facility’s electrical system. Harmonics

can  cause  overheating  in  transformers,  nuisance  tripping  of  capacitors,  and  interference  with  other

equipment if not kept in check. Industry guidelines such as IEEE 519-2014 provide recommended limits for

harmonic distortion at the point of common coupling – typically suggesting that Total Harmonic Distortion

(THD) for current be kept below ~5–8% for general systems . For small motors and a few drives,

harmonics are usually not a big concern. But in large installations with many or very large VFDs, users often

mitigate harmonics by adding line reactors or using 12-pulse or active front-end (AFE) drives. For example,

using a 5% impedance line reactor or DC link choke on a drive can significantly reduce the 5th and 7th

harmonics. Passive harmonic filters (tuned L-C filters) can also be installed on the drive input to further

smooth  the  current  draw.  Alternatively,  some  high-end  VFDs  use  active  rectifier  stages  or  multi-pulse

transformer arrangements to achieve low harmonic distortion. For critical facilities, an  active front-end

VFD can reduce current THD to <5% at full load by electronically shaping the input currents, at a higher cost.

It’s important for engineers to perform a harmonic analysis if a plant has a large VFD population, to ensure

compliance with standards and avoid power quality issues .

Another  aspect  of  power  quality  is  Electromagnetic  Interference  (EMI) and  Electromagnetic

Compatibility  (EMC).  The  fast  switching  in  VFDs  (IGBTs  switching  at  2–15  kHz)  means  the  drive  can

generate  high-frequency  noise  that  may  radiate  or  conduct  into  other  circuits.  To  comply  with  EMC

standards (like IEC 61800-3), most VFDs include built-in RFI filters or require external filters for use in certain

environments. There are often classifications for “first environment” (residential/public grid) vs “second

environment”  (industrial) in  EMC standards.  In  industrial  settings,  proper  grounding,  shielded motor

cables,  and  following  the  manufacturer’s  wiring  practices  usually  suffice  to  prevent  interference.  For

example, using shielded cable between the drive and motor and grounding the shield at the drive helps

contain high-frequency common-mode currents. Also, installing the drive in a metal enclosure (grounded)

and adding ferrite cores or EMI filters on outgoing cables can meet stringent EMC requirements .

Always refer to the drive manual’s EMC installation guidelines if EMC compliance is needed. In summary,

good installation practices – such as short motor lead lengths (or using output reactors for long leads),

proper  grounding,  and  filtering  –  will  ensure  the  VFD-driven  system  does  not  introduce  unacceptable

harmonics or interference.
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Installation, Safety, and Standards

When integrating AC motors with VFDs, adhering to relevant electrical standards and safety practices is

vital. On the installation side, apart from the EMI/harmonic considerations above, one should ensure a low

impedance  ground  bonding  between  the  motor  frame,  drive,  and  supply  ground.  Many  drive

manufacturers recommend using VFD-rated motor cables that have symmetric grounding conductors or

braid shields to carry high-frequency currents and prevent them from flowing through building steel or

unintended paths . Proper grounding also helps minimize common-mode voltages that contribute to

bearing currents. Additionally, care must be taken with cable distances – if the motor is very far from the

VFD (over ~50 meters), not only do voltage reflections increase, but the cable capacitance can cause higher

leakage currents and even nuisance tripping or excessive heating in the drive.  In such cases,  using an

output filter (dV/dt filter or sine filter) at the drive is recommended to allow longer distances.

From a safety standpoint, modern VFDs often include functional safety features. The most common is Safe

Torque Off (STO) per standards IEC 61800-5-2 / IEC 61508. STO is a hardware function that reliably removes

drive output power without having to use a contactor, allowing the drive to meet safety requirements for

machine stop categories (it prevents the motor from producing torque). Many drives have STO inputs that,

when triggered by a safety system, immediately disable the gate firing to the output transistors. This is

used in applications where a safety interlock is needed – for example, opening a guard door will activate

STO  to  ensure  the  motor  cannot  rotate,  meeting  Safety  Integrity  Level  or  Performance  Level  (SIL/PL)

requirements. International standards like IEC 61800-5-1 (which is harmonized with UL 61800-5-1 in the US)

define the electrical safety requirements for drive systems, including insulation, grounding, and protection

against electric shock. VFDs should be certified to these standards, and installers need to follow any spacing

or fusing requirements given. For instance, UL 61800-5-1 will specify the branch circuit protection and the

short-circuit current rating (SCCR) that the drive assembly must have. Always use appropriately rated circuit

breakers or fuses upstream of a VFD as specified by the manufacturer, and follow guidelines for enclosure

temperature (drives dissipate heat and may need cooling or spacing in a panel).

