
ABB Frequency Drives: Comprehensive Overview

and Best Practices

Introduction

Modern industries rely on electric motors for pumping, ventilation, conveyance, and more – in fact, electric

motors account for nearly  28% of global  electricity  use .  A  frequency drive,  commonly known as a

variable frequency drive (VFD),  is  an electronic device that lets these motor-driven systems run more

efficiently  and  flexibly  by  adjusting  the  motor’s  speed.  Instead  of  running  a  motor  at  full  speed  and

throttling the output (like using valves on pumps or dampers on fans), a VFD supplies a variable frequency

and  voltage to  the  motor,  matching  its  speed  to  the  actual  demand.  This  variable  speed  control

dramatically  improves  efficiency:  slowing  a  centrifugal  pump  or  fan  by  just  20%  can  cut  its  energy

consumption roughly in half . In practical terms, facilities that retrofit VFDs on existing motors often

see 30–50% reductions in energy use, along with lower wear and improved process control . Major

manufacturers like ABB, Hitachi, Eaton, Lenze, and Yaskawa have all developed robust VFD product lines to

deliver these benefits. In this article, we delve into how ABB frequency drives (and VFDs in general) work,

their  technical  features  and  standards,  real-world  applications,  and  best  practices  for  implementation,

drawing on manufacturer documentation and industry research for a  professional yet accessible deep

dive.

How Variable Frequency Drives Work

At its core, a VFD is a power conversion system with three main stages:  rectifier, DC link, and inverter

. The rectifier converts incoming AC mains power (fixed voltage and frequency) into DC. In a basic 3-

phase drive this is typically a six-pulse diode bridge (6 diodes), although advanced designs use transistor-

based active rectifiers for better control (these are called active front ends and can also feed power back to

the grid for regenerative braking) . Next, the DC output is smoothed in the DC link (or DC bus) – this

stage uses capacitors to store energy and may include inductors or chokes to filter out ripple and stabilize

the DC supply . Finally, the inverter stage uses high-speed switching transistors to turn the DC back

into AC of the desired frequency. Insulated-gate bipolar transistors (IGBTs) are the workhorse here: they

switch on and off thousands of times per second, using  pulse-width modulation (PWM) to synthesize a

near-sinusoidal AC output at the target frequency and voltage . By controlling the PWM pattern, the

drive can produce any frequency (and corresponding voltage) up to its design limit – typically 0 to 60 Hz (or

higher  for  some  specialized  drives)  –  thereby  controlling  the  motor’s  speed  and  torque.  The  motor’s

synchronous speed is  given by the formula  N =  120·f/p (where  p is  number of  poles),  so lowering the

frequency f directly reduces speed . The VFD also adjusts voltage in tandem with frequency (following a

V/Hz curve or using closed-loop control) to maintain the motor’s magnetic conditions and avoid saturation

at low speeds . 

Power  Electronics  and  Waveforms: When  a  VFD  outputs  a  lower  frequency,  the  voltage  is  reduced

proportionally to keep the V/Hz ratio constant (at least until the motor’s base speed). At very low speeds,

drives often apply voltage boost  or  use more advanced  vector control algorithms to ensure sufficient
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torque. Modern ABB drives, for example, can use  Direct Torque Control (DTC) – a model-based vector

control method – to achieve precise torque and speed regulation without requiring a feedback encoder

. This means even at zero or near-zero speed, an ABB drive with DTC can hold full torque (useful in

cranes, hoists, etc.) while standard drives might require an encoder for the same effect . The output of a

typical  VFD  is  a  PWM  waveform:  fast  voltage  pulses  whose  widths  are  modulated  so  that  the  motor

windings see an effective sinusoidal current. Because of the high switching, the output isn’t a perfect sine

wave – it contains high-frequency components that can cause voltage spikes and electrical noise. Most

drives include built-in output filters or chokes to mitigate these effects, and inverter-duty motors have

enhanced insulation to withstand the fast rise times. Likewise, on the input side, simple six-pulse rectifiers

draw non-sinusoidal currents, creating harmonics in the supply. To address this, many VFDs integrate input

reactors or harmonic filters, and designs like 12-pulse or 18-pulse rectifiers (using multiple phase-shifted

diode  bridges)  yield  much lower  harmonic  distortion .  For  example,  Eaton’s  18-pulse  drives  use

phase-shifting to achieve a near-sinusoidal input current, helping meet IEEE 519 harmonic limits without

external filters . Another approach is an active front end, where the rectifier uses transistors that

actively  shape the input  current  –  this  not  only  cuts  harmonics  but  also allows  regenerative braking,

feeding energy from the motor back into the grid. In summary, a frequency drive is a sophisticated AC-to-

AC converter that gives precise control over motor speed and torque while optimizing power use.

Key Benefits of Using VFDs

Variable frequency drives provide a wide range of benefits, transforming how processes are controlled and

how energy is consumed:

Energy Savings: The most celebrated advantage of VFDs is improved energy efficiency, especially for

variable-torque loads like pumps and fans. According to the affinity laws, the power required by a

pump or fan drops roughly with the cube of the speed – so even a small speed reduction yields a

large power reduction . For example, running a pump at 80% of full speed might use only

~50% of  the  power;  at  50% speed,  it  might  use  as  little  as  ~12.5% (an  87% drop) .  This

translates into huge savings: one manufacturer (Lenze) estimates that slowing an 11 kW pump with

a VFD can save about €3,000 (≈$3,300) in electricity per year . ABB similarly reports that high-

efficiency  motor+drive  packages  typically  cut  energy use by  20–60% compared to  throttled flow

control . These savings aren’t just theory – they directly improve the bottom line and often yield

payback in 1–2 years or less . Beyond reducing kilowatt-hours, using drives also lowers peak

demand: a VFD soft-starts a motor, avoiding the sudden inrush current of across-the-line starting.

