
VFD Electric Motor Control – A Comprehensive

Technical Guide

Introduction

Variable Frequency Drives (VFDs)  are electronic  controllers that  allow electric  motors to run at  variable

speeds by adjusting the frequency and voltage of the power supplied to the motor. In a typical VFD electric

motor setup, the VFD modulates the motor’s input to achieve precise speed control. This capability has

revolutionized motor-driven systems across  industries  –  from HVAC fans  and pumps to  conveyors  and

machine tools – by improving energy efficiency, process control, and equipment longevity. Modern VFDs not

only  enable  motors  to  operate  at  the  speeds  required  by  the  process,  but  also  provide  soft  starting,

protection features, and integration with automation systems. In the sections below, we will explore how

VFDs work, their benefits, technical considerations for pairing VFDs with motors, and real-world examples

illustrating their impact.

How Does a VFD Work?

Basic building blocks of a typical VFD: a rectifier converts incoming AC to DC, a DC link (filter) smooths the power,

and an inverter section uses transistors (IGBTs) switching rapidly to generate a new AC waveform of controlled

frequency and voltage for the motor.

Fundamentally, a VFD’s job is to take fixed-frequency AC mains power (typically 50 or 60 Hz) and output AC

power  of  a  variable  frequency (and  corresponding  voltage)  to  an  AC  motor.  The  motor’s  speed  in

revolutions per minute is directly proportional to the frequency of the AC supply, as given by the formula

Speed (synchronous) = 120 × Frequency / Number of Poles. By changing the frequency, the VFD allows control

of motor speed from zero up to above the motor’s nominal speed. 

A VFD achieves this in several stages (Electrical Technology). First, the incoming AC (which could be single-

phase or three-phase) is passed through a rectifier (usually a diode bridge or SCRs) that converts it to DC.

This DC is then filtered and stored in the  DC bus section using capacitors (and sometimes inductors) to

create a relatively smooth DC supply (Electrical Technology). Next, an  inverter stage made of high-speed

switching transistors (IGBTs) converts the DC back to AC at the desired frequency and voltage (Electrical

Technology). The inverter produces a series of PWM (Pulse Width Modulated) pulses that approximate a

sine-wave output; by adjusting the timing of these pulses, the VFD controls the effective frequency and

voltage seen by the motor (Machine Design). The entire process is managed by a control unit in the VFD

which typically uses a microprocessor to regulate the output waveform and monitor feedback. 

In essence, the VFD can be thought of as an AC-to-DC-to-AC power converter with sophisticated control. The

result is that the motor receives a new AC supply that can be ramped up or down in frequency smoothly.

This allows for soft starting (the VFD can start the motor at 0 Hz and gradually increase frequency, avoiding

the surge current of across-the-line starts) and for speed adjustment to match load requirements on the fly.
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Many drives also adjust voltage in proportion to frequency (maintaining a constant volts-per-hertz ratio) to

ensure  the  motor  operates  in  the  proper  torque  range  without  saturating.  Modern  VFDs  incorporate

various control algorithms to regulate motor torque and speed with high precision, as discussed next.

VFD Control Methods

Not  all  VFDs  control  the  motor  in  the  same  way;  several  control  methodologies  exist,  each  with

characteristics  suited  to  different  applications.  The simplest  is  Volts-per-Hertz  (V/Hz)  control,  a  scalar

method where the drive keeps the output voltage proportional to frequency. This open-loop method does

not actively regulate motor torque but is very robust and easy to implement. V/Hz control is popular for

standard pumps and fans and multi-motor setups because it requires minimal motor data and no feedback

sensor (Machine Design). It provides a simple “plug-and-play” solution; however, at very low speeds torque

production is limited (typically about 150% of rated torque at 3 Hz for many drives) (Machine Design). In

practice, most variable-torque loads (like centrifugal fans/pumps) don’t need high torque at low speed, so V/

Hz is widely used there.

