
Variable Speed Electric Motor

Introduction

Electric  motors  are the workhorses of  industry  –  they drive pumps,  fans,  conveyors,  compressors,  and

countless other machines. Traditionally, many motors operated at a constant speed determined by the fixed

supply frequency (60 Hz in North America, 50 Hz in many other regions). However,  variable speed electric

motors have  become  essential  in  modern  applications  for  improving  efficiency  and  process  control.  A

variable speed electric  motor refers  to  an electric  motor  whose operating speed can be adjusted as

needed, rather than running at one fixed speed. Achieving this flexibility allows processes to match motor

output  to  demand,  avoiding  wasted  energy  and  wear.  In  fact,  nearly  70%  of  industrial  electricity

consumption is used by electric motors, and controlling motor speeds to only what’s necessary can unlock

huge energy savings . By avoiding running motors faster than required (for example, throttling flow with

valves  or  dampers  at  full  speed),  companies  can  reduce  energy  use,  lower  operating  costs,  and  even

decrease mechanical  stress on equipment.  Variable speed control also enables gentle motor starts and

stops, which minimize electrical surges and mechanical shock. This article delves into how variable motor

speed is achieved (especially for AC motors), why a  variable frequency drive (VFD) is typically required,

considerations  for  single-phase  vs.  three-phase  motors,  real-world  benefits  of  speed  control,  and  best

practices  for  implementation.  The  goal  is  to  provide  a  comprehensive,  technically  accurate  guide  to

leveraging variable speed electric motor technology for better performance and efficiency.

Motor Speed Basics and Control Methods

Electric motor speed is fundamentally linked to the power supply it’s running on and the motor’s design. In

an AC induction motor – the most common type in industry – the synchronous speed is determined by the

supply frequency and the number of magnetic poles in the motor. The formula is:  Synchronous Speed

(RPM) = 120 × Frequency /  Number of  Poles.  For  example,  a  standard 4-pole motor on 60 Hz has a

synchronous speed of 1800 RPM (on 50 Hz it would be 1500 RPM). The motor’s actual running speed is

slightly lower than synchronous speed due to “slip,” which is needed to produce torque.  To change the

speed of an AC motor, you must change the frequency of the AC power supplied to it. Without special

control equipment, an induction motor tied directly to mains will run at essentially fixed speed (aside from

small variations under load).

In contrast, DC motors naturally allow variable speed by adjusting the voltage or field current. Historically,

many variable speed applications (such as in traction or industry) used DC motors with adjustable voltage

drives  or  wound-rotor  AC  motors  with  resistors.  Mechanical  methods  –  like  adjustable  belt  drives,

gearboxes,  or  hydraulic  couplings  –  have  also  been  used  to  vary  the  output  speed  of  motor-driven

equipment.  However,  these  methods  can  be  inefficient,  cumbersome,  or  maintenance-intensive.  Today,

power electronics have revolutionized speed control of standard AC motors. The most prevalent solution is

the  variable frequency drive (VFD) for AC motors, which electronically varies the supply frequency (and

voltage) to the motor, allowing smooth speed control. Using a VFD effectively turns a standard fixed-speed

AC motor into a variable speed electric motor system without changing the motor design. This approach
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offers precise speed regulation over a wide range, and it has largely supplanted older DC motor systems in

many areas due to its advantages in efficiency, reliability, and cost.

Variable Frequency Drives (VFDs): How They Work and Why We

Need Them

A variable frequency drive (also called a variable speed drive, adjustable speed drive, or simply inverter) is

an electronic device that adjusts the speed of an AC motor by controlling the frequency and voltage of the

power supplied to the motor. The VFD is installed between the electrical supply and the motor, modulating

the power flow to the motor to meet the desired speed or torque output . Inside a typical VFD, the

incoming AC power is first converted to DC by a rectifier stage, then filtered in a DC link (using capacitors or

inductors to smooth it), and finally inverted back to AC at the commanded frequency and voltage. By rapidly

switching transistors  (IGBTs)  on  and off,  the  inverter  produces  a  synthesized AC waveform of  variable

frequency. This allows the motor’s speed to be ramped up or down on command. Modern drives use pulse-

width modulation (PWM) to create a near-sinusoidal current in the motor, enabling efficient and accurate

control over speed and torque.

