Precision Electric, Inc. 574-256-1000

Allen-Bradley Variable Frequency Drives (VFDs) -
Technical Overview and Comparisons

The Role of VFDs in Modern Motor Control

Variable Frequency Drives (VFDs) - also known as adjustable-frequency or AC drives - are electronic
controllers that adjust an AC motor’s speed and torque by varying the frequency and voltage of its power
supply. They have become essential in industry because electric motor systems consume a large share of
electricity (roughly 40% of industrial power globally) ' . By using VFDs to match motor speed to actual
demand, tremendous energy savings are possible. Even a modest speed reduction yields outsized savings:
for example, cutting a pump or fan’s speed by 10% can reduce power consumption by about 25%, while a
50% speed reduction can save roughly 75% of the energy 2 . This is due to the affinity laws for pumps/
fans, where power scales roughly with the cube of speed. Instead of running motors at full blast and
throttling mechanically (via valves or dampers), VFDs let us “dial in” the exact speed needed. The result is
lower energy bills, less wasted energy as heat/noise, and often a rapid payback on the VFD investment
(sometimes under 2 years, especially with utility rebates) 3 .

In addition to efficiency, VFDs provide gentler motor soft-starting and stopping. They ramp the motor up
to speed smoothly, avoiding the mechanical shock of across-the-line starts and reducing inrush currents.
This extends equipment life and reduces downtime. VFDs also give precise speed and torque control in real
time, which improves process accuracy and allows for advanced automation. For instance, in process
industries a pump’s flow can be modulated by the VFD instead of on/off cycling, maintaining more stable
conditions. Modern drives include built-in protection and diagnostics as well, helping monitor motor health
and preventing issues. Given these benefits, it's no surprise that VFDs are now widespread across
manufacturing, HVAC, water treatment, materials handling, and many other sectors as a key energy-saving
and control solution.

Allen-Bradley PowerFlex Drive Family

Allen-Bradley, part of Rockwell Automation, is a leading manufacturer of industrial VFDs. Their PowerFlex
series of AC drives is an extensive lineup offering solutions from fractional horsepower micro-drives to
multi-thousand-horsepower medium-voltage drives. Allen-Bradley drives are broadly categorized into
Compact-class vs. Architecture-class: the compact class drives are smaller, cost-effective units for simpler
applications, while the architecture class drives are high-performance, feature-rich drives for demanding
applications and system integration.

Range of Offerings: At the low end, the PowerFlex 4 and 4M are very compact VFDs (fractional HP ratings)
designed for simple speed control with an emphasis on ease-of-use and cost efficiency 4 5 . These can
handle small motors in applications like machine tools, conveyors, or pumps where basic control is
sufficient. The newer PowerFlex 520-Series (which includes models 523, 525, and 527) builds on this with
more modern features and global compatibility. For example, a PowerFlex 525 drive covers motor ratings
from about 0.5 up to 30 HP (0.4-22 kW) across universal input voltages of 100..600 V 6 . This series
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includes innovations like a modular design (detachable control module for easy wiring), built-in networking
on some models, and more advanced motor control modes. The PowerFlex 523 is a general-purpose drive
focused on fast installation and configuration, whereas the PowerFlex 525 adds features like optional
encoder feedback, Safe Torque Off safety, and enhanced programmability. The PowerFlex 527 is a unique
model designed to work exclusively with Rockwell’s Logix PAC (PLC) platform - it leverages the PLC's motion
control capabilities via EtherNet/IP, essentially acting as an integrated drive for coordinated motion
applications 7 . This tight integration (termed Premier Integration by Rockwell) can simplify programming
for OEMs who use Allen-Bradley PLCs.

On the higher end, Allen-Bradley's PowerFlex 750-Series drives (including the PowerFlex 753 and 755) are
considered architecture-class drives. These are heavy-duty, flexible AC drives aimed at larger motors and
more complex applications. The PowerFlex 753 is a cost-effective model with built-in I/0 and basic safety
features, suitable for general-purpose use where some level of integrated safety is needed & . The
PowerFlex 755 is a step up with a wide range of power options, extensive I/0 expandability, and high-
performance control capable of running heavy-duty loads. PowerFlex 755 drives are commonly used on
pumps, fans, conveyors, extruders, mixers, and other equipment across industries 9 . They support
multiple motor control modes (volts/Hz, sensorless vector, and closed-loop vector control with an encoder),
and they accommodate various communication modules (for networks like EtherNet/IP, DeviceNet,
PROFIBUS, etc.). Notably, the 755 (and 753) can be equipped with option modules for advanced safety (like
Safe Speed Monitoring), and they support the Automatic Device Configuration (ADC) feature in Rockwell
PLCs - meaning a Logix PLC can automatically detect a replaced drive and download the correct parameters
to it, minimizing downtime.

Latest Generation - PowerFlex 755T: For the most demanding needs, Rockwell offers the PowerFlex 755T
family, which represents the latest generation of their low-voltage drives with advanced technology. These
drives introduce Rockwell's proprietary TotalFORCE technology - an umbrella for several high-end features.
TotalFORCE provides exceptionally precise and adaptive motor control. For example, the drive can
automatically monitor machine characteristics (e.g. signs of resonance or vibration) and dynamically tune
itself to compensate 10 . It employs adaptive control algorithms and up to four auto-tuning notch filters
that adjust in real-time to “block out” resonant frequencies, thereby reducing torsional oscillations or
machine vibrations 11 . This is particularly valuable in applications like cranes, centrifuges, or grinders
where mechanical resonances can change over time and impact performance. In addition, the 755T drives
have built-in predictive maintenance features that track the usage and health of critical components (fans,
capacitors, IGBTs, etc.) by monitoring variables like temperature, run time, and current. The drive can
estimate remaining component life and alert users to service needs before failures occur 12, thus enabling
condition-based maintenance in line with Industry 4.0 practices.

