
Learn how to improve drive performance and motor efficiency; 
how drive-based predictive analytics help extend machine life; 
and how to use linear actuators in automated electromechanical 
systems. See how AC drives and shielded VFD cables help 
boost safety, and how to specify a cable system. Also learn how 
oil & gas firms can cut costs by modernizing electrical systems.
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>>When you look at how everything has 
changed over time, it’s amazing. Some things 

have changed for convenience, some out of necessity. In 
the case of industrial motor starting, it’s both.

Long ago, motors were started by a contactor closure 
on the line controlled by energizing or de-energizing a 
coil. This simple on/off push-button control worked great 
for small and large motors alike.

As time passed, other methods of motor control 
emerged, which included using variable-frequency drives 
(VFDs) and soft starters. Both added more control to the 
starting, run time and stopping of the motor.

Improved control reduces mechanical wear and tear 
on the system. And the energy savings when starting or 
reducing current during runtime is a bonus.

Finding Efficiency
The most efficient way to run a starter with the least 
amount of heat loss is across the contacts of a contactor. 
When the contactor is closed, current passes through 
the now connected busbars. No electronic components 
generate heat.

Bypassing a soft starter while at speed is beneficial. 
Using a bypass contactor while at speed will allow the 
silicon-controlled rectifier (SCR) to be gated off, produc-
ing lower heat.

There are times when a purely solid-state device 
is desired, such as in a high-vibration or dirty en-
vironment. For those situations, solid-state devices 
are of use. For other applications, a bypass contactor 
is appropriate,

HOW TO BOOST 
EFFICIENCY FOR SIMPLE 
MOTOR CONTROL
Learn how to evaluate your options for push button  
vs. PLC control to achieve more effective motor starting,  
run time and stopping. 

By Bill Bernhardt, senior commercial engineer, Rockwell Automation
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What about just starting a load with simple on/off 
control or in an emergency… say, an application needs to 
be energized quickly and with little concern about wear 
and tear — for example, control of town flooding? In 
those cases, contactors still are viable.

Closing a Contactor
As stated earlier, energizing a coil from a control power 
source connected to simple push buttons will perform 
the on/off control. A maintained button or two-position 
switch, used mainly in two-wire control, will hold the 
coil energized. The coil will be de-energized when the 
button is pushed again, and the voltage to the coil is 
removed. Of course, the push-button contacts have to be 
rated for the voltage and the current of the coil to which 
they are connected.

A momentary button (normally open) in combination 
with an auxiliary contact is used to energize the coil and 
make a hold-in contact to maintain the circuit. When 
another momentary button (normally closed) is pressed, 
this will open the hold in contact, removing power to the 
coil, and the motor will stop. This is three-wire control. 
Again, contacts are rated for the coil’s current.

These methods require some wiring of components. 
To reduce the use of push buttons and wiring, consider 
using a programmable logic controller (PLC) output to 
control a contactor coil. Control can be accomplished 
through the outputs and simple coding of the program-
mable logic controller (PLC) instead of using external 
push buttons.

Benefits of Contactor PLC
Using a contactor PLC input frees up space traditionally 
needed for push buttons, etc. In addition, a PLC that 
may already be in the system controlling other applica-
tions could be used, saving valuable panel space.

Using a PLC reduces the need to have push-button 
contacts rated for large inrush current for coils of larger 
contactors. Its control typically is in the mA range, while 
the hold-in current and associated inrush current would 
be seen by the control voltage source and would be 
much higher.

What about the control voltage itself? Does it 
have to match the PLC input voltage? The PLC input 
voltage typically does not match the coil voltage, 
say, 24VDC for the PLC input. Coil voltage could 
be 120VAC, and the coil could be controlled by the 
24VDC PLC input.

This is just as an interposing relay would behave, but in 
this case, it would be built into the coil. Control voltage 
would be different from the voltage being controlled.  ■

 Learn about Allen-Bradley motor control contactors 
from Rockwell Automation.

>>Webinar: Smart Motor Control for 
Smarter Machines

This fourth webinar in the series on Smart Devices 
from Rockwell Automation discusses how you can 
improve productivity and help avoid motor failures 
with an integrated, data-driven approach. View the 
webinar now.
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>> If you still only view safety simply as a mat-
ter of compliance, you’re missing the bigger 

picture in these times of smart manufacturing.
Smart, networked safety can give you measurable busi-

ness benefits. And it can push the boundaries of what’s 
possible in your operations. Low-voltage AC drives with 
integrated safety are a perfect example of what networked 
safety can do. When connected to a safety programmable 
automation controller (PLC) over Ethernet®, they can give 
you more insights into your operations, reduce system 
wiring and components, and add precious minutes back 
to production. And yes, they can also help you be com-
pliant — and maybe even reduce safety risks.

To put this in context of the bottom line, here are five 
business cases for using AC drives with integrated safety.

1. Increased Productivity
Lockout/tagout (LOTO) has been a core element of 
industrial safety. But it also can constrain productivity.

AC drives with integrated safety let you to use safety 
functions in place of LOTO procedures in certain 
instances. Safety functions — such as safe limited speed, 
safe torque off and safe brake control — can help your 
workers service equipment in a fraction of the time and 
still be compliant.

Consider a task such as cleaning augers and rotating 
drums. Using LOTO procedures, workers must con-
tinually start and stop the assets to clean them. Safety 
functions such as safe limited speed and safe direction 
lets worker clean the equipment while it rotates at a 
slow speed.

5 REASONS TO USE  
AC DRIVES WITH SAFETY
Boost productivity, simplify systems and optimize 
performance by using AC drives that provide advanced 
safety over Ethernet.

By Andy Gagnon, product manager and Ryan Miller,  
product management specialist, Rockwell Automation
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2. Enhanced Safety
Workers sometimes bypass LOTO procedures to stay 
productive. That creates serious safety risks. AC drives 
with safety functions that help workers to more quickly 
service machines can reduce incentives for bypassing 
safety procedures.