Figure: A typical low-voltage variable frequency drive (ABB ACS355 series). This compact VFD unit takes in fixed-

frequency AC power and outputs AC power of adjustable frequency and voltage to control a three-phase motor’s

speed. Such drives are used across industries to provide precise motor control,  energy savings, and soft-start

capabilities.

Critically, a VFD lets us run an AC motor at any speed within its design range (and even above base speed in

some cases) by simply turning a dial or sending a control signal – something not possible with direct line

power alone. This capability brings several important benefits:

Energy Savings: By matching motor speed to the load requirement, VFDs eliminate the wasteful

practice of running motors flat-out and then throttling output. Especially for centrifugal fans and

pumps, the power draw drops dramatically with speed (per the affinity laws, power varies with the

cube of speed – e.g. running at 50% speed can consume only ~12.5% of the power ). This means

huge energy reductions in HVAC systems, pumping stations, etc., when flow is controlled by speed

instead of valves. In many industrial systems, installing modern VFDs has cut energy consumption

by 20–50% for variable load applications . One ABB survey of motor systems found an average

energy-saving potential of around 31% per motor by using efficient drives and controls . VFDs

often pay for themselves quickly through energy cost savings.

Improved Process Control: A VFD gives precise speed control over the motor, allowing processes

to be fine-tuned. For example, conveyor speeds can be adjusted to match production rates, or pump

flow can respond smoothly to feedback from sensors. Unlike simple on/off or mechanical controls,

electronic drives can automatically ramp speed up or down to maintain desired setpoints (pressure,

temperature, etc.),  resulting in better consistency and quality in manufacturing processes. Speed

adjustments can be as subtle or rapid as needed, and many VFDs include programmable logic or

network interfaces to integrate into automation systems.

Reduced Mechanical Stress: Starting an AC motor across the line (direct on full voltage) subjects it

to a large inrush current and a sudden torque jolt. VFDs act as excellent soft starters by accelerating
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the motor gradually (controlling both frequency and voltage during startup). This avoids the massive

current spike (which can be 6–8 times full load current in an across-the-line start) and mechanical

shock  to  couplings,  belts,  and  driven  equipment .  The  motor  and  machine  experience  a

smooth  ramp-up,  extending  their  lifespan.  Likewise,  controlled  deceleration  can  prevent  water

hammer  in  pumps  or  product  damage  on  conveyors.  Overall,  wear-and-tear  on  mechanical

components and electrical infrastructure is greatly reduced.

Multiple Motor Capabilities and Phase Conversion: In some cases, one appropriately sized VFD

can control multiple motors (if they all run at the same speed, such as parallel fans), providing a

coordinated speed adjustment. Additionally, VFDs can serve as  phase converters – many models

can take single-phase input power and create three-phase output to run a three-phase motor (more

on this later).  This is a superior alternative to older rotary phase converters, since VFDs have no

moving parts  and can both convert  phase and vary  speed at  the  same time .  They are  also

compact and quiet in comparison .

Other Functional Benefits: Modern VFDs come with a host of features such as built-in overload

protection,  torque  control  or  “vector”  control  algorithms  for  high  performance  at  low  speeds,

regenerative braking (in  higher-end models)  to  recover  energy,  and communications for  remote

monitoring. They also reduce peak demand charges by lowering startup currents and can improve

power factor. By running motors only as fast as needed,  VFDs cut not only energy use but also

maintenance costs, downtime, and even audible noise in many cases .

Given these benefits, it’s no surprise that  variable frequency drives are the most common method to

achieve variable speed on AC motors today . VFDs are used in everything from small appliances to

giant industrial machines . They have become more affordable, reliable, and user-friendly over the years,

making variable speed control widely accessible. 