This can cut peak demand by 50% or more, which saves on utility demand charges .

Soft Starting & Reduced Mechanical Stress: When an AC motor starts across the line (direct full-

voltage start),  it  draws 6–8 times its rated current and jerks the load, causing torque spikes that

stress  belts,  gears,  and couplings .  VFDs  eliminate  this  jolt  by  ramping up speed gradually

(programmable acceleration ramps),  resulting in a gentle start with minimal overshoot. This  soft

start greatly reduces mechanical wear and prolongs the life of equipment. For example, using VFDs

on pump stations has been shown to reduce water hammer and pressure surges, extending pump

seal life by years . Drives also offer controlled deceleration and braking functions. Dynamic

braking (using resistors) or regenerative braking (in drives that feed energy back) can slow heavy

loads without mechanical brakes, preventing sudden stops that cause strain. Overall, VFDs reduce

the mechanical and thermal stress on motors and driven machines, meaning less maintenance and

downtime over the system’s life .
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Precise Process Control: VFDs allow infinitely variable speed control, giving process engineers a

powerful tool to optimize operations. Rather than being limited to on/off or a few discrete speeds, a

motor  can  be  continuously  adjusted  to  maintain  a  setpoint  –  whether  it’s  pressure,  flow,

temperature, tension, or position. Most modern drives include built-in PID controllers: you can set,

say, a desired pressure, and the drive will automatically tweak the motor speed to hold that target as

demand changes. This level of control leads to  better product quality and consistency, because

processes can be fine-tuned in real-time. For example, in HVAC systems, VFDs smoothly adjust fan

speed to meet temperature or airflow setpoints, avoiding the hysteresis and overshoot of bang-bang

control.  In  manufacturing,  drives  enable  higher  automation by  allowing conveyor  speeds,  mixer

intensities,  etc.,  to  be  adjusted on the  fly  via  a  PLC or  even via  remote interfaces.  Additionally,

advanced vector-controlled drives can hold precise speed even under varying loads, which is critical

for applications like coordinated multi-motor systems (e.g. paper machines or synchronized rollers).

The net result is greater flexibility and productivity in industrial operations.

Power Quality and Electrical Benefits: By matching power drawn to the load, VFDs improve the

electrical  power factor and can reduce unnecessary current draw. In a fixed-speed system with

mechanical throttling, the motor still draws nearly full power (and often has poor power factor under

partial load). With a VFD, the motor’s current is reduced along with speed, often yielding a power

factor near unity on the motor side. On the supply side, a standard six-pulse VFD does introduce

current harmonics (meaning the power factor as seen by the grid is somewhat distorted). However,

many drives mitigate this through built-in reactors or active front ends.  For instance,  some ABB

drives use a swinging choke design that automatically adapts inductance to load, cutting harmonic

distortion by 30–40% and helping the system meet IEEE 519 requirements .  This not only

avoids utility penalties but also  protects generators and transformers from overheating due to

harmonics. Moreover, because VFDs soft-start motors, the  starting KVA is much lower, which may

allow using smaller backup generators or avoiding heavy-duty switchgear. In fact, using VFDs can

enable  downsizing  of  infrastructure:  the  Village  of  Hartland (Wisconsin)  found they  could  use  a

smaller  standby  generator  for  their  upgraded  pump  station  by  adding  VFDs,  since  the  inrush

currents were limited .

Extended  Equipment  Life  &  Smart  Monitoring: Beyond  energy  and  smooth  operation,  VFDs

actively protect equipment. They often come with a suite of protective functions – monitoring for

overcurrent, overvoltage, phase loss, overheating, ground faults, etc., and taking action or alarming

before  catastrophic  failures  occur.  Many  drives  have  diagnostic  features  and  can  communicate

performance data to maintenance systems. For example, an ABB drive might display runtime to next

service or log if the motor is drawing unusually high current (signaling a potential mechanical issue

in the load). Some drives can even estimate bearing wear or insulation stress (based on vibration or

leakage  current  monitoring)  to  support  predictive  maintenance.  All  of  this  leads  to  fewer

unplanned  shutdowns.  Real-world  case:  one  paper  mill  replaced  20  aging  motor  starters  with

modern VFDs and saw unplanned downtime drop by 70%, significantly improving uptime .

Similarly, a bottling facility that swapped a failed motor starter with a pre-programmed spare VFD

was able to restore operation in minutes, avoiding tens of thousands of dollars in downtime .