Also, safety functions can support passive safety 
systems to reduce risks for new workers. Passive safety 
systems perform functions with little or no worker 
effort required. This can help mitigate the risks of 
inexperience, such as workers placing their hands in 
hazardous areas.

3. Reduced Complexity
Traditional safety products are hardwired separately 
from a standard controller and can require extra hard-
ware like safety relays. A networked safety product such 
as an AC drive with integrated safety can share the same 
Ethernet network as a standard controller and reduce the 
need for added hardware. This can simplify your system 
and reduce its costs.

Networked safety and control products also can be 
programmed, configured and maintained in one soft-
ware environment, further reducing complexity.

4. Better Insights
An AC drive with integrated safety can give you access to 
rich analytics to help improve your performance.

For example, you can track the time, location, fre-
quency and duration of when the drive’s safety func-
tions are being used. This can help you better track 
safety-related downtime and identify changes to improve 
uptime. Drive diagnostics can also help you see where 
safety-related failures occur to speed up troubleshooting 
and recovery.

5. Greater Flexibility
An AC drive with integrated safety can grow and change 
with your business. For example, you can use the ad-
vanced safety functions later if they’re not needed today. 
The drive delivers integrated safety through a card that 
you can add at any time.

You can also easily change the drive’s safety applica-
tions as your requirements evolve over time. A hard-
wired safety solution can require complex planning and 
rewiring to meet new safety requirements. However, a 
networked solution only requires updating code in your 
safety PLC.

Safety as a Business Enabler
Networked safety products can do more than compli-
ance. They can help you maximize the performance of 
your business. If you want to digitize your operations, 
networked safety products can be part of that.  ■

Learn about low-voltage AC drives with integrated safety.

An AC drive 
with integrated 
safety can grow 
and change with 

your business.
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>> Did you know that if you run cables that con-
nect your variable-frequency drives (VFDs) to 

your motors you could have a significant safety risk in 
your plant or factory? Fear not, there is a simple solution 
to this potential problem.

It’s a fact. Nonshielded cables send out interference 
— it’s called electromagnetic interference (EMI). In 
many cases, this isn’t a significant problem. Most of us 
have heard the 60 Hz hum that happens when a phone 
line is run too close to a standard 600V power cable. 
It’s really nothing more than a nuisance with standard 
power. But the same physics behind that hum may be 
creating a safety issue in your facility.

VFDs change standard 60 Hz power into variable-
frequency power that allow us to experience significant 
energy savings, better control of our equipment and 

reduced maintenance costs. However, like most things in 
life, there are trade-offs.

The downside of a drive system is that it generates 
lots of high-frequency voltage waveforms that can cause 
problems with motors, drives and other plant equipment. 
These same high-frequency waveforms can also cause 
safety issues. Let’s look at how.

Safety is Affected
Many people use lower cost nonshielded cables between 
their VFDs and motors. THHN (Thermoplastic High 
Heat-resistant Nylon coated) is the most common cable 
used, but the situation is the same even if you have upgrad-
ed to a thermoset insulation such as the RH and XH types.

The problem is caused because VFD output pulse 
width modulated (PWM) waveforms that trick motors 

HOW VFD CABLES 
HELP WITH SAFETY 
Variable-frequency drive cables help protect 
both equipment and people, and help 
mitigate many issues including motor failures, 
PLC problems, drive damage and more.

 From Southwire Company
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into thinking (I know motors don’t really think, but 
stick with me here) it’s seeing a nice clean sine wave at 
one of a variety of frequencies. These waveforms have 
frequency components up to and more than 30 MHz.

When you energize a cable with such high frequen-
cies, you create a large-loop radiating antenna. This 
antenna isn’t pumping out Top 40 hits like your favorite 
radio station. It’s pumping out EMI.

EMI can cause problems in sensitive electronics that 
are located too close to the EMI source, but that’s not 
what we’re talking about here. Today, we are focused 
on safety.

Effects of EMI
Let’s say you have a couple of VFDs and a couple of mo-
tors. You power the motors with cables of the unshielded 
variety. You run the cables together in tray or conduit for 
a fair distance.

This can create an unsafe situation. With power cables 
carrying standard 60-Hz traditional power, the energy 
level is low enough so that this doesn’t create an issue; 
however, with drive cables, the situation is different.

EMI is proportional to the square of the frequency, 
and we’re dealing with frequencies in the tens of Mega-
hertz. With this high frequency comes high energy. 
Enough energy, in fact, to create an unsafe combination 
of voltage and current to cause a shock hazard or even 
death for someone working on a locked-out cable circuit 
nearby. Basically, the couple of cables couple.

An Institute for Electrical & Electronic Engineers 
(IEEE) paper documents this, stating:

>>VIDEO: VFD Cables Help Prevent 
Motor Failure

In this video, Steve Wetzel from Southwire Company 
highlights new products that include a VFD drive ca-
ble with an overall shield to help eliminate problems 
VFDs can cause; flexible VFD cables for tight areas; 
and cable with a 21% smaller diameter so OEMs 
can fit more cable in conduit or tight spaces. Also 
see flexible conduit for plant-floor power applica-
tions that makes tight bends impossible with single-
conductor power cable. Watch the video now.

VFD cables have a shield over the 
three-phase conductors that minimizes 

the coupling effects, providing  
a safer working environment.

