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INTRODUCTION

MACHINE LEARNING has 
emerged as not just a better 
way to operate the machines of 
today, but it acts as a guidepost 
to design the machines of 
tomorrow. As one author in this 
maxon-sponsored eBook notes, 
machine learning “transforms an 
industrial operation into a system 
of systems that can get products 
to market faster at a lower cost.”

Machine learning opens the 
door to better products manufactured more efficiently. 
It also uncaps the potential of the overall operation by 
developing its own efficient operational ecosystem.

These aren’t long-range dreams. OEMs can begin 
today delivering systems that anticipate the future while 
realizing all the potential in the present-day operation. 
By integrating robots and traditional machine systems, 
the OEM can create safe, reliable and integrated 
systems that allow their manufacturing partners the 
most efficient system, and the most effective use of 
their most valuable resource—their workers.

It takes planning and commitment, but the return 
on this investment in machine learning in general 
and the Industrial Internet of Things in particular will 
give manufacturers a flexible, dynamic and profitable 
tool—and a huge advantage on any competitor who 
doesn’t follow this path.

Download the eBook to learn how machine learning 
can elevate your operation and move your team 
toward greater efficiency and a stronger, brighter 
manufacturing future.

Bob Vavra, 
Senior Content 

Manager
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How Machine Learning is 
Transforming Industrial Production

When it comes to 
industrial applications, 

it is safe to say machine 
learning is modifying more 
and more business models 

in the manufacturer-
related business models—

but how?

 CHAPTER 1:

O
ne question that often gets asked about machine learning is how many industrial 
applications we can name for it. Well, frankly, that’s the wrong question. Machine 
learning is not a device you can plug into a production line and make the production 
line operate better than it did before. Machine learning is a process that needs in-
puts from many devices to feed data to it so that data can be collected, evaluated, 

and used to develop knowledge about how a production line produces the products and 
parts it does. That knowledge can then be used to determine how production line can have 
a higher throughput of parts, operate at a lower cost, and run more reliably. 

In that way, machine learning transforms an industrial operation into a system of sys-
tems that can get products to market faster at a lower cost so the company that owns it 
can remain competitive in its market and keep their customers happy by delivering the 
products they want. If you’re going to put a label on that application of machine learning, 
it’s a higher profit margin that will create more innovative products to make the customers 
even happier.

Process-Based Machine Learning – A Complex Systems Engineering Solution
From Wikipedia, via the peer-reviewed Springer journal, Machine Learning: 
“Machine learning (ML) is the scientific study of algorithms and statistical models 

that computer systems use to perform a specific task effectively without using explicit 
instructions, relying on patterns and inference instead. It is seen as a subset of artificial 

JOSEPH ZULICK, writer and manager at MRO Electric and Supply
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Top Image: Factory automation plants utilize machine learning’s ability to understand and 

build mathematical models. These models, over time, learn to perform tasks on their own as 

opposed to being programmed to do so (Licensed Image from Adobe Stock #188158716). 
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intelligence. Machine learning algorithms build a mathematical model based on sample 
data, known as “training data,” to make predictions or decisions without being explicitly 
programmed to perform the task.”

Let’s add a modifier to the idea of machine learning and call it “process-based” machine 
learning. That allows us to get to the heart of the matter in identifying the industrial tech-
nology that had to be created or modified because of the desire to use machine learning 
computer algorithms to enable the era of smart manufacturing. 

Machine learning uses data, or more explicitly, training data, to teach its computer 
algorithm on what to expect from the production machines it’s monitoring to obtain that 
training data, relying on pattern recognition and inference to develop the capability for the 
algorithm to make decisions and predictions without having to write code to be explicitly 
programmed to perform that task. 

The training data is collected, processed, and evaluated in a structured sequence of 
steps to prepare that data for use in the machine learning algorithm. That structured 
sequence of steps is a process, and the creation of that process introduces new technol-
ogies that includes:

• IoT devices to create the data
• Networks to store and process the data
• Computers process to clean the data for accuracy and relevancy

Industrial Applications and Transformations Attributed to Machine Learning
The list of new technology that can be attributed to machine learning is exhaustive and 

not possible to be covered in its entirety in this article. Thus, we will hit on the higher-level 
issues that are more readily identifiable.