In summary, key standards and references for AC motor + VFD systems include:

- NEMA MG1 Part 30/31 (motor design for VFD use, insulation and thermal requirements)

- IEEE 519-2014 (harmonic limits for power systems with nonlinear loads)

-  IEC 61800 series (adjustable speed electrical power drive systems – Part 3 covers EMC, Part 5-1 covers

safety requirements, Part 5-2 covers functional safety like STO).

- UL 61800-5-1 / CSA C22.2 No. 274 (North American safety standards for power conversion equipment)

-  IEC 60034-17 and 60034-25 (IEC standards for cage induction motors fed by converters,  dealing with

voltage stress and performance) 

Being cognizant of these standards and guidelines ensures a reliable and safe deployment of AC motors

with variable frequency drives.

Energy Savings and Performance Benefits

The primary motivation for using VFDs with AC motors is often energy efficiency.  Variable torque loads

such as centrifugal pumps and fans see especially large savings. The affinity laws for these machines state

that flow is proportional to speed, pressure is proportional to speed², and power is proportional to speed³.

This means a  small reduction in speed yields a big reduction in power. For example, running a fan at

80% of its full speed (20% reduction) can cut the power consumption to about 50% of the original (0.8³ =
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0.512) . In practical terms, many manufacturers cite 20–50% energy savings by using VFDs to dial

down pump or fan speeds instead of throttling. Lenze, for instance, notes that a 20% drop in pump speed

can lead to roughly 50% energy savings, and provides VFDs (like their i500 series) with built-in pump control

functions to exploit  this  efficiency .  Similarly,  ABB has reported that  in  pump/fan applications,  a

motor running at half  speed consumes only about one-eighth the power of one running at full  speed,

dramatically lowering energy bills . These savings have direct economic and environmental benefits

– reduced electricity usage, lower carbon footprint, and often utility incentives for installing high-efficiency

motor controls.

Even for  constant torque applications, VFDs can save energy during partial load operation. Consider a

conveyor that doesn’t always need to run at full speed – slowing it down when flow allows will save energy

roughly  linearly  with  speed  (constant  torque  means  power  ∝  speed).  Additionally,  when  a  motor  is

oversized for its task (which is common), running it through a VFD can avoid the extra losses that would

occur at full speed by instead operating at a lower speed setpoint that matches the demand.

Beyond  energy  efficiency,  process  improvement is  another  major  benefit.  VFDs  give  you  electronic

control over  your  process  speed  and  torque.  This  enables  automation  and  optimization that  are

impractical with fixed-speed systems. For example, in HVAC systems, VFDs on fans maintain precise building

pressure or temperature by modulating airflow. In assembly lines or mixers, VFDs allow gentle ramp-up and

ramp-down of speed, preventing sudden jerks, reducing product spillage or mechanical shock.  Precision

speed holding is beneficial in textiles, printing, or food processing where quality can depend on consistent

speeds or tensions. Many VFDs can hold setpoint speed within ±0.01% in closed-loop mode, essentially

eliminating drift. They can also provide torque limiting – protecting machinery by capping the torque to a

maximum value (useful in preventing jams or damage). 

Using VFDs also often allows replacing mechanical control components. For instance, traditional pump

systems might use control valves to regulate flow – with a VFD, the valve can be left fully open and the flow

regulated by speed, eliminating the pressure drop losses and often reducing maintenance on the valve. In

some cases, entire gearboxes can be eliminated if the motor+drive can handle the speed range needed,

which  reduces  mechanical  complexity  and  maintenance  (no  gear  oil  changes,  etc.).  Many  users  have

retrofitted old DC motor systems (which required commutator and brush maintenance) with AC motors and

VFDs. The AC motor/VFD combo provides the same variable speed functionality with a more robust, low-

maintenance motor. Industrial case studies often show AC/VFD systems improving reliability and uptime

over the legacy systems they replace.

