
VFD Control: Overview, Benefits, and Top Product

Examples

What is VFD Control?

A Variable Frequency Drive (VFD) is an electronic motor controller that adjusts the speed and torque of an

AC electric  motor  by  varying the  frequency  and voltage of  the  power  supplied  to  that  motor【5】.  In

essence, a VFD allows an otherwise fixed-speed motor to run at  variable speeds, including soft-starting

and stopping, by outputting AC power at an adjustable frequency. The relationship between frequency and

motor speed is given by N = 120·f/p (where p is the number of motor poles)【5】. For example, a standard

two-pole motor on 60 Hz power runs ~3600 RPM; with a VFD, the same motor can be held at any speed

from zero up to its rated max (and even beyond base speed in special cases). VFD control replaces older

mechanical  speed control  methods (like gears or throttling valves)  with precise electronic regulation of

motor input – enabling motors to run only as fast as needed for the load instead of at full blast constantly

【5】.  Modern  VFDs  are  solid-state  devices  (built  from  high-power  transistors,  diodes,  etc.)  and  have

become a cornerstone of today’s industrial automation and energy management systems.

How VFDs Work: Internally, a VFD is a type of power converter. It first uses a rectifier to convert incoming

AC mains (fixed 50/60 Hz) into DC, then a  DC link stage smooths and filters that power, and finally an

inverter stage generates a new AC output of the desired frequency (and corresponding voltage) using high-

speed  switching  (PWM  –  pulse  width  modulation)【41】.  Essentially,  the  drive  “chops”  the  DC  into  a

synthesized AC waveform at the required frequency. By continuously regulating the output frequency (and

voltage in proportion to maintain magnetizing flux), the VFD can make the motor run slower or faster on

demand.  A  built-in  controller manages  this  whole  process.  Early  VFDs  primarily  used  open-loop  V/Hz

control (maintaining a constant volts-per-hertz ratio). In contrast, most modern drives use advanced vector

control  algorithms:  they  actively  adjust  output  based  on  motor  feedback  (either  with  a  sensor  or

sensorlessly via motor model) to hold precise speed and torque. For instance, high-performance drives like

ABB’s ACS880 series employ Direct Torque Control (DTC), directly controlling motor flux and torque in real

time without requiring an encoder【31】. This gives very fast response and accuracy even at low speeds or

during rapid load changes. VFDs also typically include many protective and convenience features – such as

programmable acceleration/deceleration ramps, overcurrent and overvoltage trip protection, and interfaces

for remote control and monitoring. Many units have network communication options (Modbus, Ethernet/IP,

PROFINET, etc.) for integration into wider control systems, and safety features like Safe Torque Off (STO) to

meet functional safety standards【31】. In short, a VFD is an intelligent controller that modulates an AC

motor’s supply frequency (and voltage) on the fly, thereby governing the motor’s speed and torque output

with fine granularity.
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Example of a modern VFD unit (Yaskawa GA800 drive). The front panel keypad/display allows configuration, real-

time monitoring, and control of the AC drive.

Benefits of VFD Control

VFDs are used anywhere we need to fine-tune motor speed or torque instead of running a motor at full

power all the time. Adopting VFD control in appropriate applications yields a wide range of benefits:

Significant Energy Savings: Perhaps the biggest  benefit  of  VFDs is  improved energy efficiency,

especially  for  variable  torque loads  like  fans  and  pumps.  Reducing  speed  just  a  little  can

dramatically cut power consumption. (This comes from the affinity laws: for centrifugal devices, flow

is proportional to speed, but power scales roughly with the  cube of  speed【24】.)  For example,

Eaton notes that slowing a fan to 50% speed might require only about 1/8th (12.5%) of the power

compared to full speed【24】. In practical terms, a 500 HP industrial fan that usually runs at partial

capacity could save on the order of \$100,000 per year in energy by using VFD control instead of

dampers or throttling【24】. Similarly, a pumping system that matches pump speed to demand can

eliminate wasteful pressure drop across valves. The U.S. Department of Energy estimates that 20–

50%  energy  savings  are  common  when  implementing  VFDs  in  variable-flow  applications,  often

yielding payback in under 2 years【10】. 

Optimized Process Control: VFDs give precise speed control over motors, which improves process

performance and product  quality.  Instead of  one-speed-fits-all,  a  motor can be run at  the exact

speed needed for the current task. This is crucial in manufacturing lines, conveying systems, mixers,

etc.,  where  speed  adjustments  can  synchronize  production  flow  and  prevent  bottlenecks.  For

instance,  conveyor  belts  can  be  slowed  or  sped  up  to  coordinate  with  upstream/downstream

operations, and mixers or agitators can run at recipe-specific speeds. VFDs also allow “on-the-fly”

changes  in  motor  speed  via  PLC  or  sensor  feedback  signals,  enabling  closed-loop  control of

parameters like pressure, flow, or tension. The result is a more flexible and responsive system –

improving everything from material handling to HVAC climate control. Many building automation
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systems now use VFDs on fans and pumps to maintain temperature or pressure setpoints much

more accurately than traditional on/off or valve control. This not only saves energy but also tends to

improve  occupant  comfort  and reduces  wear  on  equipment  (since  the  motors  aren’t  constantly

cycling between off and full speed).

