Advancing
Automation

IIoT & Industry 4.0

February 2019
Volume XIV

INTRODUCTION
Over the past two years, Automation.com has released two Advancing Automation: IIoT & Industry
4.0 ebooks, bringing readers the latest information and innovations on this trending topic. In
these two ebooks, the continued advances from this technology have been showcased. From IIoT
delivering tangible value to the factory floor to connecting previously solitary assets and delivering
high volumes of data across multiple industries, the advances have been extraordinary. As we
advance into 2019, Automation.com continues to work with industry leaders to identify new trends
and developments with the continued rise of IIoT and Industry 4.0.
This ebook will take an in-depth look at several new technologies and how they are leveraging
IIoT advances in fields such as robotics, batteries and control systems. Continuous increases in
productivity, profitability and efficiency will also be highlighted in this issue.
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Energy Efficient Enclosure Climate Control
By: Rittal

Executive Summary
The modern business environment has transformed
energy efficiency from a luxury sought after by
so-called “green businesses” into a necessity for
all operations that need to find ways to increase
energy and cost savings without hurting productivity.
Tightening budgets demand that ways be found to do
more with less.
Sophisticated, sensitive electronics and drives are
the backbone of many industrial applications and
this equipment is often placed inside enclosures to
protect it from the rugged environments it is deployed
in. Depending on the surrounding temperature and
other ambient conditions, it is imperative that these
enclosures be cooled to ensure the proper performance
of installed components and avoid heat-related
downtime. According to the Rocky Mountain Institute,
a nonprofit efficiency-focused research organization, in
industrial settings, “there are abundant opportunities to
save…60% of the energy and cost[s] in areas such as
heating [and] cooling...” This white paper will discuss

tips for cooling enclosures that can reduce energy
consumption and save money.

Design Phase:

How Much Cooling Is Needed?
The question to ask when attempting to save energy
cooling industrial enclosures is simple, “Does this
application require cooling, and if so, how much?”
It is important to determine the correct amount of
cooling to prevent energy from being wasted by cooling
components to lower than needed temperatures or
even by cooling components that might not need
it at all—the most energy efficient cooling device is
one that is not needed. To figure out the appropriate
climate control solution for a given application, three
pieces of information are required: how big is the
enclosure? how much heat will be created by installed
equipment? and finally, where is the enclosure going to
be located? Once known, it’s possible to perform some
calculations either manually, or by using a software tool
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such as Rittal’s Therm software. For the purposes of
this paper, a manual calculation will be used. The first
step to selecting the right climate control solution is to
consider the factors listed in the flowchart below to see
what types of products may be applicable to a given
situation.

the coffee, so the heat “leaves” the cup and is diffused
throughout the entire room. In the case of climate
control, it must be determined whether the heat from the
surrounding area is going to move into the enclosure or
if the heat from the enclosure is going to be dissipated.
The surface of the enclosure is where this interaction
takes place, and like the coffee cup, the heat will flow
from the sides, top and bottom.
Although it’s possible to calculate the surface area
by adding up the area of all 4 sides of the enclosure,
this may not be exactly where the heat is leaving. For
example, if the rear of an enclosure is placed against a
wall. By sitting the enclosure against the wall, the wall
will heat up in that spot creating a smaller temperature
difference between the wall and the enclosure—
slowing down or preventing the heat from flowing out
of the enclosure. The difference in temperature is what
allows the heat to flow, so if there isn’t any difference in
temperature, there isn’t any heat flow. Because of this, it
was decided by an international convention (DIN 57 660
part 50 and VDE 660 part 500) to modify the surface
area of an enclosure to take this into account (since
this was an international convention, the units will be in
metric).

Installed Heat
As stated previously, in order to properly size climate
control components, next, the surface area (size) of the
enclosure, the ambient (surrounding) temperature and
the amount of (installed) heat in the enclosure need to
be taken into account.
What does the surface area have to do with the climate
control? Without expending any outside energy, heat
flows in only one direction—from hot to cold. This
phenomenon is why coffee cools down after a few
minutes as it sits on a table. The room is cooler than

Once the surface area of the enclosure is found, it is
possible to calculate the heat “contained” within it by
using the temperature difference between the interior of
the enclosure and the surrounding, exterior environment
(for a previously completed system), or by adding up
the total heat loss from installed components utilizing
information found on their respective data sheets
(primarily when configuring a new system).
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Heat Calculation for a Previously Completed
System

Where
Qv is the amount heat from the components 		
inside the enclosure A is the effective surface
area from calculation above K is 5.5 w/m2 Celsius
(sheet steel, different numbers for different
materials) Δ T is the temperature difference Ta-Ti in
Celsius
After this calculation is completed and the amount
of heat installed inside the enclosure is determined,
if a need for climate control exists, the process of
selecting the correct solution can begin in earnest.
There are a variety of common solutions to suit
different requirements including filter fans, air-to-air
heat exchangers, air conditioners or air-to-water heat
exchangers—each with distinct strengths and benefits.
From an energy efficiency standpoint, filter fans and airto-air heat exchangers will use less energy but require
an ambient temperature below that of the desired
internal enclosure temperature to be effective. If cooling
to temperatures below ambient conditions is necessary,
an air conditioner or air-to-water heat exchanger is
required.
Proper selection of a climate control device is an
important starting point for maximizing the energy
efficiency of an application, but other factors like
its placement on the enclosure and relative to its
surroundings (both internal and external), along with
general maintenance can also lead to a significant
increase in efficiency.

Installation Phase:

In the examples shown above there are cables, books,
spare parts and other objects blocking the airflow
of the components installed inside the enclosures.
Because of this, these components will not be cooled
effectively and the possibility that their lifespans could
be shortened or that they will experience heat-related
failures is drastically increased. It is vitally important to
allow components enough free space to encourage air
movement. The pictures below demonstrate how cables
and obstructions can be removed to provide adequate
airflow inside an enclosure.

Mounting Components Inside and Outside
Enclosures
When mounting components, including climate control,
on or inside enclosures, it is important to leave enough
space for the climate control to work effectively.
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In addition to ensuring that there is plenty of space for
air to circulate within an enclosure, another common
problem that can hamper efficiency is climate control
that doesn’t have enough room to “breathe.” Generally
speaking, to prevent this, installed components should
be spaced no less than 8” away from the incoming air
generated by climate control products and component
fans should not blow against the fans of a cooling unit
as this may cause a short circuit. To allow for optimum
airflow for climate control units in relation to possible
hindrances outside of the enclosure, it is best to keep
at least 8-16” between surrounding objects and the
climate control device to provide adequate airflow.
Installing climate control properly on the enclosure is
important for effective operation. Unless otherwise
required by the demands of an application, it is normally
recommended that filter fans be placed at the bottom
of an enclosure with the corresponding exhaust filter
installed at the top of the opposite side. This way, the
fan can draw in the cooler air located near the floor
and a cross-ventilation is created inside the enclosure
for increased heat removal. Air conditioners and heat
exchangers can be mounted either on the walls or
roof of an enclosure and should be installed per the
manufacturer’s instructions for best results.
Another way to aid the performance of climate control
equipment is in the planning stages of enclosure
placement. Keeping the enclosure far enough away
from any heat sources prevents excessive heating and
possible damage.