From a hardware standpoint, the PowerFlex 755T series are available in various configurations: the 755TL
model has an active front end with internal harmonic filters for IEEE 519 compliance (it drastically reduces
THD on the line) 13 ; the 755TR model adds full regeneration capability (ability to feed braking energy back
to the supply) along with harmonic mitigation, useful for applications like elevators or downhill conveyors
where energy flows both ways 14 . There's also a 755TM modular drive system for coordinating multiple
motors on a common DC bus - this allows tailored solutions where, say, one module handles regen for a
group of drives sharing a bus 15 . The power range of the 755T family is impressive: from ~10 HP up to
6,000 HP (7.5 to 4,500 kW) in low-voltage configurations, which overlaps into traditional medium-voltage
territory 16 . In fact, these drives expanded Allen-Bradley’s low-voltage range to cover large applications
that previously might require MV drives. The 755T drives also come with integrated safety rated up to SIL3 -
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an option board provides features like Safe Torque Off and Safe Speed Control that can be used over
EtherNet/IP with CIP Safety 17 . Furthermore, they support specialized control for permanent magnet motors
and even have an anti-sway function specifically for crane applications to dampen load swinging 17 . All
these capabilities make the 755T series suited for high-power, mission-critical uses (e.g. large pumping
stations, compressors, metal forming mills, cranes, test stands) where efficiency, uptime, and fine control
are paramount.

Medium Voltage and Specialty Drives: Beyond the standard low-voltage portfolio, Allen-Bradley also
offers medium-voltage drives such as the PowerFlex 6000 and PowerFlex 7000 series. These are used for
2.3 kV, 4.16 kV, or even 6.6 kV motors typically in the thousands of HP - for example, large fans, pumps,
compressors, or mixers in industries like oil & gas, mining, and power generation. The PowerFlex 7000
drives can reach extremely high horsepower (well into the tens of thousands) and include options like
ArcShield™ technology for arc-flash containment (important for safety in MV drive cabinets) 8 19 . Many
medium-voltage VFDs are engineered systems (in sizeable floor-standing enclosures with input
transformers, cell-based designs, etc.), and Rockwell provides these as turnkey solutions. Additionally, Allen-
Bradley has some unique offerings like the Armor PowerFlex drives, which are decentralized IP66/IP67-
rated VFDs that can be machine-mounted (useful in conveyors or modular machinery to mount drives right
on the equipment). Overall, the Allen-Bradley PowerFlex family ranges from a 0.2 kW micro drive that you
could hold in one hand, up to massive multi-megawatt drives the size of a wardrobe - covering almost any
AC motor control need.

Figure: Allen-Bradley’s PowerFlex 755TS high-performance drives (architecture class) come in various frame sizes
for low-voltage applications. These advanced VFDs feature TotalFORCE® adaptive control technology and are
designed for heavy-duty use with options for regenerative braking and harmonic filtering.

Key Features and Technologies of Allen-Bradley VFDs

Allen-Bradley drives are known not just for their hardware range but also for the rich set of features that
come standard or optional across the lineup. Below are some of the key technologies and characteristics
that define the PowerFlex series:

« Motor Control Algorithms: All PowerFlex AC drives use pulse-width modulation (PWM) to synthesize
variable frequency output from a fixed AC supply. Basic models offer simple V/Hz (volts-per-hertz)
control suitable for many pump and fan applications. Higher-end models implement advanced
vector control. Allen-Bradley has long employed field-oriented control techniques; older drives used
proprietary algorithms like “Force Technology” (a term used in previous generation drives for high-
performance torque control), while newer 755T drives employ the enhanced TotalFORCE® control.
In practice, these vector control modes allow for excellent speed regulation and high torque
production at low speeds. With sensorless vector control, a PowerFlex drive can typically produce
~200% torque at 0 speed (holding torque) or provide high starting torque without any encoder. And
with an encoder installed (closed-loop vector), the drive can achieve precise speed or position control
comparable to servo drives. The PowerFlex 527, as noted, relies on a Logix PAC to perform motion
control - effectively using the PLC's processing for coordination, but the drive’s own power
electronics then faithfully execute the torque commands. This design demonstrates Rockwell's focus
on integrated motion: the drive becomes an extension of the PLC's control system, which is
particularly useful for multi-axis machinery or coordinated drive systems.
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« Safety Integration: Modern Allen-Bradley drives include Functional Safety features to help meet
machinery safety standards. Many PowerFlex models offer an embedded Safe Torque Off (STO)
function, which can be used to satisfy the requirements for preventing an unexpected motor startup.
For instance, the PowerFlex 525 has built-in STO and is certified to SIL2 / PLd (Safety Integrity Level 2,
Performance Level d) per ISO 13849-1 when using that feature 20 21 . This allows the drive to be
integrated into safety circuits - removing torque without physically disconnecting power - which is
faster and avoids wear on contactors. Higher-level safety options are available on the PowerFlex
753/755 and 755T: these support SIL3 / PLe capabilities such as Safe Stop 1, Safe Limited Speed,
Safe Direction, and more, especially when using the Allen-Bradley Integrated Safety module over
EtherNet/IP 17 . This means an Allen-Bradley VFD can be part of a networked safety system,
exchanging safety messages with a safety PLC. Competing drives also have safety features (as
discussed later), but Rockwell has been a proponent of integrated safety over networks, which can
simplify wiring and enhance diagnostics in systems that require things like frequent access to a
machine for cleaning or jam removal. In practice, using an STO-certified drive reduces downtime -
e.g. an operator opening a gate can trip the STO function to shut off motor torque, and then quickly
resume operation without a full power cycle once the gate is closed, as opposed to completely
powering down the drive.