1111

WWW.ROCKWELLAUTOMATION.COM/THEJOURNAL

https://www.youtube.com/watch?v=4_JXTevLJgw
https://www.youtube.com/watch?v=4_JXTevLJgw
https://www.youtube.com/watch?v=4_JXTevLJgw
http://www.rockwellautomation.com/thejournal
http://www.putman.net/brands/tj/downloads/tj_ebook_elecsystems_june_2017.pdf


“This problem arises when two or more inverter — 
motor circuits are physically located adjacent to each 
other for relatively long distances in trays, raceways or 
conduits. The induced voltages/currents from one circuit 
to another may lead to destructive voltage stress to either 
the motors or the inverter equipment or cause intermit-
tent performance of one or more of the involved systems. 
The other problem associated with this cross talk between 
drive circuits relates to personnel safety. A typical case 
in which this problem may pose a safety hazard would 
be when one drive system is energized and operating a 
motor, while a second drive may require motor mainte-
nance, such as motor replacement, wherein an electri-
cian is required to handle the bare cable termination at 
the motor end to change out the motor with a spare. If 
these two motor circuits travel a considerable distance 
together in a tray, for example, the open circuit (1000Ω 
to ground was used, in accordance with IEEE Standard 
80-1986) may receive enough electromagnetic/electro-
static coupling from the energized circuit to produce a 
driving voltage and current flow that could be dangerous 
or potentially fatal.”

Shield Makes the Difference
So, what’s the solution? Use a VFD cable instead of 
nonshielded cable. VFD cables have a shield over the 
three-phase conductors that minimizes the coupling ef-
fects, providing a safer working environment.

The overall shield of a VFD cable acts like a Faraday 
cage over the conductors. The conductors are still emitting 
EMI, but the shield absorbs these transmitted EMI signals, 
transforming them into a current flow in the shield, which 
is drained off to ground at the shield’s termination point — 
which should be at both ends of the shield if you want to 
maximize your system’s performance.

A shielded VFD cable can reduce this EMI by more 
than 90%, as shown in the same IEEE paper quoted 
previously. Using VFD cables between your inverter and 
motor when longer lengths of cable are run in tray cre-
ates a safer working environment.

VFD cables help protect both equipment and people. 
In addition, they help mitigate a variety of issues includ-
ing motor failures, PLC problems, drive damage and 
other challenges with plant equipment.  ■

Learn more from Southwire’s application note titled “About 
VFD Cables.” 

Southwire Company, based in Carrollton, Georgia, is a 
participating Encompass™ Product Partner in the Rockwell 
Automation PartnerNetwork™ program. The company 
manufactures wire and cable. 

>>Learn More About VFD Cables

A variable-frequency drive (VFD) cable is a special 
cable construction for the inverter-to-motor cable. 
They help mitigate a variety of issues from motor 
failures to PLC problems to drive damage to other 
challenges with other plant equipment. To learn 
more, read Southwire’s application note, “About 
VFD Cables.”
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APPLYING MODULAR 
LINEAR ACTUATORS 
IN AUTOMATED 
ELECTROMECHANICAL 
SYSTEMS
Tips for electrical and mechanical engineers when 
designing automated assembly lines that require 
linear axes for positioning in applications such as 
packaging, picking, automotive and robotics.

By Nicholas Novotny, product line manager, Nook Industries

>>Modular linear actuators with complex multi-
axis systems are indispensable in industrial 

applications. They play an increasingly significant role in 
automated machine design and construction for manu-
facturing. Some of the many applications include ma-
chine tool, packaging, picking, automotive and robotics.

To help enable machine designers to continue to meet 
complex challenges of their end customers, it’s important 
they use high-quality products while collaborating with 
an experienced linear motion design team that special-
izes in projects involving customized linear axis systems. 
This will help achieve an optimal cost vs. performance.

Customized linear actuator systems with the highest 
level of continuity and reliability, and minimal main-
tenance are increasingly required to complete specific 
automation tasks relating to Industry 4.0 and digital 
transformation. This, in turn, provides automated 
manufacturing lines with increased productivity and 
reduced downtimes.

Highly functional integration is one of the main 
characteristics of fully automated manufacturing lines. 
The key is to combine as many work steps as possible in 
a small space while making the work cycle as fast as pos-
sible. When custom manufacturing products in a batch 
size of one, adaptability and flexibility also are important 
for the manufacturing technology of tomorrow.

On one hand, linear actuator drive systems make a 
valuable contribution in the positioning, handling, and 
transporting components quickly and reliably. On the 
other hand, servo motor-driven linear actuator systems 
can be used to repeatedly readjust the workspace as the 
product requirements continue to evolve.
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Key Factors
The ideal modular linear actuator system provides 
machine builders with customized drive technology that 
fits seamlessly into their ever-changing designs. Using 
a linear actuator system with built-in axes modularity 
makes it much easier to modify or convert machines later 
as requirements change later down the road.

Key requirements for these systems include:
• High speed (fast acceleration).
• Trouble-free operation for high throughput.
• Maximum precision.
• Low noise.
• Lightweight/compact design.
• High load capacity.

Faster Cycle Times
Portal systems are common for material handling in 
assembly technology. Due to short cycle times, there 
are challenging demands in terms of speed, precision 
and dynamism.

The servo-driven units are integrated into high-per-
formance automation systems for multi-axis-coordinated 
motion control.

System designers should optimize the linear axes 
based on each individual application. For example, they 
can be specially optimized as a Z axis or customized as X 
and Y axes. The high vertical integration and the on-site 
service make it possible to build linear axes for manufac-
turing lines to make optimal use of the available space, 
while also saving energy and material.

Ultimately, linear actuator system designers should 
collaborate closely the end machine builders to optimize 
the performance of these systems.

Increased Flexibility for Robotics
Industrial robots must reliably execute highly dynamic 
and automated motion sequences at a consistently high 
level of accuracy and speed. Especially now in the digital 
age of Industry 4.0, requirements placed on customized 
and flexible robotic systems with ever-expandable work 
areas are a high priority.

In addition to footprint flexibility, synchronization and 
the perfect transition from one work step to the next are 
other key requirements. Multi-axis Linear actuators provide 

Multi-axis linear  

actuators are ideally suited  

for automated assembly lines.