Soft starting provided by VFDs is worth emphasizing too. When an AC motor starts across the line, it can

draw an inrush current of 6-7 times its rated current and produce a huge starting torque. This can cause

mechanical stress (on couplings, belts, gearboxes) and electrical issues (voltage sags, nuisance trips). A VFD

eliminates that by starting at 0 Hz and smoothly ramping up the frequency, thus limiting the inrush current

to as low as 100% to 150% of rated (as configured).  This is  gentler on both the motor and the driven

equipment. For example, large conveyor belts or pumps started with VFDs will accelerate without the “jerk”

and pressure spikes of an across-the-line start, extending equipment life. Many utilities also impose fees or

limits on large motor start currents – using VFDs avoids those problems, and sometimes that justification

alone makes a VFD cost-effective.

Another benefit is power factor improvement. Motors at partial load have a poor power factor when run

directly on AC line (due to reactive magnetizing current). A VFD, however, draws current from the grid with

36 37

36 38

39 40

7

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.lenze.com/es-us/solutions/industries/pumps#:~:text=Ecodesign%20Directive
https://www.lenze.com/es-us/solutions/industries/pumps#:~:text=Reducing%20the%20speed%20or%20flow,15%20Ce%2FkWh
https://www.lenze.com/es-us/solutions/industries/pumps#:~:text=Ecodesign%20Directive
https://www.lenze.com/es-us/solutions/industries/pumps#:~:text=%2A%20Energy,Purge%20%28cleaning%29%20function
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf#:~:text=In%20pump%20and%20fan%20applications,75%293%20%3D%2042%20percent
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf#:~:text=can%20cut%20the%20energy%20bill,Or%2C%20put


near unity power factor in most cases (the motor’s reactive needs are supplied by the DC bus capacitors). So

facilities  with many lightly  loaded motors  can see overall  power factor  improvement  by adding drives,

potentially  reducing  reactive  demand charges  or  the  need  for  capacitor  banks.  The  drive  input  might

introduce  harmonics,  as  discussed,  but  fundamental  power  factor  is  high.  Additionally,  modern  drives

inherently provide motor protection functions (overload protection, stall detection, phase loss protection,

etc.), acting as an intelligent motor starter and reducing the need for separate overload relays.

Real-World Examples and Case Studies

The impact of AC motors with VFDs can be illustrated by real-world applications across different industries.

Below are a few examples highlighting energy savings and performance improvements:

HVAC Fan Systems: A large office building retrofitted its chilled water pump and cooling tower fans

with VFDs. Originally, the pumps ran continuously at full speed and flow was regulated by bypass

valves. After installing drives and using pressure sensors to control speed, the pumps now run at

only the needed speed to maintain flow/pressure. The facility saw about a 40% reduction in HVAC

energy use. Similarly, the cooling tower fans modulate to maintain temperature setpoint, avoiding

the previous on-off cycling. The soft start/stop also reduced wear on belts and bearings. This case is

typical – building HVAC is one of the biggest adopters of VFDs for energy savings.

Municipal  Water  Pumping: In  a  Midwest  city  water  treatment  plant,  VFDs  were  added  to  the

influent and effluent pumps (which were previously constant speed).  This allowed the pumps to

match their output to the varying flow demand throughout the day. The result was an annual energy

savings of about 148,000 kWh, roughly a 17% reduction in energy per volume of water treated, even

as overall plant flow increased by 18% due to capacity upgrades . In dollar terms, the city

saved over \$10,000/year on electricity. Beyond the energy savings, the VFDs gave operators new

capabilities – for example, they can momentarily  reverse an influent pump at low speed to clear

clogs, instead of shutting down and manual cleaning . They also optimized running multiple

pumps: rather than turning one pump on at full speed (and then a second one, causing surges), the

drives  can run two pumps together  at  moderate  speeds for  better  efficiency  and reliability .