In short, drives not only protect motors from abuse but also make the entire system more reliable.
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Real-World Examples and Case Studies

The  benefits  of  frequency  drives  are  well-documented  across  industries.  Here  we  highlight  a  few

anonymized real-world examples (with data) that illustrate the impact:

Municipal Water Pumping: A city wastewater treatment plant in Ohio undertook a retrofit of its

influent  pumps,  replacing  constant-speed  pumps  with  VFD-controlled  units.  The  results  were

dramatic: the specific energy consumption for pumping dropped from 259 kWh per million gallons

to 179 kWh/MG – roughly a 30% energy reduction per volume pumped . Equally important, the

utility’s peak demand was cut in half. Before VFDs, starting the pumps would draw about 60 kW;

after  the  VFD  retrofit,  the  peak  was  only  30   kW .  This  reduction  in  demand  translates  to

substantial cost savings on the electric bill. The improved control also allowed the plant to maintain

more stable wet-well levels and reduce strain on aging infrastructure. This case mirrors many others

in the water  industry,  where adding VFDs to pumps typically  yields 20–40% energy savings and

improved process control, as noted by engineering studies . It’s no surprise that utilities and

governments  often  offer  rebates  or  incentives  for  VFD  pump  upgrades,  knowing  they  pay  for

themselves quickly in energy savings.

Industrial HVAC and Fans: In a large manufacturing facility, ventilation was previously controlled by

outlet dampers while fans ran full speed. After installing ABB ACS580 general-purpose drives on the

fans, the facility reported about 48% lower annual energy costs for ventilation . Operators

could  slow  the  fans  during  off-peak  hours  and  ramp  up  only  as  needed  to  meet  air  quality

requirements.  Maintenance staff also noted reduced noise and vibration from the fans at  lower

speeds. Another benefit was extended equipment life: by eliminating damper throttling, the fans’

bearings and belts experienced less stress, and the drives’ soft-start function stopped the frequent

blown fuses they previously saw on across-the-line starts. ABB’s built-in energy optimizer function

even allowed the team to visualize energy savings in real time on the drive’s panel , helping to

validate the project’s success. This example underscores how HVAC systems in commercial buildings

(air handlers, cooling tower fans, chillers) can see 30–60% energy reductions with VFD control, as

also highlighted by Danfoss in a case where an automotive plant’s ventilation upgrade with drives

saved 350 tons of CO₂ annually (about 20% energy reduction) and paid back in under two years

.

Manufacturing & Regen Energy: A  crane and hoist  manufacturer integrated regenerative VFDs

(ABB ACS880  units  with  active  front  ends)  into  a  heavy-duty  crane  system.  Normally,  braking  a

crane’s motor wastes energy as heat in resistor banks. With the regenerative drives, the braking

energy was fed back into the facility’s power grid. This yielded a dual benefit: about 30% less heat

had to be removed by the building’s HVAC (since resistors weren’t dumping as much heat), and the

overall energy consumption dropped because previously wasted energy was reused . In

quantitative terms, the company estimated saving roughly 15% of the crane’s annual energy costs

and  reduced  their  cooling  load  enough  to  shut  off  one  large  rooftop  AC  unit.  The  drives  also

provided extremely smooth crane control (important for delicate handling), and the safe torque off

(STO) function built into the ABB drives allowed the system to meet safety requirements without

bulky  external  contactors.  This  case  shows  how  advanced  drives  with  regeneration  and  safety

integration can not only save energy but also simplify system design.
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Multiple Pump Coordination: In a municipal water supply station, four pumps were retrofitted with

new VFDs from Lenze featuring specialized pump control firmware. The drives could communicate

and perform cascade control – intelligently alternating which pumps run and at what speed to meet

a target flow. As demand increased, drives would bring on additional pumps gradually, and at low

demand they would let one pump handle the flow at efficient speed while others turned off. This

coordination maximized efficiency and kept each pump in a good operating range. The result was a

more stable pressure at the consumer end and energy savings of about 25% compared to the old

fixed-speed, on/off system. Lenze notes that such  multi-pump VFD systems can often maintain

pressure  with  ±1% accuracy  and respond to  usage swings  immediately,  which  improves  service

quality . Additionally, the VFDs included features like sleep mode (turning pumps off during

zero demand) and pipe fill routines to avoid water hammer – all contributing to smoother operation.

This example highlights the application-specific features now available in many drives (from pump

control macros to fan energy optimization and beyond).

These cases  (and countless  others  in  literature)  demonstrate  that  VFDs are  not  just  theoretical  energy

savers – they consistently deliver real-world improvements in efficiency, reliability, and performance across

diverse sectors. Whether it’s a simple fan or a complex multi-motor system, using a frequency drive to

intelligently adjust speed means paying only for the energy you need, and often improving the process in

the meantime.

Leading Manufacturers and Drive Offerings

The VFD market is served by several key manufacturers, each bringing particular strengths and innovations.

Here we provide an overview of some leading players (including ABB and others mentioned in the brief),

illustrating the landscape of frequency drive technology:

ABB: Arguably the most prominent name in drives, ABB offers a comprehensive portfolio from small

fractional-kilowatt drives up to multi-megawatt systems. ABB drives are known for technologies like

Direct Torque Control  (DTC),  which provides extremely fast  torque response and precise speed

control  without encoders .  ABB’s  low-voltage AC drives are grouped into families such as the

general-purpose ACS580 and the high-performance ACS880. A hallmark of ABB’s latest drives is their

“all-compatible” architecture – a unified user interface, software, and options across the range

.  This means an operator familiar with a small  ABB drive can easily  work with a larger one,

reducing training needs. ABB also integrates many features as standard (e.g. all ACS580 drives come

with built-in EMC filters, swing chokes for harmonic reduction, and Safe Torque Off safety input). In

terms of industry standards, ABB was early to comply with the new EU Ecodesign directive for drive

efficiency – its drives meet the highest IE2 efficiency class per EN 50598-2 . The company has a

strong global support network and emphasizes energy optimization in marketing, often citing how

their drives collectively save terawatt-hours of energy each year. ABB drives are commonly found in

industries from HVAC to mining; for example, ABB’s ACS800/880 series is popular in heavy industries

for its durability and ability to handle regenerative loads, while the ACS380/480 series targets OEM

machinery with compact form factors.