Communication and Networking: A strength of Allen-Bradley drives is their seamless integration
into industrial networks, particularly Rockwell's own EtherNet/IP network. Most PowerFlex drives
either come with built-in EtherNet/IP capability or offer it as an option via a communication module.
For example, the PowerFlex 525 has a native EtherNet/IP port on some versions, and all 520-series
drives support at least RS-485 (Modbus RTU) and can use optional comm modules (EtherNet/IP,
PROFIBUS, PROFINET, etc.) 22 23 . The PowerFlex 750 series has slots for option cards, so a user can
select the preferred network - common choices are EtherNet/IP (for Logix PAC integration), or dual-
port EtherNet/IP for device-level ring topologies, as well as others like Modbus/TCP, ControlNet, or
PROFINET. Allen-Bradley drives fully support CIP (Common Industrial Protocol) on EtherNet/IP,
meaning they work with Rockwell PLC features like automatic device configuration and Add-On
Profiles in Studio 5000. The drives can be configured and monitored using Rockwell software such as
Connected Components Workbench (CCW) for smaller systems or the Studio 5000 Logix Designer
for integrated systems. Additionally, older tools like DriveExecutive or the newer web-based
interfaces (for some drives with built-in web servers) can be used. This tight integration saves
engineering time - for instance, all PowerFlex drives provide standardized status data and faceplates
for Rockwell HMIs, and critical parameters can be easily read/written from PLC code (e.g. speed
reference, feedback, amps, alarms). Many drives also support multi-drive networking: a feature on
some Yaskawa drives allows linking up to 5 drives on one node via RS-485 24 25 ; similarly,
Rockwell's drives can share a common network adapter in certain multi-drive configurations (like the
755TM common bus system, where one control module might coordinate multiple power modules).
All these networking capabilities enable high-level functions like coordination of multiple drives,
remote monitoring, and integration into plant SCADA/MES systems for IIoT applications.

Energy Efficiency and Power Quality: While VFDs inherently save energy by reducing speed, Allen-
Bradley also focuses on the drive’s own efficiency and grid impact. The drives are designed to meet
efficiency regulations such as the EU Ecodesign requirements for drive efficiency (for example,
PowerFlex 525 drives are classified as IE2 drive efficiency class per IEC 61800-9-2) 26 27 , indicating
very low internal losses. They also offer features like “economizer” or flux optimization modes that
reduce motor magnetization during light loads to save energy (many drives have this under names
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like Energy Save, Automatic Energy Optimization, etc.). For power quality, Allen-Bradley provides
solutions to address harmonic distortion on the AC supply. The standard drives come with DC link
chokes or reactors in many cases (e.g. frames of PowerFlex 525 include DC inductors) to reduce
harmonics and improve the input power factor. For stricter harmonic compliance, Rockwell offers the
PowerFlex 755TL and other 755T variants which use active front ends and filters to achieve <5%
current THD, suitable for IEEE 519 compliance 3 . In medium-voltage drives, multi-pulse diode front
ends and active rectifiers are used for the same reason. Allen-Bradley had also offered standalone
harmonic filters (like the now-discontinued 700AFE unit) but those capabilities are now rolled into the
755T product line 28 . In regenerative applications, the 755TR and 755TM allow energy to flow back
to the source, which not only saves energy (over wasting it as heat in brake resistors) but also means
the drive inherently includes braking chopper functions, etc. Competing brands likewise provide low-
harmonic or regen models - for example, ABB's ultra-low-harmonic drives guarantee <3% THD
without external filters 29 - and we will compare some of those in the next section.

Reliability and Environmental Ratings: Industrial drives must endure harsh conditions, and Allen-
Bradley designs for that. The PowerFlex units have options for conformal coating on circuit boards
to protect against corrosive atmospheres (rated to ISA S71.04 Class G3 harsh environment). They can
typically operate up to 50 °C ambient without derating (some with 60+ °C with fan kits or cooling),
and at altitudes of 1000 m (or up to 4000 m with derating) 30 . Shock and vibration specs comply
with IEC standards to ensure the drives survive in vibrating machinery 3" 32 . Many PowerFlex
drives are UL listed to high short-circuit fault currents (SCCR), often 100 kA when used with the
proper fuses or circuit breakers 32 - an important safety consideration for coordination with
upstream protection. Additionally, Allen-Bradley medium-voltage drives offer arc-resistant
construction (ArcShield) that meets stringent arc-flash safety standards (ANSI/IEEE C37.20.7),
enhancing safety for personnel. In terms of design lifetime, the high-end drives (like ABB's and
Rockwell's) are built for long service intervals - ABB, for instance, advertises up to a 9-year
maintenance interval on its ACS880 drives due to cooling design and component selection 34 35,
Allen-Bradley doesn't explicitly state a number of years, but the inclusion of predictive diagnostics in
the 755T suggests they are monitoring component wear to maximize uptime. Overall, Allen-Bradley
drives are considered very robust - it's not uncommon to find older generation Allen-Bradley drives
(e.g. the Bulletin 1336 or PowerFlex 700 series) still running after decades in the field, owing to solid
build and support.

