
Yaskawa VFDs: A Deep Dive into Variable

Frequency Drive Technology and Applications

Introduction

Variable Frequency Drives (VFDs) have become indispensable in modern industrial and commercial motor

control. By varying the frequency and voltage supplied to an AC motor, a VFD allows precise speed and

torque control, leading to significant energy savings and improved process performance. Yaskawa Electric

Corp. – one of the world’s largest manufacturers of AC drives – has been at the forefront of VFD technology

for decades . Yaskawa VFDs are known for their broad power range (from fractional horsepower up to

1750 HP) and for a design philosophy that emphasizes quality and reliability .  In this article,  we will

explore how VFDs work,  delve into Yaskawa’s offerings and innovations,  compare features from several

leading VFD manufacturers (ABB, Hitachi, Eaton, Lenze, and others), and examine real-world applications

and best practices. The goal is to provide a comprehensive, technically accurate understanding of Yaskawa

VFD technology and its context in the wider industry.

How Variable Frequency Drives Work

At their core, VFDs are power conversion devices that adjust motor speed by altering the input frequency

and voltage. A typical low-voltage VFD uses a three-stage design: a rectifier converts incoming AC power to

DC, a DC link (with capacitors or chokes) smooths the power, and an inverter (using transistors like IGBTs)

synthesizes  a  new  AC  output  of  the  desired  frequency  and  amplitude.  This  synthesized  AC  is  usually

generated by pulse-width modulation (PWM), creating a near-sinusoidal waveform to drive the motor at the

target speed. By controlling the frequency of the AC output, the VFD directly controls the speed of induction

or synchronous motors. The voltage is adjusted in tandem with frequency (following a Volts-per-Hertz curve

or more advanced algorithms) to maintain optimal flux in the motor.

Modern drives utilize microprocessor-based control to regulate output frequency/voltage and respond to

feedback. Most VFDs operate as variable speed drives (VSDs) in open-loop mode for standard AC induction

motors, but many can also function in closed-loop configurations when paired with encoders or sensors for

precise speed/position feedback. In open-loop (sensorless) vector control, the VFD’s software models the

motor  to  estimate  rotor  flux  and  slip,  achieving  accurate  speed  and  torque  control  without  physical

feedback.  High-performance  VFDs,  including  Yaskawa’s  current  models,  typically  offer  multiple  control

methods – from simple V/Hz control to advanced vector control and even torque control modes – to suit

different application needs.

One critical aspect of VFD operation is managing the output waveform quality and motor stress. Because

VFDs produce a PWM voltage waveform, the rapid switching can induce voltage spikes and harmonics that

may stress motor insulation or cause heating. Leading manufacturers employ techniques to mitigate these

issues: for example, using output filters or multi-level inverter topologies to reduce voltage spikes. Notably,

Yaskawa was an innovator in this area by introducing a low-voltage drive with a 3-level inverter design (the

Yaskawa G7 series). This 3-level topology effectively halves the voltage step seen by the motor per switching
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event, minimizing problems with long motor cables and preventing premature motor bearing failures

due to high dV/dt, while also reducing overall electrical noise . Such design considerations allow VFDs to

drive motors reliably even in challenging scenarios.

From a user’s perspective, a VFD is typically configured via parameters to match the motor characteristics

and application requirements. Users can set acceleration and deceleration ramps (providing soft-start and

soft-stop to avoid mechanical shocks), define torque limits, and program multi-speed or PID control loops.

Most  drives  include  protective  features  as  well:  overcurrent  and  overload  protection,  overvoltage/

undervoltage ride-through, and thermal management via cooling systems or derating for high ambient

temperatures. When properly set up, a VFD ensures the motor operates within safe limits while delivering

only  the  needed  speed  and  torque  at  any  given  time.  This  precision  and  flexibility  yield  not  only

performance benefits  but  also  significant  energy  efficiency  improvements  in  variable-load applications,

which we will discuss later.

Yaskawa VFD Overview and Key Technologies

Yaskawa has established itself as a premier VFD manufacturer by focusing on innovation, quality, and a

broad application range. The company’s AC drive portfolio spans from tiny microdrives (a few hundred

watts)  to high-horsepower industrial  units (over 1000 HP) to serve virtually  every automation need .

Yaskawa  drives  are  used  in  industries  from  manufacturing  lines  and  robotics  to  HVAC  systems  and

wastewater  pumps.  A  cornerstone  of  Yaskawa’s  reputation  is  its  engineering  for  reliability:  all  models

undergo rigorous testing, and quality is “designed in and built  in” to the product line . Impressively,

some Yaskawa VFD series boast a Mean Time Between Failure (MTBF) of 28 years – about 245,000 hours

. This high MTBF translates to less downtime, lower maintenance costs, and a lower total cost of

ownership for end users. It’s not just a marketing claim; it reflects Yaskawa’s continuous quality tracking and

improvement  process.  (Yaskawa is  in  fact  the only  industrial  drives  manufacturer  to  have received the

Deming Prize for quality management, underscoring their commitment to excellence in manufacturing.) 

From  a  technology  standpoint,  Yaskawa  VFDs  incorporate  cutting-edge  motor  control  algorithms  and

hardware designs.  Even their  compact  drives  (such as  the V1000 and newer GA500 series)  use  vector

control for high starting torque and tight speed regulation. For example, a Yaskawa V1000 drive in open-

loop mode can deliver  around 200% torque at  low speeds  with  sensorless  vector  control,  suitable  for

demanding applications that need high breakaway torque. Yaskawa’s larger drives (e.g. the GA800 or legacy

A1000 series) support closed-loop vector control and even modest position control capability when paired

with  feedback  devices  –  enabling  them  to  handle  applications  approaching  servo-like  performance.