Predictive Maintenance. The possibility of being able to predict disruptions to the 
production line in advance of that disruption taking place is invaluable to the manufac-
turer. It allows the manager to schedule the downtime at the most advantageous time 
and eliminate unscheduled downtime. Unscheduled downtime hits the profit margin hard 
and also can result in the loss of your customer base. It also disrupts the supply chain, 
causing the carrying of excess stock. The need to bring additional manpower to bear via 
your third-party field engineering support can cost a lot of money as well.  A PwC study, 
“Digital Factories 2020: Shaping the Future of Manufacturing,” predicts that the adoption 

Fig 2.  Exactly how 

manufacturing business 

models are modified 

depends on several 

factors, but the division of 

operational sensors and 

plants’ computer networks 

will remain standard, as 

network reliability cannot be 

compromised. 
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of machine learning to enable predictive maintenance is expected to increase among 
manufacturers by 38% because of the ability to increase profit margin by eliminating 
unscheduled work stoppages.

IT/OT Convergence/Network Security. The development of machine learning will also 
drive many business model modifications in the manufacturer standard operating proce-
dures. That’s especially true in the organizational makeup of the company.

The computer network (IT hallowed ground) will be co-located with the operational 
sensors on the production machinery so that data can be collected and sent to the data 
warehouse as training data for machine learning purposes. There will be a need to tear 
down the wall of silence, separating the two groups internally and allow for collaboration 
and cooperation.

The floor operators and technicians will be significantly impacted if the network is not 
reliable or for some reason gets hacked via a denial of service attack, which will bring pro-
duction to a stop. The OT sensors and devices will be affected as much as the IT network 
and computers. IndustryWeek confirms these issues.

Smart Manufacturing Digital Design and Innovation/Digital Twin Development. The 
ultimate objective of artificial intelligence and machine learning is to enable the develop-
ment of a digital twin of the production floor. The creation of the digital twin would take 
place as an effort under a model-based systems engineering process (MBSE) using the 
machine learning algorithms and knowledge gained as a foundation. The digital twin would 
serve as a platform for running what-if scenarios to learn what we don’t know today. The 
digital twin can also serve as an end-to-end model to be used in designing higher reliability 
parts and adjusting the interactions between production line machines to improve perfor-
mance. The possibilities are endless. 

Connecting all these pieces, industrial cyber-physical systems are the primary enabling 
technology, which refers to an emerging data-driven paradigm focused on the creation 
of manufacturing intelligence using real-time pervasive networks and operational data 
streams. These cyber-physical systems enable objects and processes residing in the 
physical world (e.g., manufacturing facility), to be tightly coupled and evaluated by 
advanced predictive analytics (e.g., machine learning models), and simulation models in 
the cyber world, to realize self-configuring operations. Thus, this research presents an 

Fig 3. Considered a 

broad concept in the data 

analysis realm, workforce 

training production 

processes are projected 

to become more and 

more flexible, transparent, 

and intuitive. Blockchain 

in manufacturing, IIoT 

(the Industrial Internet of 

Things), and the robotics 

industry each continue to 

use machine learning to 

their advantage. 
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industrial cyber-physical system based on the emerging fog computing paradigm, which 
can embed production-ready PMML-encoded machine learning models in factory opera-
tions, and adhere to Industry 4.0 design concerns about decentralization, security, privacy, 
and reliability (Peter, O’Donovan, Gallagher, Bruton, & O’Sullivan, 2018). 

The Rest of the Story
If we dig deeper underneath the big-ticket items, there are thousands of other impacts 

that machine learning will have on smart manufacture ring and the industrial processes 
that make it all work. Other topics of interest to pursue:

1. Optimized semiconductor manufacturing that can use root-cause analysis to reduce 
testing costs. 
2. Quality control and overall equipment effectiveness metrics by measuring the avail-
ability, performance, and quality of assembly equipment using the improved neural 
networks that can learn the weaknesses of the machines and minimize their effect on 
production.
3. Building the connected supply chain. Logistics will always be the long pole in the tent 
of any manufacturing operation. Inventory management processes can be significantly 
improved using machine learning techniques.