Proper sizing and efficient deployment are easy ways
to get the highest returns from industrial climate control
products, but maximizing efficiency doesn’t stop there.
Maintaining the units over the course of their service
life will keep performance levels up and energy usage
down.

Operation Phase:

Efficiency in Operation—Filter Fans and Air
Conditioners
Maintaining filter fans is relatively simple because it’s
usually possible, with a glance, to determine if the filter
media is clogged or dirty and needs to be changed.
While this may sound rudimentary, this is an important
step for the fan to work effectively. Regular maintenance
is required for air conditioners as well, although the
areas of concern may not be quite as apparent. In order
to understand what general maintenance is required, we
need to take a simplified look at how air conditioners
operate.
There are two different sides to an air conditioner—
hot and cold. The “hot” side is the outside of the air
conditioner and the “cold” side is the internal side.
There are copper coils located on both sides, the
condenser coil externally and the evaporator coil
internally. Refrigerant moves back and forth inside
these copper coils and transfers the heat from the
inside of the enclosure to the outside. To circulate the
air treated by the coils, fans blow across them, making
it problematic if the coils become blocked or cloggedup with contaminants because the airflow is reduced
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and the air conditioner becomes less efficient—working
harder and harder, using more energy, but producing
less actual cooling output.

are effective for applications in exceptionally dusty
environments. As with most devices, air conditioners
and filter fans may need general required maintenance
to ensure consistently high levels of performance and
efficiency.

Air-to-Water Heater Exchangers and Energy
Efficiency
Air-to-water heat exchangers can be used in harsher
environments than filter fans and can cool the
components inside an enclosure to temperatures below
ambient conditions like air conditioners. Air-to-water
heat exchangers operate in conjunction with a chilled
water supply.
The chilled water runs through a coil inside the heat
exchanger and an internal fan blows air across the coil.
Heat is transferred from inside the enclosure to the
water, which absorbs it and then carries it away to the
chiller where the water is cooled and then re-circulated.
Air-to-water heat exchangers require very little energy to
operate and are considered to be a
low-maintenance, highly efficient climate control
solution. Air-to-water heat exchangers require a
chilled water supply to function, and fortunately, many
industrial factories have this readily available for use in
cooling industrial processes such as metal and plastic
forming. Industrial chiller systems are generally large in
scale and vital to plant operations. These large systems
are intrinsically efficient because of the economy of
scale principle and generally speaking, the larger a
system is, the more efficient it is.

In order to prevent the condenser coil from becoming
clogged, the coil itself can be treated with a protective
substance like Rittal’s RiNano coating that prevents dirt,
oil and other contaminants from sticking to it, or a filter
can be installed to catch environmental particulates
before they reach the coil at all. If a filter is used,
appropriate cleaning and replacement frequency will be
dependent upon the environment that the air conditioner
operates in. There are 3 common types of filters and
each is designed specifically for different environments.
Metal filters excel in oily environments, lint filters (as the
name implies) are intended for settings where there’s
an abundance of lint in the air and lastly, foam filters

To get the most effective and efficient cooling from
a chilled water system, the pipes used in the piping
system should be insulated and not allowed to linger
in extremely hot areas. It is also important to install
the chiller itself in a location that doesn’t expose it to
excessive heat such as near ovens or furnaces.

Air Conditioners and the Cooling Coefficient
To precisely select an air conditioner of the correct size
and optimum efficiency for an application it is necessary
to consider the amount of heat that must be removed
from the enclosure and how much energy it takes to do
it.
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For residential air conditioning systems, this determination is made using the SEER (Seasonal Energy Efficiency
Ratio) rating. Unlike the units found in residential settings, industrial air conditioners typically operate year-round
and 24 hours a day since the components in an enclosure are producing heat whenever the equipment is running.
In the case of industrial air conditioners, a similar measure of efficiency is the Cooling Coefficient which is a ratio
calculated by dividing the amount of cooling capacity by the amount of power consumption. This calculation is
made at a particular internal and ambient temperature (typically 95° F internally and externally). The ratings will
change at different temperatures and allow users to compare manufacturers of similar equipment by evaluating
efficiency by the same standard.

Conclusion
Creating effective and energy efficient climate control solutions for industrial applications consists of 3 key
phases—design, installation and operation.
During the design phase, the overall panel layout, heat calculations and climate control selection should be
completed. When laying out the panel, care should be taken to ensure adequate airflow within the enclosure.
Determining the amount of cooling that will be needed, as well as what type of environment the enclosure will be
deployed in are crucial factors to selecting the type and size of cooling solution that will deliver the performance
and efficiency required for the job.
The design phase will, in part, develop a large portion of the installation plan simply by virtue of its results. Attention
to detail is crucial at this stage and care must be taken to properly install the components and climate control
products in accordance with the design plan to achieve the project goals for efficiency and effectiveness. Checking
for proper enclosure seals and other possible trouble spots that could jeopardize the success of the application is
recommended at this point.
Once operational, climate control devices and other components should be monitored for performance and regular
maintenance should be performed to extend the life of integrated parts and keep energy efficiency as close to
desired levels as possible.

Rittal North America, LLC
Woodfield Corporate Center | 425 N. Martingale Road, Suite 400 |
Schaumburg, Illinois 60173
Phone: 937-399-0500 | Fax: 800-477-4003 | Toll-free: 800-477-4000
Email: rittal@rittal.us | Online: www.rittal.us
Enclosures
Power Distribution
Climate Control
IT Infrastructure
Software & Services
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Unlock new
services with your
machines data!

Flexy205
IIoT gateway &
remote access router
• Read and Monitor your machines data in real-time (alarms, HMIs, etc.)
• Easily connect your machines data to major IoT Platforms
• Benefit from a world-class Remote Access solution
... and much more!

ewon.biz/flexy205

High Availability SCADA for Critical
Infrastructure and Manufacturing
The Connected Enterprise with Allen-Bradley Logic controllers, Rockwell Software, Stratus
ztC Edge High Availability computing platform and ThinManager thin client architecture.
By ThinManager, A Rockwell Automation Technology
In the world of information technology (IT) data are
protected using the CIA triad – confidentiality, integrity,
and availability. Confidentiality is concerned with
limiting access to data to only those individuals granted
express permission by the data owner. Integrity is the
assurance that the data are complete, accurate, and
trustworthy. Finally, availability is the assurance that the
data are always accessible to the authorized users. The
order of importance of three is well suited to business
systems like financial, commerce, and healthcare
organizations.

competition continues to pressure OEMs to lower the
cost of their equipment. At the same time,
their customers are demanding smarter, higher
productivity systems to help them compete with
their competitors in turn. The solution for a cost
effective, highly available edge computing
solution that assures data integrity is available today.
Rockwell Software, Stratus Technologies,
and ThinManager thin clients when used together
provide this solution. The following pages
document the system.