Additionally, Yaskawa often integrates application-specific features in certain models: the P1000 family is

tailored for pumps and fans with built-in PID controllers and sleep functions for energy savings, while the

U1000 is a matrix converter drive that provides direct AC-to-AC conversion with regenerative capabilities for

energy feedback.

A notable innovation was Yaskawa’s use of a 3-level inverter design in the G7 drive (and its successors), as

mentioned earlier.  By  using a  three-level  neutral  point  clamped topology on the output,  the drive  can

output a finer voltage step. This unique approach (Yaskawa was the first to offer it in low-voltage drives)

dramatically reduced common-mode voltage stress and virtually eliminated the need for load reactors or

dv/dt  filters  in  long  cable  runs .  For  users,  that  means  simpler  installations  and  enhanced  motor

longevity, especially in retrofit situations where existing motors might not be “inverter-duty” rated. Yaskawa

has continued this focus on motor-friendly output waveforms in newer products as well.
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Yaskawa VFDs also excel in  user-friendly features and integration. Even at the microdrive level, Yaskawa

includes networking options and programming tools. Standard protocols like Modbus are often built-in, and

option  cards  allow  connection  to  nearly  any  industrial  network  (Profibus,  EtherNet/IP,  Modbus  TCP/IP,

CANopen, etc.) . The company provides free PC software (e.g. DriveWizard and DriveWizard Mobile) for

configuration,  monitoring,  and even a scope function for tuning drive performance.  A small  but handy

example is the “Y-Stick” USB clone device that lets users copy parameters from one drive to another in

seconds  – useful for OEMs or maintenance engineers managing multiple drives. Yaskawa drives also

support dual ratings (Normal Duty and Heavy Duty): for instance, the GA800 drive can be sized either for

120% overload or 150% overload depending on the application’s demand, a flexibility that helps right-size

the  drive  for  cost  and performance.  Safety  integration  is  another  area:  many Yaskawa drives  offer  an

optional Safe Torque Off (STO) function input, certified to SIL2/SIL3, which allows the drive’s output to be

safely disabled (for example, during an E-Stop) without fully powering down the unit.

In summary, Yaskawa’s approach combines robust hardware design (with features like coated boards for

harsh environments and built-in braking transistors on most models) with advanced control algorithms and

rich feature sets. The result is a family of VFDs known for durability (field data has shown Yaskawa’s actual

MTBF often exceeds their already high design targets ) and strong performance across a wide range of

applications. In the next section, we will broaden the view to consider features that are common to modern

VFDs from Yaskawa and other leading manufacturers, and how those features benefit various applications.

Key Features and Advances in Modern VFDs

Today’s VFDs, whether from Yaskawa or competitors, offer a host of advanced features that improve motor

control performance, efficiency, and ease of use. Here we outline some of the critical features and how they

are implemented in practice, with examples from various manufacturers:

Advanced Motor Control Algorithms: Early generation drives used simple volts-per-hertz control,

but  modern  drives  use  sophisticated  algorithms  for  dynamic  torque  and  speed  control.  Field-

oriented control (FOC), also known as vector control, is standard in most industrial VFDs, enabling

high torque at low speeds and fast response to load changes. Some manufacturers have proprietary

control  methods  –  a  prime example  is  ABB’s  Direct  Torque Control  (DTC).  Unlike  conventional

vector control, DTC directly regulates motor flux and torque without a fixed PWM modulator stage,

resulting in extremely fast torque response and accurate control even without an encoder. ABB’s

premium  drives  employing  DTC  can  achieve  full  torque  at  zero  speed  (essentially  servo-like

performance  in  open-loop)  and  typically  do  not  require  speed/position  feedback  in  95%  of

applications,  which saves cost and complexity .  DTC also adapts to different motor types

(induction, permanent magnet,  or synchronous reluctance) automatically .  While Yaskawa and

others use high-performance vector control (often requiring an encoder for zero-speed full torque),

the end result for most users is that all top-tier VFDs can provide very precise motor control and high

torque, making them suitable for demanding applications like cranes, elevators, or extruders that

traditionally might have used DC or servo drives.

High Starting Torque and Overload Capacity: A  quality  VFD can produce high starting torque

(150% or  more of  rated torque)  at  low frequencies,  allowing heavy loads to  start  smoothly.  For

example, Hitachi’s industrial drives with sensorless vector can achieve over 150% torque at 0.5 Hz

output , enough to start high-inertia loads without a hitch. Overload ratings are typically provided

in two classes: constant torque (CT or heavy duty) and variable torque (VT or normal duty). A heavy
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duty rated drive might allow 150% of rated current for 60 seconds (for accelerating a conveyor or

compressor), whereas the same drive in normal duty might allow 120% for 60 seconds, assuming the

load (like a fan or pump) generally needs less torque . Yaskawa’s drives, for instance, commonly

specify 150%/60s for heavy duty and 120%/60s for normal duty on the nameplate, and other makers

have similar dual ratings. This ensures the drive can handle short-term overloads without tripping,

which is crucial in applications with transient peaks.