All and all, leveraging machine learning is becoming standard practice in some indus-
tries. By understanding the benefits of machine learning, industrial professionals are able 
to stay ahead of competition that has yet to move away from obsolete, old-fashioned 
practices. 

to view this article online, ☞click here
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Designing with  
Motion Control in Mind

What OEMs and design 
engineers need to know 

about motors, drives, and 
controllers.

 CHAPTER 2:

W
hether designers are improving a motion-centric machine or building a new one, 
it is essential they begin with motion control in mind. Then they can develop the 
design around the best way to get effective and efficient automation.

Motion-based machines should be designed and built around their core func-
tions. For a printing machine that relies on a specific set of winding applications, 

for example, designers would focus on the critical parts and develop the rest of the 
machine in support of the core functions.

This sounds like Design Engineering 101, but with time-to-market pressures and teams 
traditionally siloed into mechanical, electrical, and software departments, it’s easy for 
design to revert to a largely linear process. Designing with motion control in mind, howev-
er, requires a mechatronics approach that includes developing the initial concepts, deter-
mining the system topology and machine approach, and selecting the connection interface 
and software architecture.

Here are some essential aspects of motors, drives, controllers, and software that engi-
neers should consider from the beginning of every machine design project to reduce inef-
ficiencies, errors, and cost while making it possible for OEMs to solve customer problems 
in less time.

The Design Process
How and where parts move is typically where engineers spend most of their engineering 

effort, especially when developing innovative machines. Although innovative builds are by 
far the most time-consuming, they often offer the biggest ROI, especially if teams make 
use of the latest in virtual engineering and modular designs.

DANIEL REPP, Automation Manager, Lenze Americas
ROBERT SPADARZEWSKI, Senior Application Engineer, Lenze Americas
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The first step when developing a machine from scratch is to ask: What are the critical 
functions of this machine? It could be to make a machine that is easy-to-clean, low main-
tenance, or highly accurate. Identify the technology that will deliver the required function, 
performance, or maintenance level.

The more complex the problem that needs to be solved, the more difficult it will be to 
determine the most vital functions. Consider working with a motion-centric automation 
supplier that can help define the critical details and determine the right approach.

Then ask: What are the machine’s standard functions? Staying with the earlier printing 
machine example, the tension and sensor controls used to unwind the material being 
printed on are fairly standard. In fact, about 80% of a new machine’s tasks are variations 
on past machines’ tasks.

Using modular hardware and code programming to handle the engineering require-
ments for standard functions significantly reduces the amount of design resources needed 
to complete the project. It also uses time-proven functions, thus increasing reliability and 
letting you focus on more complex parts of the design.

Working with a motion control partner that can deliver standard functions with modular 
hardware and software means you can focus on the value-added features that distinguish 
your product from the competition’s.

In a typical design project, mechanical engineers build the machine’s structure and its 
mechanical components; electrical engineers add the electronics, including drives, wires, 
and controls; and then software engineers write the code. Every time there’s a mistake 
or problem, the project team has to backtrack and correct it. So much time and energy 
in the design process is spent re-doing design based on changes or mistakes. Luckily, 

Motion-centric automation requires a collaborative effort between mechanical, electrical, and 

software engineers. A process made much easier by carefully considering motion control 

needs early in the design process and digital engineering.

http://machinedesign.com?code=UM_37
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designing mechanics with CAD software and siloed planning and design are nearly things 
of the past.

Today, virtual engineering lets teams design how machines will work using several par-
allel paths, thus dramatically shortening the developing cycle and the time-to-market. By 
creating a digital twin (a virtual representation of the machine), each department can work 
on its own and develop parts and controls concurrently with the rest of the team.

A digital twin lets engineers quickly test various designs for a machine as well as your 
machine technologies. For example, perhaps a process requires material be fed into a 
machine feed until the desired amount is collected and then the material is cut; that means 
you must figure out a way to halt the feed whenever the material needs to be cut. There 
are several ways to handle that challenge, and all of them may affect how the overall 
machine operates. Trying different remedies or relocating components to see how it affects 
operations is simple with a digital twin and leads to more efficient (and less) prototyping.