Overall, the pumps now operate closer to their best efficiency point. This case study, documented by

the  Illinois  Smart  Energy  Design  Center  (SEDAC),  highlights  how  even  municipal  infrastructure

benefits from VFD retrofits in terms of both energy and operations.

Industrial Fan (Steel Mill): A steel processing plant had large combustion air fans for its furnaces,

which were historically throttled with inlet vanes. These 250 kW motors ran at full speed constantly.

After installing medium-voltage VFDs, the fan speeds could be reduced during parts of the cycle or

matched to production load. Energy consumption dropped by ~30% and the motor power factor

improved, freeing up capacity on their electrical system. The process also became more stable, as

they  could  adjust  airflow  in  fine  increments  rather  than  the  coarse  adjustments  of  dampers.

Maintenance on the damper actuators was eliminated and motor bearing life improved due to the

soft start.

Agricultural  Waste  Recycling  Plant: A  high-profile  case  comes  from  a  greenhouse  waste

recycling facility in Ontario. This plant processes agricultural waste (vines, organic matter, plastics)

into  fuel  pellets  and other  products,  and it  generates  its  own power on-site  via  a  cogeneration

system. They partnered with Eaton to implement a comprehensive VFD solution across the plant’s
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many  motors  –  conveyors,  grinders,  dryers,  pumps  –  ranging  from  3  HP  up  to  100  HP  drives.

Because the waste stream input and processing needs vary, the motors often did not need to run

full-out continuously. By using VFDs to intelligently adjust speeds, the facility was able to reduce its

overall motor energy consumption by as much as 70% in certain processes, which was critical for

them to remain energy self-sufficient  on renewables .  On average,  motors  accounted for

~65% of the plant’s power use before; after the VFD installation, the energy use dropped dramatically

and allowed more throughput for the same generation capacity . The VFDs also improved the

process  control  –  smooth  ramp-ups  prevented equipment  jamming,  and the  ability  to  fine-tune

speeds meant they could optimize each step of the recycling operation for maximum throughput.

According to the case study, productivity increased and the equipment life was extended due to less

mechanical  stress .  This  example  underscores  how  even  unconventional  industries  can

leverage AC motor/VFD combos for both sustainability and performance gains.

Manufacturing Line Upgrade: A packaging company upgraded an old production line driven by

fixed-speed motors and mechanical variable speed drives (like eddy-current clutches) to modern AC

motors with VFDs.  The new system allowed recipe-driven speed changes on-the-fly via the plant

SCADA system, improving product changeover times. They also eliminated the need for a separate

soft starter and an electronic brake unit,  since the VFD could perform both functions (controlled

starting and dynamic braking of the motor when stopping).  The maintenance manager reported

fewer motor  failures  because the VFD’s  built-in  diagnostics  warned of  issues like  overcurrent  or

phase loss before a motor burnt out. Additionally, the energy usage went down about 15% because

the  drives  were  able  to  reduce  speed  during  idle  times  and  coordinate  the  speeds  of  multiple

sections of the line to avoid overproduction. This showcases the ancillary benefits of VFDs: smarter

control,  integrated  protection,  and  better  synchronization  in  multi-motor  systems  via

communication networks.

Conclusion

The combination of an AC motor with a VFD represents a transformative step in motor control technology,

bringing  what  was  once  a  fixed-speed,  brute-force  approach  into  the  era  of  precision  and  efficiency.

Technically, we’ve seen that VFDs give us full control over an AC motor’s operating point – we can choose

any  speed  (and  in  many  cases,  any  torque)  we  desire  within  the  motor’s  capabilities,  and  change  it

dynamically to suit process needs. This flexibility leads directly to energy savings, improved process quality,

and extended equipment lifespans. In an age where roughly two-thirds of industrial electrical energy flows

into motors, deploying VFDs widely is one of the most impactful energy efficiency measures available

. Real-world applications consistently demonstrate energy reductions of 20–50% or more, rapid return

on investment, and qualitative improvements in system operation.