Energy Efficiency and Power Optimization: One of the biggest drivers for VFD adoption is energy

savings. By matching motor speed to the actual load requirement, VFDs eliminate the waste seen in

throttling  or  mechanical  bypass  methods.  This  is  dramatically  illustrated in  centrifugal  fans  and

pumps, where the affinity laws show that power demand drops roughly with the cube of speed.

As  an  example,  running  a  pump at  80% of  full  speed  (to  deliver  80% flow)  can  cut  the  power

consumption to about 50% of the full-speed power . In other words, a 20% speed reduction may

yield roughly 50% energy savings in variable torque systems – a huge efficiency gain. Many VFDs

now include dedicated energy optimization functions. Eaton’s drives, for instance, feature a patented

Active Energy Control algorithm that dynamically adjusts the V/Hz curve to minimize motor losses

while maintaining required speed,  yielding an extra 2-10% energy savings beyond standard VFD

operation . Some drives also automatically optimize or boost voltage under light loads to

improve power factor and efficiency. Additionally, VFDs inherently improve power factor on the line

side. A typical VFD has a near-unity displacement power factor (because the rectifier draws current

roughly in phase with voltage), and many drives maintain an overall power factor of ~0.95 or higher

across  loads .  This  can  reduce  reactive  power  charges  and  lighten  the  load  on  facility

transformers.

Harmonic Mitigation and Standards Compliance: A downside of VFD use is that the rectifier draws

non-linear current,  creating harmonic distortion in the supply.  Excessive harmonics can overheat

transformers, cause nuisance trips, or interfere with other equipment. Industry standards such as

IEEE 519-2014 set limits for current and voltage harmonic distortion on distribution systems . To

meet these, VFD manufacturers incorporate various solutions: many drives include DC link chokes

(inductors) or AC line reactors to reduce input current harmonics typically by 30-50%. For example,

Eaton’s PowerXL DG1 drives come standard with a 5% DC choke and EMI/RFI filter built-in  to

attenuate harmonics and electromagnetic noise. Other approaches for larger systems include multi-

pulse rectifier arrangements (12-pulse, 18-pulse drives) or active front-end (AFE) converters. An 18-

pulse “clean power” VFD, which uses phase-shifted transformer windings, can drastically cancel low-

order harmonics – Eaton offers such integrated solutions that  meet IEEE 519 limits under most

conditions by drawing nearly sinusoidal current . Active front-end VFDs use insulated-gate

transistors  on  the  input  to  actively  shape  the  current  waveform,  achieving  <5%  current  total

harmonic distortion (THD) in many cases . For sites with strict power quality requirements

(e.g. hospitals, airports, or utilities), low-harmonic VFD models from ABB (ACS880 with low-harmonic

option), Schneider (Altivar with AFE), Yaskawa (U1000 matrix converter or R1000 regenerative units),

and others are available. Ensuring  IEEE 519 compliance is increasingly important as utilities and

regulators enforce harmonic limits  – fortunately, modern drives and add-on filters make it

achievable.

Safety and Functional  Integration: As  VFDs take on central  roles  in  controlling motors,  safety

features  have  been  incorporated.  One  common  feature  is  Safe  Torque  Off  (STO),  which  is  an

emergency  stop  function  that  disconnects  drive  output  without  removing  power  to  the  drive’s
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control (allowing quick restart). STO is implemented to meet standards like IEC 61800-5-2 and ISO

13849, often achieving SIL2 or SIL3 safety integrity. Many drives from different vendors (including

Yaskawa,  Siemens,  Rockwell,  Lenze,  etc.)  support  STO via  dedicated terminals.  For  instance,  the

Lenze i550 series provides STO as a standard function for machine safety integration . Some VFDs

also offer safe brake control or even integrated functional safety over networks (for advanced safety

zones in automation). Beyond safety, drives now commonly embed programmable logic or PLC-like

functions.  Hitachi’s  drives  have  an  “EasySequence  (EzSQ)”  programming  feature  –  essentially  a

simple  built-in  PLC that  can  execute  logic  and timing functions  in  the  drive .  This  allows

standalone control  (e.g.,  a drive can manage a simple process or alternate between two speeds

based on a sensor input, without an external PLC). Similarly, Rockwell’s PowerFlex drives and others

support add-on programming or function blocks. Lenze’s i650 motec drive goes a step further by

including an onboard PLC and even an IO-Link sensor interface for smart applications . The trend

is toward making VFDs intelligent edge devices in the automation hierarchy.

Communications and IoT Connectivity: Nearly  all  industrial  VFDs now support  communication

protocols  for  integration  into  control  systems.  As  mentioned,  Modbus  RTU is  often  included by

default  (Yaskawa,  Hitachi,  and  many  others  do  this).  Option  cards  or  built-in  ports  can  provide

connectivity for EtherNet/IP, PROFINET, PROFIBUS, EtherCAT, DeviceNet, BACnet, CANopen – the list

covers every major fieldbus. This connectivity enables not only remote control of speed or start/stop

but also continuous monitoring of drive status, power usage, and faults. In the context of Industry

4.0 and IoT, VFDs are increasingly used as data sources for predictive maintenance. They can report

variables like motor current,  temperature,  running hours,  etc.,  which can be analyzed to predict

failures or optimize processes. Some manufacturers have cloud or software platforms to gather this

data (e.g.,  Schneider’s  EcoStruxure,  ABB’s  Ability).  Yaskawa offers DriveCloud services for  remote

monitoring of its drives. Communication also facilitates multi-drive coordination – for example, in

web handling or processing lines, drives can share load and speed information to maintain tension

or synchronization. The ability to network VFDs thus extends their usefulness beyond standalone

motor control to fully integrated systems.