For more demanding applications, vector control methods are used to improve performance. Open-loop

vector control (also called sensorless vector) uses motor models and real-time measurements of current/

voltage to  estimate the motor’s  magnetic  flux and torque,  allowing the drive  to  independently  control

torque and speed. This yields much better low-speed torque and dynamic response than basic V/Hz.  A

typical sensorless vector VFD can deliver close to full rated torque at low speeds (even down to 1 or 2 Hz)

and can respond quickly to load changes, making it suitable for conveyors, mixers, extruders and other

constant-torque loads.  Closed-loop vector control goes a step further by adding an encoder (or other

speed/position feedback) on the motor. With feedback, the drive can precisely regulate speed and torque,

including holding zero speed with full torque (torque at standstill) and very accurate speed regulation for

positioning  tasks.  This  mode,  sometimes  called  field-oriented  control  (FOC),  is  often  used  when  high

precision is required – for example, in cranes, elevators, or machine tools – and can maintain torque at 0

speed for holding loads. Many inverter-duty motors that are designated for vector control include encoder

mounting provisions for this reason.

One notable advanced technique is ABB’s Direct Torque Control (DTC), which is a unique control strategy

not based on a fixed PWM frequency. Instead, DTC directly calculates motor flux and torque thousands of

times per second and dynamically adjusts the inverter switching to maintain the desired torque. DTC drives

are known for extremely fast  torque response (on the order of  2 milliseconds)  and do  not require an

encoder (ABB Technical Guide) to achieve performance comparable to closed-loop systems. For instance, an

ABB drive with DTC can sustain 100% rated torque all the way to 0 speed without any feedback device (ABB

Technical  Guide).  This  capability  is  particularly  beneficial  in  applications like  winders  or  lifts,  where full

torque at zero or very low speed is needed. The tradeoff with such advanced control schemes is typically

higher processing requirements and complexity, but the benefit is high precision and torque control even

in difficult scenarios.

In summary, users can choose control methods ranging from simple V/Hz (sufficient for many variable-

speed pumps/fans) to sophisticated vector or DTC control depending on the performance needed. Modern

drives often allow switching between modes (for example, a drive might run in V/Hz by default and be

switched to vector mode if an auto-tuning is performed and better accuracy is required).
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Benefits of Using VFDs with Electric Motors

Implementing a VFD to control an electric motor yields numerous benefits, which is why VFDs have become

standard in many industrial and commercial motor systems. Below we outline key advantages:

Energy Savings and Efficiency: Perhaps the biggest driver of VFD adoption is energy efficiency. By

matching motor speed to the actual load requirement, significant energy can be saved compared to

running motors at full speed continuously (with throttling or mechanical flow control). For example,

on centrifugal pump or fan loads, the power required drops roughly with the cube of speed. Running

a fan at 60% of its full speed might require only about 22% of the motor’s power – an enormous

reduction in energy use. In one illustration, a 100 HP pump motor that costs around $27k per year to

run at full speed would cost only about $6k per year at 60% speed, saving over  $21k annually in

energy. Such savings are echoed in real-world projects: a large retail chain retrofit over 130 store

HVAC systems with VFDs and cut their energy consumption by 22%, saving about 47.8 million kWh

and $5 million in electricity per year. This project achieved an estimated payback under two years,

demonstrating  how  VFDs  often  pay  for  themselves  through  energy  savings.  Even  smaller

installations see benefits – for instance, using a VFD on a single 25 horsepower motor running near

continuously  can save roughly $5,000 per year in electricity.  These efficiencies also reduce peak

demand on electrical systems, potentially lowering demand charges and stress on the grid.

Precise Process Control: VFDs allow  fine-tuned speed control,  which improves the control over

processes and product quality. Instead of motors running at one or two fixed speeds, a VFD can

adjust the motor to exactly the RPM needed at each moment.  This is  crucial  in applications like

chemical dosing pumps, food processing mixers, or HVAC systems maintaining temperature, where

slight speed changes can significantly affect the outcome. Improved speed regulation leads to more

consistent product output and less waste or variation. For example, replacing a simple on/off fan

control with a VFD to adjust airflow can maintain more stable environmental conditions, resulting in

higher-quality production (such as uniform cooling, drying, or ventilation). One source notes that

precise VFD control improves product quality (Sasquatch Controls). Additionally, VFDs often have

built-in  PID  controllers  and  adaptive  algorithms  to  maintain  setpoints  (pressure,  flow,  etc.)

automatically,  further  enhancing  process  stability.  All  of  this  contributes  to  higher  production

efficiency and fewer rejects or errors.

Soft Starting and Reduced Mechanical Stress: A VFD starts a motor gradually, unlike across-the-

line starters that slam a motor with full voltage causing a large inrush current and mechanical shock.