VFD Manufacturers and Product Range

Because VFDs are so vital for modern motor control, many electrical manufacturers produce drives in a vast

array  of  sizes  and  capabilities.  Major  drive  producers  include  ABB,  Siemens,  Rockwell/Allen-Bradley, 

Schneider Electric,  Yaskawa,  Mitsubishi,  Hitachi,  Eaton (Cutler-Hammer),  Lenze,  Danfoss,  WEG,  and

others – and Precision Electric, Inc. works with many of these brands. Generally, VFDs are categorized by

their  power  and voltage  ratings,  as  well  as  by  application  type  (such  as  general-purpose,  HVAC,  high-

performance vector drives, etc.). 

For low-voltage AC drives (running on 230 V or 460 V supply, which covers most commercial and industrial

motors), the available power range is enormous. For example, Yaskawa’s industrial AC drive lineup covers

motors from as small as 1/8 horsepower (HP) to over 2250 HP in their standard low-voltage product range

. ABB offers an even broader spectrum in its portfolio – from about 0.25 HP (0.18 kW) up to 7500 HP

(5600 kW)  in  low-voltage drives  –  which  is  enough to  run huge compressor  trains  or  rolling  mills.

Medium-voltage drives (for 2300 V, 4160 V, etc.) can reach ratings of tens of thousands of horsepower for

heavy industries like oil & gas, mining, or marine propulsion. 

What this means for the end user is that there is likely a VFD available for virtually any motor-driven system,

large or small.  Small  microdrive units the size of  a shoebox can control  fractional  horsepower motors

(common in machine tools or packaging equipment), whereas cabinet-built drive systems can handle large
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hundreds-or-thousands-HP motors (like those in steel mills or pumping stations). There are also application-

specific  VFDs  –  for  instance,  HVAC drives optimized  for  fans  and pumps (with  features  like  fire-mode

overrides), high-torque drives for cranes or extruders, servo drives for precision motion, and integrated

drives that come built into motors. 

Precision Electric, Inc., as a supplier and service provider, offers VFD products from many of these leading

manufacturers. This includes popular models such as ABB’s ACS series, Yaskawa’s drives (e.g. GA800, V1000/

VFD microdrives), Eaton’s SVX/SPX series, Lenze’s AC Tech SMVector drives, Hitachi’s SJ and WJ series, and

more. Each brand has its own design features and interface, but all serve the core purpose of delivering

adjustable frequency power to motors. When selecting a drive, the key is to match the drive’s specifications

to  the  motor  and  application  requirements  (horsepower,  voltage,  current,  overload  capacity,  control

features, etc.), as well as ensuring you have support for programming and maintenance. Precision Electric

provides technical support for every VFD it sells and can guide customers in choosing the right model for

their needs – a critical service given the wide variety of options on the market . With nearly 30 years of

experience working closely with VFD manufacturers and industrial users, Precision Electric helps ensure

that customers get a reliable solution tailored to their variable speed application.

Single-Phase vs. Three-Phase Motors: Why 3-Phase is

Recommended for VFDs

One common point of confusion is whether you can use a single-phase motor with a variable frequency

drive. Many smaller or residential motors (e.g. in farms, workshops, or appliances) are single-phase – they

run on ordinary 120 V or 240 V single-phase AC. However, standard VFDs are designed to  control three-

phase AC motors, and using them with single-phase motors is generally not recommended. There are a

few fundamental reasons for this:

Starting Mechanism of Single-Phase Motors: Most  single-phase induction motors have a start

circuit (typically a capacitor and a centrifugal switch, or a start winding) to get the motor turning. At

rest,  a  single-phase motor’s  main winding alone cannot start  rotation,  so the start  winding and

capacitor create a phase shift to produce an initial torque. Once the motor approaches operating

speed, a centrifugal switch usually disconnects the start winding/capacitor. If you try to run such a

motor at variable frequencies, especially below full speed, the start capacitor may never disengage

properly . Running a capacitor-start motor at reduced speed can lead to the start circuit

staying  energized  too  long,  causing  overheating  of  the  capacitor  or  winding.  In  essence,  the

motor’s design assumes full-speed operation for proper switch function. Additionally,  some VFDs

that output two phases (trying to drive a single-phase motor) may trip on faults because they don’t

see current in a third phase – they interpret the uneven current as an error .

