
Variable Frequency Drives (VFD) in Industrial

Applications

Introduction to VFDs and Their Importance

A  Variable Frequency Drive (VFD) is  an electronic device used to control  the speed and torque of  AC

motors by varying the motor input frequency and voltage. Essentially, a VFD converts fixed-frequency  AC

mains power to a variable frequency output, allowing precise motor speed control. This makes VFDs the

most practical and common form of variable-speed motor control in modern industry . VFDs are widely

used across industrial sectors – from pumps and fans in HVAC and water treatment systems to conveyors,

compressors, and machine tools – because they offer significant energy savings and improved process

control.  Electric  motors  account  for  a  large  portion  of  industrial  electricity  use,  and  running  them  at

variable speed to match demand can dramatically cut energy waste. Studies have shown that using VFDs on

variable load applications (like pumps and fans) typically yields energy savings of 25–50% in fan systems

and  ~15–20%  in  compressor  systems .  In  a  European  market  analysis,  the  total  energy  savings

potential from wider adoption of VFDs in pumps, fans, and compressors was estimated at 121 TWh/year

(about 9% of all motor electricity use)  – a huge opportunity for efficiency and cost reduction. In short,

VFDs  are  crucial  components  for  improving  industrial  energy  efficiency,  reducing  wear  on  mechanical

equipment, and providing flexible control of processes.

How VFDs Save Energy: The power required by many loads (especially centrifugal pumps and fans) drops

dramatically with speed. For example, a fan running at 80% of its full speed consumes roughly  half the

power of a full-speed fan due to the cubic relationship between speed and power . By using a VFD to

slow down motors during reduced demand (instead of throttling flow or running dampers against full-

speed  motors),  companies  can  eliminate  wasted  energy.  One  case  study  in  a  retail  chain  found  that

retrofitting VFDs on HVAC blower  motors  enabled reduced fan speeds during off-peak conditions  (e.g.

slowing  fans  by  10%  during  cooling  mode  and  50%  during  light  ventilation  periods)  with  no  loss  of

comfort, resulting in  52% lower HVAC energy usage across 78 stores . Another example from a

municipal water treatment facility in Columbus showed that replacing constant-speed pumps with VFD-

driven pumps cut the specific pumping energy from 259 to 179 kWh per million gallons – about a  30%

reduction in  energy consumption –  while  also  halving peak power demand .  These real-world

results underscore how VFDs allow motors to run only as fast as needed, translating to substantial savings

(often 20–50% or more) on electricity bills and often a short payback period for the VFD investment.

Beyond energy efficiency, VFDs provide better process control and equipment longevity. They offer soft-

start capabilities, ramping motors up and down smoothly instead of the jarring full-voltage starts of across-

the-line starters. This gentle starting and stopping minimizes mechanical shock on couplings, belts, and

gearboxes, reducing maintenance needs and extending equipment life. VFDs also allow adjustable speed

to fine-tune flow rates, line speeds, or torque as process conditions change, which can improve product

quality and throughput. For example, in pumping systems, a VFD with a feedback controller (e.g. from a

pressure or level sensor) can continuously modulate pump speed to maintain a setpoint (like a constant

pressure or tank level), thus optimizing the process. In the Columbus water facility case, adding VFDs and
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modern  controls  enabled  maintaining  higher  wet-well  levels,  which  lowered  the  effective  head and

further reduced pump energy per volume pumped . By matching motor output to the true demand,

VFDs help avoid over-supplying energy and reduce wear on valves and dampers (since these can often be

left  more  open  when  flow  is  controlled  via  speed).  Overall,  implementing  VFDs  is  a  key  strategy  in

modernizing industrial systems for efficiency, reliability, and automation.

How a VFD Works: AC to DC to Variable AC Conversion

At its core, a VFD is a power electronics system that takes incoming AC power and produces a controlled

AC output of desired frequency and voltage. The typical architecture of a VFD includes three main stages:

rectifier, DC link, and inverter . 

Figure:  Simplified block diagram of a three-phase VFD. Incoming AC is  first  rectified to DC, filtered,  and then

inverted back to adjustable-frequency AC via high-speed switching transistors (IGBTs). This output drives the motor

at the commanded speed.