VFDs  ramp up frequency  and voltage  smoothly  from zero,  eliminating  the  high  startup  current

(which can be 6–7 times the normal running current in a direct start). This soft start capability avoids

voltage dips in the supply and reduces mechanical stresses on couplings, belts, gearboxes, and the

motor itself.  Equipment life is  extended because sudden jerks and torque spikes are eliminated.

According to industry data, VFDs reduce wear and tear on motors and driven machinery, extending

their  lifespan and cutting maintenance needs (Sasquatch Controls).  For  example,  pump systems

benefit from reduced water hammer and piping stress when using VFDs to ramp flow up and down

rather than fast valve changes. Similarly, conveyor belts experience less stretching and shock, and

compressor motors see less heat rise on start. The maintenance savings from this gentler operation

(fewer broken belts, less frequent motor bearing replacements, etc.) can be significant over time.

• 

• 

• 
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Dynamic Speed Adjustment and Flexibility: Using a VFD gives an operator or control system the

ability to change motor speed on demand, which adds tremendous flexibility to a process. Instead

of being locked into one speed (or a few speeds with multi-speed motors), a VFD-driven system can,

for  instance,  run  a  pump  slower  during  low  demand  periods  and  faster  when  needed,  all

automatically. This not only saves energy as noted but also can improve throughput when upsides

are needed. In manufacturing lines, being able to adjust speeds can help  synchronize processes,

ramp production up or down,  or gently handle products.  VFDs also often include preset speed

settings,  programmable  acceleration  and  deceleration  profiles,  and  even  the  ability  to  handle

multiple  motors on  one  drive  in  some  scenarios  (for  example,  sequentially  starting  pumps  or

running parallel fans). The net effect is higher productivity and adaptability – one can fine-tune the

operation of motors to optimize for whatever parameter is important (throughput, quality, energy,

noise  reduction,  etc.).  Some  modern  VFDs  also  provide  built-in  logic  and  network  connectivity,

serving as smart controllers that can coordinate with other systems.

Reduced Peak Demand and Power Factor  Correction: When motors  start  across  the line,  the

sudden  inrush  current  not  only  causes  mechanical  stress  but  also  electrical  stress,  potentially

causing voltage sags and high demand spikes on the facility’s power system. VFDs mitigate this by

starting  gradually,  thereby  avoiding  high  peak  currents.  This  can  lower  the  facility’s  peak  kW

demand recorded by utilities, which can reduce demand charges. Additionally, VFDs typically include

input rectifiers and capacitors that can improve the system power factor. Many drives have near-

unity displacement power factor, especially when equipped with DC link chokes or active front ends.

This means using VFDs might reduce the need for separate power factor correction capacitors and

can lower I²R losses in supply cables due to better power factor. (It should be noted, however, that

while fundamental power factor is improved, VFDs do introduce harmonics – this topic is discussed

under technical considerations.)

Integrated Protection and Monitoring: VFDs offer inherent  motor protection features that can

eliminate separate hardware. They constantly monitor motor current and will trip or limit the motor

if it goes into an overload condition, providing overload protection akin to or better than thermal

relays. They can also detect and respond to conditions like phase loss, under/over-voltage, stalled

rotor, and more. Many drives allow programming of min/max speed, torque limits, and acceleration

rates to protect  the machinery (e.g.,  preventing a pump from running dry or  a  centrifuge from

overspeed). In pump and fan systems, VFDs can automatically stop the motor in the event of a pipe

break or  deadhead condition by  sensing the power  draw.  Advanced drives  have diagnostic  and

communication capabilities – they can send alarms for issues like bearing wear (detected via load

signature changes) or send runtime information for predictive maintenance. This intelligence and

connectivity means maintenance can be more proactive, and the drive can be integrated into plant

SCADA or building management systems for centralized oversight.

It’s clear that the benefits of VFD-controlled motors span  energy, performance, and reliability. In real-

world  usage,  these  advantages  often  combine.  For  example,  an  engineering  firm  retrofitting  a  large

building’s air handlers with VFDs reported not only energy savings of 30–50% but also better occupant

comfort due to steadier temperatures (thanks to fine airflow control) and less wear on the fan belts and

bearings (since they ramp up slowly each morning and rarely hit full speed). In industrial production, adding

VFDs might allow a line to ramp up production rate by 10% on demand or reduce scrap by better speed

control, while also cutting electricity use during slower periods. These multifaceted improvements explain

why VFDs are considered a best practice in motor systems today.