Performance  and  Compatibility: Single-phase  motors  (especially  capacitor-start,  capacitor-run

designs) are simply not built for speed control over a wide range. Their torque characteristics and

cooling are tuned for operation at the single line frequency. As one engineer succinctly put it, “Single-

phase motors will almost never operate well at variable speed due to the way they start” . Even if you

could vary the frequency to a single-phase motor, at lower speeds the motor’s built-in fan may not

provide enough cooling, and the pulsating one-phase torque could cause instability. Manufacturers

of VFDs typically do not support single-phase motors on the output – if you check VFD manuals,

they almost always assume a three-phase motor is connected.
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VFD Design:  Internally, a three-phase VFD creates a balanced three-phase AC output. If you only

connect a single-phase motor (which effectively uses two of the three output legs), the VFD’s output

currents will be imbalanced. Many drives have phase-loss detection or require all three outputs to

carry current. Some niche VFD products exist that are designed for permanent split capacitor (PSC)

or shaded-pole single-phase motors, but these are relatively rare and limited to very small motors

(such as fans). They also cannot handle motors with starting capacitors or centrifugal switches at all

. For the vast majority of use cases, trying to use a normal VFD on a typical single-phase

motor will either not work or will quickly damage the motor, the drive, or both .

The recommended solution for those who have only single-phase power available but need a variable

speed motor is: use a VFD with single-phase input to drive a three-phase motor. In other words, replace

the motor with a three-phase motor of the same size (and appropriate voltage), and use a VFD that can

be fed by your single-phase supply and output three-phase power .  Three-phase motors are readily

available in all sizes, often not much more expensive than their single-phase counterparts, and they lend

themselves to smooth speed control via VFD. Many VFDs on the market are actually rated for single-phase

input – typically in low horsepower ranges (commonly up to 3 HP at 230 V). These drives internally only use

two input diodes of the rectifier and need to be derated (since single-phase input has to provide the same

DC bus power with higher current). Precision Electric recommends using a purpose-built VFD as a phase

converter for such scenarios, and indeed sells “phase converting” VFD units that accept 208–240 V single-

phase and output 208–240 V three-phase for motors . For example, the Lenze AC Tech SMVector drive is

a model available in 1–3 HP ratings that can run on single-phase input and power a three-phase motor –

effectively acting as both a VFD and phase converter in one device.  If  larger than 3 HP is needed, the

strategy is to oversize a standard three-phase drive (many manufacturers provide guidelines for single-

phase supply by using a drive rated ~1.73 times the motor HP to account for higher input current) .

Precision Electric has solutions for applications well above 3 HP using this approach .

In summary, trying to use a VFD directly on a single-phase motor is not advised. The best practice is to

switch to a three-phase motor, which will run more smoothly and efficiently under VFD control. Three-phase

motors don’t  require start  capacitors and have inherently constant torque with a balanced three-phase

supply, making them ideal for variable frequency operation. This may require some investment in a new

motor, but it pays off in performance and reliability. Many customers in single-phase-only environments

(such as rural workshops or facilities without 3-phase utility service) have successfully converted equipment

by installing a VFD and a new three-phase motor, rather than using clunky mechanical drives or enduring

poor single-phase speed control. The VFD not only provides speed variation but also addresses the phase

conversion, far outperforming old rotary phase converters or other alternatives .

Real-World Applications and Benefits of Variable Speed

The impact of variable speed control can be dramatic in real-world installations. Here we highlight a few

common application areas and a case study to illustrate the benefits:

Pumps and Fans (HVAC and Industrial Fluids): Pumps and centrifugal fans are textbook examples

where slowing the motor yields exponential energy savings. As noted earlier, reducing speed even

modestly can slash power draw due to the cubic relationship between speed and power . For

instance, many building HVAC systems now use VFDs on air handler fans and chilled water pumps so

that when demand is low, the motors slow down and use a fraction of the energy compared to full

speed. This also improves comfort and reduces noise. In water distribution or wastewater treatment,
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VFD-controlled pumps can maintain target  pressures or  levels  without  the need to continuously

bypass or throttle flow. Energy savings of 20-50% are common in pump/fan systems retrofitted with

VFD control, and utility companies often incentivize such upgrades due to the significant electrical

demand reduction . Additionally, soft starting via VFD means no pressure surges in piping and

less stress on valves and fittings.