Software Tools and Support: To complement the hardware, Rockwell provides software like
DriveTools SP and the newer Connected Components Workbench for drive configuration on a PC.
For Logix users, integrating a PowerFlex drive is as simple as adding a module in Studio 5000 - the
device's profile will expose parameters that can be set in a friendly way, and you can even upload/
download drive parameters as part of the PLC project (making it easy to clone setups or backup
settings). The Premier Integration with Logix means that the PLC programmer can use pre-built
AOIs (Add-On Instructions) or faceplates for drives, which drastically cuts down development time.
Rockwell also offers online resources such as the KnowledgeBase, technical forums, and global
support network. Given that Precision Electric (the context for this content) is an industrial service
provider, it's worth noting that having local support and spare parts readily available is a factor -
Allen-Bradley drives are widespread in North America, so parts and expertise are usually easy to find.
This is an intangible “feature” but matters for maintenance and operations.
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In summary, Allen-Bradley’s VFDs are feature-rich devices that emphasize integration (controls & safety)
and performance, alongside the core job of speed control. They are often the go-to choice for facilities that
standardize on Rockwell Automation for a unified platform, but they also can connect to third-party control
systems via open protocols. Next, we'll see how these drives stack up against other major manufacturers’
offerings in the market.

Comparison with Other Major VFD Manufacturers

The AC drive market is filled with capable products from various manufacturers, each with its own
strengths. Allen-Bradley’s PowerFlex drives compete with other industry-leading brands such as ABB,
Yaskawa, Siemens, Schneider Electric, Danfoss, Eaton, WEG, Lenze, Hitachi, and more. Here we will briefly
compare Allen-Bradley to a few of its notable competitors (ABB, Yaskawa, Eaton, Hitachi, Lenze, etc.),
highlighting similarities and differences:

+ ABB: ABB (a Swiss-Swedish conglomerate) is one of the largest drive manufacturers globally. Their
flagship low-voltage drives are the ACS series, including the common ACS880 industrial drives. In
terms of range, ABB's portfolio is as broad as Rockwell's - an ACS880 can cover from fractional kW
sizes (~0.5 kW) up to 6000 kW (8050 HP) in low voltage and they also offer medium-voltage drives
for higher power 36 . ABB is known for its advanced control algorithm called Direct Torque Control
(DTC), which allows extremely precise and fast torque control without the need for an encoder. DTC
is a unique selling point - it can control motor torque and speed very accurately even during
dynamic changes, and it's robust for different motor types (induction, permanent magnet, even
synchronous reluctance motors) 37 38 . In practice, Allen-Bradley’'s performance with field-oriented
control is comparable for most applications, though ABB might claim an edge in certain high-
dynamic scenarios due to DTC's instantaneous control (which bypasses the typical PWM modulation).
Both ABB and AB offer extensive customization: ABB drives have modular hardware and support a
wide array of fieldbus options (Ethernet/IP, ProfiNet, EtherCAT, etc.) 39 40, just like PowerFlex
drives do. One area ABB has pushed strongly is ultra-low harmonics and energy regeneration -
they offer dedicated low-harmonic drive variants and standalone active front ends. Allen-Bradley’s
equivalent (755TL/TR) came later but now provides similar functionality. In terms of safety, ABB
drives come standard with Safe Torque Off (SIL3 PLe on ACS880) and offer optional safety modules
for safe speed/control, much like AB 41 42 . Globally, ABB drives are perhaps more widespread,
especially in regions like Europe and Asia, whereas Allen-Bradley is heavily used in North America.
The choice often comes down to the control system in place: Rockwell PLC users lean toward
PowerFlex for seamless integration, while others may prefer ABB for specific features like DTC or
simply due to local support availability. Both brands are considered high quality and are usually in
the top tier for reliability and performance.

Yaskawa: Yaskawa Electric (from Japan) is another dominant player, credited with developing some
of the first transistor-based AC drives decades ago. Yaskawa drives (such as the recent GA800 and
GA500 series) are praised for their reliability - many in the industry consider Yaskawa the gold
standard for robust, long-lasting drives. The GA800 general-purpose drive spans from roughly 1 to
600+ HP (low voltage) in various configurations, and up to 1000 HP in 480 V class for heavy duty
applications 43 44 _ It includes built-in Safe Torque Off (SIL3, PLe certified) as a standard feature on
all units 45 46 , similar to AB's approach of integrating safety in mid-range drives. Yaskawa
emphasizes ease-of-use: their drives historically have very intuitive keypad interfaces and
programming (they often tout that you can power up a new drive and get a motor spinning with just