Rectifier (AC to DC): The VFD’s front-end consists of a diode bridge or active rectifier that converts

the fixed-frequency AC supply (e.g. 60 Hz mains) into a DC voltage. In most standard drives, a six-

pulse diode bridge is used (comprising 6 diodes for a three-phase input). More advanced or larger

drives might use a controlled rectifier or active front end with transistors to shape the input current

and even feed energy back to the grid when braking (regenerative drives). The output of the rectifier

is a pulsating DC which is then smoothed by the DC link stage.

DC Link: The DC link (or DC bus) is essentially an energy storage and filtering section. It usually

includes large capacitors (DC bus capacitors) to stabilize the DC voltage by absorbing the rectified

AC ripples. Often an inductor or choke is also included in series (either on the AC side or DC side) to

reduce current ripple and mitigate harmonics. The DC link provides a relatively stable DC supply

voltage for the inverter stage. For example, a VFD rated for 480 V AC input will produce a DC bus of

roughly 650 V DC (which equals √2 * 480 V minus diode drops). Many drives include a pre-charge

circuit to  limit  inrush  to  the  capacitors  at  power-up.  The  DC link  may  also  connect  to  braking

resistors or regeneration units to absorb excess energy when the motor is decelerating (instead of

dumping it into the capacitors and raising DC voltage).

Inverter (DC to variable AC): The final stage is an inverter that creates a  synthesized AC output

using  high-speed  switching  transistors.  Modern  VFDs  use  IGBTs  (Insulated  Gate  Bipolar

Transistors) arranged in a three-phase bridge configuration. By switching the IGBTs on and off in a

carefully timed sequence (known as pulse-width modulation, PWM), the inverter produces pulses

of DC that emulate a sine-wave AC output of the desired frequency. Essentially, the inverter chops

the DC into pulses whose width is modulated within each cycle to approximate a sinusoidal current

in the motor windings. The switching frequency (carrier frequency) is typically in the range of 2–

15 kHz for most industrial drives, which is high enough that the motor’s inductance smooths the

current  waveform.  The  result  is  an  AC  output  whose  fundamental  frequency (and  voltage

amplitude) can be adjusted from near zero up to the drive’s maximum (typically 50/60 Hz or higher

for  overspeed).  The  VFD’s  controller  manages  the  PWM patterns  to  control  both  frequency  and

voltage: at lower frequencies, the VFD will reduce the output voltage proportionally to maintain a

roughly  constant  volts-per-hertz  ratio,  ensuring  the  motor  can  produce  rated  torque  without

overheating. At very low speeds, special control techniques (voltage boost or slip compensation) are
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used to overcome motor friction and maintain torque.  Some advanced drives operate in  vector

control or flux-oriented control mode, where they actively regulate motor currents using feedback

(with or without a physical speed sensor) to achieve precise torque and speed control beyond the

open-loop V/Hz approach.

Inside the VFD, a microprocessor or DSP-based  control board monitors the user’s speed command and

feedback signals, and orchestrates the rectifier/inverter gating signals accordingly. The control can range

from simple scalar control to complex vector algorithms. Modern drives often have multiple control modes

(e.g.  open-loop V/Hz,  sensorless vector,  full  closed-loop vector  with encoder,  torque control  mode,  etc.)

selectable via parameters to suit different applications.

Key Features and Specifications

Power and Voltage Ranges: VFDs come in a broad range of sizes to match various motor ratings. Low-

voltage drives (operating on LV supply up to about 600 V AC) are by far the most common and can range

from fractional kilowatt (less than 1 HP) units for small pumps or fans, up to multi-megawatt drives for large

industrial  machines.  For example,  ABB’s general-purpose ACS580 family covers  0.75 kW to 500 kW per

standard catalog unit at supply voltages of 200–480 V . Many manufacturers offer drive series scaling

from 230 V single-phase input models for small motors, through 400–480 V three-phase, and sometimes

575  V  or  690  V three-phase  for  markets  that  use  higher  distribution  voltages.  For  very  large  motors

(thousands of HP), specialized  medium-voltage VFDs (operating at 2.3 kV, 4.16 kV, or higher) are used,

often with multi-cell topologies, but these are a niche category. 