>>Download the Free Product Guide

This article is adapted from the Modular Actuator 
Product Guide from Nook Industries. Download the 
free guide to learn about more about modular linear 
motion technology, including the basics of drive 
systems, screw technology, guidance, applications 
and configurations.
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robotics with the increased freedom of movement by re-
moving the limitations of a fixed operating position (allow-
ing them to move in multiple directions). This significantly 
increases the overall productivity of a robotic system.

On automated production lines, significant time 
savings are achievable with movable, rotatory multi-axis 
kinematics, where the robots can follow the production 
sequence spatially. This is the seventh axis of robotics — 
and it facilitates the horizontal movement of the robot 
precisely to the line rhythm. The advantage: Increased 
productivity in the workflow because more assembly and 
handling time is now available.

Robots on Rails
Increasing the robotic range of movement provides more 
time for other tasks within a given work cycle. If the 

robot moves from its usual place, then the work areas 
can also be designed with more flexibility to allow the 
integration of other tasks.

Robots on the seventh axis: Toothed belt linear 
axes have the robustness and positioning precision 
necessary for this application. A good linear actuator 
system will offer a broad solution space, allowing the 
linear axes to be precisely adjusted to the robot and 
the production environment. This includes dynamism, 
precision, load capacity, drive stiffness and, above all, 
reliable operation.

Packaging Technology
There is surely no other part of automated production 
line that’s so centered around cycle times as the pack-
aging process. Furthermore, plants are required to be 
extremely flexible so many different types of cardboard 
boxes and formats can be processed on one machine.

The question of conversion times is best answered 
with a fully automated format adjustment. The degree 
of automation in packaging technology is correspond-
ingly high, and it continues to increase as the trend for 
customized packaging evolves.

Spindle or toothed belt linear axes that are individu-
ally customized for the application play a key part in 
ensuring the workflows in packaging machines are 
completed with precision, speed, and with a high level 
of dynamism.

Toothed Belt or Spindle Drive?
It depends on the task. Linear actuators with toothed 
belts are right at home with highly dynamic motion 
sequences. Spindles are used when power and preci-
sion are the name of the game. Typically, the carriage is 
positioned by means of a sliding guide, roller guide or 
rail guide.

Linear actuators with toothed belt drive are suitable 
for high-speed handling and positioning tasks involving 
light to heavy loads in which high repeat accuracy with 
short cycle times are also vital. The drive is provided via 
a steel-reinforced toothed belt. Modular linear actuators 
can be easily combined to create multi-axis systems.

Linear modular actuators provide high  

accuracy at increased speeds, and  

minimal maintenance with high reliability.
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Toothed Belt Advantages
• High speed and acceleration.
• Long strokes possible.
• Low wear due to hardened tracks.
• Low maintenance.
• Low noise.

Linear actuators with spindle drive make it possible 
to generate high feed forces and are particularly suitable 
for stringent requirements for positioning and repeat ac-
curacy. Two primary types include trapezoidal (ACME) 
and ball screw spindles.
Spindle Advantages

• Excellent positioning and repeat accuracy.
• High drive stiffness.

• High thrust forces.
• Smooth and quiet motion.
• Low breakaway and drive torque.
• High efficiency with the ball screw drive.

Trapezoidal thread drive or ball screw drive?
• Ball screw drives are particularly suitable for ap-

plications with increased precision requirements and 
are characterized by very high efficiency with very 
low friction. As a result, the breakaway and drive 
torque are reduced to a minimum.

• Trapezoidal thread drives are suitable for transfer-
ring large axial forces and the advantage of self-
locking capability. Linear actuators with thread 
drives are long established as the standard for robust 
and precise applications of processing machines and 
machine tools.

Automotive Manufacturing
Linear drive systems are versatile for all round use in 
automated automotive production lines. Both belt and 
spindle axes are used in nearly all areas of this industry. 
Typical applications include the body, paint, tire testing, 
and all robot-based tasks. The linear drive systems must 
be fast and robust in daily operations, and be easily 
adaptable in model switches, vehicle variants, and gen-
eral series servicing.

The growing e-mobility market is also playing an 
important part in a constantly changing automotive 
manufacturing industry. In this context, the flexibility of 
linear systems is extending beyond their individual func-
tion (one-time setup). It’s important to ensure they are 
configurable by allowing the axes to be easily converted 
to align with future system evolution.   ■

Nook Industries, Inc., is a participating Encompass™ Prod-
uct Partner in the Rockwell Automation PartnerNetwork™. 
Based in Cleveland, Ohio, the company provides a complete 
line of linear motion products, including ball screws and 
linear actuators. 

The ideal modular linear 
actuator system provides 
machine builders with 

customized drive technology 
that fits seamlessly into their 

ever-changing designs.
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>>What if, rather than scrambling to resolve as-
set failures when they happen out of the blue, 

you could see them coming and make plans to address 
them? You would probably herald in greater peace of 
mind, with less agonizing over surprise failures and the 
unplanned downtime that comes with them. You would 
also most likely cut costs by reducing your spending on 
maintenance and replacement parts.

Today, a “countdown to failure” capability for 
your production assets is something you can deploy 
using AC drives that have advanced, built-in predic-
tive maintenance.

Agnostic + Adaptive = Accurate
Predictive maintenance can offer different levels of ac-
curacy. For example, some products are configured to 

make certain assumptions, such as the operating condi-
tions in which they’ll be used.

However, if a product is configured for the hottest 
possible conditions but used in a cooled facility, then it 
likely will alert users of servicing or replacement needs 
sooner than they’re actually required. And while that’s a 
better maintenance approach than waiting for assets to 
fail, it doesn’t allow you to get the most performance or 
value from your capital investments.

New AC drives with predictive maintenance are 
configured with agnostic algorithms. This means the 

HOW MACHINES 
CAN RUN LONGER 
WITH DRIVE-BASED 
PREDICTIVE ANALYTICS
AC drives using predictive diagnostics settings 
monitor drive and motor operating conditions 
to show you the true remaining life of the drive’s 
components.