Operational technology (OT) on the other hand has
different priorities. The components of an industrial
process that make up OT assets from sensors to layer
three ethernet switches are designed with AIC in mind.
Availability of data is paramount, particularly in process
and critical infrastructure applications. Integrity is a
close second because the process itself relies on the
accuracy of feedback from automation components.
Confidentiality is important, but does not have as
critical role in the safe, efficient process operations and
conformance to record keeping. Production data used
by operators, maintenance, managers, engineers and
regulatory bodies must be accurate and complete for
each to perform their respective roles. The operator
requires that a human machine interface (HMI) is always
running with accurate data. Maintenance personnel
and engineers use FactoryTalk® Analytics™ to monitor
and optimize process equipment in the Connected
Enterprise. Managers and regulators use data to assure
that the equipment, facility and public at large are kept
safe.

1) The hardware
Stratus ztC Edge Node 0
Stratus ztC Edge Node 1
Allen-Bradley Stratix managed ethernet switch
Allen-Bradley Logix controller
Thin client(s)
Workstation PC for development and 		
commissioning
Wireless access point (optional)

In order to assure high availability of production with
data accuracy and completeness, OEMs
traditionally rely on redundant hardware and software.
In an ever-increasing global economy,
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A Rockwell Automation Technology

Allen-Bradley 5200 Thin Clients

Stratix 5100 Wireless
Access Point

Portable Devices

Stratus ztC Edge Node 0
Allen-Bradley Stratix 5700 switch

Stratus ztC Edge Node 1

Allen-Bradley Logix

Engineering / Maintenance Workstation PC

Rockwell Automation Stratus High Availability System for OEMs

2

ThinManager - A Rockwell Automation Technology
www.thinmanager.com | Toll-Free 1-877-239-4282 | 678-990-0945
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2) The software
Windows Server 2012 R2
FactoryTalk View SE Server 10.00.00
FactoryTalk View SE Client 10.00.00
ThinManager 10.0 SP1
FactoryTalk View Studio Enterprise 10.00.00 		
(optional)
Studio 5000 Logix Designer 31.00.01 (optional)
SQL Server Express 2012 SP3 with tools 		
(optional)

Server #1

Server #2

Active Directory

FactoryTalk View SE

Domain Controller

Primary

Server #3

Server #4

FactoryTalk View SE

ThinManager

Secondary

Remote Desktop Server

3) The virtual machines. These are hosted on the
Stratus ztC Edge system and are automatically
replicated between the two nodes to provide the high
availability function.
a. Server #1 Windows Server 2012 R2
		
i. Active Directory Domain Controller
		
ii. DHCP Server
		
iii.DNS Server
b. Server #2 Windows Server 2012 R2 Primary 		
Application Server
		
i. FactoryTalk Services Platform 3.00.00
		
ii. FactoryTalk Activation Manager 		
		
4.03.01
		
iii. FactoryTalk Network Directory
		
iv. FactoryTalk View SE Server 10.00.00
		
v. FactoryTalk Linx 6.00.00

c. Server #3 Windows Server 2012 SP3 		
Secondary Application Server
		
i. FactoryTalk Services Platform 3.00.00
		
ii. FactoryTalk Activation Manager 		
		
4.03.01
		
iii. FactoryTalk View SE Server 10.00.00
		
iv. FactoryTalk Linx 6.00.00
d. Server #4 Windows Server 2012 SP3 		
Remote Desktop Server
		
i. ThinManager 10.0 SP1
		
ii. FactoryTalk Services Platform 3.00.00
		
iii. FactoryTalk Activation Manager 		
		
4.03.01
		
iv. FactoryTalk View SE Client 10.00.00
		
v. Studio 5000 Logix Designer 31.00.01
		
vi. SQL Server Express 2012 SP3

Server 1 is configured on the Stratus system to be an
automatically load balanced virtual machine. This allows
the Stratus to spread the system resources between
the two nodes efficiently. The use of a domain for user
management is highly desirable from a management
perspective. Because every computer in a Windows
Domain caches a copy of the users, a short interruption
in case of switchover will have negligible impact. The
server can also function as a DHCP server so that
thin clients, including mobile devices, are assigned an
IP address on the equipment network automatically.
Optional DNS Server function can be used to resolve
computer names in the system to their IP address. This
Active Directory Domain Controller may be omitted in
applications in which this function is already present,
likely in the OT network of the end user.
Servers 2 and 3 provide redundant FactoryTalk View SE
HMI, Linx Live Data, and Alarm & Event servers. Server
2 is the location of the FactoryTalk Directory and hosts
the FactoryTalk Activations for the applications. In order
to assure seamless transition from the primaries to the
secondaries, these two virtual machines are intentionally
placed on separate Stratus Nodes. If the node that
hosts the primary set of servers were to become
unavailable, the secondary servers are unaffected
and can assume the active roles. Users will see no
interruption in HMI functionality, logging of critical
process data will not be lost, and alarm functions and
history are maintained.
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After a moment, when the Stratus ztC Edge system
makes the VMs from the missing node available again,
the redundancy among FactoryTalk servers is restored.
Once the Stratus node is present again, the Stratus
system automatically synchronizes the VM volumes
between the nodes, and moves the VMs back to
their assigned node. The automatic nature of these
operations means that the OEM does not need to train
the end users in replacing a node, or involve IT or OT
network professionals. It all happens behind the scenes
without the need for downtime to recommission servers.
Server 4 provides the ThinManager server function and
the Remote Desktop Server function. Thin clients in
the system may attach to this server and automatically
receive the content specific to their needs and user
privileges. The equipment HMI for example might be
an Allen- Bradley 5200 Thin Client that serves as the
Operator HMI terminal for the equipment. Thin Manager
can provide the appropriate FactoryTalk View SE Client
to the 5200. Different terminals such as a tablet used by
maintenance personnel can be provided with content
at higher privilege and addition functionality, like Studio
5000 Logix Designer to monitor or even modify the logic
running in the Logix controller.

user intervention. The Logix controller itself has buffered
any Alarm and Event records during the interruption
and will automatically merge these into the database as
soon as it is once again available.
In an application that features FactoryTalk Historian
SE, Servers 2 and 3 can act as Historian Data Interface
nodes to provide redundant paths to FactoryTalk
Live Data. The Historian Server can be located on an
external PC if that function is provided by the end user,
or alternatively on Server 4. In either case, no records
will be lost due to the ability of the Interface Nodes
to buffer records in the event that one Interface node
or the other or even the Historian Server should be
unavailable during a switchover event.
By designing a system that follows the concepts
presented here, an OEM can provide a cost- effective
high availability edge computing solution. For critical
infrastructure and manufacturing applications the
requirements of uninterrupted operation and compliance
to record keeping standards is possible with Rockwell
Automation hardware and software, ThinManager thin
client system and Stratus ztC Edge High Availability
computing platform.