Manufacturing and Material Handling: Conveyor systems, mixers, grinders, and other production

machinery benefit from variable speed by enabling process tuning and flexibility.  For example, a

bottling line conveyor can slow down or speed up to match upstream or downstream operations,

preventing backups. In machining or metalworking, being able to dial in the spindle or feed rate

optimizes the process for different materials. Reduced downtime is another benefit – with VFDs one

can ramp down machines gently, and some drives can even signal maintenance alerts (e.g. detecting

an increase in motor current that might indicate a jam or bearing issue). The improved control often

leads to better product quality and less waste.

Energy  and  Environmental  Systems: Cooling  towers,  compressors,  and  even  large-scale  air

compressors increasingly use variable speed drives. For air compressors, a  variable speed drive

compressor can adjust its motor speed to maintain air pressure, avoiding the extreme unload/load

cycling of fixed-speed compressors – this saves energy and reduces idling time. In renewable energy

or  storage,  VFDs  are  used  to  control  motors/generators,  and  in  electric  vehicles,  the  motor

controllers (while DC-fed) are essentially variable frequency drives controlling AC motors.

Case  Study  –  Wastewater  Pumping: A  striking  example  of  the  benefits  is  from  the  City  of

Columbus wastewater treatment facility. The facility had been using constant-speed pumps and

was throttling flow, which wasted energy. In 2011, they upgraded three of five influent pumps to

variable speed (adding submersible pumps driven by VFDs, along with updated controls) . The

results, after monitoring power consumption before and after, were impressive. The specific energy

(kWh per million gallons pumped) dropped from  259 kWh/MG to 179 kWh/MG,  roughly a  30%

energy reduction for that process . Moreover, the peak electrical demand of the pump station

was cut  in  half  –  from about  60 kW down to 30 kW during pumping cycles .  This  not  only

translates to direct energy cost savings but also lower demand charges and increased capacity for

the utility. The VFDs also provided a more stable control of wet well levels, and reduced the manual

intervention needed for starting pumps (since previously, starting multiple large motors could cause

surges). This case illustrates how retrofitting variable speed drives in place of constant-speed motors

can yield tangible performance improvements and financial payback.

Other Notable Examples: In the HVAC realm, large commercial buildings that have installed VFDs

on chillers and air handlers often report energy savings in the order of 20-30% along with better

temperature control. Industrial firms have used VFDs to solve problems like mechanical shock – e.g.

a  manufacturer  of  fiberglass  products  found  that  ramping  their  mixer  motor  slowly  eliminated

product  cracking  that  occurred  when a  high-speed  mixer  was  abruptly  turned  on.  Agricultural

applications like grain augers or dairy barn ventilation also use drives to adapt to conditions (for

instance, slowing fans at night when temperatures drop, saving electricity). These examples barely

scratch the surface – virtually any process using an electric motor could potentially benefit from

variable speed if there is any variability in the needed output.
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In summary, the real-world outcomes of adopting variable speed motor control often include significant

energy savings, lower peak power demand, improved process precision, and reduced maintenance costs.

Many companies also find that these improvements help meet sustainability goals by cutting power usage

and associated carbon emissions. The key is analyzing the system to see where a motor is doing excess

work that can be avoided – VFDs give you the lever to turn it down to “just right.” 

Technical Considerations and Best Practices

Implementing a variable speed motor system with VFDs does require attention to some technical details.

Both the motor and the drive must be chosen and configured properly to ensure a safe, efficient, and long-

lasting solution. Here are some critical considerations and best practices:

Motor Design and Inverter Duty: Not all motors are equal when it comes to being driven by a VFD.