• 

• 

• 
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Technical Considerations for VFD-Motor Systems

While VFDs bring many benefits,  it’s  important  to address the technical  considerations and ensure the

motor  and  drive  system  is  properly  designed  and  configured.  Key  factors  include  motor  suitability,

insulation stress from the drive’s output, managing harmonics on the power line, and following installation

best practices.

Motor Compatibility and Inverter-Duty Requirements

Not all standard motors are the same when it comes to being driven by a VFD. The rapid voltage pulses

(PWM waveform)  from a  drive  can  impose  higher  stress  on  a  motor’s  insulation  system compared  to

sinusoidal line power. Additionally, running at low speeds can challenge the motor’s cooling design. For

most general-purpose NEMA Design B three-phase induction motors, using a VFD is fine – manufacturers

now often design “inverter-ready” insulation even in standard motors up to 600 V class. These motors can

tolerate the typical voltage spikes and faster rise times from VFDs in moderate cable length installations.

NEMA’s  MG1  standard  provides  guidelines:  low-voltage  inverter-fed  motors  should  withstand  peak

voltages of about 3.1 times rated RMS voltage (i.e., roughly 650–700 V spikes for a 230 V motor, or ~1600

V for a 480 V motor) (Plant Engineering). Motor makers usually test their insulation systems to meet or

exceed this, often using enhanced wire enamels or insulation materials to resist partial discharge.  NEMA

MG1 Part 31 specifically pertains to “Definite Purpose Inverter-Fed Motors,” sometimes called inverter-duty

motors. Such motors typically have stronger insulation systems, and as a rule they can handle the high-

frequency switching effects without significant insulation degradation.

Another  aspect  of  inverter-duty  motors  is  the  ability  to  run  at  low  speeds  continuously without

overheating. Standard totally-enclosed fan-cooled (TEFC) motors rely on the shaft-mounted fan for cooling –

if you run the motor at 30% speed, the cooling airflow is much less, so the motor may overheat even at

rated torque output. For variable-torque loads (like fans themselves or pumps), this is usually not a problem

because as speed is reduced, load torque drops dramatically and the motor is actually working far below its

full load, generating less heat (Plant Engineering). But for constant-torque applications at low speeds, the

speed range may be limited unless extra cooling is provided. Inverter-duty motors often include features

like  a  separately  powered  blower  fan  (for  constant  cooling  independent  of  motor  speed)  –  these  are

designated as Totally Enclosed Blower-Cooled (TEBC) motors. With a TEBC “force-cooled” motor, you can run

at very low RPM or even hold zero speed with full torque for extended periods without overheating the

motor windings or bearings. Inverter-duty motors also may use  class H insulation, extra phase insulation

between coils, and other design tweaks to handle the high-frequency components of the PWM waveform.

For applications requiring wide speed range or high torque at low speed, using an inverter-duty or vector-

duty motor is recommended. For example, a vector-duty motor paired with a high-performance drive might

have a speed range of 1000:1 (able to run from base speed down to 0.1% of base speed) while delivering

full torque across that range. Such motors (often with separate cooling and possibly encoders) can even

produce  100% torque at zero speed in closed-loop control, effectively functioning like a servo. Inverter-

duty and vector-duty motors usually also have higher allowable temperature rise (since VFD operation can

induce extra heating) and sometimes higher service factors. They may incorporate shaft grounding brushes

or insulated bearings to mitigate bearing currents (high-frequency currents from PWM switching that can

pass through bearings and cause EDM pitting). If a standard motor is used with a VFD in a situation beyond

its comfort zone (long cable distances, very high switching frequency, etc.), solutions include adding output

filters or reactors to  slow down the voltage rise and protect the motor’s insulation. It’s always wise to
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consult the motor manufacturer’s guidelines for VFD compatibility. In many cases, modern general-purpose

motors are fine on VFDs, but above certain voltage levels or cable lengths, you either specify an inverter-

duty motor or add filtering. As one industry expert succinctly put it, only when constant full torque over a

very wide speed range is required do you need a special inverter-duty motor – otherwise, most general-

purpose motors can suffice if applied properly (Plant Engineering).