Environmental Robustness and Enclosures: Depending on where a VFD is installed, it may need

protection from water, dust, or corrosive agents. Manufacturers provide drives in various enclosure

ratings (open chassis, NEMA 1, NEMA 12, NEMA 4X, etc.). An example is Yaskawa’s V1000-4X micro-

drive, which comes in a NEMA 4X/IP66 rated enclosure for washdown duty. This unit is epoxy-coated

to resist cleaning chemicals and is fully sealed against water and dust, making it suitable for food &

beverage plants and outdoor pump systems . Lenze offers its i550 “protec” drives in IP66

decentralized form, meaning they can be wall-mounted or motor-mounted in the field, eliminating

long cable runs and enclosure costs . Key environmental features include conformal coating

on circuit boards (to guard against humidity or corrosive atmospheres) and thermal design for wide

temperature ranges. Many drives are rated for operation up to 50°C ambient without derating (some

with 60°C with derating) , and are equipped with intelligent cooling (controllable fans, overheat

protection). When installing drives in harsh environments, it’s important to choose the appropriate

enclosure rating and consider cooling and clearances per manufacturer guidelines. Fortunately, the

available options – from IP00 modules to IP66 standalone units – cover the gamut of use cases.

Reliability Features and Diagnostics: Beyond the raw MTBF numbers, modern VFDs incorporate

features to ensure high reliability  and to aid in troubleshooting when issues arise.  For instance,

many  drives  perform  predictive  diagnostics on  their  key  components:  they  can  estimate  the
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remaining life of cooling fans or DC bus capacitors based on run hours and temperature, alerting the

user to planned maintenance needs. If an abnormal condition occurs, detailed fault codes and logs

are available. Some Yaskawa models can even capture the state of key signals at the moment of fault

(like a built-in mini-oscilloscope trace for the last few seconds) to help diagnose tricky problems.

Competitors  have  similar  capabilities;  for  example,  Rockwell  drives  provide  time-stamped  fault

histories and maintenance reminders, and Schneider Altivar drives have QR codes on the display

that encode the fault info for quick reference via a phone app. All these diagnostic tools minimize

downtime by speeding up troubleshooting and maintenance. 

In summary, today’s VFDs are feature-rich devices combining power electronics, digital control, networking,

and software intelligence. Whether it’s the sensorless vector control enabling high torque at low speed,

the  energy optimization algorithms cutting  every  watt  of  waste,  or  the  safety  and communication

functions integrating the drive seamlessly into a larger system – these advances make VFDs more efficient,

reliable, and easier to use than ever before. In the following section, we’ll compare how some of the leading

manufacturers differentiate themselves with specific strengths or unique offerings within this landscape of

common features.

Comparing Leading VFD Manufacturers

All major VFD manufacturers design products to meet similar core requirements, but each brings its own

engineering  philosophy  and  innovations.  Here  we  highlight  and  compare  the  offerings  of  several  top

vendors – Yaskawa, ABB, Hitachi, Eaton, and Lenze – noting their strengths and unique features:

Yaskawa: As discussed, Yaskawa drives are renowned for reliability and quality. They consistently

achieve very high MTBF figures (20+ years in many cases) and have a track record of field reliability.

Yaskawa’s product range is comprehensive, covering microdrives (such as the GA500/V1000 series)

up  to  large  industrial  units  (GA800/A1000  series  and  even  medium-voltage  drives).  One

distinguishing innovation from Yaskawa was the early adoption of a 3-level inverter design in low-

voltage drives, which no other competitor offered at the time . This shows Yaskawa’s focus on

motor-friendly  power  delivery.  Yaskawa  drives  typically  come  with  rich  features  standard  –  for

example,  even  the  smaller  drives  have  built-in  Modbus  communication,  embedded  braking

transistor for dynamic braking, and dual-rated horsepower for different loads. Users often cite the

consistency of  programming across Yaskawa’s  lineup and the excellent  documentation/training

provided.  Yaskawa may not  have a  flashy proprietary  algorithm like  ABB’s  DTC,  but  their  vector

control  is  highly refined and more than sufficient for precision applications (their  top drives can

perform full torque at zero speed with an encoder, and very high torque in sensorless mode as well).

Yaskawa’s global support network and focus on customer experience (e.g., fast delivery, responsive

support)  also  contribute  to  why  many  OEMs  and  system  integrators  prefer  them  for  critical

applications.

ABB: ABB is a global leader in drives and automation, offering a vast portfolio from small HVAC

drives to giant medium-voltage drives for mining. ABB’s flagship technology, Direct Torque Control,

is a key differentiator. Drives like the ACS880 series using DTC can control motor torque and speed

with exceptional dynamics – achieving steady operation at extremely low speeds without feedback

and quick torque adjustments in milliseconds .  ABB drives are also known for their  user-

friendly interfaces (the Adaptive Programming feature and the intuitive panels) and integration with

ABB’s automation systems. In terms of reliability, ABB VFDs are robust – their high-end units often
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come with options like du/dt filters, encoders, and redundancy for mission-critical setups. ABB has

also been at the forefront of  harmonic mitigation, offering ultra-low harmonic drives and active

front-end options that can meet IEEE 519 standards without external filters. For industries like oil &

gas or marine, ABB’s drives are often the go-to solution due to their proven track record and the

company’s application engineering support. In HVAC, ABB’s ACH series drives have dominated for

their  simplicity  and built-in  macros for  fans,  pumps,  and compressors.  Overall,  ABB emphasizes

innovation in control algorithms and energy efficiency, often highlighting additional savings or

performance gains that their system-level approach (drive + motor packages, like their synchronous

reluctance motor drive packages) can provide.