Current and Overload Ratings: VFDs are typically rated by output current and have different overload

capability classes. A common distinction is between  normal duty vs heavy duty (or variable torque vs

constant torque) ratings. Heavy-duty (constant torque) applications like conveyors or positive displacement

pumps require the drive to handle ~150% of motor full-load current for short periods, whereas variable

torque loads (fans, centrifugal pumps) may only require ~110% overload. Drive datasheets reflect this by

listing,  say,  50 HP heavy-duty or 60 HP normal-duty for the same drive model.  As an example,  Eaton’s

PowerXL DG1 series drives support  150% overload for 60 seconds in constant torque mode and a lower

overload in variable torque mode . Ensuring the drive is sized correctly for the motor and application

duty is crucial for reliability.

Efficiency: Modern  VFDs  are  themselves  very  efficient  power  converters  –  typically  around  95–98%

efficient at full load. Most losses occur in the power electronics (IGBT switching losses and diode losses)

and filtering components as heat. The efficiency can drop at light loads or very low speeds (due to constant

losses and less  efficient  PWM operating points),  but  overall  the losses are only  a  small  fraction of  the

motor’s power. For instance, a drive might dissipate a few percent of the energy as heat (which needs to be

handled by panel cooling or the drive’s heatsink/fan). Standards like IEC 61800-9-2 define efficiency classes

(IE0, IE1, IE2) for VFDs – with IE2 being the highest efficiency class currently, required by EU regulations for

most drives . Manufacturers achieve high efficiency by using low-loss semiconductor designs and

optimizing switching strategies.  Some drives  even use newer semiconductor  materials  like  SiC or  GaN

transistors in high-performance models to further cut losses, especially at high switching frequencies.

Control Interface and Intelligence: VFDs typically come with a user interface panel (keypad/display) for

configuring parameters and local  control.  They also integrate with higher-level  control  systems easily  –

almost  all  modern  drives  support  industrial  communication  protocols  (Modbus,  Ethernet/IP,  PROFINET,
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EtherCAT, etc.) so they can be monitored and commanded by PLCs or plant DCS systems. Many have built-in

PID controllers to run a process loop (for example, maintaining pressure by adjusting motor speed). Drive

software often includes application-specific features – e.g. pump control macros that alternate between

multiple pumps, multi-speed presets, flying start to catch a spinning load, torque limit control, and so on.

Today’s VFDs increasingly incorporate IoT connectivity and smart diagnostics: for instance, the Yaskawa

GA800 drives include network communication options and mobile connectivity tools for programming

and  monitoring .  They  even  have  an  embedded  24   V  keep-alive  so  that  communications  can  be

maintained when main power is  off .  Advanced diagnostics  can predict  issues like increasing motor

torque (signaling a clogging pump) or monitor energy usage over time.

Safety  and  Protections: Because  VFDs  interface  with  powerful  motors  and  potentially  hazardous

machinery, safety features are critical. Almost all drives include configurable  fault protections for over-

current, over-voltage, over-temperature, motor overload (thermal modeling), ground faults, etc., to protect

both the drive and motor. In addition, many VFDs now come with integrated functional safety features. A

common one is Safe Torque Off (STO), which is a hardware-based input that, when triggered (for example

by a safety system or E-stop), immediately disables the drive’s output to prevent the motor from producing

torque. This allows the drive to meet safety standards (SIL 2/3, Category 3 or 4 PLe per ISO 13849). For

instance, ABB’s ACS580 drives include an STO function certified to SIL 3, providing a high level of safety

without the need for a contactor to remove power . Hitachi’s WJ200 series similarly has a “Safe Stop”

feature  conforming to  international  standards  for  machine  safety.  Drives  may also  have  safety  limited

speed, safe brake control, and other advanced safety options depending on model (some of these require

optional modules). 

Environmental Ratings and Build: VFD units are available in various enclosure types to suit installation

environments.  Chassis/open  style  (IP00  or  IP20)  drives  are  intended  for  mounting  inside  a  protective

electrical panel with proper cooling. For harsher settings, drives come in NEMA 12 (IP54) enclosures for

factory  floor  dust,  or  NEMA  4X  (IP66)  washdown  enclosures  for  food  &  beverage  plants,  wastewater

facilities,  or  outdoor  use.  Internally,  critical  electronic  boards  are  often  conformally  coated to  protect

against humidity and corrosive atmospheres .  Cooling is achieved by heatsinks and often integrated

fans; high-power drives may use external heat-sink kits or liquid cooling. The ambient temperature rating is

important – many drives are specified to run at 40°C or 50°C without derating, but may require derating (or

a larger drive) above that. For example, a unit might be rated 100% up to 50°C, and usable to 60°C with

current derated by some percentage .