Virtual engineering lets design teams all see how the entire machine and its overlapping 
concepts work together to reach a particular goal or goals.

Selecting the Topology
Complex designs with several functions, more than one axis of motion and multi-di-

mensional movement, and faster output and throughput make system topology just as 
complicated. Choosing between centralized, controller-based automation or decentral-
ized, drive-based automation depends on the machine being designed. What the machine 

When considering whether controller- or drive-based automation is right, it’s important to 

know it doesn’t have to be either-or. A smart, motion-centric design takes advantage of both 

to create the right balance of power, coordination, efficiency and space.

http://machinedesign.com?code=UM_37
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does, both its overall and local functions, affects whether you opt for centralized or decen-
tralized topology. Cabinet space, machine size, ambient conditions, and even installation 
time also affect this decision.

Centralized automation. The best way to get coordinated motion control for complex 
machines is with controller-based automation. Motion-control commands are usually for-
warded to specific servo-inverters via a standardized real-time bus such as EtherCAT, and 
inverters drive all the motors.

With controller-based automation, several motion axes can be coordinated to perform a 
complex task. It is ideal topology if motion is at the heart of the machine and all parts must 
be synchronized. For example, if it’s critical for each motion axis to be in a specific place 
to get to properly position a robot arm, you’ll likely choose controller-based automation.

Decentralized automation. With more compact machines and machine modules, 
decentralized motion control reduced or eliminates the load on machine controls. Instead, 
smaller inverter drives assume decentralized control responsibilities, an I/O system eval-
uates control signals, and a communication bus such as EtherCAT forms an end-to-end 
network.

Decentralized automation is ideal when one portion of the machine can take responsi-
bility for completing a task and doesn’t have to constantly report back to central control. 
Instead, each portion of the machine performs quickly and independently, only reporting 
back once its task is complete. Because each device handles its own load in such an 
arrangement, the overall machine can take advantage of more distributed processing 
power.

Modular software not only improves the speed of individual machine design but can be 

leveraged to deliver custom configured machines easier and faster. With modular software, 

updating or reprogramming an existing machine for different functionality is simple.

http://machinedesign.com?code=UM_37
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Centralized and decentralized control. Although centralized automation provides 
coordination and decentralized provides more efficient distributed processing power, a 
combination of both is sometimes the best choice. The final decision depends on overar-
ching requirements including goals related to:

• Cost/value
• Throughput
• Efficiency
• Reliability over time
• Safety specifications

The more complex the project, the more important it is to have a motion control engi-
neering partner that can give advice on the different aspects. When the machine builder 
brings the vision and the automation partner brings the tools, that’s when you get the best 
solution.

Machine Networking
Establishing clean, future-proof interconnectivity is also a key step in designing with 

motion control in mind. The communication protocol is just as essential as where motors 
and drives are located because it’s not just about the what the components do—it’s also 
how you connect it all.

A good design reduces the number of wires and the distance they must go. For exam-
ple, a set of 10 to 15 wires going to a remote terminal could be replaced with an Ethernet 
cable using an industrial communication protocol such as EtherCAT. Ethernet isn’t the 
only choice, but whichever one you use, ensure you have the right communication tools or 
buses, so you can use common protocols. Picking a good communication bus and having 
a plan for how everything will be laid out makes future expansions that much easier.

Focus on building a good design inside the cabinet from the start. For example, don’t 
put power supplies near electronic components that might be affected by magnetic inter-
ference. Component with high currents or frequencies can generate electrical noise in 
wires. So, keep high-voltage components away from low-voltage components for the best 
operation. Additionally, find out if your network is safety rated. If not, you’ll likely need hard-
wired redundant safety connections so if one part fails, it detects its own failure and reacts.

As the Industrial Internet of Things (IIoT) takes hold, consider adding advanced func-
tions you or your customers may not quite be ready to use. Building the capabilities into 
the machine means it will be easier to upgrade that machine later.