Server 4 also hosts the primary data log repository,
in this case Microsoft SQL Server. These databases
keep process data records and FactoryTalk Alarm
and Event history. If the node that hosts this VM
becomes available, FactoryTalk View SE switches to a
secondary backup path automatically. As soon as the
Stratus provides the VM via switchover, logging will
automatically resume to the primary and the FactoryTalk
system can be configured to merge the records from the
secondary destination to the primary database without

ThinManager - A Rockwell Automation Technology www.thinmanager.com |
Toll-Free 1-877-239-4282 | 678-990-0945
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Meeting the Emerging Challenges in Manufacturing:
The Practical Applications of Lightweight Robotics
By Festo
This white paper examines the advances in mechanics
and controls that are enabling the practical and
economical application of lightweight robotics for
manufacturing on an increasingly broad scale. It is an
important development in today’s “new manufacturing.”

Introduction
Today’s global marketplace has changed and continues
to change the dynamics of manufacturing. The speed
of business is accelerating, competition has increased
dramatically, and competitors are as likely to emerge
from across the globe as around the corner. Consumer
expectations for product consistency and quality have
reached unprecedented levels. No quarter is given for
where and how goods are manufactured; quality is
today’s de facto universal standard, regardless of place
of product origin or consumption.
For those manufacturers who have moved facilities
abroad to leverage lower labor costs, the realization is
rapidly dawning that maintaining high quality products
using manual production methods is not a sustainable,
long-term strategy. Further, the need for high levels of
productivity is escalating as greater opportunities and
surprising demand emerge from new markets, while the
volatility of demand across all markets makes it difficult

to predict and plan for. Labor itself is problematic,
less from a cost perspective than from demographics
and capability. Indeed, increasingly sophisticated
manufacturing processes need a skilled workforce that
simply doesn’t exist in the numbers employers need to
fill new positions, particularly as older skilled workers
retire.
Add to this mix the powerful movement towards mass
customization. The once prevalent high volume, low
mix model of manufacturing is rapidly giving way to
lower volumes and higher product mix. Companies
involved in the production of specialized components
and products for industrial customers are challenged
with producing small lot sizes efficiently and meeting
high quality standards consistently while being cost
competitive.
To operate effectively in this environment,
manufacturing agility is key. The large, centralized
production plant is becoming a dinosaur. The factory
of the future will be small, flexible, movable, and local.
(One of the ironies of rampant globalization is that it
ultimately leads to a return of local production.)
In this competitive landscape, manufacturing
equipment must meet certain essential requirements:
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•
•
•
•
•
•

Easy to set up and implement into production
operations (ideally portable)
Flexible
Cost effective
Highly reliable
Fast
Compact and lightweight as possible

Pursuit of these requirements has helped drive the
development of the lightweight robotics and desktop
automaton solutions increasingly prevalent in today’s
manufacturing automation. By providing scalable
and modular functionality in increasingly agile and
compact packages, these solutions are dramatically
changing manufacturing by enabling automation on a
smaller and more flexible scale, and helping achieve
the responsiveness necessary to compete in today’s
rapidly-changing global markets. Among the tasks and
processes, lightweight robotics are now employed for in
many manufacturing sectors:
•
•

Feeding, screwing, and mounting small components
Setting adhesive points

•

Electronic testing: approach to contact points,
resistance tests
Flexible positioning of workpieces and components
Logistics and storing operations
Sample preparation, dispensing, transport, and
distribution (medical diagnostics)

•
•
•

What Is a Lightweight Robot?

In order to increase performance and/or safety of the
arms, additional and sometimes variable mechanical
compliance is introduced into the joints of some
lightweight collaborative robots.
Within the lightweight robot concept, a strong emphasis
is set on robust performance as well as active safety for
the human and the robot during their interaction.
Compared to standard industrial robot control, the
following aspects are of particular importance:
•

•

•

•

ALightweight robots are particularly designed for
transportability – portable and easily moved around
- interaction with a priori unknown environments and
humans. Robot mobility combines the requirements of a
lightweight design with high load-to-weight ratio (close
to the 1:1 ratio) and high motion velocity (tip velocity of
6m/s). Moreover, collaborative robots that interact with
humans and in unknown environments require sensing
and control capabilities to enable skillful, compliant
interaction.

Structural and Control Considerations
Lightweight metals or composite materials are used for
the robot links. In fact, the design of the entire system
is optimized for weight reduction in order to enable the
mobile application of the robotic system.

Extensive use of sensor feedback from the
environment, including vision, force-torque sensing
at the end-effector and in the joints, tactile sensing,
and distance and proximity sensors.
The control implementation is not limited to
position control, but also includes the interaction
forces in the constrained directions using methods
such as impedance control. In this way, instead
of prescribing a position or a force, the dynamic
relation between the two is prescribed, while the
actual force and position resulting during interaction
also depend on the environmental properties
Position control has to compensate for the effects
of the inherent robot elasticity (e.g., vibrations
or the steady state position error) to ensure the
performance of positioning and trajectory tracking.
This problem also exists for industrial robots moving
at high velocities, albeit to a lesser degree.
The robot needs control strategies that allow
detection of unexpected collisions with the
environment and with humans and to be able to
react in a safe manner. In some lightweight robots,
torque sensors in each joint play a key role for
so-called soft robotics control (i.e., impedance
and force/torque control). These sensors allow
implementing most of the aspects described above
with high accuracy and performance.