WWWw.precision-elec.com

6


https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives#:~:text=UP%20TO%206000%20kW%2F8050%20HP
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives#:~:text=Precise%20motor%20control
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives#:~:text=Precise%20motor%20control%20for%20all,DTC
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives#:~:text=Advanced%20communication
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives#:~:text=Supporting%20a%20wide%20range%20of,with%20all%20major%20fieldbus%20protocols
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives#:~:text=Built
https://www.abb.com/global/en/areas/motion/drives/low-voltage-ac-drives/industrial-drives/acs880-single-drives#:~:text=Safe%20Torque%20Off%20,highest%20level%20of%20machinery%20safety
https://www.yaskawa.com/products/drives/industrial-ac-drives/general-purpose-drives/ga800-drive/-/content/_19a1eff8-5480-4a17-a151-fd7bc18984d8_Specifications#:~:text=3%2F4%20,addition%20to%20its%20exceptional
https://www.yaskawa.com/products/drives/industrial-ac-drives/general-purpose-drives/ga800-drive#:~:text=3%2F4%20,addition%20to%20its%20exceptional
https://www.mfcp.com/hubfs/MFCP/Catalogs/Catalog%20PDFs/Yaskawa%20Catalogs/Yaskawa-MFCP-BL.GA800.01%20AC%20Drive%20GA800%20Series.pdf#:~:text=ZONE%20DEFENSE%20When%20your%20application,Safety
https://www.mfcp.com/hubfs/MFCP/Catalogs/Catalog%20PDFs/Yaskawa%20Catalogs/Yaskawa-MFCP-BL.GA800.01%20AC%20Drive%20GA800%20Series.pdf#:~:text=SAFE%20TORQUE%20OFF%20%E2%80%A2%20Certified,C%20T%20WITH%20EASE%20Expansion

Precision Electric, Inc. 574-256-1000

a few quick parameter adjustments). The GA800, for instance, has an “Intelligent Setup” that can
automatically tune to the motor and even has an internal data logger. Communication-wise, Yaskawa
supports all major protocols through optional cards (Modbus is usually standard via RS-485, and
options include EtherNet/IP, PROFINET, EtherCAT, etc.). One novel feature Yaskawa introduced is the
ability to control multiple motors from one drive in some cases and the ability to link drives together
easily: e.g., the GA800 can act as a master and coordinate up to five slave drives over a simple
network link 47 48 , which might simplify multi-motor systems. In performance, Yaskawa drives
offer vector control comparable to others; they may not have an exact equivalent to ABB's DTC or
Rockwell's TotalForce adaptive tuning, but they do have advanced autotuning and load observer
functions to minimize the need for manual tuning. Yaskawa’s reputation is that their drives “just keep
running” - MTBF figures are high, and they often can tolerate overloads or tough environments
gracefully. One might find slightly fewer bells and whistles on certain Yaskawa models (for example,
until recently their mid-range drives didn't include internal web servers or predictive maintenance
functions), but the gap is closing. The choice can come down to ecosystem: if a plant has a lot of
Yaskawa (or their rebrands, e.g., Omron drives), they stick with them for consistency. Yaskawa also is
very strong in micro drives for smaller motors and in servo drives for motion control (Allen-Bradley
competes via its Kinetix servo line in the latter). In summary, Yaskawa drives match Allen-Bradley on
core specs and exceed in some reliability metrics; AB might edge out in high-end integration
features and software integration if you use Rockwell PLCs.

Eaton (Cutler-Hammer): Eaton's PowerXL series (formerly Cutler-Hammer drives, after Eaton
acquired that line) represents another common brand, especially in North America for commercial
and industrial drives. A notable model is the PowerXL DG1 general-purpose VFD. Eaton's drives
cover typical low-voltage ranges (e.g. the DG1 goes up to ~1000 HP on 480 V, ~800 HP on 600 V
systems) 49 50 . Eaton emphasizes user-friendliness and out-of-the-box functionality. For instance,
the DG1 has an easy startup wizard and several pre-programmed application macros (for pumps,
fans, conveyors, etc.) to simplify commissioning 5" . One differentiator Eaton advertises is their
patented Active Energy Control algorithm - this is a feature that dynamically optimizes the motor
flux to minimize energy consumption without sacrificing performance 52 53 . In practice, Active
Energy Control likely reduces the motor's magnetizing current under light loads (similar to an
“energy saver” mode), which can improve efficiency a few percent in those conditions. Allen-Bradley
drives have a comparable function (often called “economizer” or “auto energy” mode), but Eaton
makes it a centerpiece of their marketing. Eaton drives also come with built-in braking transistors on
many models (for easier dynamic braking setup) and high short-circuit ratings (100 kA SCCR with
proper fusing, similar to AB). On the networking side, Eaton includes standard protocols like
Modbus, and many of their drives (like the DG1) actually include EtherNet/IP and Modbus/TCP as
built-in standard, which is a nod to the market dominance of Ethernet - in fact, the DG1 has Ethernet
and traditional I/0 on every unit 54 . Where Eaton may lag a bit is in high-end features: they do not
(as of now) have an equivalent to something like Rockwell's TotalForce or ABB's predictive
maintenance in their general drives. They do have some specialty HVAC drives and such with
advanced features for those markets (like fire mode, etc.). Eaton/CH drives often appear in MCCs
(motor control centers) and are appreciated for their integration in Eaton’s electrical gear. If one is
already using Eaton's electrical distribution or needs tight packaging in an MCC, choosing Eaton
drives can simplify things. Otherwise, an Eaton drive will do much the same job as any other for
standard applications, with the Active Energy Control being a nice efficiency bonus. Some users
report that Eaton's PC configuration software isn't as polished as others (subjective), but the
differences are minor. In summary, Eaton’s VFDs are solid, with a focus on ease-of-use and efficiency,
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though in extremely complex drive applications one might lean toward brands like AB, ABB, or
Yaskawa that have a longer history in those high-performance realms.