Harmonics and Power Quality

VFDs are power electronic devices and thus are non-linear loads – they draw current from the AC line in

pulses rather than as a smooth sinusoid. The rectifier front-end (typically a 6-pulse diode bridge in standard

drives) causes current harmonics to flow back into the supply. These harmonics distort the supply voltage

waveform and create additional heating in transformers, cables, and other connected equipment. To ensure

drives don’t adversely affect the facility or utility power system, harmonics must be considered. The key

guideline  is  IEEE  519,  which  sets  recommended limits  for  harmonic  distortion  in  power  systems.  IEEE

519-2014 defines design goals for the point of common coupling – generally aiming for total harmonic

distortion in voltage under 5%, and allowing 5–8% THD in current at the supply point for typical systems

(IEEE 519 guidelines). In practical terms, this means larger VFD installations often require mitigation like

filters or multi-pulse/active rectifier configurations to meet those distortion limits.

If VFDs make up only a small fraction of a facility’s load, harmonics may not be a significant issue. But when

a plant uses many drives or very large drives, steps should be taken: common solutions include adding line

reactors or DC choke filters on each drive (to smooth current waveforms), using passive harmonic filters

(tuned LC filters to absorb specific harmonics), or using 12-pulse, 18-pulse, or active front end (AFE) drives

that inherently produce lower harmonics. An AFE VFD, for example, uses an IGBT-based rectifier that draws

nearly sinusoidal current (and can even feed power back to the grid, providing regeneration capability).

These solutions help comply with IEEE 519 and avoid problems like transformer overheating or nuisance

tripping of capacitor banks due to harmonics. During the system design phase, a harmonic analysis can

determine if mitigation is needed. Many modern drives (and drive manufacturers) offer tools to estimate

harmonic distortion and suggest remedies, such as adding a simple 5% impedance line reactor to reduce

current THD by a factor of two or more. In summary, harmonic control is an important part of integrating

VFDs  into  a  power  system  –  the  goal  is  to  enjoy  the  efficiency  and  control  benefits  of  VFDs  without

compromising power quality for other equipment.

Installation and System Integration Considerations

When deploying VFDs, attention to installation details will ensure a reliable and compliant system:

EMI and Cable Considerations: The fast switching transients in VFD outputs (IGBTs turning on/off at

2–15 kHz) can cause electromagnetic interference (EMI) and over-voltage reflections on long motor

leads. It is standard practice to use  shielded, low-capacitance motor cables for VFD-fed motors

and to ground the cable shield and motor frame properly. This helps contain EMI and reduce noise

coupling into nearby instrumentation. For long cable runs, high-frequency PWM pulses can reflect at

the motor and potentially double the voltage at the motor terminals. To mitigate this, dv/dt filters

or sine-wave filters can be installed on the VFD output. A dv/dt filter slows the pulse rise time, while

a sine-wave filter more aggressively filters the output into a near sinusoid – both approaches protect

motor insulation on long leads or when using non-inverter-duty motors. Additionally, routing motor

• 
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cables  away  from  sensitive  signal  cables  and  using  proper  grounding  practices  will  minimize

interference issues.

Thermal Management and Environment: VFDs dissipate heat (through switching and conduction

losses), so they require cooling. Smaller drives may be air-cooled by ambient convection or integral

fans;  larger  drives often have fans or  even liquid cooling.  When mounting drives in  enclosures,

ensure  adequate  ventilation  or  air  conditioning  to  keep  temperatures  within  spec  (often  40  °C

without derating). If a drive is placed in a harsh environment (dust, moisture, corrosive air), use an

appropriate enclosure rating (e.g., NEMA 12 for dust, NEMA 4X for washdown). Keep in mind that

enclosing a drive may trap heat, so derating or cooling might be necessary. Also, avoid mounting

drives in high-vibration areas or near sources of electrical noise unless designed for it. Many VFDs

are  available  in  various  IP/NEMA  ratings  or  can  be  panel-mounted  with  external  heatsinks  to

accommodate different environments. Always follow the manufacturer’s installation instructions for

clearances and cooling.

Drive Sizing and Ratings: VFDs are  typically  rated by  horsepower/kW and output  current,  with

different overload capabilities. It’s important to match the drive to the motor and application. Many

drives have dual ratings: one for normal duty (light overload, e.g., 110% for 1 minute) and one for

heavy or constant torque duty (e.g., 150% for 1 minute). Select the rating that fits your load profile.