Hitachi: Hitachi  AC drives might not be as globally  ubiquitous as some others,  but they have a

strong presence, particularly in Asia and the Americas for certain sectors. Hitachi VFDs are praised

for  their  combination  of  performance  and  cost-effectiveness.  They  incorporate  advanced

sensorless vector control, achieving high starting torque (e.g., 200% or more at low speed) with an

easy auto-tuning process . One of Hitachi’s focuses is user-friendly configuration – their drives

often come out-of-the-box with default parameter sets for quick startup, and include PC software for

easy programming.  Built-in logic capabilities (like the EzSQ programmable sequence in the SJ700

series) allow complex multi-step operations to be programmed without a separate PLC . Hitachi

also  ensures  that  even  their  smaller  drives  have  features  like  onboard  braking  choppers  (for

dissipating regen energy) and compatibility with both induction and  permanent magnet motors

 – a nod to modern trends where high-efficiency PM motors are sometimes used. While Hitachi’s

drive lineup might not cover extremely high horsepower, they serve up to around 500+ HP and cover

most  standard  industrial  needs.  They  also  prioritize  compliance  and  safety:  Hitachi  drives  carry

global certifications (UL, CE) and include functions like safe stop input according to standards (the SJ

series had safe-stop compliant to EN954-1, a precursor to today’s ISO 13849 STO requirements) .

In  summary,  Hitachi  drives  offer  reliability  and  advanced  features  at  a  competitive  price  point,

making them popular for OEM machinery and general industrial use where budget is a concern but

performance can’t be compromised.

Eaton  (Cutler-Hammer): Eaton’s  VFD  offerings,  marketed  under  the  PowerXL series,  leverage

Eaton’s expertise in power management. Eaton drives are often chosen in integrated systems with

MCCs (motor control centers) or panelboard setups, since Eaton can provide the entire electrical

distribution and control package. A hallmark of Eaton VFDs is their emphasis on energy efficiency

and power quality.  The PowerXL DG1 general-purpose drives include an  Active Energy Control

feature that automatically reduces motor flux to the optimal level, yielding additional energy savings

beyond basic  VFD speed control .  They  also  come standard  with  components  to  address

power quality: for instance, the DG1 has a built-in 5% DC choke and EMI/RFI filters, and a high short-

circuit current rating for compatibility with industrial  power systems . Eaton offers a range of

solutions for harmonics, including passive filters and the 18-pulse drives (called “Clean Power Drives”)

for installations that require IEEE 519 compliance . On the usability front, Eaton drives feature

a simple startup wizard and a removable keypad with copy/paste functionality to program multiple

drives quickly . Some models even integrate Bluetooth or other wireless support (the PowerXL

DM1 microdrive, for example, has an option for Bluetooth connectivity for programming via a mobile

app ).  Eaton’s  heritage  in  electrical  control  means  their  drives  also  shine  in  safety  and

robustness: conformal coated PCBs, robust metal enclosures, and extensive protection features are

standard .  The  company  clearly  designs  for  harsh  industrial  environments,  with  many  drives

rated for 50°C without derate and engineered to ride through voltage dips and power anomalies. In
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summary, Eaton’s VFD lineup stands out for built-in power conditioning, ease of integration into

larger electrical systems, and a strong focus on optimizing energy use and reliability (as their slogan

puts it, “demand more flexibility” and efficiency from the drive ).

Lenze: Lenze  is  a  German  manufacturer  known  for  its  expertise  in  motion  control  and  drive

solutions for machine automation. Lenze’s AC drive portfolio (including the i500 series, SMV drives,

etc.)  is  often  favored  in  packaging,  material  handling,  and  textile  industries  –  applications  that

demand compact size and sometimes decentralized solutions. A key strength of Lenze VFDs is user-

centric design for quick commissioning and modularity. For example, Lenze advertises that their

drives can reduce installation and commissioning time significantly: features like plug-in memory

modules for parameter sets, tool-less cable connectors, and an intuitive keypad/interface all aim to

save the engineer’s time . Lenze also offers drives in various physical formats to match the

machine design: chassis-mounted IP20 inverters for control cabinets, as well as motor-mounted or

wall-mounted IP55/IP66 drives for decentralized installations .  This flexibility allows machine

builders to optimize space and wiring. The Lenze i550 protec and motec drives, for instance, can be

mounted directly on the machine near motors,  coming in IP66 enclosures that handle dust and

water spray, including NEMA 4X models for washdown needs . Functionally, Lenze covers all

the  modern  features:  sensorless  vector  control,  STO  safety  inputs  on  many  models,  and  even

regenerative capability in some versions (the i550 motec can return energy from braking back to the

supply or reuse it for other motors on the DC bus). One unique offering is that certain Lenze drives

have built-in IO-Link master functionality and PLC capability, effectively acting as smart nodes in an

automation network . This is in line with Lenze’s focus on Industry 4.0 readiness and their motion

control heritage. While Lenze might not produce very high horsepower drives (their standard range

goes up to around 132 kW or 180 HP in low-voltage ), they excel in the small to mid-range drives

where  precision and mechanical integration are key. In sum, Lenze drives are chosen for their

ease  of  use,  space-saving  design,  and  seamless  integration  into  machine  automation,

complementing their  broader  portfolio  of  servo drives  and geared motors  for  complete  motion

control systems.