By Garron Morris, principal engineer, Rockwell Automation
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drive will make no assumptions about the application or 
operating conditions in which you deploy it.

Instead, the drive spends its first 30 days of operation 
learning its applications stresses. It uses built-in sensors 
to monitor stressors like temperature, voltage, current 
and speed. It then uses models to convert those stressors 
into rate-of-life consumption data for critical compo-
nents such as fans and capacitors.

After 30 days, the drive will have an established 
understanding of your application based on actual — 
not assumed — stressor parameters. Even after that, the 
drive will continue relearning and updating its use-case 
model at least once per hour.

The AC drives with advanced predictive maintenance are 
also adaptive. So, if a new shift is added to production or if 
a drive is swapped from one machine to another, the drive 
will relearn how it’s being used and adapt its predictions for 
when its components will reach their end of life.

These agnostic and adaptive learning capabilities can 
help you understand the true remaining life of the drive’s 
critical components. This allows you to run them to 
their full potential and only replace them or their critical 
components when necessary.

Better Insights to Optimize Maintenance
AC drives with advanced predictive maintenance can help 
you make smarter, more precise maintenance decisions.

Operators and technicians can track end-of-life 
data down to the hour for each critical component to 
better plan maintenance activities. And they can be 
notified by an alarm when critical components reach 
a certain percentage of their predicted remaining 
operating life. Then, they can create a maintenance 
plan for the exact day or shift when they will replace 
the component.

The drives can also help you learn from and optimize 
their performance across your operations.

For example, you may notice that AC drives run-
ning in an air-conditioned facility have a longer rate of 
life than those in an uncooled facility. Specifically, the 
bearings in the drive’s heat-sink fan may be wearing out 
faster in the hotter facility. You may then determine that 
extending the life of the drive and reducing your main-
tenance makes enough financial and operational sense to 
add air conditioning in facilities that lack it.

>>  VIDEO: Game-Changing Universal 
Industrial Gateway Has 12 Protocols

In this video from the 2019 Automation Fair® event, 
Spectrum Controls shows seven new I/O modules 
for Allen-Bradley® Micro800™ series controllers 
and a new combination analog card for the Allen-
Bradley PowerFlex® 750 drives. Also see its game-
changing Universal Industrial Gateway with three 
new protocols, bringing the total to 12 protocols in 
just one box. Watch the video now.

An AC drive’s agnostic and 
adaptive learning capabilities 

can help you understand 
the true remaining life of the 
drive’s critical components.
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Built-in Predictive Maintenance
One of the most appealing aspects of AC drives with 
predictive maintenance is they offer the capability as 
an inherent product feature. They require no add-on or 
extra charge to access the predictive insights.

Remaining life component data can be read directly 
on the drive. You do have the option, however, of 

scaling up the data into your plant-wide visualization 
software or to the cloud. This allows you to build a 
predictive-maintenance strategy that corresponds with 
the size and needs of your operations.  ■

Learn more about AC drives with predictive 
maintenance.

>>PRODUCT HIGHLIGHT

Universal Industrial Gateway
No programming software, no I/O tree changes, and no 
ladder logic to program makes the Universal Industrial 
Gateway from Spectrum Controls, a Rockwell Automation 
Global Encompass™ Product Partner. The Gateway is 
designed to be the easiest solution for industrial protocol 
communication, deploys in minutes using a browser-based 
interface, and makes integration of any device into your 
industrial control system effortless.

The Universal Industrial Gateway is a multiprotocol 
communications device that supports 12 protocols in one 
box. When modernizing a network, or integrating new 
and old devices, having a flexible multiprotocol gateway 
makes all the difference. This easy-to-deploy solution con-
nects multiple devices across multiple protocols, simultane-
ously in any combination.

Scale to any need with 12 built-in protocols: EtherNet/IP™, EtherNet/IP-PCCC, Modbus™ TCP, Modbus RTU, 
Modbus ASCII, DF1™-PCCC, DF1-CIP, PPI, S7comm, DirectNET, CCM and HostLink. With its fully configurable 
Ethernet port and multiple serial ports, the Universal Industrial Gateway provides the functionality of multiple 
protocol gateways for the price of one.

Setup is straightforward using a web browser, meaning no software to install or maintain. Because it’s a 
single solution, the configuration is consistent for any protocol. The gateway is also firmware-upgradable from 
the field, with more protocols being developed for delivery in a future release.

The cost-effective gateway is ideal for engineers, machine builders, system integrators or maintenance techni-
cians. Learn more at www.spectrumcontrols.com/gateway.
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>> As an oil and gas producer, you may be feeling 
the effects of relying on an outdated power-

distribution system. You’re facing reduced productivity, 
increased safety risks or additional stress because of the 
constant need for troubleshooting.

Traditionally, the “easy” solution was to replace the 
old equipment with new versions of the same compo-
nents and controls. But in this digital age, relying on a 
replacement strategy results in a missed opportunity for 
your operations. A digital power-distribution solution 
can take your production much further.

Benefits of a Digital Solution
Digital power-distribution solutions are worth taking a 
look at for several reasons, because they provide:

• Increased access to critical operations intelligence.

• Focus on cost containment and asset perfor-
mance optimization.

• Identification of patterns that allow for improve-
ment in maintenance plans.

• Early and increased visibility into potential failures.

With the availability of intelligent devices and the 
wealth of real-time information they provide, an intelligent 
packaged power platform that integrates with your process 
control solution can reap far-reaching business benefits.

Real-Time Visibility
One of the most beneficial features of this digital switch is 
increased visibility, because you can see the performance of 
your electrical assets, in real time, and speed up decision-
making and issue resolution. Before an alarm sounds, your 

HOW OIL & GAS FIRMS 
CAN MODERNIZE 
ELECTRICAL SYSTEMS 
AND CUT COSTS
Converting to digital power distribution systems can 
provide real-time visibility into electrical assets for 
faster decision-making and issue resolution.