For instance, a fan or pump might allow a smaller drive (normal duty) than a heavily loaded conveyor

or  crusher  (which  needs  heavy-duty  rating).  Consider  the  motor’s  full  load  amps  (FLA)  and  any

overload requirements – if the motor will be pushed above 100% for periods, the drive must handle

that. Also account for any altitude or temperature derating (drives have reduced capacity at high

elevation or temperatures).  It’s  generally good practice to have some margin, but oversizing too

much can reduce drive efficiency and resolution. Most manufacturers provide selection software or

tables based on motor HP and application type.

Regenerative Braking and Transient Conditions: If the load can drive the motor (e.g., descending

hoists, decelerating large inertial loads, or fans in a windmilling condition), the VFD’s DC bus voltage

will rise as the motor regenerates energy. Standard drives handle small regen events by absorbing

energy in the bus capacitors, but sustained or large regeneration can trigger over-voltage faults.

Solutions include adding a dynamic braking resistor (with a braking chopper circuit in the VFD) to

dissipate excess energy as heat, or using an AFE/regenerative drive which can return energy to the

supply. Evaluate whether your application needs braking – for example, quick stops of a high-inertia

centrifuge likely do. If using a braking resistor, ensure it’s placed and protected safely, as it will get

hot. Also consider  transient protection:  VFDs can be sensitive to line surges, so installing surge

protectors or proper grounding is recommended to protect the drive and motor from spikes.

Safety  and  Standards  Compliance: VFD  installations  should  comply  with  electrical  codes  and

standards. In industrial settings, drives must often meet UL or IEC safety standards (UL 508C, IEC

61800-5-1,  etc.).  Ensure  any  required  EMC  filters are  installed  if  needed  to  meet  CE  emission

standards (IEC 61800-3)  –  some drives include built-in  filters,  others have optional  modules.  For

functional safety, drives may offer safe-torque-off (STO) inputs or integrated safety functions which,

if required by your risk assessment, should be properly configured. Always use correctly rated fuses

or circuit breakers on the drive’s input per the manufacturer’s recommendations to provide short-

circuit protection and coordination. Finally, provide the end users with training or documentation on

• 
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the  VFD  system,  including  how  to  recognize  fault  codes  and  perform  basic  maintenance  like

checking fan filters or capacitor reforming (for long storage periods).

Addressing  these  technical  considerations  ensures  that  a  VFD-motor  system  will  operate  reliably  and

efficiently. When properly applied, VFDs can run for many years with minimal issues – but skimping on

things like proper grounding, harmonic filtering, or motor compatibility can lead to premature failures or

power system problems. By following industry best practices and drive manufacturer guidelines, users can

fully reap the rewards of variable frequency drives while avoiding common pitfalls.

Leading VFD Manufacturers and Technologies

VFDs are produced by many manufacturers, each bringing unique technologies and strengths. It’s useful to

be aware of some key players and what they are known for:

ABB: ABB  is  a  global  leader  in  drives,  offering  a  wide  range  from  general-purpose  to  high-

performance drives. ABB’s high-end drives introduced the aforementioned  Direct Torque Control

(DTC) technology, which provides extremely precise torque and speed control without encoders. For

example, ABB ACS series drives using DTC can maintain full torque at zero speed and very rapid

response (ABB Technical Guide). ABB drives are also known for robust hardware design and options

for almost every industry (including medium-voltage drives). They often include advanced features

like built-in harmonic mitigation (e.g., ABB’s ultra-low harmonic drives) and safety functions. ABB’s

long experience (they absorbed the Baldor/Dodge motor brands as well)  means their  drives are

found in applications from marine propulsion to paper mills.

Yaskawa: Hailing from Japan, Yaskawa Electric is renowned for the quality and reliability of its drives.

In fact, Yaskawa drives have demonstrated exceptionally high reliability, with published mean

time between failure  (MTBF)  figures  around 28  years on  many product  lines  (Yaskawa).  This

reflects heavy design margins and rigorous testing.  Yaskawa drives (such as the popular V1000,

A1000, and newer GA800 series) are appreciated for their user-friendly setup and consistency – they

have  a  unified  programming  style  that  makes  them  easy  to  commission.  Yaskawa  tends  to

incorporate features like  integrated DC reactors or filters for better power quality and has high

overload  capabilities.  They  also  emphasize  support  for  both  induction  and  permanent  magnet

motors in the same drive. Yaskawa drives are often the choice in applications where downtime is not

an option,  and indeed they are widely  used in  industries  like  automotive manufacturing,  where

reliability and fast response are paramount.