The output of a drive is a pulse-width modulated waveform which can impose higher voltage stress

on the motor’s insulation and create voltage spikes at the motor terminals (especially if long cable

runs are used).  Inverter-duty motors are recommended for VFD applications – these are motors

built  with  enhanced  insulation  systems,  often  meeting  standards  like  NEMA  MG1  Part  31 which

requires the motor to withstand peak voltages of 1600 V with fast rise times . Many general-

purpose  motors  (NEMA  MG1  Part  30)  can  be  used  on  VFDs,  but  it’s  wise  to  check  with  the

manufacturer if the motor is suitable for inverter use or if any filters are needed . If you have an

older motor or one not labeled inverter-duty, you might consider adding an output filter (such as a

dV/dt filter or sine wave filter)  on the drive’s  output to soften the voltage transients .  This is

especially important when motor lead lengths are long (long cable runs can cause reflected wave

spikes). The only mandated standard for inverter-fed motors in the U.S. is NEMA MG1 Part 31, so

ensure your motor at least meets that or take protective measures . 

Thermal Considerations at Low Speed: When a standard AC motor runs at reduced speed, its built-

in  fan (which is  usually  shaft-mounted)  also slows down and may not  provide sufficient  cooling

airflow. As a rule of thumb, running a motor below ~50% of its rated speed for extended periods can

lead to overheating if the motor is self-cooled. To address this, you might derate the motor (use a

larger motor than otherwise needed so it runs under capacity and stays cooler) or use an external

cooling fan (some inverter-duty motors come with a constant-speed blower). Every 10°C increase

over the motor’s rated temperature can halve the insulation life , so keeping the motor cool is

vital  for  longevity.  If  your  application requires  low speeds under  heavy load for  long durations,

specify a motor rated for that duty or discuss cooling solutions with the supplier. In many cases,

vector-duty motors have higher temperature rise margins and thermostats to help manage this.

Monitoring motor temperature (either via built-in sensors or manually) is a good practice when first

tuning a low-speed application.

Proper Sizing and Overload Capacity: Select a VFD that matches or slightly exceeds the motor’s

horsepower and current ratings. Drives are typically rated for a certain continuous current and an

overload  (e.g.  150%  for  60  seconds).  Ensure  the  drive  can  handle  the  starting  and  peak  load

demands of your motor/load. If the motor will be operated above base speed (in the so-called field-

weakening  or  constant  horsepower  region),  be  aware  that  torque  will  drop  off  as  frequency

increases beyond 60 Hz. Standard NEMA B motors can often run up to 90 Hz at constant horsepower

output , but check the torque requirements of the load at higher speeds. Oversizing the drive a

bit can provide extra thermal capacity if the application is harsh. Conversely, do not undersize a VFD –
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that  can  lead to  nuisance  trips  or  even drive  failure.  Include a  service  factor or  margin  if  the

environment is hot or if multiple motors are driven by one VFD.

Electrical  Installation –  EMI and Protection: VFDs,  by  nature of  high-frequency switching,  can

generate electrical noise (EMI) and harmonics on the power line. Follow best practices in installation:

use  shielded  motor  cables and  ground  them  properly  to  contain  radiated  noise ,  keep

control  and  signal  wiring  separate  from  power  cables,  and  use  line  reactors  or  input  filters  if

necessary.  A  line  reactor on  the  input  of  the  drive  is  often  recommended  to  reduce  voltage

transients from the supply and to mitigate harmonic distortion back into the grid . This helps

protect  the  drive  and  other  equipment.  For  long  motor  leads,  output  reactors  or  filters  (as

mentioned) will protect the motor insulation. It’s also wise to consider  shaft grounding rings or

insulation for larger motors – VFD-induced currents can build up on the motor shaft and potentially

pit the bearings (a phenomenon called EDM). Many inverter-duty motors include shaft grounding

brushes or rings, or you can retrofit them . Make sure to follow  manufacturer guidelines for

wiring and fusing: the drive’s manual will specify the proper fuses or circuit breaker, cable sizes, and

grounding method. Improper wiring can result in erratic behavior or interference. Good grounding

is essential both for safety and for the VFD’s built-in filters to work properly.

Programming  and  Tuning: Modern  VFDs  come  with  an  array  of  parameters.  It’s  important  to

program the basic motor parameters (motor voltage, full-load current, base frequency, and motor

base speed) into the drive so it knows how to control your motor correctly. Enabling features like

automatic  torque  boost or  slip  compensation  can  help  maintain  speed  under  varying  load.  If

precise  speed  regulation  at  near-zero  speed  is  needed,  a  sensorless  vector mode  or  even  a

feedback encoder might be required – many VFDs support these for improved low-speed torque.