Reduced Mechanical Stress (Soft Start/Stop): A VFD inherently provides a soft start capability by

ramping up the motor’s frequency and voltage gradually rather than slamming it with across-the-

line full voltage. This soft acceleration avoids the high inrush currents (and huge torque spike) that

occur  when  a  motor  is  started  DOL  (Direct-On-Line)【22】.  The  benefit  is  greatly  reduced

mechanical  shock on  couplings,  belts,  gears,  and  the  driven  load.  Pumps,  for  example,  avoid

pressure surges (water  hammer)  on startup,  and conveyors  accelerate smoothly  without  jerking

product. Likewise, VFDs can softly decelerate and even  hold a controlled ramp-down, preventing

sudden stops. This gentle treatment extends the lifespan of both the motor and the driven machine

or process. In pumping stations, for instance, using VFDs to ramp up pumps has been shown to

halve the peak demand on the electrical system and eliminate pressure spikes in piping【54】. VFDs

effectively combine the roles of a starter and a controller – they limit start current, prevent torque

shocks,  and  often  include  built-in  motor  protection  functions  (overload,  overtemperature,  stall

prevention, etc.). All of this means less downtime and maintenance cost over the long run.

Peak Demand Reduction and Power Factor: Because VFDs reduce the starting surge current and

can trim motor speed when full output isn’t needed, they can lower a facility’s peak power demand.

Utilities often charge extra for peak kW demand – VFD retrofits in large installations (such as water

treatment plants) have cut peak draws significantly (one case study showed pump inrush demand

dropping  from  60   kW  to  30   kW)【54】.  Over  time,  this  yields  cost  savings  on  electric  bills.

Additionally, modern PWM VFDs tend to maintain high power factor (near unity) under load, so they

minimize reactive power penalties. (Do note, however, that VFDs do introduce harmonics into the

power  system;  mitigation  like  AC  line  reactors  or  filters  is  sometimes  used  to  meet  IEEE   519

harmonic  distortion  standards.)  Overall,  the  ability  to  avoid  running  motors  at  full  throttle

unnecessarily  not  only  saves  energy  but  also  cuts  peak  amps and  improves  the  electrical

efficiency of the system.

Extended Equipment Life & Other Benefits: By matching motor speed to actual load requirements,

VFDs often allow equipment to run cooler and quieter. For example, an HVAC fan running at half

speed produces much less noise and vibration, improving the environment and reducing wear on

fan  blades  and  bearings.  Eliminating  the  frequent  start-stop  cycles  (by  letting  a  motor  run

continuously at a lower speed) can also extend the life of motors and driven equipment – stopping

and starting puts a lot of thermal and mechanical strain on systems. Many VFDs include advanced

diagnostics and IoT connectivity,  providing data on energy use, load, voltage, etc.,  which can be

leveraged for predictive maintenance or system optimization. Some drives even have built-in PLC-

like logic  or  PID controllers,  so they can perform standalone control  tasks.  In sum,  operational

flexibility is greatly enhanced: one can adjust processes in real-time, adapt easily to new production

recipes or materials,  and even integrate safety functions.  For instance, a VFD can perform  “safe

torque off” to quickly remove power to the motor without completely powering down the drive, as a

safety measure during an E-stop condition【31】.  VFDs in elevator or crane applications provide

smooth motion and precise braking control,  improving safety and user comfort.  In HVAC,  many

building codes and “green building” standards now actually  require variable speed control on large
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fans and pumps due to the energy code mandates【1】. All these factors make VFDs an extremely

compelling upgrade in any electric motor system where variable output is acceptable.

VFDs are key to energy-efficient HVAC systems in large buildings. In one retrofit, a Dubai luxury hotel installed

VFDs on its air handling units and chiller pumps, cutting HVAC energy use by roughly 25% while improving climate

control【65】.