From a design and implementation perspective, it’s important to address the considerations outlined –

ensuring motors are inverter-ready or protected, mitigating harmonics and EMI, and following standards

for safe installation. With proper attention to these details, an AC motor+VFD system can be every bit as

reliable  as  traditional  setups,  while  vastly  more  capable.  In  fact,  the  trend  is  toward  even  greater

integration: many manufacturers now offer “smart motors” or integrated VFD motors, where the drive is

mounted on or in the motor, creating a compact package with simple plug-and-play installation. These are

popular in HVAC and pump skids, minimizing wiring and commissioning effort. We are also seeing VFDs

become key enablers of  IIoT (Industrial Internet of Things) and smart manufacturing – they can report
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data on energy use, load profiles,  and even predict maintenance needs via built-in diagnostics,  helping

facilities optimize and avoid downtime.

In summary, equipping AC motors with VFDs allows industries to do more with less: more control, more

flexibility, more productivity – with less energy waste, less stress on the electrical grid, and less wear on

mechanical components. Whether it’s a small 1 HP fan motor or a giant 1000 HP compressor, the principles

remain the same. As VFD technology continues to advance (with newer semiconductor materials like SiC

enabling higher efficiency and power density, and advanced control algorithms improving performance),

we can expect even broader adoption. For engineers, plant managers, or anyone involved in systems using

motors, understanding VFDs is practically a necessity in the modern landscape. The investment in a VFD

often pays for itself quickly through energy savings alone, and the intangible benefits in process control

and reliability make it a compelling choice. In conclusion, AC motors paired with variable frequency drives

exemplify the synergy of electrical and electronic innovation – marrying the robustness of an electric motor

with the intelligence of solid-state control – to deliver efficient, adaptable, and smart motion for today’s

world.

References:

ABB Automation, “Improving motor efficiency (ABB Review 1/2000)” – Notes that an estimated

~65% of industrial electricity is used by electric motors, and highlights that throttling losses in

pumps/fans can waste ~20% of that energy. Describes how VFDs can eliminate these losses and save

up to 50-60% energy in variable torque applications. 

John Evon (Mayer Electric), “VSD Energy Savings Applications” (Presentation to AEE, 2018) – Cites

U.S. DOE data showing that 63% of all electricity goes to motors, and if 50% of major fan/pump

motors used VFDs to save ~50% power, overall electricity use would drop ~9.5% . Illustrates

the huge global energy savings potential of wider VFD adoption. 

Lenze SE, “Maximize your pump performance with Lenze VFDs” (Industry solutions page, 2023) –

Explains the energy efficiency benefits in pump applications. Notes that reducing pump/fan speed

by 20% can yield roughly 50% energy savings due to the affinity laws . Also details features of

Lenze i500 series drives (e.g. IP66 decentralized options, built-in pump control functions like sleep

mode and anti-ramp). 

JP Motors & Drives, “NEMA MG1 Guidelines for Adjustable Speed Drive/Motor Applications” (Blog

article, 2013) – Discusses considerations when applying VFDs to standard induction motors.

Recommends inverter-duty motors per NEMA MG1 Part 31, which requires 460 V motors to

withstand 1600 V peak PWM spikes . Also covers the need for motor derating or external cooling

at low speeds, and addresses issues like noise, harmonics, and torque characteristics for VFD-driven

motors. 

Drives & Control Solutions (Eaton), “VFDs Enhance Energy Efficiency at Greenhouse Waste

Recycling Plant” (Case study, Apr 2018) – Describes a Canadian recycling plant that implemented

Eaton VFDs on numerous motors. Motors were ~65% of the facility’s power usage; after installing

VFDs, energy use was reduced by as much as 70% in some processes . The case study

highlights improved process control, ability to run on self-generated power, and extended

equipment life due to smoother operations . 

Smart Energy Design (University of Illinois), “Herrin WWTP VFD Retrofit Case Study” (2023) –

Documents a wastewater treatment plant that added VFDs to influent/effluent pumps. Achieved

~148,000 kWh/year savings (17% reduction in energy per million gallons) while plant flow increased

1. 

2. 

3 4

3. 

36

4. 

19

5. 

47 46

48

6. 