By Dan Pender, global business manager, Intelligent Packaged 
Power, Rockwell Automation
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personnel can be alerted to a potential failure and begin 
the repair process before the failure has a chance to impact 
productivity or equipment performance.

You also gain the ability to support remote monitor-
ing, directly improving worker safety. With an intelli-
gent, integrated electrical system, personnel are even able 
to work from a smart phone, staying a safe distance away 
from the potentially hazardous conditions power systems 
can create.

Combining Electrical and Process Systems
Unified, real-time data also positions your company to 
better understand and manage your energy consump-
tion. These benefits are altering the electrical landscape 
in heavy industries such as oil and gas. According to 
an ARC Advisory Group study, 67% of new plants 
implemented intelligent devices as part of their overall 
electrical systems.

The more smart devices you have in your electrical 
system, the more informed you can become. To take it a 
step further, you should consider combining your electri-
cal and process systems together. The combination of 
information provides a more productive and integrated 
power and process control solution.

New digital power solutions seamlessly connect 
your process control system and electrical equipment, 

bringing information into a unified network architec-
ture. This creates a centralized information stream, 
eliminating the need for separate process and electri-
cal control systems. This positions your company 
to understand and manage your energy consump-
tion better.

The Smart Solution
These solutions make data accessible from any intelli-
gent electrical device (IED), from any operator control 
station, making them easier to deploy, maintain and 
optimize. This also reduces the costs of implementing 
an intelligent power solution. In fact, deploying an 
intelligent packaged power solution can require up to 
five times less engineering time and installation labor.

One oil refinery, for example, tapped unified data to 
cut downtime related to equipment failures by 27% and 
reduced costs related to maintenance troubleshooting 
by 35%.

When your electrical equipment ages out, it’s not 
enough to replace it with the latest version. Up-
grades provide an opportunity to tap your existing 
infrastructure and grow your digital capabilities. By 
integrating power and process control as well as digi-
tizing, you can add functionality that pays quickly for 
itself in productivity improvements.  ■

One oil refinery cut downtime related to equipment failures by 
27% and cut costs related to maintenance troubleshooting by 35%.
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>> The increased adoption of variable-frequency 
drives (VFDs) over the past decade has 

elevated the need for specifically engineered cable and 
proper termination solutions that help achieve long-
term performance. To avoid costly downtime, diagnosis 
and repair of these critical operations, it’s important to 
specify cable and termination systems designed to ad-
dress motor bearing failure, cable failure, stray current 
and electromagnetic interreference (EMI).

However, some confusion in the market exists about 
specifying the right cable system and termination 
method that can optimize performance and improve 
longevity of motors using VFDs. Many articles and 
white papers are available from a variety of resources 
and opinions, but I would like to simplify the deci-
sion for you by focusing on the overall VFD cable and 
termination system.

It’s important to specify the proper VFD cable. We 
recommend your specification include a complete system 
with proper cable design and termination methods to 
maximize the benefits of your VFD application.

Early Industry Research
The pulp and paper industry was the first to research 
premature cable failure in VFD applications by recruiting 
renowned Institute for Electrical & Electronic Engineers 
(IEEE) Fellow John Bentley and senior member of the 
IEEE Patrick Link to conduct cable testing. In “Evalua-
tion of Motor Power Cables for PWM AC Drives,” the 

pair concluded that there are key differences in cable con-
structions that result in varying degrees of performance.

Figure 1 illustrates the performance of various cable 
constructions from their research findings. The cable 

HOW TO SPECIFY 
THE RIGHT CABLE 
SYSTEM FOR VFD 
APPLICATIONS
To optimize your variable-frequency drive 
application, insist on cable and termination 
systems designed to address motor bearing 
failure, cable failure, stray current and EMI.

By Steven Stanford, national sales manager  
— Industrial, Service Wire Company

Figure 1. Research findings show these performance results of various 

cable constructions. The cable construction with thermoset XLPE conduc-

tors, symmetrical grounds, and overall flat copper tape shield proved 

superior during testing.
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construction with thermoset XLPE conductors, symmet-
rical grounds, and overall flat copper tape shield proved 
superior during testing.

Why the Right Cable Matters
Note: The following examples from the field describe why 
it’s important to specify a complete VFD cable system with 
proper termination methods. This information was collected 
from Gary Morrison, vice president at Service Wire Com-
pany, and Patrick Link, P.E., independent drive consul-
tant. Findings from these examples and others are verified 
by third-party tests conducted in paper mills and testing 
performed in the Electronic Power Research Institute’s high-
voltage lab.

Motor Failure in a Carolina Brewing Company. A 
brewing company in the Carolinas was having a recur-
ring problem with a single 25-hp motor prematurely 
failing on its conveyor system. After shutting down 
the line to replace the motor for the seventh time, the 
manufacturer’s maintenance group wanted to identify 
the root cause.

A mechanical engineer determined that the shaft was 
correctly aligned, there was no vibration, and the motor 
was properly greased. Everything from a mechanical-
standpoint was operational.

The team then asked an electrical engineer to inspect 
the system. He determined that the recurring motor 

failure was caused by high-frequency common-mode or 
stray currents affecting the motor bearings.

While bearing failure in electric motors is commonly 
caused by mechanical issues, it also can result from 
common-mode stray current traveling through the motor 
in VFD applications.

Often, the first sign is an audible noise or “whining” that 
becomes progressively louder and more disruptive as pits 
and fluting occur in the motor bearing and bearing raceway 
(see Figure 2). Once this fluting starts, it’s self-perpetuating, 
substantially shortening the lifespan of the motor and ulti-
mately resulting in premature motor failure.

In search for a solution, the brewing company was 
referred to a cable system consisting of XLPE insulated 
cable with three conductors and three balanced grounds, 
5-mil copper tape shield, matching self-terminating con-
nectors and termination kits.