+ Hitachi: Hitachi produces a range of AC drives primarily known for being compact and cost-effective,
often used in OEM equipment. A popular series from Hitachi is the WJ200. These drives are available
in low-power ratings (typically up to around 15 kW or 20 HP in 3-phase 200-400 V classes) 55 56,
and smaller 100-200 V single-phase input versions for fractional horsepower needs. Hitachi drives
emphasize sensorless vector performance at an affordable price point. For instance, the WJ200
boasts high starting torque (200% or more at low speeds) thanks to advanced sensorless vector
control and includes an auto-tuning function to easily set up the drive with the motor 57 58 . This
makes them suitable for applications like hoists, cranes, lifts, and basic machinery that need good
torque without an encoder. Hitachi also integrates a simple PLC functionality in many drives (their
EzSQ programming allows the drive to run a small sequence of logic internally) 56 . This can
sometimes eliminate the need for an external PLC for very simple tasks - for example, the drive itself
can manage a multi-speed sequence or react to inputs with programmed logic. In terms of safety,
even these smaller drives haven't been left behind: the WJ200 includes a “Safe Stop” action that
conforms to international standards 32 60 . This is essentially a Safe Torque Off feature (the
wording is slightly different in Hitachi literature), which is notable because not all low-cost drives in
the past offered STO. Networking options for Hitachi are available (Modbus RTU is standard, and
modules can provide EtherCAT, Profibus, Profinet, etc.) 61, although an Allen-Bradley drive or other
high-end brand might have a deeper selection of network integration tools. One could say Hitachi
drives are often chosen for simple to mid-range applications where cost is a factor but
performance can't be ignored. They may not scale to very large horsepower (for larger motors,
Hitachi had other series like L700 or now maybe the NE-S1 for micro and the next series up for
larger, but still they top out in the hundreds of HP, not thousands). For a fair comparison, an Allen-
Bradley PowerFlex 523/525 would be analogous to a Hitachi WJ200: both target general-purpose use.
The AB drive might offer more bells and whistles (like a graphical LCD, built-in Ethernet on some
versions, etc.), whereas the Hitachi focuses on the essentials and keeping price low. Both will run an
induction motor just fine with open-loop vector control. Reliability-wise, Hitachi drives are generally
considered good (made in Japan quality), but the support network might not be as extensive as for
brands like Rockwell or ABB in some regions.

Lenze: Lenze is a German manufacturer known for both VFDs and servo drives, especially in the
packaging, material handling, and automation sectors. Their current flagship inverter line is the i500
series (including i510 and i550 variants). Lenze drives are designed with a modular, scalable
approach. The i500 series covers power from about 0.25 kW up to 132 kW (~0.3 to 175 HP) in low
voltage 62 63 ., One thing Lenze emphasizes is the compact design - the i500 drives have a slim
“bookshelf” form factor allowing side-by-side mounting with zero clearance (useful for tight panels)

64 65  They also focus on ease of integration: for OEM machine builders, Lenze drives support a
wide array of fieldbus options and can be customized. The i550, for example, can be equipped with
plug-in modules for PROFINET, EtherNet/IP, EtherCAT, CANopen, etc., and even offers a Bluetooth
module for wireless commissioning 6 67 . In terms of functionality, Lenze VFDs tend to blur the
line with motion control - the i550 has advanced positioning and sequence control features, multiple
encoder interface options, and the ability to execute built-in “texts” (programs) for motion tasks 68

69 . This makes them attractive for machinery where the drive might handle more intelligence. For
example, a Lenze drive can perform positioning of an indexing conveyor by itself if properly
configured, whereas with a simpler drive you might need an external motion controller. Lenze also
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caters to decentralized drive solutions (their i550 protec is an IP66-rated drive that can be machine-
mounted, similar to Rockwell's Armor drives) 70 71 . In terms of performance, Lenze drives offer
standard control modes (V/Hz, vector, and even servo control for PM motors) and have features like
“VFC eco” mode for energy savings (adjusting magnetization) which is analogous to others' energy
optimization modes. One unique aspect is Lenze's extensive diagnostic and remote connectivity
options - they have a module for WLAN connectivity that allows drive commissioning and
diagnostics via a mobile app, for instance 72 . When comparing to Allen-Bradley, one could say
Lenze drives are very OEM-focused: if a machine builder is exporting globally, Lenze's consistent
programming environment and multi-protocol support is appealing, as are their compact size and
flexible mounting. Allen-Bradley drives, conversely, might be larger in footprint for similar power and
are more often found in end-user facilities that use Rockwell PLCs. Both are high quality. Lenze may
not be as commonly found in process industries or large infrastructure projects - they shine in
factory machines like packaging lines, robotics, etc., where their motion-centric features are valued.

(Many other brands could be discussed - for example, Danfoss VLT drives known for HVAC and high-power water
systems, Siemens SINAMICS drives which integrate with Siemens PLCs similarly to how AB does with Logix, WEG
drives with robust simple designs from Brazil, Schneider Altivar drives common in commercial systems, etc. - but
the above gives a flavor of how Allen-Bradley stands relative to a few key competitors.)

In general, all major manufacturers’ VFDs are converging in terms of basic capabilities - most offer versions
with similar horsepower ranges, all can do sensorless vector control, most have options for STO safety,
communication modules, and so forth. The differences often lie in specific features or ecosystem
compatibility. Allen-Bradley’s clear advantage is for users of Rockwell Automation systems; the plug-and-
play integration and unified support is hard to beat in that context. On the other hand, competitors might
offer slight technical advantages in certain niches (ABB's DTC for ultra-high precision or Yaskawa's known
mean-time-between-failure, etc.), or better price points for similar specs (some Japanese and European
drives can be cost-competitive against AB which is sometimes seen as a premium brand). From a service
perspective, having multiple options is beneficial - for instance, Precision Electric might help a client retrofit
an aging Allen-Bradley drive with an ABB or Yaskawa unit if it fits better or is more readily available, and vice
versa.