It’s worth noting that other major players also exist – Siemens, Schneider Electric, Rockwell Automation

(Allen-Bradley), Mitsubishi, Danfoss, WEG, among others – each with their own specialties (for instance,

Danfoss  VFDs  are  very  prominent  in  refrigeration  and marine  sectors  with  strong built-in  HVAC/pump

features, Siemens drives integrate tightly with their PLCs and offer robust digital twin tools, etc.). But across

the  board,  all  reputable  VFD  brands  strive  to  provide  reliable  products  with  advanced  features.  The

differences often come down to specific technologies (like ABB’s DTC or Yaskawa’s 3-level inverter), regional

support and service networks, and the ecosystem of tools and complementary products they offer. For a

user or specifier, it’s generally advisable to consider not just the drive specs, but also the available support,

the familiarity of  your team with the programming, and how the drive will  integrate into your existing

systems.
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Real-World Applications and Case Studies

VFDs have a transformative impact on a wide range of industries. Here we’ll discuss some  common use

cases and provide real-world examples that highlight the benefits of using VFDs, including energy savings,

performance improvements, and practical implementation tips.

Pumps and Fans (Energy Savings in HVAC and Water Systems): Perhaps the most cited advantage

of VFDs is in variable torque applications like centrifugal pumps, fans, and blowers. By replacing

throttling valves or dampers with speed control, enormous energy savings can be achieved. A case

in point is a wastewater treatment facility retrofit in Columbus, WI, where several constant-speed

pumps were replaced with VFD-controlled pumps. The result was about a 30% reduction in energy

usage for pumping, as measured in kWh per million gallons of water moved . Moreover, the peak

power  demand dropped by  50% (from 60  kW to  30  kW for  the  pump station)  after  VFDs  were

installed .  These  reductions  not  only  slash  electricity  bills  but  also  can  reduce  the  required

capacity (and thus capital cost) of backup power systems or utility infrastructure. The Columbus case

and others demonstrate a typical payback period of only a few years (sometimes even months) for

VFD investments purely from energy savings. For HVAC fans in large commercial buildings, drives

(like ABB’s ACH series or Yaskawa’s Z1000 HVAC drives) often tie into building automation systems to

continuously adjust airflow based on demand, maintaining comfort while drastically cutting energy

use during off-peak times. An important tip for such applications is to enable the VFD’s sleep or PID

control  functions  –  these  will  turn  the  motor  off or  slow it  to  a  minimum when setpoints  (like

pressure or flow) are met, avoiding unnecessary running. Also, when retrofitting older motors with

VFDs, ensure the motors are inverter-duty rated or add output filters to prevent motor insulation

stress, especially if the motor cables are long. Standards like NEMA MG-1 Part 31 provide guidelines

for motor/VFD compatibility (e.g., specifying that motors should tolerate the higher voltage spikes

from drives). Ensuring compliance with these guidelines extends motor life in VFD applications.

Industrial Machinery (Precision and Productivity): VFDs are used in machine tools,  conveyors,

mixers, extruders, and many other industrial machines for improved control and productivity. For

example,  in  a  conveyor system,  using VFDs allows soft  starting and stopping,  which minimizes

mechanical wear on belts, gearboxes, and product jerk. It also enables conveyor speed to be tuned

to  the  production  rate,  or  even  dynamically  varied  to  coordinate  with  upstream/downstream

processes.  A  real-world  illustration is  an  automated car  wash system upgrade that  integrated

Yaskawa drives: In this case, a tunnel-style car wash installed 42 Yaskawa VFDs (GA500 series for

dozens of small conveyor and pump motors, and GA800 series for large blowers). By synchronizing

conveyor speed with the spraying and drying systems through the PLC and VFDs, the operation

became much smoother and more energy-efficient. The VFDs’  soft-start capability eliminated the

previous high inrush currents and mechanical shock when motors were started, leading to lower

maintenance on drive  components.  Additionally,  features  like  stall  prevention (which is  a  drive’s

ability to auto-manage torque to avoid stalling a motor) helped prevent jams in the conveyor and

brush  mechanisms.  The  result  was  reduced  utility  costs  and  improved  throughput,  ultimately

maximizing profits for the car wash operator . This example underscores how VFDs can add

intelligence to machines – by networking the drives with a PLC, the entire process can be optimized

(e.g., slowing down the conveyor slightly if drying is taking longer, or speeding it up when there’s low

load). Best practice: In multi-motor systems, consider using a common DC bus or regenerative drive

if  braking energy  is  significant.  For  instance,  if  one  part  of  the  machine  is  slowing down while

another is  speeding up,  a shared DC bus allows energy transfer between drives,  saving energy.
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Yaskawa’s  component  drives  or  Rockwell’s  PowerFlex  line  support  DC  bus  linking  for  energy

exchange. If not feasible, braking resistors should be sized correctly or a regen unit can be employed

to feed power back to the grid.