The heavy-duty flat copper tape shield was helically 
applied over the cable core with 50% overlap, providing 
full electrical containment at all points even when the 
cable is bent. This conductor and ground configuration 
and overall copper tape shield provides the best low im-
pedance ground-return path and has been lab and field 
tested to verify.

This VFD cable and termination system solved the 
brewing company’s problem. The VFD cable system 
helped eliminate the bearing failures by minimizing 
the effects of common-mode current on the motor and 
properly containing the stray current. For a fraction of 

>>Common-Mode or Stray Current

Common-mode or stray currents occur when current 
is unintentionally coupled into the grounding system 
or other unintended conductors (such as motor bear-
ings) instead of being contained inside the cable 
and off the ground path. This can cause unwanted 
issues with control systems and mechanical parts, 
significantly affecting reliability and performance.

Figure 2. This is an etched bearing raceway from pitting in the motor 

bearings caused by high frequency common-mode stray current.
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the cost of diagnosis and downtime, this solution has 
prevented further premature motor failures.

Crosstalk in Natural Gas Production Platform. 
Link was once troubleshooting a VFD on a natural-gas 
production platform when he experienced first-hand the 
dangers of crosstalk.

Two identical drives were set up next to each other 
controlling identical motors. The company installed one 
500 Kcmil cable per phase for each drive and laid the 
cables side-by-side in cable tray, resulting in six cables 
lying next to each other for 100 ft.

“I turned off one drive, locked it out, and verified 
that the DC bus had bled down to zero volts,” Link 
explains. “When I went to de-energize the drive and 
touched one of the motor lead terminations, I was given 
a huge electrical shock, even though the drive was 
turned off.”

An oscilloscope connected between the cable that 
caused the shock and the ground revealed a 575V PWM 
waveform similar to the energized cable adjacent to it in 
the cable tray from the energized drive.

“In other words, an unfed cable connected to a 
de-energized VFD became energized because of the 
capacitance between itself and the adjacent cable in the 
tray that was connected to an energized VFD,” Link 
explains. “This is called crosstalk and underscores the 
difference between the insulating value of a material and 
the dielectric capacitive properties of it.”

“In my opinion, and from the findings in ‘Evaluation 
of Motor Power Cables in PWM Drives,’ Service Wire’s 
multiconductor, shielded, balanced ground system pro-
vides excellent shielding protection against crosstalk.”

Importance of Cable Selection for VFDs
The higher switching speeds of VFDs inherently generate 
more EMI that inevitably gets radiated into the environ-
ment by the inverter-to-motor power cable. The EMI 
emitted from the power cable can induce voltages, cross-
talk or common-mode currents onto adjacent cables and 
equipment (such as through motor bearings), causing 
damage to control systems and mechanical parts.

To avoid these issues, choose an electrically balanced, 
shielded cable with NFPA 79 compliant crosslinked 
polyethylene (XLPE) or thermoset insulation when 
specifying cable systems for VFD applications.

For the best performance, a RHH, RHW-2 2kV-rated 
cable design has superior dielectric properties to resist 
voltage spikes generated during operating conditions. 
Increased insulation thickness results in less impedance 
mismatch to the system and fewer issues with reflective 
wave phenomenon.

Less Effective Cable Constructions 
Commonly Used
Single and Multiconductor Thermoplastic Insulated 
Cables. Unshielded tray cable or single conductor cables 
in conduit with thermoplastic (THHN) conductors 
often have been used in VFD applications. However, 
thermoplastic insulation can’t withstand the voltage 
spikes associated with VFDs, resulting in hotspots and 
pinholes in the insulation and arcing across wires.

Continuously Welded Aluminum Armor. Shielded 
cables are critical for VFD applications because the alter-
nating current tends to flow on the outer surface of the 
conductor (called “skin effect”), resulting in an increase 

It’s critical for the proper termination method to create the current’s 
lowest possible impedance path and to greatly reduce EMI.
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in the effective resistance of the conductor and stray cur-
rent, if not properly terminated.

Continuously welded armor cables rely on aluminum 
armor for the shield path, and braided shielded cables 
use an aluminum-backed mylar wrap and small tinned 
copper strands over the cable core to direct the cur-
rent. However, given its much higher conductivity and 
reduced resistance, a 5-mil flat copper tape shield can 
better direct high frequency away from the grounding 
plane and provide the lowest impedance path.

Braided Tray Cable. Braided tray cables pres-
ent more issues that adversely affect performance in 
VFD applications.

Because the braid can only offer a percentage of 
total coverage, and braid strands move when the cable 
is installed with bends, these gaps allow EMI to radi-
ate, compounding the risk to the motor and surround-
ing equipment.

By contrast, a copper tape shield with 50% overlap 
can be bent around corners during installation and 
maintain full electrical containment.

Proper Termination and Grounding
While cable selection is critical in reducing the effects of 
high frequency, field testing has revealed that the cable’s 
copper tape shield must have a 360° termination to earth 
ground at both the drive and motor end of the cable 
to accommodate a difference in ground potential. It’s 
critical for the proper termination method to create the 
current’s lowest possible impedance path and to greatly 
reduce EMI conducted into your facility.

Connecting the copper tape shield to a terminat-
ing connector body using an integral and self-retaining 
grounding collet creates a 360° connection, because the 

connector is tightened after slipping it on the match-
ing cable size. To maintain this 360°e termination, the 
terminating connector assembly should be designed to 
prevent loosening of threads caused by vibrations com-
mon in VFD applications.

Connectors for any VFD cabling system should be 
self-terminating to the cable and shield, and should 
adapt to various installation requirements, such as direct 
wiring, conduit and liquid tight.

Termination kits for a cable’s copper tape shield 
should be used in conjunction with terminating connec-
tors. Recommended termination kits should include two 
tinned, flat, copper-braided ground straps that provide 
an additional low impedance ground path.