Figure: A typical small variable-frequency drive unit. This compact VFD (about 3 HP capacity) has a digital display

and keypad for setting speed or parameters, status LEDs, and integrated heat-sink cooling. Such drives can be

panel-mounted or wall-mounted, and connect to the motor and control signals via screw terminals.

Output Characteristics and Motor Compatibility: The AC output of a VFD is not a pure sinusoid but rather

a series of PWM pulses. The effective voltage and frequency are correct on average, but the waveform’s fast

edges can introduce certain challenges. Voltage rise time (dv/dt) from the IGBT switching can cause very

rapid transitions (hundreds of nanoseconds), and if the motor cable is long, reflected wave phenomena can

lead to over-voltages at the motor terminals. Standard motors connected to VFDs may see peak voltages

significantly above the DC bus voltage – often  2–3 times the rated line voltage – because of this PWM

switching and cable ringing . To withstand this,  inverter-duty motors are recommended. NEMA MG1

(the motor standards) Part 31 specifies that motors 460 V and below should have insulation able to handle

spikes of 1600 V with 0.1 µs rise . Motor manufacturers design inverter-rated motors with enhanced
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insulation systems, and often other features like corona-resistant wire and phase paper, to meet this. It’s

wise to ensure any motor controlled by a VFD meets MG1 Part 31 (or IEC equivalent) so that the motor

insulation isn’t the weak link. In practice, for moderate cable lengths and modern PWM drives, standard

industrial motors that meet MG1 Part 30 (suitable for VFD use under certain conditions) can suffice, but for

long cable runs or high-power/high-voltage applications, output filters (dv/dt filters or sine-wave filters) or

special motors may be needed to avoid insulation stress.

Another effect of VFD PWM output is common-mode voltage – the switching causes the motor’s neutral to

float relative to ground, which can induce currents through motor bearings (capacitive coupling through

the bearing lubricant). These tiny discharge currents can cause EDM pitting in bearings over time, leading

to  fluting  damage  and  premature  bearing  failure .  To  mitigate  this,  good  grounding  practices  are

essential, and often shaft grounding brushes or rings are used on VFD-driven motors to safely bleed off

shaft voltages to ground . Alternatively, some motors have one bearing insulated to break the circuit

and prevent the current loop. Using  output reactors or filters can also reduce common-mode voltages.

Modern  IGBTs  with  faster  switching  actually  exacerbate  bearing  issues  if  not  addressed,  so  this  is  an

important consideration in VFD system design for high-reliability installations.

Performance Benefits and Industry Applications

The primary motivation to use VFDs is to improve efficiency and provide controllability. We’ve discussed

energy  savings  –  particularly  in  variable  torque applications  (fans,  pumps,  blowers)  where  slowing the

speed yields exponential reductions in power draw. To illustrate, affinity laws in pump/fan systems state

that flow is proportional to speed, pressure head to speed², and power to speed³. So even a modest speed

reduction yields big energy cuts. Many utilities and governments actively encourage VFD retrofits on pumps

and HVAC systems as an energy conservation measure. For example, a wastewater plant that added VFDs

on its aeration blowers and pumping stations not only saved energy but also gained the ability to maintain

more consistent dissolved oxygen levels and wet-well levels, improving treatment effectiveness . In

HVAC,  building  automation  systems  use  VFDs  to  adjust  fan  speeds  in  response  to  cooling  load  or  to

modulate pump flow in chilled water systems, resulting in better comfort and often 30–50% HVAC energy

savings in modern variable air volume (VAV) designs .

Soft Start and Mechanical Stress: Traditional motor starters draw large inrush currents (5–7 times full load

current) and subject the system to torque shocks at start. VFDs eliminate high starting current – a VFD can

start a motor at 0 Hz and ramp up smoothly, drawing only 100% (or less) of rated current if ramped slowly.