Cranes and Hoists (Torque and Braking Control): Overhead cranes, hoists, and elevators benefit

greatly  from  VFDs  for  smooth  acceleration/deceleration  and  precise  positioning.  Here,  dynamic

torque control  and safety are paramount.  Many VFDs offer dedicated  hoist control  modes that

include  features  like  load  brake  control,  torque  proving  (to  test  the  mechanical  brake  before

releasing it), and quick-stop functions. A drive in regen-capable four-quadrant operation can capture

energy when lowering a load and feed it back (or dissipate it in a resistor), preventing overspeed and

reducing wear on mechanical brakes. For example, ABB and Yaskawa both supply drives with built-in

logic to manage an external  brake contactor – the drive ensures zero speed and motor holding

torque before letting the mechanical brake open, and similarly engages the brake before removing

motor torque when stopping. This coordination dramatically improves safety and component life.

When implementing  VFDs  in  lifting  applications,  compliance  with  safety  standards (like  ASME

elevator codes or IEC functional safety for hoists) is critical. Using drives with STO and safe brake

control certified to SIL3 can be part of the safety circuit design. Additionally, in such applications,

always size the drive for high overload (heavy duty) and consider encoder feedback for enhanced

speed control, since holding a suspended load at zero speed may require closed-loop control for

absolute assurance of no drift.

Mixers, Crushers, and Mills (Shock Loading and Process Control): Heavy industries like mining or

material processing often present shock loads or require adjustable speed for process reasons. For

example, a rock crusher may need to start slowly to avoid torque spikes and then ramp up, or a ball

mill may need variable speed to control the grinding process. VFDs excel here by providing torque

control and limiting. They can be programmed with current limits to act as electronic clutches – if a

load jam occurs, the drive can detect overcurrent and pause or slow down to protect the motor and

machine. Many drives have a “torque limit” feature that can be set to, say, 150% of nominal torque;

the  drive  will  then  modulate  speed  automatically  to  not  exceed  that  torque,  which  is  useful  in

applications like mix tanks (to avoid twisting an agitator shaft if viscosity suddenly increases). A tip

for these installations is to use vector control with an encoder for the best torque accuracy at zero

or low speeds. Also, ensure the drive’s  thermal ratings can handle high starting torque if needed

frequently – sometimes an oversized drive or one rated for heavy duty is warranted to provide a

thermal buffer. Real-world success has been seen in cement plants where kiln feed conveyors and

mills that were once fixed-speed are retrofitted with VFDs: the process control is improved (operators

can  tweak  speeds  to  fine-tune  output  quality),  and  mechanical  stresses  are  reduced,  extending

equipment life. One cement plant case study noted that replacing damper controls on large fans

with VFDs not only saved energy but also reduced the vibration and stress on fan blades and shafts,

since the fans could ramp up more gently and run at optimal speeds instead of at full speed against

a half-closed damper.

Multiple Motors and Coordination: In some systems, one VFD is used to control multiple motors

together. This is common in HVAC when several smaller motors can be staged, or in certain conveyor

setups. When doing this, it’s important that the motors are identical and share the load (e.g., parallel

fans). A single VFD can start motors sequentially to limit inrush – for example, start motor 1, then

use an output contactor to start motor 2 on the same drive once motor 1 is up to speed, etc. This is

an advanced but sometimes efficient use of a larger drive for multiple units. More often, however,
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each motor has its own VFD and they are electronically coordinated. Case in point: in large printing

presses  or  paper  machines,  dozens  of  drives  communicate  to  maintain  tension  and  speed

synchronization across sections. Such coordination might use a high-speed industrial network and

even direct peer-to-peer communications. Yaskawa’s drives, for example, can share a “droop” speed

control  or  torque-sharing  configuration  for  multi-motor  shafts.  A  best  practice  here  is  to  use  a

common reference or a master-follower arrangement,  where one drive is the speed master and

others follow either the speed or the torque command. Modern drives make this easier with built-in

communications – for instance, Lenze’s and Siemens’ automation systems allow linking drives to a

central motion controller that orchestrates all speeds with minimal lag. The result is highly precise

control that was difficult to achieve in the past without expensive coordinated drive systems.

These examples barely scratch the surface, but they demonstrate the versatility of VFDs. In summary, the

advantages seen include: significant energy savings (20–50% in many variable load applications), improved

process  control  and  product  quality,  reduced  mechanical  wear  and  maintenance,  lower  peak  power

demand, and enhanced safety. The real-world outcome metrics can be impressive – from the 30% energy

reduction in wastewater pumping , to a case where a large industrial chiller’s compressors with VFD soft-

start cut HVAC energy costs by 30% by avoiding current surges and optimizing compressor speed, or to

extended mean time between failures for motors because of gentler starts and stops. There have also been

studies on reliability suggesting that adding VFDs generally does not decrease system reliability; in fact, one

reliability analysis in a power plant setting found that using a VFD for pump control marginally increased

overall system availability compared to traditional control, and drive failure modes tended to be gradual

(incipient) rather than catastrophic . This means that while a VFD introduces electronics that can fail,

those failures often give warning and the improved control can reduce mechanical failures, resulting in a

net positive effect on uptime.

Best Practices for Implementation

To  conclude,  here  are  some  condensed  best  practices  when  applying  VFDs,  gleaned  from  industry

experience and standards:

Proper Sizing and Duty Cycle Understanding: Always size a VFD not just for the motor’s nominal

horsepower,  but  for  the application’s  demand.  If  the load is  heavy duty  (constant  torque)  like  a

conveyor or compressor, ensure the drive is rated for that duty (higher current). Leave margin if the

environment is hot or if frequent starting is required. Remember that a 10 HP motor might need a

15 HP drive in a high-friction or high-inertia application to avoid overloading the drive’s thermal

capacity.