Today, two principal types of lightweight robots are
being produced: those with compliance and those
without. Originally, manufacturing robots were caged:
for humans to interact with them, parts were fed from
outside the cage. Today’s compliant lightweight robots
have no need for such barriers. Humans can be sideby-side with them because of built-in sensors that
detect human presence and ensure safety, so workers
can interact with them even when the robot is active.
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Other robots have lightweight structures but without the
sophisticated sensing capabilities of compliant robots;
workers cannot directly interact with them while the
robot is active.
Good examples of lightweight robotics commercially
available today include the Barrett WAM™ arm, the
Mitsubishi PA10 arm, the KUKA LBR iiwa, the DLR
MIRO robot, and the Festo EXCM planar surface gantry.
The Barrett WAM arm is a cable-driven, lightweight
arm that has actuators placed at the base of the
manipulator to reduce the total moved weight. The joints
are back-drivable due to its low reduction ratio.
The Mitsubishi PA10 arm is a lightweight redundant
arm that weighs 38kg with a payload of 10kg. The
PA10 is ideal for precise manipulation tasks because
of its back drivability, precise positioning capabilities,
and zero backlash afforded by its harmonic drive
transmission (HDT).
The Kuka LBR iiwa is a trailblazer for totally new forms
of cooperation between humans and machines. The
robotic innovation with sensory capabilities for safety,
fast teaching, and simple operator control opens new
areas of application in the vicinity of humans that were
previously off-limits for robots.
The DLR MIRO is the second generation of versatile
robot arms for surgical applications. With its low weight
of 10 kg and dimensions similar to those of the human
arm, the MIRO robot can assist the surgeon directly at
the operating table where space is sparse.
The Festo EXCM is a compact planar surface gantry
that can approach any position within its working space.
The robot’s recirculating toothed belt moves the slide
within a two-dimensional area (X and Y axes). Fixed
motors are connected to the slide; moving masses
remain low because of the parallel-kinematic drive
principle.

The ready-to-install system allows fast positioning at
speeds of up to 500 mm/s and repetition accuracies
on the order of ±0.05 mm. This makes the compact
solution suited to applications such as sample handling
in medical and research laboratories, small parts
assembly, , and emerging technologies such as printed
electronics production, and 3D printing.

Challenges in Manufacturing
Operations are generally categorized in two production
models: high volume, low mix (i.e., long runs with
relatively few part changes) and low volume, high
mix (i.e., short runs with frequent part changes).
Originally, it was only high-volume operations that were
automated; however, as noted above, the momentum
in manufacturing is going towards mass customization,
which means lower volume and higher mix. Therefore,
successful manufacturing operations need to be leaner,
more agile, and operate at higher efficiencies than ever
before. This is doubly true as the speed of product
introductions accelerates. Furthermore, the medical
research, laboratory, and other industries are increasing
working with ever smaller parts and precise processes.
Automation must be able to work on these small scales.
That being the case, significant challenges in
automating manufacturing processes remain:
•

•

•
•

Part presentation. Parts are often presented in
bulk and need to be channeled so that individual
components can be consistently presented and
handled in the assembly process. Manual methods
significantly affect throughput and therefore some
type of automatic feeding method or robotic
handling is required.
Machine access. Access to the machine tool for
setup and tool changes is critical. Automating the
machine tool adjustment reduces downtime and
eliminates any safety and product consistency
issues that could arise when making adjustments
manually. In simple systems, automatic adjustments
are accomplished with the use of an integrated
motor; in more complex arrangements, flexible
robotic handling systems are used.
Process rates. In all machining operations, shorter
load/unload time is important; in fact, in smaller
part, shorter cycle operations, it is critical.
Space and layout considerations. Most
production equipment is positioned for manual
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•

operations and to maximize machine density.
Creating operational space for a robot to load and
unload parts can be difficult, especially if safety
fencing is required.
Cost. In North America, robotic automation has
primarily been justified based on labor reduction.
This is typically coupled with a short-term view of
return on investment.

How Lightweight Robotics Addresses These
Challenges
CPoint by point, here is how lightweight robotics is
fitting into the manufacturing process by addressing
these challenges:
•

Part presentation. While conventional vibratory
solutions may work for some applications, they
don’t work for others. In those cases, fixed trays
and/or conveyors can be used as a staging area for
the robot. The integration of vision-based solutions
with robotic systems is proving to be the most
flexible, lowest cost solution. Parts can be loosely
positioned onto a tray, belt conveyor, or vibratory
belt where the vision system will determine the part
location and orientation. The vision system then
transfers the information to the robot, allowing it to
pick up the part. The vision system eliminates the
need for part locating details or precision transfer
devices, reducing the cost of processing a new part.

•

Machine access. With the large variation of robot
configurations available, many alternative system
layouts are possible. An overhead robot can be a
good solution for tending multiple machine tools.
With proper guarding, it can allow manual access
to each machine without shutting down the robot
system. Many types of robot mounts, bases, and
positioners can also be designed to allow temporary
repositioning of the robot for machine access.
Collaborative lightweight robots enable the operator
and robot to work side-by-side without the need for
guarding or disabling the robot.
Process rates. Piece rate is only one measure of
an automation system. A more important measure
of capability is net throughput. Robotic machineloading systems have proven to have a much
higher percentage of uptime than comparable
manual processes. This additional uptime creates
more available hours of operation per shift than

•

the manual process, so a robot system with a
slower piece rate can still have a much higher net
throughput.
Furthermore, robots continue to improve in terms of
speed, reach, and payload capabilities. Today’s robot
may be more than 20 percent faster than a comparable
model from five years ago.
• Space and layout considerations. As with the
challenge of machine access, many space and
system layout issues can be addressed with the
variety of available robot configurations. One
promising development: recent changes to robotics
industry safety standards allow safety rated soft
limits. Robots can now dynamically define operating
space and restricted space based on the status of
safety interlock signals. This allows tremendous
flexibility in both system layout and access. In
addition, robotic solutions are designed to be more
compact and lighter for easy portability and reduced
footprint.
• Cost. When justifying robotic automation, a range
of factors must be considered, not just labor. A
thorough return on investment evaluation must
take into account all associated costs and savings,
as well as changes in throughput. It can also be
difficult to justify robotic automation because of
the tendency to think “one-to-one”: one robot for
one machine or one robot to replace one operator.
Instead, manufacturers should look at multiple
processes in a production area. In many cases,
what appears to be a situation of one operator per
one machine can turn into one operator per three
or four machines when the bigger manufacturing
picture is considered.

Additional Benefits of Employing
Lightweight Robotics
The implementation of lightweight robotics offers many
additional, tangible benefits for manufacturers:
•

Improved process control. A properly designed
automated process ensures that things happen
when and how they are supposed to. For both
regulated and non-regulated industries, this is
essential to ensuring quality and meeting customer
expectations. Hard benefits include reduced scrap,
higher throughput, and better responsiveness to
volatile demand.
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•

•

•

•

Improved machine utilization. A machine
that is not running generates no income for the
manufacturer. Typical machine usage for a manual
machining process is 65 percent. For a comparable
automated process, this number is greater than
90 percent. Better machine tool usage results in
a faster return on investment for the machine tool
while simultaneously improving production capacity.
Better use of labor. The most flexible and valuable
resource in any company is its people. Good use of
that resource is not necessarily for machine tending,
but for machine setup and other operations that
may not be suitable to automation.
Greater agility. Today’s global marketplace is
distinguished by accelerating change and volatile,
hard-to-predict demand. Leveraging robotic
technology improves a manufacturer’s ability to
respond quickly and efficiently to these conditions,
helping achieve the leaner, more agile operations
essential to sustainable success.
Improved leverage to cope with macroeconomic trends. Certain developments are
beyond an organization’s control, such as economic
recessions and recoveries and the changing
demographics of the workforce. Current consensus
is that the economy is recovering, but the question
is how fast is that recovery? This has implications
on hiring practices, as does the growing shortage of
skilled labor. Automation provides a hedge to allow
increased production without precipitously adding
to the labor force before the recovery is at a stage
that warrants that, or before the workers you really
desire are available.