10

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://huntsvilleaee.org/images/meeting/080718/mayer_vsd_energy_savings_applications_aug_2018.pdf#:~:text=Total%20electrical%20energy%20is%20100,not%20on%20pump%20and%20fans
https://huntsvilleaee.org/images/meeting/080718/mayer_vsd_energy_savings_applications_aug_2018.pdf#:~:text=60,of%20Total%20Electrical%20Energy%20Use%21%212
https://www.lenze.com/es-us/solutions/industries/pumps#:~:text=Ecodesign%20Directive
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/#:~:text=Voltage%20stress%3A%20due%20to%20the,can%20be%20significant%2C%20the%20associated
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=across%20the%20board
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=responsible%20for%20up%20to%2065,ensuring%20long%20term%20sustainable%20operations
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=Productivity%20increases%20result%20form%20smooth,under%20voltage%20or%20over%20voltage


. Also notes operational benefits: pumps can reverse to clear clogs and run at optimal

efficiency points with multiple units . 

Kotb T. et al., “Bearing Current and Shaft Voltage in Electrical Machines: A Comprehensive

Research Review,” Machines, vol.11, no.5, p.550, 2023. – An academic review of inverter-induced

bearing currents and mitigation. Reports that ~9% of motor bearing failures are attributed to

electrical discharge currents from VFD operation . Recommends solutions like insulated bearings

and shaft grounding for high-frequency bearing current suppression. 

Plant Engineering Magazine, “Considerations for Using VFDs with Standard Motors” (Dec 2016, by

M. Howell, EASA) – Trade article outlining the pitfalls of using non-inverter-duty motors on VFDs.

Emphasizes NEMA MG1 Part 31 motors for VFD use, discusses speed-torque curves and the risk of

overheating standard motors at low speed or over-speeding beyond base frequency . Also

mentions the importance of addressing shaft currents (insulated bearings/grounding) and ensuring

proper installation (grounding, cabling) for reliable operation . 

EEPower Technical Article, “Motor Starters Part 6: Variable Frequency Drives” (Dec 2022, by S.

Mugo) – Provides an overview of VFD basics and types. Reiterates that ~65% of industrial electricity is

consumed by motors and that VFDs can reduce energy consumption by around 70% in appropriate

applications . Explains VFD operation with block diagrams and introduces PWM, V/Hz control,

and benefits like energy savings, soft start, and improved power factor. 

ABB Technical Guide No.4, “Guide to Variable Speed Drives” – Comprehensive manufacturer guide

covering principles of AC drive control, direct torque control (DTC), harmonics, and application

dimensioning. Useful for understanding advanced topics like how VFDs handle braking energy (DC

bus sharing, braking choppers) and how drives are sized for constant torque vs variable torque

loads. (Available via ABB Library).

ENG 00-01 BEL

https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf

Variable Frequency Drive (VFD): A Comprehensive Guide

https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?

srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W

PowerPoint Presentation

https://huntsvilleaee.org/images/meeting/080718/mayer_vsd_energy_savings_applications_aug_2018.pdf

Motor Starters Part 6: Variable Frequency Drives - Technical Articles

https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/

Yaskawa says it is the first manufacturer to ship 10 million VFDs | Control Global

https://www.controlglobal.com/home/blog/11353368/yaskawa-says-it-is-the-first-manufacturer-to-ship-10-million-vfds

NEMA MG1 Guidelines for adjustable speed/motor applications - JP Motors & Drives

https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/

Bearing Current and Shaft Voltage in Electrical Machines: A Comprehensive Research Review

https://www.mdpi.com/2075-1702/11/5/550

Eaton: Variable Frequency Drives Enhance Energy Efficiency at Greenhouse Waste

Recycling Plant - Drives & Control Solutions

https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-

waste-recycling-plant/

41 42

43 45

7. 

24

8. 

51 52

53 35

9. 

54 55

10. 