This reduces voltage sag on the supply and avoids demand spikes (often utilities charge penalties for high

peaks).  The City  of  Columbus saw the peak demand of  their  pumps drop from 60 kW to 30 kW after

installing VFDs simply because the pumps were no longer starting across-the-line . Mechanically, the

reduced shock extends the life of couplings, shafts, and driven equipment. Conveyors, for example, benefit

greatly  –  a  VFD can softly  accelerate  a  conveyor  with  a  large  load,  preventing belt  slipping and jerks.

Similarly, in centrifuges or mixers, slow ramp-up prevents material splashing or undue strain.

Process Precision and Quality: Many industrial processes require fine control over speed or torque. VFDs

allow setpoint adjustments in real-time. In plastics extrusion, for instance, the screw speed (driven by a

motor+VFD) can be adjusted to control output rate or compensate for material changes. In paper mills,

VFDs coordinate the speeds of multiple rollers to within tight tolerances to avoid stretching or slack. Multi-

motor synchronization is possible using vector drives or master-slave configurations. The torque control

capability  of  vector  VFDs  is  also  exploited  in  winding/unwinding  applications  (maintaining  tension  by
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controlling torque) and in cranes or hoists (for smooth lifting and stopping with torque limits for safety).

Elevator  systems often  use  VFDs  with  closed-loop feedback  to  achieve  smooth  rides  and precise  floor

leveling.  In  machining  and  tooling,  VFDs  enable  variable  spindle  speeds  which  can  be  optimized  for

different materials and operations, improving cut quality and tool life.

Reduced Maintenance and Diagnostics: VFDs often include built-in diagnostics that can alert operators to

issues  like  overload,  underload  (e.g.  pump  dry-run),  overheating,  etc.  By  operating  motors  at  optimal

speeds, wear on wear-parts (like pump impellers or fan belts) can be reduced. Additionally, because VFDs

can  reduce  water  hammer by  soft-stopping  pumps  and  can  eliminate  control  valves (which  are

maintenance items) in some flow control systems, there is a net reduction in system maintenance. Some

facilities have reported that  after  VFD installations,  the reduced strain led to fewer motor rewinds and

longer intervals between mechanical overhauls on driven equipment. Many VFDs keep an event log or even

trend data (run hours, number of starts, thermal loading), which aids in proactive maintenance scheduling.

And should a fault occur, the VFD’s protective trip can prevent catastrophic damage by shutting down the

motor in abnormal conditions.

Examples from Leading Manufacturers

VFD technology  is  offered by  a  range of  top  industrial  automation companies,  each adding their  own

innovations. It’s useful to be aware of the major players and product lines, especially when retrofitting or

specifying a drive for an application:

ABB: A global leader in drives, ABB produces drives like the ACS580 (general purpose) and ACS880

(industrial vector control) families. The ACS580 is designed for intuitive use and broad applications,

with features like built-in EMC filters, input chokes, and a streamlined setup assistant. Notably, ABB

drives include advanced motor control algorithms (ABB’s high-end drives use DTC – Direct Torque

Control for very precise torque regulation) and safety features such as STO. ABB’s drives are known

for robust design (e.g. options up to IP55 enclosures and coated boards for harsh environments) and

compliance  with  international  standards.  They  highlight  energy  optimization  functions  –  for

instance, an **“energy optimizer” mode can minimize motor losses automatically at partial loads

.  ABB  also  provides  extensive  software  tools  for  drive  commissioning  and  monitoring,  plus

connectivity options for integration into IIoT platforms .

Yaskawa: Originating from Japan, Yaskawa drives are renowned for reliability and performance. The

Yaskawa GA800 series (launched in 2019 as successor to the popular A1000) covers a wide power

range – from about 0.75 HP up to 1000 HP in the latest expansion . The GA800 is built as a high-

performance general-purpose drive capable of running not just standard induction motors but also

permanent magnet and synchronous reluctance motors (supporting emerging high-efficiency motor

types). It features  embedded functional safety (STO), and very flexible network communications

support. A standout capability of Yaskawa drives is their programming and autotuning – Yaskawa’s

sensorless  vector  control  is  highly  regarded for  delivering near-servo levels  of  speed regulation

without  an  encoder.  The  GA800  also  introduced  modern  conveniences  like  a  Bluetooth-enabled

mobile app for setup/diagnostics and the ability to run the cooling fan only when needed (to extend

fan life and reduce noise). Yaskawa drives are commonly found in pumping, HVAC, and industrial

automation,  and  are  known  to  be  quite  user-friendly  in  terms  of  parameter  structure  and

documentation. The company’s long experience in drives (they produced the world’s first transistor