Also set appropriate acceleration and deceleration times to avoid tripping on over-current or over-

voltage. Some experimentation may be needed to find the optimal ramp times that the load can

accept  without  causing drive trips  (for  instance,  decelerating a  high-inertia  load too quickly  can

cause regenerative energy to trip an overvoltage fault if no braking resistor is present). Many drives

have preset speeds, PID controllers, and other advanced functions – leverage these to optimize your

system (for example, the VFD can directly control pump pressure via its PID loop, eliminating the

need for a separate controller).

Safety and Standards Compliance: When integrating a VFD, remember that it can generate high

frequency leakage currents  –  so proper  grounding and use of  Ground Fault  Circuit  Interrupters

(GFCIs) can be tricky (special GFCIs that tolerate drives may be required in some cases). Be mindful of

electrical codes: in industrial settings, VFD installations should follow NFPA 70 (NEC) requirements,

and the drive should be UL listed. If your process is safety-critical, consider implementing a “safe

torque off” function (many drives have an STO input that can be tied into emergency stop circuits to

safely disable the drive output). Adhere to relevant standards such as IEEE 519 for harmonics if you

have a large installation – this may involve harmonic filters or multi-pulse drives to keep current

distortion in check. Also, ensure the environment is suitable: drives have enclosure ratings (open

chassis, NEMA 1, NEMA 4X, etc.). For dusty or wet areas, use a drive in a proper enclosure or a drive

that is built for that environment.

By following these best practices – selecting the right motor and VFD, installing with care to electrical/

mechanical considerations, and configuring the drive correctly – you can maximize the benefits of variable

speed  control  while  avoiding  common  pitfalls.  When  in  doubt,  consulting  with  experts  (such  as  the
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engineers at Precision Electric or the drive manufacturer’s support line) is highly recommended, especially

for complex or high-power systems. A little upfront planning and setup can ensure your  variable speed

motor system runs smoothly, efficiently, and safely for many years.

Conclusion

The ability to adjust the speed of an electric motor on demand is a powerful tool in improving industrial and

commercial  systems.  A  variable  speed  electric  motor setup  –  typically  an  AC  motor  paired  with  a

compatible VFD – gives operators complete control over motor performance, resulting in energy savings,

enhanced process control, and reduced maintenance costs. We’ve seen that while AC motors on their own

are fixed-speed devices, the advent of solid-state variable frequency drives has made it straightforward to

vary  motor  speeds  to  exactly  what  a  process  requires.  From HVAC fans  to  factory  conveyors  to  water

pumps, the applications are virtually endless. Additionally, using VFDs as phase converters opens up the use

of efficient three-phase motors even in single-phase locales, with better results than trying to force single-

phase motors into variable service.

When implementing variable speed control, it’s important to choose quality components and adhere to best

practices – ensuring the motor is suitable (or protected accordingly) and the drive is installed and tuned

correctly.  Industry  standards  like  NEMA  MG1  and  IEEE  guidelines  are  in  place  to  help  users  achieve

reliability and safety. The good news is that major manufacturers (ABB, Yaskawa, Siemens, Eaton, Hitachi,

and many more) offer a rich selection of drives and motors to fit any need, and support is readily available.

Precision Electric, Inc. is one such resource – a provider of VFDs, motors, and technical services – which

can assist in selecting and supporting the right variable speed solution for your application. With decades of

experience, they emphasize not only selling hardware but also educating users on proper application and

offering repair services to keep downtime minimal.

In conclusion, converting a standard electric motor into a variable speed motor system via a VFD is often

one of the best investments to improve efficiency and performance. The technology has matured to be

highly reliable and user-friendly, and the payoff in energy reduction alone can be substantial. Whether you

are retrofitting an existing machine or designing new equipment, considering variable speed control is now

a standard best practice. By running motors  only as fast as needed, you’ll save energy, prolong the life of

your equipment, and gain a new level of control over your operations. In a world where efficiency and

flexibility are paramount, variable speed electric motor technology stands out as a key enabler – one that

Precision Electric and other industry experts are ready to help you implement for lasting benefits.
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