Software
According to industry estimates, it won’t be long before OEMs will need to spend 

50-60% of their machine development time focused on software requirements. The evo-
lution from a focus on mechanics to a focus on interface puts smaller machine builders at 
a competitive disadvantage, but can also level the playing field for companies willing to 
adopt modular software and standardized, open protocols.

How software is organized can expand or limit what a machine can do now and into 
the future. Like modular hardware, modular software improves the speed and efficiency 
of machine building.

For example, say you are designing a machine and want to add an extra step between 

http://machinedesign.com?code=UM_37
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two phases. If you’re using modular software, you can simply add a component without 
reprograming or recoding. And, if you have six sections all doing the same thing, you can 
write code once and use it across all six sections.

Not only is designing more efficient with modular software, it also lets engineers deliver 
the flexibility customers crave. For example, say the customer wants a machine that runs 
different sized products, and the largest size necessitates a change in how one section 
functions. With modular software, designers can simply change out the section without 
affecting the rest of the machine’s functions. This change could be automated to let the 
OEM, or even the customer, quickly switch between machine functions. There’s nothing to 
reprogram because the module is already in the machine.

Machine builders can offer a standard base machine with optional features to meet each 
customer’s unique requirements. Developing a portfolio of mechanical, electrical, and soft-
ware modules makes it easier to quickly assemble configurable machines.

To get the most efficiency from modular software, however, it is essential to follow indus-
try standards, especially if you’re using more than one supplier. If the drive and sensor 
supplier aren’t following industry standards, then those components can’t talk to each 
other and all the modularity efficiencies are lost in figuring out how to connect the parts.

Additionally, if your customer plans on connecting the data stream to a cloud network, 
it’s essential any software is created using industry standard protocols, so the machine 
can work with other machines and interface with cloud services.

OPC UA and MQTT are the most common standard software architectures. OPC UA 
enables near-real-time communication between machines, controllers, the cloud, and 
other IT devices, and is probably the closest to a holistic communication infrastructure 
you can get. MQTT is a more lightweight IIoT-messaging protocol that enables two appli-
cations to talk to each other. It is often used in a single product—letting, for example, a 
sensor or a drive pull information from a product and send it to the cloud.

Cloud Connectivity
Interconnected, closed-loop machines are still the majority, but factories fully networked 

to the cloud are growing in popularity. That trend could raise the level of predictive main-
tenance and data-driven production and is the next major change in factory software; it 
starts with remote connectivity.

Cloud-networked plants analyze data from different processes, different production 
lines, and more to create more complete representations of production process. This lets 
them compare the overall equipment effectiveness (OEE) of various production facilities. 
Cutting-edge OEMs work with trusted automation partners to offer cloud-ready machines 
with modular Industry 4.0 capabilities that can send out the data end-users need.

For machine builders, using motion control automation and taking a holistic, total-pro-
cess approach to make customers’ plants or companies more efficient will be sure to win 
more business.

to view this article online, ☞click here
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Enabling New Services  
in Industrial IoT

OEMs who embrace 
Industrial IoT can enable 

additional revenue streams 
and offer new services to 

customers.
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M
any machine or equipment manufacturers are looking to offer new services to their 
customers to enable additional revenue streams, and Industrial Internet of Things 
(IIoT) technology provides a way to accomplish that goal.

Industrial machine manufacturers have been performing data analytics for 
years—since the 1950s. However, that data took a long time to collect, analyze, 

and then slowly be used to make operational decisions. Later the industry adopted busi-
ness intelligence tools, which led to better analytics and decision-making. Today, the real 
value is coming into play as IIoT comes of age with machine learning and the onset of 
artificial intelligence.

Evolution of analytics
Major manufacturers are turning to IIoT to optimize efficiency, increase overall equip-

ment effectiveness, and minimize costs. OEMs can get started with IIoT by bundling a 
small IoT gateway with their machines. The key to taking that system one step further is to 
include an edge computing platform. These platforms are largely accepted as a solution to 
IIoT challenges for their simplicity, built-in security, and interoperability with varied legacy 
devices. The global smart manufacturing platform market is projected to grow from $4.4 
billion in 2019 to $10.8 billion by 2024, according to MarketsandMarkets.