PWM drive decades ago) shows in the product maturity.
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Eaton (Cutler-Hammer): Eaton offers the PowerXL series VFDs, such as the DG1 general-purpose

drives. These drives emphasize ease of use and integration into building and industrial systems. For

example, the DG1 has an intuitive startup wizard and several predefined application macros (for

fans,  pumps,  conveyors,  etc.)  to  simplify  commissioning .  Eaton  has  also  focused  on  energy

optimization  –  the  DG1  includes  a  patented  Active  Energy  Control algorithm  that  dynamically

reduces  voltage  to  the  motor  when  possible  to  improve  efficiency  (they  claim  it  can  save  an

additional  ~2–10%  energy  over  standard  V/Hz  control) .  The  drives  come  standard  with

features like a 5% DC choke and built-in EMI/RFI filters to meet EMC and harmonic standards. In

terms of ruggedness, the DG1 is built with high short-circuit tolerance and includes a brake chopper

(transistor) on smaller frames by default ,  so adding dynamic braking only requires a resistor.

Eaton drives carry all relevant certifications (UL, CE) and are designed to meet IEEE 519 harmonic

guidelines when applied with appropriate filtering. They also integrate easily into Eaton’s electrical

lineup, such as their MCC (motor control center) products, which often incorporate these drives in

plug-in units.

Danfoss: Danfoss  Drives  (including  VLT  and  Vacon  brands,  now  part  of  Danfoss)  has  a  strong

presence in HVAC and refrigeration, as well as industrial drives. Danfoss VLT drives were among the

first AC drives on the market. They are known for robustness and features like built-in harmonic filter

options (Danfoss offers active filter units and 12-pulse configurations for low THD). Danfoss drives

often  have  excellent  HVAC-specific  features:  fire  mode  (override),  sleep  modes  for  pumps,  and

interface with building automation protocols. Their newer drives comply with IEC 61800-9 with high

efficiency, and Danfoss has been vocal in industry forums about drive system efficiency standards

.  For  refrigeration  compressors  and  fans,  their  drives  support  integrated  PID  and  cascaded

control of multiple units. They also offer  matrix converters and other power control products for

specialized needs.

Siemens: Siemens manufactures the SINAMICS series of drives (G120, S120, etc.). Siemens drives are

typically modular – e.g., a SINAMICS G120 drive is composed of a control unit and a power module

selected separately.  They shine in integration with Siemens PLC and automation systems (Totally

Integrated Automation). Siemens offers solutions for regenerative drives and multi-axis coordinated

motion (the S120 series) for complex machinery. They also have multi-level medium-voltage drives.

On the harmonic mitigation front, Siemens has options like 18-pulse rectifiers or active front ends,

and they publish guides on meeting  IEEE 519 recommendations (such as keeping THD <5–8% at

point of  common coupling) .  Many large water utilities use Siemens drives (formerly Robicon

brand) for pumps in the thousands of HP.

Rockwell Automation (Allen-Bradley): Allen-Bradley’s PowerFlex drive family is common in North

America. PowerFlex drives range from compact PowerFlex 40/70 up to large PowerFlex 7000 for MV.

They emphasize seamless integration with Rockwell’s Logix PLC platform via EtherNet/IP (features

like Premier Integration allow the PLC to automatically recognize and configure drive parameters). A-

B drives offer advanced control including field-oriented control, and safety options (some models

have integrated safe torque off and even safe speed monitoring). Industries like manufacturing lines

and material handling often choose PowerFlex for the unified Rockwell  ecosystem. Rockwell  also

provides extensive libraries for drive add-on instructions in their PLCs to simplify use.

Others: Other notable manufacturers include Schneider Electric (Altivar drives), Mitsubishi Electric

(FR series drives), Hitachi Industrial (e.g. WJ200 and SJ series, which offer sensorless vector control
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and built-in PLC functions),  WEG,  Toshiba,  Fuji Electric,  Lenze,  SEW-Eurodrive,  and  KEB,  among

others. For instance, Lenze’s i550 series drives (also sold under their AC Tech brand in the US) are

very compact  modular  drives from 0.25 kW up to 132 kW, often used in  material  handling and

packaging machines. Lenze emphasizes ease of commissioning with their “easy mode” and supports

modular machine designs by offering both cabinet-mounted and decentralized IP66 versions . 