Field testing indicates these straps should be installed 
longitudinally along the copper tape shield, cut to short-
est length, and terminated to the inside of the motor box 
and the PE bus in the drive cabinet.

Protect Your Application
In an optimal VFD cable power-delivery system, the net 
instantaneous current flowing in the total cable system 
should be zero, including all phase conductors, ground 
conductors and shield.

By selecting the right cable system and termination 
method during installation, manufacturers can protect 
their investment and help achieve peak performance of 
critical operations, avoiding costly downtime, diagnosis 
and repair.   ■

Service Wire Company, based in Culloden, West Virginia, 
is a participating Encompass™ Product Partner in the Rock-
well Automation PartnerNetwork™ program. The company 
manufactures wire and cable. 

Choose an electrically balanced, shielded cable with NFPA 
79 compliant crosslinked XLPE or thermoset insulation.
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Compatible with 
PowerFlex® 753/755 drives

8-Ch Universal Analog Input
• Voltage, Current, RTD, & Resistance • Voltage, Current, in Any Combination

4-Ch Input + 4-Ch Output Analog

Combo Card
20-750-IF4XOF4-SC

Universal Card
20-750sc-8U

spectrumcontrols.com/powerflex

PowerFlex® + I/O,
Now That’s Smart!

Drive Based Remote I/O

Easily Configured Using CCW
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>> It can be a scary moment on the plant floor: 
A machine starts shrieking and shaking so 

violently, you think it might break.
This type of incident can result from mechanical 

resonances caused by a load attached to a motor. Many 
design factors attribute to the resonances, such as physi-
cal size, material selection and installation procedures. 
And while workers usually can make a control adjust-
ment to resume production, resonance issues have lasting 
consequences on your machines and your business.

In the past, the typical adjustment to resolve the 
resonance either degraded performance or resulted in 
wasted energy.

New low-voltage AC drives with adaptive tuning can 
help better combat resonance issues, so performance is 
better and you spend less. During production, the drive 
identifies the problem and applies the correct solution, 
resulting in a higher-performing machine that accounts 
for machine variations.

Think of these smart drives like guards. They keep 
a vigilant watch of your application for undesirable 
resonance. If they see something wrong, they can sound 
the alarm or even attack the issue on their own. And by 
helping you win the war against resonance, the drives 
can help you stay up and running longer while helping 
to reduce your repair and energy costs.

Protect the Machine’s Potential
Resonances result from design decisions that may or may 
not be modeled by the designer. Known design decisions 
include the load shape, material selection, dimensions 
and physical size. Unknown design decisions include 
tolerances, assembly processes and motor characteristics.

The resonances may change over time because of 
normal machine wear and tear. This can include applica-
tions that use shaft extensions or large loads like winders.

The previously-discussed approach to resolving reso-
nances is to detune the regulator gains. This can stop a 
machine from shrieking and shaking, but it can also de-
crease the machine’s performance. Over time, this hurts 
your throughput and slows your reaction time to issues.

An AC drive with adaptive tuning uses advanced ana-
lytics to continually look for and detect different types of 
resonance. The drive can alert operators of issues in real 
time, so they can act quickly.

In more advanced configurations, the drive can use 
special filters to mitigate resonance instead of detuning 
the controller. This allows you to maintain a high level 
of performance. Based on load characteristics, we’ve seen 

HOW TO REDUCE MECHANICAL 
RESONANCE ISSUES AND 
IMPROVE DRIVE PERFORMANCE
Low-voltage AC drives with advanced analytics can help cut costs by detecting 
and mitigating mechanical resonance issues, so machines run more efficiently.

By Brian Fast, senior project engineer, Rockwell Automation
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two- to four-times-higher performance when using adap-
tive tuning.

Also, AC drives with adaptive tuning allow you to 
monitor resonance over time and schedule repairs, if 
conditions warrant. This can help you work smarter by 
addressing issues proactively and during scheduled main-
tenance windows, rather than abruptly in the middle of 
production.   ■

Learn more about drives with adaptive tuning.

>>What is Mechanical Resonance, and 
Why is It Harmful?

Mechanical resonance occurs when an external source am-
plifies the vibration level of a mass or structure at its natural 
frequency. For a rotating mass such as a motor or a pump, 
this occurs at the critical speed(s). Electrical resonance am-
plifies the magnitude of voltage or current, or both. 

The increase in amplitude, whether mechanical or elec-
trical, places more stress on motor and pump components, 
negatively affects operation (such as increased vibration, 
instability and energy consumption) and leads to prema-

>>PRODUCT HIGHLIGHT

Right-Angle and Inline Geared Motors

STOBER geared motors give you many options for your application. Choose from right angle or inline. We also 
have planetary or helical options, allowing you to choose the benefits you want based on the gear type. Heli-
cal options often are more economical and have more options for mounting. There also are options for brakes, 
food-duty lubrication and paint, and forced ventilation.

Eliminate extra components to optimize your machine. Reduce your machine envelope with a STOBER 
geared motor. Customers can save an average of 20% to 25% on length with an integral solution versus other 
inline options.

Fewer parts also mean less inertia, less cost and lower backlash. Direct coupling the gearbox to the motor 
gives higher rigidity. You can also simplify installation and mitigate human error. Many installation errors cause 
premature failure — bearings often are preloaded because motors are not 
mounted properly. This improper assembly can also cause machine errors. 
By removing the extra input pieces, you can stop water ingress, improve 
reliability and reduce the chance for premature failure.

STOBER is a Rockwell Automation Encompass™ Product Partner and 
Sync partner. These geared motors are compatible with the Kinetix® 5500, 
5700, 6200 and 6500 series.

Our geared motors will be assembled in Maysville, Kentucky starting 
summer 2020. Every geared motor comes with cradle to grave application 
support — sizing, ordering, and aftermarket diagnostics and troubleshooting.

Learn more at us.stober.com.
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