Eaton: Eaton produces the PowerXL series drives (formerly Cutler-Hammer brand) and focuses on

combining solid drive performance with features useful in commercial and industrial settings. Eaton

drives are known for strong built-in application functions – for instance, many models have a multi-

pump and  multi-PID control  features built  in (Eaton).  This allows one drive to manage multiple

pumps or fans from a single process signal, eliminating the need for external controllers. Eaton’s

drives  also  include  an  energy-optimization  algorithm  called  Active  Energy  Control,  which

dynamically optimizes motor excitation for up to ~10% additional energy savings (Eaton). Another

area Eaton drives shine is integration with their broader electrical  portfolio – you can often find

Eaton  VFDs  packaged  into  motor  control  centers  (MCCs) or  paired  with  Eaton  switchgear  for

turnkey solutions. They also prioritize user-friendliness, with features like a copy/paste keypad for

quick  programming  transfer  and  extensive  onboard  communications  (Ethernet/IP,  Modbus,  etc.,
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typically built-in). In performance terms, Eaton offers drives up to 1000 HP and even medium-voltage

classes, with options for regenerative and low-harmonic front ends.

Hitachi: Hitachi  offers  a  range  of  AC  drives  popular  in  low-to-mid  power  applications  for  both

general  purpose  and  OEM  use.  Hitachi  VFDs provide  advanced  features  with  a  blend  of  high

performance,  reliability,  and  flexibility  (Hitachi  Drives).  For  example,  their  WJ200  series  has

sensorless  vector  control  with  auto-tuning,  delivering approximately  200% torque at  low speeds

(around  0.5  Hz)  for  high  starting  torque  capability.  They  often  include  built-in  programming

functionality (Hitachi’s Easy Sequence or EzSQ) that provides simple PLC-like control inside the drive,

which can handle logic tasks without an external controller. Hitachi drives also usually offer decent

overload capacity (e.g., 150% for 60 seconds) and dual ratings for heavy or normal duty. They have

models with integrated EMC filters and various communication options. While not as high-profile as

some  competitors,  Hitachi  drives  are  known  to  be  robust  and  cost-effective.  Industries  like

packaging, textiles, and material handling use Hitachi inverters thanks to their compact size and

straightforward setup. In summary, Hitachi delivers  reliable general-purpose drives with ample

high-end features for most needs, making them a solid choice for OEMs and end-users alike.

Lenze: Lenze is  a German company specializing in motion control  and drive solutions,  often for

machinery  and automation applications.  Their  VFD offerings,  such as  the  i500  series,  feature  a

modular, compact design. They emphasize easy integration – for instance, the i500 drives have a

very slim form factor and use plug-in option modules for fieldbus interfaces or I/O, so users only add

what they need. One notable feature is the  plug-in memory module for easy parameter transfer

and drive cloning (Lenze i500 Brochure). Lenze drives also incorporate energy-saving modes (like an

optimized V/Hz “eco” curve for light loads) and have a single-board construction for high reliability

(Lenze i500 Brochure). In terms of capability, Lenze drives support standard V/Hz and vector control,

and they often pair with Lenze’s geared motors and automation controllers in systems. They might

not  be  as  commonly  seen  in  heavy  industries,  but  they  are  well-suited  to  machine  building,

packaging,  and  material  handling  equipment,  where  their  compactness  and  modularity  are

advantages. Lenze also provides comprehensive software tools for commissioning and a focus on

energy efficiency and modularity as part of their design philosophy.

Of course, the above is only a sampling – other major VFD manufacturers include  Siemens,  Schneider

Electric, Rockwell Automation (Allen-Bradley), Danfoss, Mitsubishi Electric, among others. Each has its

own  innovations  (for  example,  Danfoss  drives  are  noted  for  HVAC  optimization  and  built-in  cascade

controllers  for  pumps,  Rockwell’s  PowerFlex  drives  integrate  seamlessly  with  Allen-Bradley  PLCs,  etc.).

However,  all  reputable drives will  perform the core function of  precise motor control.  Factors like local

support,  the  familiarity  of  programming  interfaces,  and  specific  industry  application  libraries  often

influence the choice of one brand over another. The good news is that the competition has driven all these

manufacturers to continually improve reliability, usability, and efficiency – meaning end users have many

excellent options when selecting a VFD.