Hitachi WJ200 drives are popular in mid-size OEM equipment; they provide advanced sensorless

vector capability (high starting torque, 150% overload) and even have a simple built-in programming

functionality to execute logic, eliminating small PLCs in some cases.  Yaskawa’s smaller drives like

the GA500 or V1000 are known for their mean-time-between-failure and a wide range of integration

kits (they often end up in critical uptime applications). The competition in the VFD market drives all

manufacturers  to  continually  improve  user-friendliness,  add  features  (like  condition  monitoring,

cloud connectivity), and adhere to the latest standards for efficiency and safety.

Standards and Best Practices

When applying VFDs in industrial systems, it’s important to follow relevant  standards and guidelines to

ensure safety, compatibility, and performance. Here are some of the key standards and considerations:

Electrical Safety Standards: UL 61800-5-1 (harmonized with IEC 61800-5-1) is the safety standard

for adjustable speed drives, covering enclosure requirements, protection against electric shock, fire,

and mechanical hazards. In the US, most VFDs will carry a UL listing or recognition to this standard

(previously UL508C was used for drives, but UL 61800-5-1 replaced it to align with IEC). Always use a

VFD that is certified for your region (e.g. UL, cUL, or CE marked to the Low Voltage Directive and EMC

Directive in Europe). Also ensure the  short-circuit rating of the drive is suitable for your supply

(drives will have an SCCR – e.g. rated for 100 kA when protected by a certain fuse type).

EMC  and  Harmonics: VFDs  are  sources  of  harmonic  currents  and  high-frequency  noise.  The

IEC 61800-3 standard covers EMC (electromagnetic compatibility) requirements for drives, dividing

installations  into  categories  (first  environment:  residential/light  industry,  second  environment:

industrial). Many drives include EMI/RFI filters to meet EMC limits – but in sensitive environments,

additional filtering or line reactors might be needed to prevent interference on nearby equipment.

For harmonics, the IEEE 519-2014 guideline is widely referenced: it recommends limits (typically 5%

THD for voltage, and 8% for current, with specific limits per harmonic order) at the point of common

coupling so that nonlinear loads like VFDs do not disturb the grid or other facility equipment . To

meet these limits, drives can employ solutions like 12-pulse or 18-pulse rectifier setups (which cancel

many harmonics) or active front ends that actively correct the waveform. In practice, adding a 3–5%

line reactor (choke) or using a drive with a DC choke can significantly reduce current harmonics

and is  a  recommended practice  for  most  installations.  IEEE  519  compliance  becomes  especially

important  when  a  facility  has  a  large  percentage  of  drive-fed  motors.  Some  utility  companies

mandate harmonic studies if drive loading is above certain thresholds.

Motor and Cable Considerations: As discussed, if you are driving standard motors with a VFD, they

should meet NEMA MG1 Part 31 (or IEC 60034-17/25) for inverter-duty. Use shielded motor cables

for larger VFDs or long runs to contain electromagnetic noise and provide a low-impedance path to

ground for common-mode currents. Also, follow the manufacturer’s guidelines on maximum cable

length – beyond a certain length, they may advise installing dv/dt filters or sine filters at the drive

output to protect the motor. Reflected wave charts from drive makers can help determine if your
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motor-terminal peak voltage will stay within safe limits given the cable length and drive switching

speed. Additionally, never use surge protection devices or power factor correction capacitors on the

output of a VFD (they must only go on the input side if needed), as the PWM will cause problems with

such devices.

Thermal and Environmental: Ensure adequate cooling and spacing per the drive’s manual. VFDs

dissipate heat (e.g. a 20 kW drive at 97% efficiency will dissipate ~600 W of heat). Panel builders

often use active cooling or thermal management to keep drive electronics within spec. Altitude is

another factor – above ~1000 m, cooling air is thinner and drives need derating. Many drives are

designed  to  operate  up  to  3000   m  with  derate.  For  outdoor  or  washdown  installations,  use

appropriately rated enclosures (or place the drive in a protective cabinet).  Harmonic interaction

with  generators  is  another  advanced  consideration:  if  a  drive  will  be  powered  by  a  standby

generator, the generator impedance and drive front-end can interact, so it’s wise to have filters or

ample generator sizing, and to check that the drive’s active front end (if present) is compatible.