Real-World Examples: The benefits above aren’t just theory – they are well documented in practice. In the

water/wastewater industry, for example, the City of Columbus retrofit three of its constant-speed influent

pumps with VFD-driven pumps and was able to reduce the energy consumed per million gallons pumped by

30%, as well as eliminate the pressure surges in the piping system【54】. The peak demand on their utility

meter dropped by half after VFDs replaced across-the-line starters. Similarly, in a high-rise building HVAC

retrofit, a large hotel in Dubai added VFDs to dozens of air handling unit fans. The result was about 25%

less electrical consumption for cooling, with the added bonus of lower noise and better temperature

control in the building【65】. On top of that, the hotel’s management found that the investment in drives

paid back via energy savings in only about 14 months. In  industrial manufacturing, a plastics company

reported that  using VFDs on their  extruder motors allowed them to vary the screw speed to precisely

control  product  throughput,  reducing  scrap  rates  by  maintaining  tighter  speed  tolerances.  Countless

facilities have similar stories – from sawmills using VFDs to smoothly ramp saw motors (preventing belt

slippage),  to farmers using VFD-driven irrigation pumps that adjust  speed based on pressure feedback

(saving both water and power). In short, VFD control enables  “doing more with less”: delivering just the

right amount of energy to the motor for the task at hand, which optimizes performance and slashes waste.

VFD Product Recommendations

Not all VFDs are created equal – they come in a range of sizes, performance levels, and feature sets. When

selecting  a  drive,  one  should  consider  the  motor  ratings  (voltage,  HP/current,  phase),  the  control

requirements (basic  V/Hz vs.  advanced vector control,  etc.),  and any application-specific needs (such as

HVAC protocols, regenerative braking, outdoor rating, etc.). Below we highlight several  top VFD product
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lines from  reputable  manufacturers  (all  available  through  Precision  Electric,  Inc.)  that  showcase  the

capabilities discussed:

ABB: This manufacturer offers a comprehensive range from micro-drives to industrial high-power

drives. For example, the  ABB ACS580 series is a popular general-purpose VFD family designed for

ease of use and efficiency. It comes with all essential features built-in (intuitive keypad, macros for

pumps/fans, integrated EMC filter and DC choke for clean power) and covers power ratings roughly

from 0.5 HP up to 700 HP【42】.  ABB drives are known for robust design – e.g. the ACS580 has

coated circuit boards and built-in thermal sensors to thrive in harsh environments【42】.  On the

high-performance  end,  the  ABB  ACS880 series  provides  advanced  control  for  demanding

applications.  It  utilizes ABB’s proprietary  Direct Torque Control technology to achieve extremely

precise speed and torque regulation without encoders【31】. The ACS880 can handle virtually any

type of AC motor (including permanent magnet and synchronous reluctance motors) and offers a

modular platform with options like active front-ends (for regenerative braking and low harmonics),

safety  modules,  fieldbus  communications,  and  more【31】.  These  ABB  drives  comply  with

international standards (IEC/UL) for safety and EMC – for instance, the ACS880 includes an integrated

SIL3-rated Safe Torque Off. Bottom line: ABB VFDs are a great choice when you need high reliability,

broad power range, and advanced motor control features (their drives are widely used in industries

from pulp & paper to oil & gas).

Hitachi: Hitachi produces a range of AC drives that balance strong performance with user-friendly

design. A standout is the  Hitachi SJ-P1 series, which is a high-performance inverter designed for

demanding  industrial  applications.  The  SJ-P1  can  run  both  standard  induction  motors  and

permanent magnet (PM) motors, offering you future flexibility in motor selection【46】. It features

dual rating modes (normal and heavy duty)  up to about 500 HP and supports advanced control

modes including sensorless vector and full closed-loop vector with an encoder. Notably, the SJ-P1 has

specialized protection algorithms to prevent demagnetization of PM motors under heavy overload

conditions【46】 – this reflects Hitachi’s focus on reliability. Networking and integration are also a

strong suit:  the  drive  has  built-in  RS-485  (Modbus)  and  options  for  all  major  fieldbus  protocols

(Ethernet/IP, ProfiNet, EtherCAT, etc.)【46】, making it easy to drop into any automation system. For

simpler needs or smaller motors, Hitachi’s  WJ200 series (up to ~20 HP) is a very popular general-

purpose VFD that offers sensorless vector control and even an integrated PLC functionality for basic

logic tasks. And for fractional horsepower or budget-sensitive projects, Hitachi’s  NES1 microdrive

provides V/Hz control in a compact package. In summary, Hitachi drives are known for being robust

and cost-effective – they often pack high-end features (like logic programmability and permanent-

magnet  motor  capability)  at  a  competitive  price  point,  suitable  for  OEM  machinery  and  plant

upgrades alike.