Yaskawa: A Japanese manufacturer, Yaskawa Electric Corp., is renowned for the reliability and quality

of its drives. In fact, Yaskawa holds records for long Mean Time Between Failure (MTBF) – one of

its standard microdrive models carries an MTBF rating of 28 years , among the highest in the

industry. Yaskawa drives like the GA800 or the smaller GA500/V1000 series are praised for rock-solid
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performance in demanding environments. They often include conformal coating on boards, high-

temperature  operation  capability,  and  extensive  self-diagnostics.  Yaskawa was  also  a  pioneer  in

drives; it introduced some of the first commercially successful AC flux vector drives in the late 1980s.

Today, Yaskawa’s offerings range from tiny drives for machine tools to medium-voltage drives for

large fans and pumps. Another strength is user-friendly software – the  DriveWizard PC tool and

mobile apps allow easy parameter management and even Bluetooth connectivity on some models.

Yaskawa’s philosophy emphasizes  quality in design and manufacturing, which has earned them

awards like the Deming Prize for quality . Many OEMs choose Yaskawa for mission-critical

applications  because  of  this  reliability  focus.  In  terms  of  features,  Yaskawa  drives  support  all

common fieldbus communications (Modbus, EtherNet/IP, Profibus, etc.) and often have advanced

overload handling (e.g. dual ratings for normal and heavy duty). While Yaskawa may not bundle as

many extras by default as some competitors, the core performance and lifespan of their drives are a

major selling point.

Eaton: Eaton is a global power management company that, among many product lines, produces

VFDs primarily targeted at commercial and industrial applications. Eaton’s drives (formerly known

under  Cutler-Hammer)  are  recognized  for  robust  design  and  ease  of  integration  into  electrical

control systems. For example, many  Eaton VFDs include built-in 3% line reactors and EMI/RFI

filters as standard, to help with input harmonics and EMC compliance . Eaton offers the PowerXL

series (such as DG1 general-purpose drives and DP1 pump drives) with an emphasis on user-friendly

keypad  interfaces  and  auto-tuning  features.  They  also  specialize  in  packaged  drive  solutions,

providing enclosed drive panels, bypass arrangements, and combination starters that are popular in

HVAC and pumping stations. A standout in Eaton’s lineup is their CPX series 18-pulse drive for ultra-

low harmonics: by using an 18-pulse rectifier, the CPX can achieve current THD levels of ~5% or less,

making it ideal where IEEE 519 compliance is needed . Eaton also has regenerative drives

(e.g. RGX series) which use active front ends to allow bi-directional power flow – these are used in

elevators,  test  stands,  and  anywhere  braking  energy  recovery  is  advantageous.  In  terms  of

standards, Eaton drives are UL-listed and CE-marked, with compliance to IEC/EN 61800-3 for EMC

and IEC 61800-5-1 for safety. The company’s literature often highlights  reliability (with protective

features against surges, short circuits, etc.) and  support,  as Eaton has a wide network of service

centers. Eaton may be especially familiar to North American users, since their nomenclature and

packages  often  align  with  NEC  (National  Electrical  Code)  practices,  and  they  offer  NEMA-rated

enclosures easily.

Lenze: Lenze is  a German manufacturer known for its  focus on motion control  and automation

solutions. Lenze’s AC drive offerings, such as the i500 series, are designed to be modular, compact,

and highly configurable. One noteworthy aspect is Lenze’s strength in decentralized drives – they

offer drives like the i550 motec and i550 protec which are IP66-rated and can be mounted near or on

the motor, suitable for distributed installations in packaging or material handling systems .

Lenze drives incorporate energy-saving functions and are marketed as meeting stringent European

efficiency standards (Lenze explicitly notes compliance with the EU Ecodesign Directive and offers

tools  for  energy  calculation) .  For  pumping  and  fan  applications,  Lenze  provides  tailored

features:  their  drives  support  multi-pump  coordination,  sleep/boost  modes,  and  even  have

specialized firmware for pump cleaning (purge) and dry-run protection . This makes them

quite popular in water/wastewater installations in Europe. Lenze is also known for integrating drives

with their broader automation platform – for instance, offering easy connection to Lenze PLCs or

servo systems for coordinated motion. In the context of VFD technology, Lenze may not have the
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massive range of ABB or Siemens, but they carve a niche in flexible, efficient drives for machine

building,  with a strong emphasis on  user experience (their EASY Starter and Engineer software

simplifies commissioning). They also emphasize safety and have STO and SS1 (Safe Stop) functions

available to meet ISO 13849 safety requirements. Overall, Lenze’s contribution to the VFD market is

proving that drives can be compact yet powerful, and tailored to specific use cases out-of-the-box

(their pre-set application macros are praised by users for saving setup time).