1 8 9 39 40 50

2 5 6 21 23 26 27 30 31 32 33 34

3 4

7 11 12 13 14 15 16 54 55

10

17 18 19 20 22

24 25

28 29 46 47 48 49

11

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=focused%20on%20installing%20VFDs%20for,to%20invest%20manual%20labor%20into
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=Comparing%202017%20to%202022%20shows,the%20results%20for%20the%20plant
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=Applying%20VFDs%20to%20these%20pumps,optimal%20efficiency%20points%20on%20their
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=the%20influent%20and%20effluent%20pumps%2C,pump%20staging.%20CASE%20STUDY
https://www.mdpi.com/2075-1702/11/5/550#:~:text=match%20at%20L672%20bearing%20failure,to%20these%20types%20of%20failures
https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/#:~:text=Speed
https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/#:~:text=mechanical%20damage%20from%20over%20speeding,beyond%20Point%203
https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/#:~:text=Shaft%20currents
https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/#:~:text=Installation
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=In%20industry%2C%2065,which%20reduce%20consumption%20by%2070
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=In%20industry%2C%2065,which%20reduce%20consumption%20by%2070
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf#:~:text=improving%20their%20profitability%20in%20an,Design%20and
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf#:~:text=Imagine%20trying%20to%20regulate%20the,lost%20by%20wasteful%20throttling%20mechanisms
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf#:~:text=wasted%20by%20inefficient%20constant%20speed,using%20variable%20speed%20drives
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf#:~:text=In%20pump%20and%20fan%20applications,75%293%20%3D%2042%20percent
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf#:~:text=can%20cut%20the%20energy%20bill,Or%2C%20put
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf#:~:text=motor%20at%20full%20speed%20while,constant%20speed%20and%20mechanical%20control
https://library.e.abb.com/public/736f522c7db255b0c1256ef50042f0f3/20-27%20M568.pdf
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=ABB%20Low%20Voltage%20Drives%20%E2%80%93,PDF%20link
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=Beyond%20energy%20efficiency%2C%20VFDs%20bring,for%20example%2C%20maintaining%20a%20constant
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=By%20modulating%20motor%20speed%20to,pressure%20in%20a%20pipeline%20or
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=should%20consult%20motor%20nameplates%20and,filters%20at%20the%20VFD%20output
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=to%20protect%20the%20motor,100m%29%2C%20the%20transmission%20line%20effects
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=output,manufacturers%20and%20standards%20organizations%20recommend
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=techniques%20like%20using%20insulated%20bearings,level%20approaches%20to
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=Siemens%20Industry%20White%20Paper%20%E2%80%93,for%20460%20V%20rating%2C%20and
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=Systems%2C%202015%29.%20Summarizes%20IEEE%20519,PDF%20link
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=US%20DOE%20Analysis%20,pulse%2C%2012
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=other%20considerations%20like%20motor%20cooling,for%20PDS%20safety%2C%20harmonized%20with
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W#:~:text=Eaton%20Application%20Note%20%E2%80%93%20%E2%80%9CEMC,1%20%28USA
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W
https://www.precision-elec.com/wp-content/uploads/2025/07/Variable-Frequency-Drive-VFD_-A-Comprehensive-Guide.pdf?srsltid=AfmBOorBfqQ04JVbpiYT0saq5EtsOqPvsHtYJ-5tQNUPL07d6GKBV-9W
https://huntsvilleaee.org/images/meeting/080718/mayer_vsd_energy_savings_applications_aug_2018.pdf#:~:text=Total%20electrical%20energy%20is%20100,not%20on%20pump%20and%20fans
https://huntsvilleaee.org/images/meeting/080718/mayer_vsd_energy_savings_applications_aug_2018.pdf#:~:text=60,of%20Total%20Electrical%20Energy%20Use%21%212
https://huntsvilleaee.org/images/meeting/080718/mayer_vsd_energy_savings_applications_aug_2018.pdf
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=Motor%20Speed
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=Magnetic%20Flux%E2%80%93Volts
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=For%20example%2C%20if%20the%20voltage,2%20V%2FHz
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=,used%20courtesy%20of%20Simon%20Mugo
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=Image
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=With%20VFDs%2C%20the%20motor%E2%80%99s%20rotation,directly%20into%20the%20connected%20motor
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=,used%20courtesy%20of%20Simon%20Mugo
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=In%20industry%2C%2065,which%20reduce%20consumption%20by%2070
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/#:~:text=In%20industry%2C%2065,which%20reduce%20consumption%20by%2070
https://eepower.com/technical-articles/motor-starters-part-6-variable-frequency-drives/
https://www.controlglobal.com/home/blog/11353368/yaskawa-says-it-is-the-first-manufacturer-to-ship-10-million-vfds#:~:text=different%20applications,Yaskawa%20realized%20it%20had%20to
https://www.controlglobal.com/home/blog/11353368/yaskawa-says-it-is-the-first-manufacturer-to-ship-10-million-vfds
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/#:~:text=Operation%20above%20base%20speed%3A%20Where,for%20these%20motors%20of%20175
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/#:~:text=because%20the%20volts,up%20to%2090%20Hz%2C%20that
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/#:~:text=Voltage%20stress%3A%20due%20to%20the,can%20be%20significant%2C%20the%20associated
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/#:~:text=seen%20at%20the%20motor%20terminals,system%20complies%20with%20this%20standard
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/#:~:text=Voltage%20stress%3A%20due%20to%20the,system%20complies%20with%20this%20standard
https://www.jpmotorsanddrives.com/nema-mg1-guidelines-for-adjustable-speedmotor-applications/
https://www.mdpi.com/2075-1702/11/5/550#:~:text=match%20at%20L672%20bearing%20failure,to%20these%20types%20of%20failures
https://www.mdpi.com/2075-1702/11/5/550#:~:text=bearing%20failure,to%20these%20types%20of%20failures
https://www.mdpi.com/2075-1702/11/5/550
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=AR3C%20is%20unique%20in%20that,ensuring%20long%20term%20sustainable%20operations
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=AR3C%20expects%20to%20take%20its,the%20necessary%20speed%2C%E2%80%9D%20explained%20Posthumus
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=responsible%20for%20up%20to%2065,ensuring%20long%20term%20sustainable%20operations
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=across%20the%20board
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=Productivity%20increases%20result%20form%20smooth,under%20voltage%20or%20over%20voltage
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/#:~:text=AR3C%20to%20continue%20to%20reinvest,under%20voltage%20or%20over%20voltage
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/
https://www.drivesandcontrols.ca/latest-articles/eaton-variable-frequency-drives-enhance-energy-efficiency-at-greenhouse-waste-recycling-plant/