Motor and Cable Considerations: Use motors with inverter-duty insulation, especially above 480V

or with long cable runs. For cable runs over, say, 50 meters, consider output reactors or dV/dt filters

to protect the motor and reduce EMI. If multiple motors are driven by one VFD, each motor should

have appropriate thermal protection and ideally be identical. Shielded cables and proper grounding

of the VFD and motor are crucial  to avoid electromagnetic interference with nearby instruments

(follow IEC 61800-3 and IEEE guidelines for EMC).

Parameter  Tuning: Take  advantage  of  the  drive’s  auto-tuning  function  to  measure  motor

parameters – this improves performance of vector control. Set the correct motor nameplate data

(voltage, frequency, full-load amps, poles) in the drive. Enable features like slip compensation (to
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maintain speed under load) and adjust acceleration/deceleration ramps to match the process (longer

ramps for  high  inertia  loads  to  prevent  DC bus  overvoltage  on  decel,  or  use  dynamic  braking/

resistors  if  needed  to  stop  faster).  Use  the  VFD’s  built-in  protections:  set  the  electronic  motor

overload  to  match  the  motor’s  thermal  curve,  configure  stall  prevention  or  current  limits  to

safeguard the motor, and if applicable, set underload detection to catch conditions like broken belts

or loss of  flow in a pump (some drives can detect  a sudden drop in torque and signal  a pump

running dry).

Harmonics Mitigation: For installations with many drives or very large drives, perform a harmonic

study or  use drive  manufacturer  tools  to  estimate  harmonic  distortion.  Use line  reactors  or  DC

chokes  on  drives  that  don’t  have  them  built-in;  they  are  relatively  inexpensive  solutions  to  cut

harmonic  distortion  and  also  protect  the  drive  from  line  transients.  In  sensitive  environments,

consider  active  filters  or  multi-pulse  drives.  Ensure  compliance with  IEEE 519 if  required by  the

facility or utility – this might mean adding a trap filter or using an 18-pulse/AFE drive for the largest

units. Spreading drives across phases (if multiple smaller drives) and avoiding all drives running at

full load simultaneously can also help keep harmonics manageable.

Cooling and Environmental Factors: Mount drives in well-ventilated areas or use cabinet cooling if

needed. Follow spacing guidelines around drives to allow airflow. If drives are in a cabinet, consider

filtered  vent  fans  or  even  air  conditioning  for  larger  drive  cabinets,  especially  in  dirty  or  hot

locations. Regularly clean or replace any intake filters on drive enclosures to prevent overheating

due to dust buildup. In cold environments, some drives offer a “bus pre-charge” or heater function

to keep capacitors warm – use these features to avoid condensation issues. Also note that at high

altitudes  (typically  above  1000  m),  drives  need  to  be  derated  or  specified  with  altitude-friendly

versions due to thinner air cooling.

Commissioning and Maintenance: During commissioning, test the drive at low speeds and check

motor current and temperature to ensure everything is smooth. If possible, use the drive’s trending

or logging to capture start-up behavior. Train personnel on the drive’s interface – knowing how to

quickly  interpret  a  fault  code  and  reset  a  drive  is  important  for  reducing  downtime.  Schedule

periodic maintenance: even though VFDs are low-maintenance compared to mechanical  starters,

they benefit from cleaning (dust removal)  and maybe cooling fan replacements every few years.

Capacitors in DC links have a finite life (often 7-10 years at 40°C ambient). Many drives will  alert

when capacitor or fan life is low; plan for proactive replacement to avoid unexpected failures.

By following these practices and leveraging the wealth of features modern VFDs provide, users can achieve

the  maximum benefit  from their  variable  frequency  drives  –  in  energy  efficiency,  process  control,  and

equipment longevity.

Conclusion

Variable Frequency Drives, and Yaskawa VFDs in particular, exemplify how marrying power electronics with

digital control can yield tremendous advantages in industrial and commercial applications. We have seen

that Yaskawa’s dedication to quality and technical innovation (from reliable long-life designs to unique 3-

level  inverter  technology)  has  made  their  drives  a  benchmark  in  the  industry.  At  the  same  time,  we

recognize that many leading manufacturers contribute to a healthy competitive landscape, each pushing
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the  envelope  in  different  ways  –  whether  it’s  ABB’s  sensorless  torque  mastery,  Hitachi’s  user-friendly

performance, Eaton’s integrated power quality solutions, or Lenze’s modular machine-centric designs. 

Adopting VFDs is a key strategy in modernizing equipment: the benefits include dramatic energy savings,

improved process precision, reduced mechanical stress, and compliance with evolving efficiency standards

and regulations. These drives are not just components but have become intelligent system partners, with

networking  and  control  capabilities  that  support  broader  automation  and  IIoT  (Industrial  Internet  of

Things) initiatives.

In  broad  focus,  a  robust  understanding  of  VFD  technology  and  careful  consideration  of  application

requirements are essential for success. By referencing manufacturer documentation, industry standards,

and real-world case studies, we can conclude that VFDs are a mature yet still evolving technology – one that

continues to deliver  efficient, flexible, and reliable motor control to virtually every sector of industry.

Whether you are an engineer looking to retrofit an existing system or design a new automated process,

leveraging the capabilities of modern VFDs (and selecting a proven brand like Yaskawa or its peers) is often

the smartest move for both immediate performance gains and long-term sustainability.
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