Hitachi: Hitachi (now often through its subsidiary Hitachi Industrial Equipment) produces a range of

variable frequency drives commonly seen in both industrial and commercial settings. Hitachi VFDs,

such as the WJ200 series and newer SJ/PJ series, are valued for their cost-effectiveness and solid

performance.  They  typically  offer  sensorless  vector  control,  decent  overload  capability,  and

compatibility  with  common  protocols.  While  perhaps  not  as  feature-rich  as  some  high-end

competitors, Hitachi drives are known to be straightforward and durable. For example, the WJ200

includes  an integrated PLC-like  programming function (EzSQ)  that  lets  users  create  simple  logic

inside the drive – a handy feature for small standalone system control. Hitachi has also targeted

HVAC with dedicated fan and pump drives (the Ecopedia series) which come with simplified flow

control interfaces. In terms of support for standards, Hitachi drives carry UL/cUL and CE marks and

are designed to meet IEC 61800. They often include built-in EMC filters for residential/commercial

environment compliance (EN 61800-3 Category C1/C2). One notable point is Hitachi’s emphasis on

compact  hardware –  their  microdrives  pack  a  lot  in  a  small  footprint  and  can  be  side-by-side

mounted to save panel space. Additionally, Hitachi, being a large conglomerate, leverages its power

electronics tech across products; their drives benefit from in-house development of IGBTs and power

modules.  Users  often  report  that  Hitachi  VFDs  are  easy  to  program and  have  very  readable

documentation, making them a good mid-range option for general-purpose use. While Hitachi might

not lead in any single “buzzword” feature, they provide a reliable, well-rounded offering that forms

the backbone in many factories, buildings, and municipal installations.

(Note:  Other  major  manufacturers  in  the  VFD  space  include  Siemens,  Rockwell  Automation  (Allen-Bradley),

Danfoss, Schneider Electric, Mitsubishi Electric, and others, each with their own specialties. For instance, Danfoss is

known for HVAC and refrigeration drives, Siemens for high-performance vector drives and integration with its

automation systems,  etc.  This  article  focuses  on the  makers  requested,  but  the  broader  market  offers  many

choices – often a decision comes down to local support and compatibility with existing systems.)

Implementation Tips and Best Practices

Successfully deploying a VFD system requires attention to a few practical considerations. Here are some

best practices and tips to ensure safety, reliability, and optimal performance of ABB or any manufacturer’s

frequency drive:

Drive Sizing and Duty Rating: Always size the drive according to the motor’s full load current (FLC)

and the application’s overload needs. Drives are typically rated in both normal duty and heavy duty

modes – for example, a drive might handle 110% overload for 60 seconds in normal duty, but 150%

for  60  seconds  in  heavy  duty .  If  your  application  involves  frequent  high-torque  starts

(crushers, mixers, hoists), choose a drive and rating that accommodate that extra current. It’s often

advisable to select a drive one size larger for high-inertia loads or long acceleration times, to provide

thermal  margin.  Also  consider  the  switching frequency  setting:  higher  PWM frequencies  reduce

motor noise but heat the drive more, effectively lowering its output capacity. In such cases, either
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derate the drive or use additional cooling. ABB’s manuals, for instance, provide tables for current

derating vs.  switching frequency and ambient temperature – use these guidelines to avoid over-

stressing the drive. Lastly, ensure the drive’s enclosure is appropriate (open chassis, NEMA 1, NEMA

4X, etc.) for the installation environment (dust, moisture, chemical exposure). For example, Yaskawa’s

washdown-rated V1000-4X drive comes in an IP66/NEMA 4X enclosure for food industry use ,

eliminating the need for a separate cabinet in those areas.

Motor and Cable Considerations: When using a VFD, the motor sees PWM voltage waveforms and

high-frequency components. It is highly recommended to use an “inverter-duty” motor or ensure

the existing motor has adequate insulation (Class F or better) and can tolerate the VFD’s voltage slew

rates.  Motors  not  designed  for  VFD  duty  may  suffer  from  insulation  stress  or  bearing  EDM

(electric discharge machining) due to common-mode voltages. To mitigate this, use shielded VFD

cables with  a  symmetric  ground  braid  and  keep  cable  lengths  reasonable.  ABB  specifically

recommends using symmetrical shielded motor cables and proper 360° grounding at both drive

and motor ends  to contain electromagnetic interference (EMI) and provide a low-impedance

path for common-mode currents (protecting bearings from stray currents). If the motor lead length

is very long (typically >50 meters), consider installing dV/dt filters or sine wave filters on the drive

output to smooth the waveform – this will  protect the motor insulation from voltage spikes and

reduce motor heating. Many drive manufacturers offer these as options (e.g. output reactors, dv/dt

filters) that can be easily added. Additionally, if you retrofit a very old motor with a new drive, check

that the motor’s cooling is sufficient at low speeds; standard TEFC motors rely on their fan which

slows down with the motor, so they may need auxiliary cooling or a “turbo” fan if run slow for long

periods under load.

EMC and Grounding Practices: VFDs can generate electrical noise (radio-frequency interference)

that may affect nearby sensitive equipment or violate local EMC regulations if not managed. Follow

installation guidelines for proper grounding of the drive chassis and the use of  EMC filters. Most

ABB drives include an internal EMI filter for compliance with EN 61800-3 standards, but it might need

to be enabled or properly grounded. Maintain separation between VFD power cables and signal

cables – never run them in the same conduit. Use metal conduit or tray for VFD output cables where

possible, as it can function as a partial Faraday cage to contain noise. If multiple drives are in a

cabinet, ground them all to a common star ground point to avoid ground loops. For installations in

commercial  or  residential  environments  (Category  C1/C2 per  EN 61800-3),  be  sure  to  apply  any

necessary ferrite cores or external filters that the manual specifies to meet emission limits .