Control and Tuning: When commissioning a drive, perform the motor autotune routine if the drive

offers one (usually requires the motor nameplate data and either a stationary or rotational test). This

lets  the drive identify  the motor parameters  for  optimal  control  (especially  important  for  vector

control or torque control modes). Set the VFD’s acceleration and deceleration ramps appropriately

for the load – too short a decel could cause an overvoltage trip if no braking resistor is present, for

example. Use the VFD’s built-in protections: set the motor overload protection (electronic thermal

relay) in the drive to match the motor’s rated amps and service factor. Also program any application-

specific limits, like maximum and minimum speeds, to prevent an operator from running the motor

beyond safe limits (e.g. centrifugal pumps shouldn’t run below a certain speed for too long, or some

machinery might have critical speeds to avoid). Many drives allow programming skip frequencies –

this is to avoid running at a speed that causes resonance/vibration in the system. If you know, for

example, that at 45 Hz your pump resonates, you can program the VFD to automatically skip 44–

46 Hz range.

Standards for Functional Safety: If using the drive’s Safe Torque Off, ensure it meets the needs of

your safety circuit (e.g. integration into an E-Stop loop requiring SIL3 performance). Some safety

standards  (like  NFPA  79  in  the  US)  accept  control  of  hazardous  motion  via  STO  as  long  as  it’s

appropriately  rated  –  this  can  eliminate  the  need  for  contactors  to  remove  power,  but  a  risk

assessment should confirm this for each case. Always follow wiring practices as per NFPA 70 (NEC) or

relevant electrical codes, including proper grounding of the VFD and the motor. Grounding is critical

both for safety and for the mitigation of noise and bearing currents.

In summary, adhering to standards like IEC 61800 (for drives), IEEE 519 (for harmonics), and NEMA MG1 (for

motors) will  help ensure that your VFD installation is safe, reliable, and does not adversely affect other

equipment. Manufacturers publish extensive application notes and guides – it’s highly recommended to

consult these for best practices (for instance, ABB and Rockwell have guides on installing drives with long

motor leads, Yaskawa has recommendations for bearing protection, etc.). 

Conclusion

Variable  Frequency  Drives  have  revolutionized  industrial  motor  control  by  bringing  together  energy

efficiency, process flexibility, and system protection. A VFD is not just a motor controller; it’s a smart
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device  that  adapts  motor  behavior  to  match the task’s  requirements  in  real  time.  The benefits  –  from

dramatic  energy  savings and  reduced  peak  power  demands,  to  gentle  mechanical  handling and

improved product quality – make VFDs a cornerstone of modern automation and sustainable engineering.

With rising energy costs and the push for lower carbon emissions, the role of VFDs in optimizing motor-

driven systems will  only grow. Emerging trends such as integration with  smart grids,  use of  machine

learning  for  predictive  maintenance,  and  higher-efficiency  motor-drive  combinations (like

synchronous reluctance motors with IE5 efficiency drives) mean that VFD technology continues to advance. 

However, getting the most out of a VFD requires proper application and setup: selecting the right drive for

the motor and load,  programming it  correctly,  and accounting for  power quality  and motor protection

factors. By following industry standards and leveraging the rich features offered by major manufacturers,

engineers can ensure a successful  VFD implementation. In an industrial  landscape where flexibility and

efficiency are paramount, VFDs provide a proven solution – allowing everything from a small fan to a giant

crusher to run at the right speed at the right time, and to do so reliably. It’s no surprise that VFDs have

become ubiquitous in factories,  plants,  and commercial  buildings worldwide.  For any facility  with large

motors, a review of where VFDs can be applied often reveals opportunities for optimization. In many cases,

the investment in VFDs is paid back not only in energy cost savings, but also in extended equipment life,

improved uptime, and enhanced control over processes. As the case studies demonstrate, those benefits

are very tangible – making VFDs a key component in the pursuit of more efficient and intelligent industrial

systems.
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