To illustrate competition: an Allen-Bradley PowerFlex 755 (architecture-class, up to ~700 HP standalone) is
often compared to an ABB ACS880 drive - both will do the job of running a large motor with closed-loop
control, both offer similar add-ons (safety, regen, filters). The deciding factors might be the control system
tie-in (Rockwell vs ABB DCS or third-party PLC), the support infrastructure (which supplier has local
service), and user familiarity. It's rarely a case of one drive being completely incapable of something the
other can do; rather it's about optimization and convenience.

Real-World Applications and Case Studies

Because VFDs are so versatile, they are used across virtually every industry. Allen-Bradley PowerFlex drives,
in particular, are found in manufacturing plants, commercial buildings, and municipal facilities worldwide -
anywhere there are motors that could benefit from speed control. Here we highlight a few real-world
examples that demonstrate the impact and applications of these drives:

* Energy Savings in Hydraulics (Manufacturing): A notable case comes from the metals industry,
where traditional hydraulic power units ran continuously at full speed, wasting energy as heat and
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noise. By retrofitting these systems with variable-frequency drives, the hydraulic pumps now run
only as needed (on-demand pressure/flow control). Green Hydraulic Power, Inc., a systems
integrator, implemented Allen-Bradley PowerFlex 755 drives on large hydraulic units and achieved
dramatic improvements. In one deployment, the VFD-driven system delivered up to 80% energy
savings and reduced noise levels by around 20 dB compared to the always-on system 73 74 .
Operators noted a huge difference - noise dropped to the point where normal conversation next to
the machine was possible without shouting or hearing protection 75 76 . The energy savings (for a
customer running multiple 100 HP motors 24/7) translated to a projected 50-75% reduction in
electricity usage for those motors 77 78 , aligning with sustainability goals and offering a fast ROL
This case also highlighted the soft-start benefit: previously, starting big hydraulic motors would
cause voltage dips and mechanical stress; with VFDs, startups are smooth. Additionally, the
integrator praised the Allen-Bradley drives' ease of programming and integration - the engineers
were “excited” by how intuitive the Rockwell drives were to commission and tune in the system 79

80 . This example underscores how even in heavy industries like metal fabrication, modern VFDs
can not only save energy but also improve working conditions (lower noise/heat) and provide finer
control (pressure exactly as needed, improving product quality).

Pump and Fan Optimization (Process Industries and HVAC): Pumping systems and air handling
are classic applications for VFDs because of the enormous potential for energy savings. A simple yet
powerful illustration is using a VFD in place of a throttle valve for flow control. Rockwell Automation
has demonstrated that using a PowerFlex smart VFD to control a pump’s speed (instead of running
the pump at full speed and throttling a valve to control flow) can yield energy savings on the order of
50-75%, depending on the duty cycle 8! . This is supported by the physics: a centrifugal pump
running at half speed might use only one-eighth the power or less. In practice, many water
treatment plants have retrofitted constant-speed pumps with VFDs and seen massive reductions in
electricity consumption, especially under variable flow conditions. Fans in HVAC systems similarly
benefit - rather than using dampers to restrict airflow, slowing the fan saves lots of energy. For
example, a municipal wastewater facility reported improved aeration control and energy
reductions after installing PowerFlex drives on their blowers, allowing them to continuously
modulate air output to match oxygen demand. In building HVAC, many large commercial buildings
now use drives on chillers, cooling tower fans, and air handler blowers to actively adjust speeds and
avoid the peaks of on-off control. Not only does this save energy, but it also improves comfort and
reduces mechanical wear. One published case study by Invertek (a drive manufacturer) showed that
a 5-star hotel in Dubai (Kempinski Mall of the Emirates) achieved about 25% reduction in HVAC
energy use by installing VFDs on their air handling units 82 83 | The drives (Optidrive Eco in that
case) continuously adjusted fan speeds to match demand, and even a relatively small speed trim led
to a quarter less energy used by the chillers and fans. This case is representative of thousands of
similar retrofits worldwide. For Allen-Bradley specifically, their PowerFlex 400 series was actually
tailored for fan/pump applications (with built-in PID controllers and a “sleep mode” to shut off fans
when not needed) 8 . Today, the PowerFlex 525 and 755 drives often fill that role in Rockwell
installations, offering features like multi-pump coordination (lead/lag pump control logic in the drive)
and networking to building management systems. The bottom line is that VFDs can pay for
themselves very quickly in variable-torque applications: for instance, an analysis might find that a
$10,000 drive installation on a 100 HP pump that runs inefficiently most of the time could save
$5,000+ in electricity per year, meaning a simple payback of 2 years - after which the energy savings
continue accruing. With growing emphasis on energy efficiency and carbon reduction, many utilities
even give rebates for VFD projects, making them even more attractive.
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+ High-Performance Industrial Processes: Beyond energy-centric cases, VFDs enable processes that
simply wouldn't be possible otherwise. In the plastics industry, for example, extruders use VFDs to
precisely control screw speed, which in turn controls output and product quality. A PowerFlex 753 or
755 drive on an extruder motor allows the line to be finely tuned for thickness and finish of the
plastic being extruded, with feedback control adjusting speed to maintain setpoints. In material
handling, consider a conveyor system in a distribution center: using drives, the conveyor speed can
be modulated to prevent packages from bunching up, or to implement zero-pressure accumulation
(where segments start/stop as sensors detect product). Allen-Bradley drives integrated with a PLC
make it straightforward to create such smart control logic, improving throughput and reducing jams.
Another example is test stands and dynamometers - these often require four-quadrant control
(motoring and regenerating, both forward and reverse). The regen-capable PowerFlex 755TR drives
have been deployed in automotive test cells to simulate loads on engines or motors, absorbing
energy when the device under test drives the motor (acting as a generator) and feeding that energy
back to the grid to avoid waste 14 . This is highly beneficial for sustainability and also keeps heat
generation in the test cell low. In crane and hoist applications, VFDs provide not only smooth
speed control but features like anti-sway. As noted earlier, the 755T drives have an anti-sway
algorithm for crane control 8 - by modulating the motion, the drive helps dampen the pendulum
effect of a swinging load, improving safety and precision. That's something unattainable with classic
contactor control. Similarly, elevators use VFDs (along with encoders and specialized firmware) to
ensure smooth acceleration/deceleration and leveling within millimeters at floors - Allen-Bradley’s
drives aren't typically used in commercial elevators (Schindler, Otis etc. have their own systems), but
in industrial lifts or material elevators, PowerFlex drives certainly find use.