Considerations for using VFDs with standard motors - Plant Engineering

https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/

Maximize your pump performance: Lenze variable frequency drives

https://www.lenze.com/es-us/solutions/industries/pumps

smartenergy.illinois.edu

https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf

35 51 52 53

36 37 38

41 42 43 44 45

12

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/#:~:text=Installation
https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/#:~:text=Speed
https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/#:~:text=mechanical%20damage%20from%20over%20speeding,beyond%20Point%203
https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/#:~:text=Shaft%20currents
https://www.plantengineering.com/considerations-for-using-vfds-with-standard-motors/
https://www.lenze.com/es-us/solutions/industries/pumps#:~:text=Ecodesign%20Directive
https://www.lenze.com/es-us/solutions/industries/pumps#:~:text=Reducing%20the%20speed%20or%20flow,15%20Ce%2FkWh
https://www.lenze.com/es-us/solutions/industries/pumps#:~:text=%2A%20Energy,Purge%20%28cleaning%29%20function
https://www.lenze.com/es-us/solutions/industries/pumps
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=focused%20on%20installing%20VFDs%20for,to%20invest%20manual%20labor%20into
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=Comparing%202017%20to%202022%20shows,the%20results%20for%20the%20plant
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=Applying%20VFDs%20to%20these%20pumps,optimal%20efficiency%20points%20on%20their
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=the%20treatment%20plant,For
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf#:~:text=the%20influent%20and%20effluent%20pumps%2C,pump%20staging.%20CASE%20STUDY
https://smartenergy.illinois.edu/wp-content/uploads/2023/06/Herrin-WWTP-Case-Study_Final.pdf

	AC Motors with VFDs: A Comprehensive Technical Overview
	Introduction
	AC Motor Basics and the Need for Speed Control
	Technical Considerations for Motor+VFD Systems
	Motor Selection and Inverter-Duty Ratings
	Power Quality and Harmonics
	Installation, Safety, and Standards

	Energy Savings and Performance Benefits
	Real-World Examples and Case Studies
	Conclusion