Good grounding not only reduces noise but is critical for  safety – a properly grounded VFD and

motor will ensure any fault currents (e.g. an insulation failure) trigger protection instantly. Also, be

mindful of  reflected wave phenomena: high dv/dt PWM pulses can reflect at the motor end and

cause overvoltages. This is another reason why keeping cable lengths in check, or using filters, and

grounding motor frames is important. By adhering to EMC-conscious layout and grounding, you’ll

prevent  interference  with  things  like  sensors,  PLCs,  or  radios,  and  ensure  a  stable  and  safe

operation.

Programming and Tuning: Take advantage of the VFD’s programmability to optimize performance.

Set appropriate  acceleration and deceleration times to match your process – too short and you

might trip the drive on overcurrent or cause mechanical strain, too long and you might not meet

control targets. Most drives allow configuring  s-curves for acceleration to soften the jerk at start/

stop.  Use  the  drive’s  auto-tuning function  if  available  (common  in  sensorless  vector  drives)  to
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measure the motor parameters – this typically improves torque accuracy and speed control. Be sure

to program the correct motor nameplate data (voltage, frequency,  full-load amps, poles or base

RPM) into the drive; this enables it to properly calculate slip and provide full torque. Implement the

catch-on-fly or flying start feature if the load might be spinning when you start the drive – this lets

the VFD search and match the motor’s speed to avoid opposition or tripping. If your application has

a certain critical speed that causes vibration (resonance), use the skip frequency setting to make the

drive  avoid  operating  continuously  at  that  speed.  Enable  any  energy  optimization  or  sleep

functions for light load conditions – for example, many ABB drives can automatically reduce voltage

to boost efficiency at light loads, or put a pump into sleep mode when pressure is satisfied and then

wake up on drop. Finally, set up the proper protection parameters: e.g., motor overload protection

(usually a thermal model in the drive), stall prevention, and fault thresholds for things like DC bus

overvoltage. The drive’s manual will have recommended settings for these. A well-tuned drive not

only performs better but also protects the motor and driven equipment.

Safety and Standards Compliance: When integrating a VFD into machinery, consider safety aspects

from the start. Most modern drives include a Safe Torque Off (STO) input – when wired through a

safety  relay  or  E-stop  circuit,  this  input  will  immediately  disable  the  drive’s  output  transistors,

removing torque from the motor (while the drive remains powered). STO is a simple yet effective

safety  function  and  is  typically  certified  to  SIL  2  or  SIL   3  (Safety  Integrity  Level) and  PLe

(Performance Level “e”) under functional  safety standards .  Using STO can eliminate the

need for bulky contactors to remove power to the motor for safety, as was required in older systems.

If your application demands over-speed protection or safe braking, look into drives that support SS1,

SLS, or other Safe Stop modes (these often require an optional safety module). Always  lock out

and tag out power when servicing a VFD or its motor – capacitors in the DC link can stay charged

even  after  input  power  is  removed,  so  follow  the  recommended  discharge  time  (usually  a  few

minutes) before accessing internal connections. Regarding standards, ensure your installation meets

the  relevant  electrical  codes  –  for  instance,  in  the  US,  follow  NEC guidelines  for  branch  circuit

protection to the drive (most drives specify a recommended fuse or breaker size in their manual).

Use fuses or circuit breakers rated for semiconductor protection if required. In Europe, compliance

with the Machinery Directive, Low Voltage Directive, and EMC Directive is mandatory – installing

a CE-marked drive like ABB’s and following its installation requirements (EMC filtering, etc.) typically

satisfies these .  When commissioning the drive,  perform tests at  low speed first  to verify

motor rotation and tuning, and have emergency stop tested for proper operation. In summary, treat

the  VFD  as  part  of  the  safety  and  control  system,  not  just  a  black  box,  and  adhere  to  both

manufacturer guidelines and regulatory standards for a compliant and safe setup.

Maintenance and Lifecycle: Although VFDs are largely solid-state and maintenance-free, they do

have a finite life for some components (such as cooling fans or DC bus capacitors). It’s good practice

to periodically inspect the drive’s cooling system – ensure fans are running and not clogged by dust,

and heat-sink fins are clean. Many drives will alarm for overheating if filters are clogged, but a visual

check every 6–12 months in dusty environments helps. Likewise, check that cabinet temperatures

stay within the drive’s spec (often 0–40°C for full rating, with derates above that). If a drive is in a

hostile  environment  (corrosive  gases,  high  humidity),  consider  conformal-coated  boards  or  an

enclosure purge system; corrosion can significantly shorten a drive’s life. Capacitor reforming: if a

drive has been stored unpowered for a long time (over a year),  its DC bus capacitors may need

reforming – this can be done by powering the drive through a variac or using the drive’s built-in

process if it has one (some have an idle charge mode). Keep firmware up to date when possible –