Real-World Case Studies

To illustrate how VFDs deliver value in practice, consider these real-world implementations:

Energy Retrofit in Retail Stores (HVAC Application): A major department store chain (JCPenney)

undertook a project to retrofit over 1,300 rooftop air-handling units with VFDs for the supply fans
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(and related controls). Previously, these HVAC fans ran at constant speed, and airflow was regulated

by mechanical dampers – a wasteful approach. With VFDs, the fan speeds are modulated based on

actual demand (e.g., maintaining a duct pressure setpoint). The results were dramatic: across 131

stores, annual HVAC electricity consumption dropped by about 47.8 million kWh, a 22% reduction

from the prior baseline, saving about $5 million annually in utility costs. Importantly, because the

fans  mostly  operate  at  part  load,  the  project  had  an  extremely  quick  payback  (~1.7  years).  Co-

benefits included improved temperature and humidity control (leading to better customer comfort)

and reduced wear on the fans and belts (since ramping up slowly in the morning and avoiding full-

speed operation except when needed). This case exemplifies how VFDs unlock huge energy savings

in variable-torque applications like fans, especially when implemented on a large scale.

Industrial  Compressor  Upgrade  (Manufacturing  Application): In  an  industrial  plant,  an  air

compressor OEM partnered with a drives supplier to improve their rotary screw compressors by

adding VFD control.  Previously,  the compressors faced very high inrush currents on startup and

often ran either at full speed or idled inefficiently with inlet throttling. By using a VFD (in this case a

Yaskawa GA800 drive) to continuously adjust the motor speed to match air demand, the compressor

achieved  several  improvements.  First,  it  optimized  energy  efficiency under  partial  loads  by

avoiding running the motor unloaded or at a fixed speed when full capacity wasn’t needed. Second,

it extended equipment life – the soft start via VFD means the motor and drivetrain aren’t subjected

to  massive  torque  spikes  at  startup,  and  the  ability  to  slow  down  gradually  prevents  sudden

unloading pressure surges. The VFD system also made maintenance easier by including features like

quick parameter upload (for swapping drives) and keeping the motor’s cooling fan running only as

needed (reducing dust build-up). Overall, the introduction of VFD control led to lower operating costs

(energy savings on the order of 15–20% in varying demand scenarios) and improved reliability and

pressure  stability  for  the  end  user.  This  mirrors  many  such  industrial  retrofits:  whether  it’s

compressors, pumps, or extruders, adding a VFD often yields a combination of direct energy savings

and indirect benefits like less mechanical stress and better process control.

Process Line Speed Control (Food & Beverage Application): A food processing line with multiple

conveyor belts and mixers was originally designed with fixed-speed motors and mechanical speed

changers. The manufacturer retrofitted the key motors with VFDs to gain more control. As a result,

they were able to increase the line throughput by fine-tuning speeds at different stages (achieving

about a 8–10% productivity boost during peak times) and also slow the line when needed for delicate

processes without stopping it. They also found that product quality improved – for instance, running

mixers at an optimal speed profile (starting slow, then speeding up) with VFDs led to more uniform

mixing and fewer  defects.  Additionally,  the soft-start  capability  reduced wear  on gearboxes and

eliminated sudden jerks that previously sometimes caused product spillage or equipment strain. The

investment in drives paid back not just in energy savings, but in greater flexibility and consistency

in production. This case highlights that beyond energy efficiency, the  precision and adjustability

provided by VFDs can lead to significant improvements in process performance and product quality,

which can be just as valuable.

These case studies demonstrate how VFDs are being leveraged in different sectors – commercial buildings,

industrial utilities, and manufacturing processes – to achieve tangible improvements. From slashing energy

consumption  and  costs  to  enhancing  process  controllability  and  equipment  longevity,  the  impact  of

applying VFDs can be profound. It’s also common for utilities or governments to incentivize VFD retrofits

(through rebates or efficiency programs) because of the clear energy and peak demand benefits. 

• 

• 

10

Precision Electric, Inc. 574-256-1000

www.precision-elec.com



As VFD technology continues to advance (with trends like built-in IoT connectivity, predictive maintenance

features, and compatibility with alternative energy systems), we can expect even more innovative uses. For

example,  VFDs  are  now  being  integrated  with  building  automation  systems  for  demand-response

strategies, and in industrial settings they are providing data to analytics platforms to predict issues before

downtime occurs. The versatility and proven benefits of VFD electric motor systems ensure that they will

remain a cornerstone of efficient, modern motor control for years to come.
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