Renewable Energy and New Industries: Another emerging area is the integration of VFDs in
renewable energy systems and smart grids. For instance, large battery energy storage systems
sometimes use repurposed VFD technology (since a VFD is essentially a power inverter with precise
control, similar to what's needed to convert battery DC to AC grid power with regulation). Allen-
Bradley’s medium-voltage drive expertise plays a role here. Also, in wind turbines, the pitch control
of blades and yaw control of nacelles often use smaller VFD drives to run motors that adjust blade
angle or direction. While these might be servo drives in some cases, robust VFDs with closed-loop
control certainly meet the requirements.

These examples collectively show how VFDs like the Allen-Bradley PowerFlex are applied both to retrofit
scenarios (to improve existing systems' efficiency and control) and to new installations (to enable
sophisticated automation and performance). The versatility of VFDs is remarkable - the same fundamental
drive that saves energy on a fan can, with different tuning, perform high-precision tasks on a production
line.

From a quantitative perspective, the impact of VFDs is often measured in energy saved, process uptimes
improved, or product quality gains. It's common to see energy savings of 20-50% in HVAC or pumping after
VFD implementation, reductions in maintenance costs due to less wear and better motor diagnostics, and
improved safety due to soft starts and integrated safety functions. In today's landscape of rising energy
costs and emphasis on sustainability, these drives are more valuable than ever.

Finally, it's worth noting one more real-world consideration: support and maintenance. A drive is a
complex piece of power electronics, and while robust, they can fail due to factors like grid surges,
environmental abuse, or simply age (e.g. capacitor aging). Allen-Bradley drives come with Rockwell’s global
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support network and services like Remanufacturing programs (where a failed drive can be sent to a
Rockwell service center for repair/refurbishment). Many users choose AB drives for this peace of mind -
knowing that years down the line, parts and support will likely be available (Rockwell tends to have long
product life cycles and migration paths). Other manufacturers also have support, but the level varies. For
example, Yaskawa prides itself on very low failure rates; ABB has a huge global presence for support;
smaller brands might rely on third-party integrators for service. Precision Electric, as a service provider,
often assists customers in troubleshooting VFD issues (regardless of brand) - having familiarity with
multiple brands is key because each has its own parameter sets and quirks. The good news is that modern
drives usually have extensive self-diagnostics: fault codes and even guided troubleshooting built-in (e.g.
“low DC bus voltage - check incoming power” or “output overcurrent - possible motor short”). This helps
maintenance teams quickly identify problems. Allen-Bradley’'s newer drives will even log the last several
fault events with time stamps, and the 755T can predict component wear so maintenance can be scheduled
proactively 12 . These intelligent features reduce downtime in real applications.

Conclusion

Allen-Bradley's PowerFlex VFD lineup exemplifies the state-of-the-art in variable frequency drive technology
- offering a wide power range, robust build quality, and deep integration with modern control systems. By
using VFDs, companies can dramatically improve energy efficiency, reduce mechanical stress on
equipment, and gain high-precision control over their processes. The choice of drive often comes down to
the specific application and integration needs: PowerFlex drives are a natural fit in Rockwell Automation
environments and are frequently the drive of choice for many U.S. industries, while alternative brands like
ABB, Yaskawa, Eaton, Hitachi, and Lenze provide competitive options that might be preferred in other
scenarios or for specific features. In any case, all these drives are enabling industries to do more with less -
achieving energy savings (often 20-50% or more), improving reliability and safety, and providing flexibility in
operations that was unimaginable in the days of fixed-speed motors.

As we've seen, real-world implementations of Allen-Bradley VFDs have yielded significant benefits, from
huge energy and noise reductions in hydraulic systems to precise speed control in critical processes.
VFDs truly are a cornerstone of modern automation and sustainability efforts. They allow motors - the
workhorses of industry - to only work as hard as needed, and in the process, make our systems smarter,
greener, and more productive. Whether one is retrofitting an old pump with a new drive, or designing a
cutting-edge machine with coordinated drive axes, understanding the capabilities and proper application of
VFDs like the PowerFlex family is crucial for success in today's industrial landscape. With continuous
advancements (such as predictive maintenance, IoT connectivity, and improved power electronics), VFDs are
poised to deliver even more value in the future, and manufacturers like Allen-Bradley/Rockwell are at the
forefront of that evolution.
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