• 

75 76

77 78

• 

9

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.precision-elec.com/abb-vfd-drive-buying-guide/?srsltid=AfmBOorw5_LYCf4hXmZ_Blu3jMbYnycc-qFZB_IL9M6kSTo8eNEEYeqW#:~:text=ACS880%200,modules%20Steel%20mills%2C%20marine%20winches
https://www.precision-elec.com/abb-vfd-drive-buying-guide/?srsltid=AfmBOorw5_LYCf4hXmZ_Blu3jMbYnycc-qFZB_IL9M6kSTo8eNEEYeqW#:~:text=You%20will%20notice%20each%20product,trim%20panel%20costs%20by%2015%C2%A0percent
https://library.e.abb.com/public/a209d9dc29b24b789e0650b8de9c3f22/TechnicalGuideBook_EN_3AFE64514482_RevI.pdf?x-sign=KSxqqqJ86959Gi93tZG9EkKNxteHu0UD4OtRDFpUDyTzjbyxTnCQjLf01pkW5Sc4#:~:text=There%20are%20three%20directives%20that,2%20%E2%80%9CEU
https://library.e.abb.com/public/a209d9dc29b24b789e0650b8de9c3f22/TechnicalGuideBook_EN_3AFE64514482_RevI.pdf?x-sign=KSxqqqJ86959Gi93tZG9EkKNxteHu0UD4OtRDFpUDyTzjbyxTnCQjLf01pkW5Sc4#:~:text=The%20earthing%20and%20cabling%20principles,short%20descrip%02tion%20of%20interference%20phenomena


manufacturers occasionally release updates to fix issues or add features (just ensure you follow their

procedure to avoid unintended resets). Most VFDs have an expected life of 10-15 years in normal

operation ,  after  which  it’s  wise  to  refurbish  or  replace  them  as  internal  components  age.

However, with care, many drives last much longer – indeed some installations report drives running

20+ years.  For  critical  systems,  maintaining  some  spare  drives  or  spare  parts (like  fan  kits)  is

recommended to minimize downtime in case of failures. Finally, if a drive does trip on a fault, do not

simply reset continuously without investigating – the faults (overcurrent, overvoltage, ground fault,

etc.) are telling you something. Use the fault codes and diagnostic data to identify the root cause

(could be a mechanical jam, a supply issue, or a parameter set too tight) and address it. Properly

maintained,  VFDs  will  reward  you with  long,  trouble-free  service  and keep your  facility  running

efficiently.

Industry Standards and Future Developments

Variable  frequency  drives  sit  at  the  intersection  of  power  electronics,  control  systems,  and  industrial

equipment  –  accordingly,  they  are  subject  to  several  standards  and  regulations that  ensure  safety,

compatibility, and efficiency. Here are some key standards related to VFDs:

IEC 61800 Family: The IEC 61800 series is a set of international standards covering adjustable speed

electrical  power  drive  systems.  For  example,  IEC  61800-3 deals  with  EMC  (electromagnetic

compatibility)  requirements for  drives,  defining emission limits  and immunity levels  for  different

environments (first environment = residential/commercial, second environment = industrial) .

It categorizes drives (CDM/PDS) into classes with required filters to meet conducted and radiated

emission limits. IEC 61800-5-1 covers safety aspects of drives (electrical safety, enclosures, insulation

coordination, etc.), ensuring that a drive is designed such that users are protected from shock and

fire hazards. When you see a drive marked CE, it often means it conforms to IEC 61800 standards

among others. Adherence to these standards is why, for instance, you might find internal shields,

MOV surge protectors, or specific grounding instructions in the drive – all aiming to comply with

IEC’s criteria.

UL  and  NEMA  Standards: In  North  America,  UL  508C (recently  moving  under  UL  61800-5-1

harmonization) has been the standard for power conversion equipment like VFDs. UL-certified drives

have undergone testing for things like proper derating, component spacing, and fault withstand.

Always use a drive that is UL listed or recognized if installing in the U.S. to satisfy electrical code and

insurance  requirements .  NEMA (National  Electrical  Manufacturers  Association)  doesn’t

define VFD operation, but NEMA classifications apply to enclosures (e.g. NEMA 12, NEMA 4X) which

many drives  adhere  to  for  environmental  ratings.  Additionally,  NEMA has  guidelines  for  motors

(NEMA MG-1) which include Part 31 – requiring motors labeled “inverter-duty” to withstand certain

voltage spike levels and thermal conditions. Ensuring your motor meets these when used with a

drive  is  important  to  comply  with  warranty  and  performance  expectations.  Many  drive

manufacturers  also  voluntarily  follow  IEEE  519,  which  is  a  recommended  practice  for  harmonic

control in electrical systems. IEEE 519 sets limits (as a percentage of load) for current and voltage

distortion at  the point of  common coupling.  While IEEE 519 is  not a law, utilities or clients may

demand compliance. Drives with low-harmonic or active front-end designs are typically introduced to

meet these limits . Manufacturers often publish the expected THD of their drives with various

mitigation  techniques  (e.g.,  5%  with  18-pulse,  <5%  with  active  rectifier,  ~35%  for  basic  6-pulse
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without reactor). Understanding these can help in meeting contractual or regulatory requirements

for power quality.