However, for each of these core labs there are hundreds
of others potentially interested in more efficient ways to
carry out routine tasks at a smaller scale.
Most of these potential automation opportunities do
not require high throughput or involve processing
thousands of assays per day. Nor does the average lab
have the budget or the space to accommodate “big
automation.” For this group, lightweight robotics has
been a revelation.
The types of benchtop automation most deployed to
date are standalone automated pipettors or manually
fed dispensers. In the future, we will see more
automated workstations made up of multiple processing
stations linked together by a plate mover/gripper.
The Festo EXCM integrates well into benchtop liquid
handling workstations such as dispensers facilitating
fast and accurate filling. In fact, it is well suited to move
microplates through a series of instruments such as
dispensers and pipettors in a complex workcell.

Applications and Emerging Technologies
Laboratory Automation
Driven by the need for higher throughput and higher
quality as well as to enable technically challenging
or processes, many labs in drug discovery and In
Vitro Diagnostics that were not previously adopters of
laboratory automation are being drawn to the potential
of simple, small-scale, benchtop automation enabled
by lightweight robotics. During the past decade, many
vendors emerged that specialize in delivering complex
automated solutions for large research labs, in some
cases using hundreds of small robots that can perform
the same task, the same way every time for millions of
cycles.

Consumer Electronics and Small-Scale
Assembly
Other industries are also experiencing a marked
increase in the benchtop application of lightweight
robotic systems. In the consumer electronics industry,
tasks such as electronic printed circuit board (PCB)
testing are ideal. A solution such as the Festo EXCM
could be employed in a stacked configuration so that
machine throughput could be significantly increased as
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seen in the PCB test station below. The electrical values
are verified using test probes as part of the product
quality test process.

This solution can also be used in the tactile examination
of touch displays and switches and to verify the
presence of installed components on a PCB. With the
continuing miniaturization of products, positioning and
aligning small screws prior to insertion can significantly
affect productivity. Automation of such intricate tasks
can result in a significant increase in throughput.
Other automated desktop automation tasks include
dispensing in bonding, sealing, and gasketing; coating
applications for dispensing adhesives, sealants, and
lubricants; and filling electronic casings with resin. Such
solutions can also easily integrate into machinery for
hand feeding components, transferring workpieces,
and positioning small parts. Additionally, they can be
employed in contactless inspection systems to move a
camera or laser probe consistently and smoothly over
the material being checked.

Printed Electronics
Today, semi-automatic or automatic screen printing
machines are used for printing on mobile phone
panels, membrane switches, LCD display boards,
etc. Such automated solutions provide the improved
repeatability and speed required for high-volume
production of miniature products. Other examples of
printed electronics applications that use automated
screen printing mainly involve the production of printed
circuit boards, where a mask is applied to direct a
metal (copper, silver, or other) circuit path on a bare
board with attached components, or in applications
that require thick layers of materials, such as batteries/

PV technology, membranes/touch panels, sensors, and
glucose test strips.
While screen printing has dominated most of the printed
electronics applications to date, advanced industrial
inkjet printers are emerging as an alternative technology,
mainly in terms of cost, feature-size resolution, and
digital architecture. Inkjet printing is a digital imaging
technology that creates an image by jetting droplets
of ink onto a substrate. Inkjet printers are the most
commonly used type of consumer printer, along with
laser printers. Inkjet printing is particularly good for
depositing small amounts of materials that have specific
electrical or structural functionalities onto well-defined
locations on a substrate. The materials deposited can
be soluble liquids, dispersions of small (nano-sized)
particles, melts, or blends.

The main advantages of inkjet printing are the ability to
change what is printed without making a new printing
plate and the ability to print variable digital patterns. As
a result, inkjet printing can achieve excellent resolution,
uses a wide range of ink types (conductive, hot melted
wax, solder, biomaterials), is receptive to on-the-fly
error correction, uses small amounts of materials that
involve little waste, can build up layers, and is a clean
noncontact technology. The disadvantages include
fairly slow throughput, sensitivity to substrate variations,
problems with ink spreading, limited printing speeds,
and print-head/solvent compatibility.

Advancing Automation eBook Vol. XIV

PAGE 21

3-D Printing
Three-dimensional printed parts are now used for a multitude of applications, from medical devices (custom
medical implants) to airplanes (weight reduction of parts, resulting in billions of dollars in fuel savings), toys, and
industrial manufacturing (metal 3-D printed injection molds). Typically, a 3-D printer starts with a few layers of
disposable support material to provide a foundation. The extrusion head, which moves about an X-Y plane, lays
down a ribbon of material. After each layer is complete, the Z axis lowers slightly to make way for the next layer.
The Festo EXCM lightweight Cartesian solution delivers smooth, quiet operation for the critical linear movement
and positioning functions in 3-D printers.

About the Author
Nuzha is currently the Senior Product Manager for the electromechanical,
motion control and robotics products and solutions from Festo.
Nuzha is a professional in motion control and mechatronics with
over 18 years’ experience in the field of industrial automation,
holding a degree in electronics and electrical engineering.
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You probably already use
Tadiran batteries,
but just don’t know it!

PROVEN

40
YEAR
OPERATING

LIFE

If you have a smart automatic water, gas,
electricity, or heat meter in your home.
If you have an electronic toll collection
transponder, tire inflation sensor, or
emergency E-CALL system in your car.
If you have a GPS tracking device on
your trailer, container, or cargo.
If you have wireless sensors, controls, or
monitors in your factories and plants.
If you use electronics with real-time clock or memory back-up in your office.

If you have never heard of Tadiran Batteries, it is only because you
have never had a problem with our products powering your products.
Take no chances. Take Tadiran batteries that last a lifetime.

* Tadiran LiSOCl2 batteries feature the lowest annual self-discharge rate of any competitive battery, less than 1% per year, enabling these
batteries to operate over 40 years depending on device operating usage. However, this is not an expressed or implied warranty, as each
application differs in terms of annual energy consumption and/or operating environment.