Eaton: Eaton’s portfolio includes both standard drives for industrial power control and application-

specific solutions for HVAC and pumping. For general purpose use, the PowerXL series (such as the

Eaton  DG1)  covers  a  wide  power  range  with  sensorless  vector  control,  built-in  BACnet

communications, and configurable I/O to tackle most motor tasks. Eaton also addresses the HVAC

market with its H-Max series drives, which are optimized for fans, blowers, and pumps in building

automation.  An H-Max VFD comes with pre-loaded HVAC macros and an “Active Energy Control”

algorithm that  maximizes  motor  efficiency  at  partial  loads【49】.  The  hardware  is  designed for

reliability:  for  example,  the H-Max uses an ultra-efficient  DC capacitor  and coated electronics  to

handle  heat  and  humidity  in  mechanical  rooms【49】.  It’s  available  in  NEMA  1  and  NEMA  12
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enclosures for indoor or dusty environments, and supports HVAC protocols like Modbus TCP, BACnet,

and LonWorks for easy BMS integration【37】. Eaton’s higher-end drives (formerly branded Cutler-

Hammer) like the SVX9000/SPX9000 series go up to hundreds of HP and have options for 18-pulse

or active front ends to meet strict harmonic distortion requirements. Additionally, Eaton offers soft

starter/VFD combination units (IntelliPass) that can bypass the drive if needed – useful in critical

applications.  Overall,  Eaton drives are a solid choice, especially if  you have a mix of commercial

HVAC needs and industrial motor control – they emphasize energy savings, easy setup (with wizards

and copy-paste of parameters),  and strong support for integration with building or plant control

systems.

Lenze (AC Tech): Lenze’s drives are widely used in machinery and automation due to their compact

size and simplicity. The latest Lenze i500 series is a modular inverter line spanning roughly 0.33 HP

to 175 HP in power【50】. Its defining features are a very slim form factor and a scalable feature set.

The base i500 units are only 60 mm wide up to 5 HP, which helps save cabinet space (a big plus for

machine builders)【50】. You can then add option modules (communications, I/O, etc.) as needed,

so  you’re  not  paying  for  extras  you  don’t  use.  Despite  its  small  size,  the  i500  packs  modern

capabilities: it supports sensorless vector control, has an integrated PID controller for basic process

control, and even meets new EN 50598-2 efficiency class standards for drive systems【50】 (future-

proofing for energy regulations). Configuration is user-friendly via either an onboard keypad, USB

connection to a PC, or even a smart keypad app. For example, Lenze provides a smartphone app that

can communicate with the drive for setup, which can speed commissioning. The i500 is well-suited

for pumps, fans, conveyors, and also more dynamic applications like packaging machines or hoists

(it  can handle overloads and has features like torque limit,  S-curve ramps, and flying restart).  In

summary,  Lenze i500 drives  are  recommended for  OEMs and end-users  who need a  compact,

modular drive solution with a focus on easy integration and programming simplicity.

Yaskawa: Yaskawa is a world leader in drive technology, known for extremely high reliability and

performance. A prime example is Yaskawa’s new  GA800 series, a general-purpose industrial drive

rated from 3/4 HP up to 1000 HP. The GA800 is designed to handle everything from simple variable-

torque  pump/fan  applications  to  heavy-duty  uses  that  demand  tight  control  –  even  high-

performance  test  dynamometers that  require precise torque regulation【30】.  It  features both

open-loop and closed-loop vector control modes, achieving up to 200% torque at 0 speed in the

closed-loop configuration.  Yaskawa has  also  built  in  a  lot  of  ease-of-use:  the  GA800’s  graphical

keypad can display  parameters  in  plain  language and offers  a  Setup Wizard,  and the drive  can

connect to PCs or mobile devices via Bluetooth for programming/monitoring with their DriveWizard

software. Network support is comprehensive (Modbus, EtherNet/IP, PROFINET, etc. via option cards),

and functional safety up to SIL3 is integrated (it includes Safe Torque Off and even optional Safe

Stop  functions)【28】【30】.  One  notable  thing  about  Yaskawa  drives  is  their  reputation  for

durability – many users report Yaskawa VFDs running 10+ years with virtually no failures. The GA800

continues that legacy and even improves efficiency (the drive is designed with a low-loss DC bus and

conforms to IEEE 519 harmonic guidelines with appropriate filters). For specialized needs, Yaskawa

also has the GA500 (a smaller micro-drive up to 30 HP with high flexibility for machine control) and

industry-specific models like the  HV600 for HVAC or the  iQpump series which have pump-specific

firmware. Overall, choosing Yaskawa means getting a drive that excels in both hardware quality and

control performance – it’s often the go-to for engineers who “just want it to work” out of the box and

last for decades. 
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When selecting a VFD, be sure to match the drive to your motor’s voltage and current, and check for any

required options (external braking resistors, filters for long motor cable runs, etc.).  It’s also wise to use

inverter-duty motors for larger applications: these are motors built per NEMA MG1 Part 31 standards to

withstand the higher voltage spikes and thermal  stresses that  VFDs can introduce (for  instance,  460 V

motors should have insulation rated for ~1600 V peak surges)【39】.  All  the major brands above offer

compatible motor-drive solutions and extensive documentation to help with installation and tuning.  By

leveraging the expertise of these manufacturers and the right VFD product for the job, you can confidently

modernize motor systems to be more efficient, controllable, and reliable.
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