Functional  Safety  Standards: As  mentioned  earlier,  drives  now  play  a  role  in  machine  safety

functions.  ISO 13849-1 and  IEC 62061/61508 are standards governing functional safety of control

systems. Features like Safe Torque Off on drives will be certified to certain SIL (Safety Integrity Level)

or PL (Performance Level), and integrating them properly can help a system meet the  Machinery

Directive 2006/42/EC requirements in the EU. ABB, for example, certifies that its STO meets SIL 3/PL

e,  which  means  it’s  extremely  reliable  as  a  safety  mechanism .  When  using  such  features,

reference the standards for required architecture (often two-channel circuits, monitoring, etc.). The

trend  is  that  drives  will  include  more  advanced  safety  options  (safe  brake  control,  safe  speed

monitoring)  per  IEC 61800-5-2,  allowing more flexibility  in  designing safe  automated machinery

without external hardware.

Energy Efficiency Regulations: With the global push for energy efficiency, not only motors but also

drives  are  being  classified  by  efficiency.  The  EU  introduced  Regulation  (EU)  2019/1781,  which

among other things defines IE classes for power drive systems.  EN 50598-2 is the standard that

outlines how to determine these IE classes (IE0, IE1, IE2) for drives and drive+motor systems. An IE2

drive is very efficient (the losses are a small percentage of rated power). ABB’s ACS580, for instance,

is  advertised  as  meeting  IE2  drive  efficiency  class .  While  VFDs  are  already  quite  efficient

(typically 95–98%), these standards encourage incremental improvements and transparency in losses

(so users can account for the drive’s losses in energy calculations). In some regions, there are or will

be minimum efficiency performance standards (MEPS) for drives, similar to those for motors. For

example, China has been considering drive efficiency requirements in its regulations. When selecting

a drive, checking its efficiency class might become more important in the coming years – especially

for larger drives where even a 2% loss translates to significant heat and cost.

Future  Developments: Looking  ahead,  frequency  drive  technology  continues  to  evolve.  Silicon

Carbide (SiC) and other wide-bandgap semiconductors are being introduced in VFDs, which can

switch faster and with lower losses than traditional silicon IGBTs. This could mean drives with higher

efficiency and higher output frequencies (for specialized high-speed motors) or simpler filtering due

to  higher  switching  frequency.  Artificial  intelligence and  advanced control  algorithms are  also

making inroads – we may see self-commissioning drives that can auto-detect more parameters, or

drives that use AI to predict and optimize energy usage dynamically. On the user interface front,

expect more drives with connectivity (built-in web servers, wireless programming, cloud monitoring).

Cybersecurity standards (like IEC 62443 for industrial control) are starting to consider drives as well,

since  a  network-connected  drive  needs  protection  from unauthorized  control.  Nevertheless,  the

fundamental  role of  VFDs will  remain:  they are key enablers for  energy efficiency and flexible

control, which aligns perfectly with the global trends of energy saving and automation.

Conclusion

ABB frequency drives,  and VFDs in  general,  have revolutionized motor  control  by  delivering dramatic

energy savings, superior process control, and gentler machine operation. As we’ve explored, a VFD works by

electronically modulating power to provide the motor with only what is needed – no more running blind at

full speed. The technical capabilities of modern drives are impressive: from harmonic-reducing front ends

and regenerative braking to built-in safety and IoT connectivity. By applying VFDs, industries have slashed

• 

75

• 

55

• 

11

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://www.precision-elec.com/abb-vfd-drive-buying-guide/?srsltid=AfmBOorw5_LYCf4hXmZ_Blu3jMbYnycc-qFZB_IL9M6kSTo8eNEEYeqW#:~:text=ACS880%200,modules%20Steel%20mills%2C%20marine%20winches
https://new.abb.com/drives/acs580-campaign/effortless-energy-efficiency#:~:text=Effortless%20energy%20efficiency%20with%20ACS580


operating  costs  and  improved  their  systems’  reliability  and  lifespan.  For  example,  we  saw  how  a

municipality saved 30% pumping energy, or how an OEM improved a crane’s efficiency while simplifying its

design. These are not isolated cases but representative of what well-implemented drives can achieve across

HVAC, water, manufacturing, oil & gas, and beyond.

When choosing and deploying a drive, it’s important to consider the guidelines discussed – select the right

drive for the load, follow best practices in installation (proper filters, grounding, programming), and adhere

to  standards  for  safety  and  compatibility.  Fortunately,  manufacturers  like  ABB,  Yaskawa,  Eaton,  Lenze,

Hitachi,  and  others  provide  extensive  documentation  and  support  to  help  users  get  it  right.  With  a

balanced,  informed approach,  even a  complex  drive  system can be  highly  reliable (often  running for

decades) and incredibly efficient, often paying for itself in energy savings within a short time. 

In a world where energy costs are rising and sustainability is a priority, using frequency drives is one of the

smartest moves a facility can make – not only to cut costs, but also to reduce carbon footprint. Moreover,

the  precision  and  flexibility  they  add  to  processes  can  boost  product  quality  and  throughput,  giving

businesses a competitive edge. It’s a win-win technology. 

As  you  plan  upgrades  or  new  installations,  consider  consulting  with  experts  (and  the  rich  literature

available) to select the optimal drive and configuration for your needs. The investment in a VFD solution is

typically rewarded with  lower energy bills,  fewer maintenance headaches, and greater control over

your operations. In summary, ABB and its peers have developed frequency drive technology into a mature,

robust toolkit – one that any engineer focused on efficiency and performance should keep at the forefront

of system design.
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