Tadiran Batteries
2001 Marcus Ave.
Suite 125E
Lake Success,
NY 11042
1-800-537-1368
516-621-4980
www.tadiranbat.com

*

Don’t overdesign your battery for IIoT applications
By Sol Jacobs, VP and General Manager
Tadiran Batteries

The rapid expansion of the Industrial Internet of
Things (IIoT) has impacted every sector of industrial
automation.
The IIoT enables greater use of data intelligence
by combining ‘big data’ analytics and artificial
intelligence (AI) to enhance M2M communications
and interoperability, improve workflow, maximize
operational efficiencies, support quality improvement,
and allow for the deployment of predictive analytics
to proactively schedule equipment maintenance and
equipment rebuilding programs. IIoT communications
infrastructure is being further extended by scalable
technology platforms that are cloud-accessible and
fully interoperable.
Remote wireless connectivity has enabled rapid
expansion of the IIoT by eliminating the traditional cost
hurdles associated with hard-wiring, since it can cost
$100 or more per foot to hard wire any device, even a
light switch. Eliminating the need to hard-wire a device
increases opportunities to deploy systems control and
data automation (SCADA), automated process control,
quality assurance, asset management, safety systems,
machine-to-machine (M2M) interfaces, and related
technologies.

The proliferation of wireless technology has led
to increased demand for various consumer and
industrial grade batteries. Since every device is unique
in terms of its energy requirements, care must be
taken to specify the right battery in order to avoid an
overdesigned solution.

Is extended battery life an important
consideration?
Many wireless devices found throughout a factory
floor are easily accessible, operate at moderate room
temperatures, and can be routinely replaced without
disrupting daily operations. When extended battery
life is not a critical consideration, it creates the ideal
scenario for using consumer grade alkaline and lithium
batteries.
Conversely, if the application requires extended battery
life, especially in extreme environments, then an
industrial grade battery is usually required. A common
example involves wireless mesh networks that consist
of packs of highly scalable nodes (or motes) that collect
and relay data and manage network performance and
security using Time Synchronized Channel Hopping
(TSCH) technology.

Advancing Automation eBook Vol. XIV

PAGE 24

Extended battery life is influenced by the cell’s annual
energy usage and its annual self-discharge rate.
Battery operating life can be extended through the
use of low power microprocessors, components, and
circuitry, along with the use of energy-conserving low
power communications protocols such as ZigBee,
WirelessHART, LoRa, or IEEE 802. 15.4e, as well as WiFi
and cellular phone technologies.
The vast majority of low-power wireless devices use
primary (non-rechargeable) lithium batteries that operate
mainly in a ‘stand-by’ state that draws little or no
current, awakening periodically or at pre-programmed
intervals to query the data and awaken only if preset data thresholds are exceeded. Through intelligent
design and manufacturing, low-power wireless devices
often exhaust more available battery capacity through
annual self-discharge than is
lost from daily activity.

Delivered by helicopter near the North Pole, Oceantronics’ GPS/ice buoy measures wind,
temperature, sunlight, ice thickness, and GPS location of icebergs. The device was originally
powered by a large battery pack (left) using 380 alkaline D cells (54 kg). The redesigned battery
pack (right) substituted 32 bobbin-type LiSOCl2 D cells and four hybrid layer capacitors (HLCs)
to reduce size and weight (3.2 kg).
______________________________________
Courtesy of Sigred Salo NOAA/PMEL

When designing any industrial grade wireless device,
you typically face competing requirements of achieving
ideal product performance versus paying the lowest
possible price, with compromise solutions often
resulting in unnecessarily large and heavy batteries.
While oversized batteries may allow the wireless device
to function, such inefficiency can cost you in terms of
product bulkiness, overly frequent battery replacements,
along with added shipping expenses, especially to
remote, hard-to-access locations.
In order to make a more informed decision when
specifying a battery, design engineers need to consider

the following parameters as part of the vendor
evaluation process:
Operating voltage affects the number of cells – Basic
math tells you that it requires more than twice as many
1.5v cells to deliver the same voltage as a single 3.6v
cell. Selecting a battery that delivers higher voltage
could save money by requiring the use of fewer cells
and/or reducing the size and weight of the device.
Extreme temperatures can have an effect on
voltage – Exposure to extreme temperatures reduces
battery voltage under pulse. If you select a battery
with a limited temperature range, then deploy it in a
harsh environment, you may need to specify oversized
batteries in order to compensate for an expected drop
in voltage under pulsed load. One solution is to utilize
a bobbin-type lithium thionyl chloride (LiSOCl2) battery
that features extremely high energy density (which aids
miniaturization) along with the ability to handle high
pulses at extreme temperatures. Using this type of
extended temperature battery may eliminate the need
for carrying extra capacity and/or voltage in order to
compensate for expected losses in voltage under pulse.
Self-discharge rate affects capacity – Certain
battery technologies suffer from high self-discharge
rates of up to 8% per month, thus requiring a larger
battery to compensate for the expected losses in
available capacity. Alkaline batteries are notoriously
short-lived, albeit inexpensive. In certain situations,
this type of trade-off may be acceptable if product
miniaturization is not an important requirement or the
battery is easily replaceable. By contrast, an industrial
grade battery featuring very low annual self-discharge
could enable the use of a smaller battery or possibly
eliminate the need for future battery replacements. This
is an important
consideration
for applications
involving hard-toaccess locations
where battery
replacement
is difficult or
impossible and
battery failure is not
an option.
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For example, a superior-quality bobbin-type LiSOCl2
battery can feature an annual self-discharge rate of
just 0.7% per year, thus able to retain over 70% of its
original capacity after 40 years. By contrast, a lesser
grade LiSOCl2 battery made with essentially the same
chemistry could have a higher self-discharge rate of
up to 3% per year. While the differential may not seem
overly large, over time this differential really adds up
over time, as the battery that loses 3% of its capacity
to annual self-discharge will exhaust 30% of its original
capacity every 10 years, making 40-year battery life
impossible.
Power or energy – It’s easy to confuse the need for
power (a measure of short-term energy consumed) with
the total amount of energy required (battery capacity).
Certain wireless devices are designed for infrequent
use but must operate reliably to deliver continuous high
pulse energy for relatively brief periods of time without
consuming large amounts of total capacity.

Pulse size – Increasingly, remote wireless devices
connected to the IIoT are requiring high pulses to
support two-way wireless communications and remote
shut-off capabilities.
Alkaline batteries are ideal for delivering high rate
energy but suffer from major performance limitations
such as low voltage (1.5v), a limited temperature range
(0°C to 60°C), a high self-discharge rate that reduces
life expectancy, the inability to deliver high pulses,
and crimped seals that may leak. Alkaline batteries
may need be replaced every few months, resulting in
a higher cost of ownership, which can be especially
problematic for remote wireless applications.
For example, the popular CR123A 3.0v lithium
manganese oxide (LiMnO2) battery can deliver twice
the voltage of an alkaline cell, which can reduce the
total number of batteries required. However, CR123A
batteries cannot deliver high pulses, making them illsuited for two-way wireless communications.

Be aware that most commercial battery technologies are
not designed to deliver a high power-per-energy ratio,
thus demanding the use of a greater number of cells
to compensate for their low pulse design. As a result,
compromise solutions often require the use of oversized
or additional batteries, which results in added bulk and
unneeded capacity.

Primary Cell

Bobbin-type with
Hybrid Layer
Bobbin-type
Capacitor

Modified for
high capacity

Modified for
high power

Energy Density (Wh/1)

1,420

1,420

370

185

Power

Very High

Low

Very High

Very High

Voltage

3.6 to 3.9 V

3.6 V

4.1 V

4.1 V

Pulse Amplitude

Excellent

Small

High

Very High

Passivation

None

High

Very Low

None

Fair

Excellent

Excellent

Standard bobbin-type lithium thionyl chloride (LiSOCl2)
batteries are ideal for long-life low-power applications
but are not designed to deliver high pulses due to their
low rate design, as they can experience a temporary
drop in voltage when first subjected to a pulsed
load: a phenomenon known as transient minimum
voltage (TMV). One way to minimize TMV is to use
supercapacitors in tandem with lithium batteries. While
popular for use in consumer
Alkaline
LiFeS
LiMnO
electronics, supercapacitors
Lithium Iron
are not ideal for industrial
CR123A
Disulfate
applications due to limitations
that include bulkiness, a high
annual self-discharge rate, and
600
650
650
a limited temperature range.
Low
High
Moderate
Solutions involving multiple
1.5 V
1.5 V
3.0 V
supercapacitors also require
Low
Moderate
Moderate
the use of balancing circuits,
N/A
Fair
Moderate
which adds cost and requires
additional energy.
Low
Moderate
Fair

Excellent

Fair

Moderate

Excellent

Low

Moderate

Poor

Excellent

Excellent

Excellent

Excellent

Moderate

Moderate

Fair

Self-Discharge Rate

Very Low

Very Low

Very Low

Very Low

Very High

Moderate

High

Operating Temp.

-55°C to 85°C,
can be extended
to 105°C for a
short time

-80°C to 125°C

-45°C to 85°C -45°C to 85°C

-0°C to 60°C

-20°C to 60°C 0°C to 60°C

LiSOCL2

Performance at Elevated
Excellent
Temp.
Performance at
Low Temp.
Operating life

LiSOCL2

Li Metal Oxide Li Metal Oxide

2

2

Table 1 Comparison of Primary Lithium cells
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Another sensible solution
is to combine a standard
bobbin-type LiSOCl2 battery
with a patented Hybrid Layer
Capacitor (HLC). The LiSOCl2
battery supplies background
current in the 3.6 to 3.9v
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Diameter (max)
Length (max)
Volume
Nominal Voltage
Max Discharge Rate
Max Continuos Discharge Current
Capacity
Energy Density
Power [RT]
Power [-20C]
Operating Temp
Charging Temp
Self Discharge rate
Cycle Life
Cycle Life
Cycle Life
Operating Life

[cm]
[cm]
[cc]
[V]
[C]
[A]
[mAh]
[Wh/l]
[W/liter]
[W/liter]
deg. C
deg. C
[%/Year]
[100% DOD]
[75% DOD]
[50% DOD]
[Years]

TLI-1550 (AA)
Industrial Grade
1.51
5.30
9.49
3.7
15C
5
330
129
1950
> 630
-40 to +90
-40 to +85
<5
~5000
~6250
~10000
>20

Li-Ion
18650
1.86
6.52
17.71
3.7
1.6C
5
3000
627
1045
< 170
-20 to +60
0 to +45
<20
~300
~400
~650
<5

Table 2 Comparison of consumer versus industrial Li-ion rechargeable batteries

nominal range, while the HLC acts like a rechargeable
battery to deliver periodic high pulses, thus eliminating
the effects of TMV without requiring a supercapacitor.
This hybrid LiSOCl2 battery solution also features
a unique voltage curve plateau when the cell is
approaching its end-of-life. Programming the device to
identify this voltage curve plateau enables the issuance
of ‘low battery’ status alerts.
Rechargeable battery cycle life – If the wireless
application consumes enough average daily energy
to prematurely exhaust a primary (non-rechargeable)
battery, then it could be better suited for a power source
that combines some form of energy harvesting device
with a rechargeable Li-ion battery to store the harvested
energy. Increased daily energy consumption is often the
result of more frequent data sampling and transmission.
One example is a solar-powered municipal parking
meter that routinely draws current to process credit card

transactions or to enable IIoT connectivity that permits
motorists to be alerted when an empty parking space
becomes available.
When selecting a rechargeable battery, be mindful that
a consumer grade rechargeable Lithium-ion (Li-ion) cell
has an expected operating life of approximately 5 years
and 500 full recharge cycles. If the device is intended
to operate for more than 5 years and/or 500 recharge
cycles, then additional cells may be required to help
reduce the average depth of discharge per cell and thus
extend battery life.
Also available is an industrial grade Li-ion battery that
can operate for up to 20 years and 5,000 recharge
cycles. Unlike consumer Li-ion rechargeable cells, these
ruggedly designed cells can deliver the high pulses
required for powering 2-way wireless communications
(15 A pulses and 5 A continuous current) while also
offering an extended temperature range (-40°C to 85°C)
to increase system reliability.
Cheaper can actually be more expensive – While
application-specific requirements invariably dictate the
ideal choice of battery, it is important to think long-term
to determine your total cost of ownership over the
lifetime of the device.
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Achieving low initial cost may be important if the device is not intended for longterm deployment and frequent battery replacement is acceptable. For example,
if the wireless device is situated on the factory and battery replacement is not
disruptive to the automation process, then it may make sense to pay a low initial
price by choosing a consumer grade battery. However, if the wireless device is
intended for long-term deployment in a highly remote and inaccessible location,
then you will need to factor in all anticipated expenses associated with frequent
battery replacement, which will inevitably eat up any initial savings achieved by
specifying an inexpensive consumer grade battery.
The hidden costs associated with an oversized battery solution can also be an
important consideration. For example, a compact and lightweight power supply
can be invaluable to research scientists seeking to exert less physical energy
and burn fewer calories while conducting experiments in frigid Artic conditions.
Compact, lightweight batteries can also be highly beneficial to field personnel who
must service and maintain remote storage tanks, pipelines, and pumping stations.
Excessively bulky and heavy batteries can also increase logistical expenses, as
battery shipment is heavily regulated.
With more and more low-power wireless devices being integrated into the IIoT, including wireless mesh networks
that permit rapid scalability and interoperability throughout industrial automation, it pays to consider the total longterm cost of ownership when specifying a battery-powered solution.

About the Author
Sol Jacobs
VP and General Manager, Tadiran Batteries
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