In order to see how OEM services have evolved, let’s consider a boiler manufacturer, 
for instance. Twenty years ago, a boiler was just a boiler—it only heated water. About 10 
years ago the manufacturer may have added a connected sensor to the boiler to start 
collecting basic data points such as temperature and condensation. Now, forward-thinking 
OEMs can easily bundle a small IoT gateway with an edge computing platform inside of 
the boiler to enable easily additional services and future revenue possibilities such as 

JOHN YOUNES, Co-Founder and COO, Litmus Automation
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remote monitoring and predictive maintenance.
Instead of just collecting temperature and condensation data, they can offer remote 

monitoring services to allow the customer to adjust from afar when temperature gets too 
high. Or, over time they can use that valuable data to determine when something might go 
wrong with a predictive maintenance solution. Including an edge computing platform with 
the IoT gateway gives them all of the brains they need for future application enablement 
at the Edge.

The Benefits of an Edge Computing Platform
Let’s start by defining an edge computing platform to make sure we are all on the same 

page. An edge computing platform is installed on an IoT gateway right next to the asset 
on the factory floor. Secure connectivity is one of the main purposes of the platform, and 
then the platform uses a local message broker to collect data from all the varied industrial 
devices and pre-processes, then filter, analyze, and store it locally. Then it makes the data 
available to other applications as needed, most often to the cloud.

The factory floor has a large variety of legacy systems, PLCs, and robotic systems, all 
with varied protocols. As a result, most factories have a very large gap between old and 
modern equipment keeping them from adopting new industrial IoT solutions. One of the 
most common problems I see in factories is the need to connect these varied physical 
devices to whatever end-user software application they are using in the cloud. In order to 
connect to a wide variety of systems, the OEM must adopt a device and network-agnostic 
industrial edge computing platform that can fill the gap and accommodate the various pro-
tocols and PLCs. With a good platform, the OEM can easily manage the flow of data and 
decision making between devices and cloud or on-premise applications.

As IIoT evolves we are moving from data-assisted decision-making to automated decision-

making in real-time.

http://machinedesign.com?code=UM_37
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I have noticed that ease of deployment is the number one consideration for most OEMs, 
and with the right edge computing platform, all assets can be seamlessly connected to the 
cloud. With a good platform, the OEM can easily manage the flow of data and decision 
making between devices and Cloud or on-premise applications. Furthermore, when OEMs 
find the right platform to fill that gap—from the edge device to the cloud—they can add 
value such as the beforementioned predictive analytics or remote access.

Solution diagram
Once all the machines on the factory floor (and at various locations) have a smart edge 

computing platform, OEMs can also add a centralized management system to the Cloud 
to quickly install, update, and manage applications across a large number of devices and 
locations. Another word for this layer might be an edge application orchestration layer. 
In the Cloud you can pull data from all the different pieces of equipment and manage all 
edge computing platforms at various sites. Administrators can have full control over how 
devices are configured and monitored, and how applications are orchestrated from the 
cloud to edge devices to optimize and manage complex analytics, anomaly detection, and 
machine learning across all their edge devices. The management layer also provides a 
central portal to monitor the status of equipment, push updates, and alert customers to 
potential issues.

An edge computing platform bundled with an IoT gateway can simplify connecting legacy 

systems and enabling new services.

http://machinedesign.com?code=UM_37
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The Benefits of Industrial IoT Increase Over Time
Upon adding the IoT gateway and edge computing platform next to a device on the 

factory floor, OEMs can offer their customers and users a basic service—typically real-
time data visualization via a web-based or mobile app. Extracting data from a machine or 
asset that the customer already owns and visualizing data points is a good way to begin. 
However, as the market grows and matures, the OEM can start to envision other features 
and see the opportunity to enable multiple services that will attract customers and add 
additional revenue streams.

Let’s go back to our boiler example. On day one after implementation, OEMs will already 
be able to give customers value out of the connected IIoT solution—data visualization 
about their boilers so they can see when everything is normal or not performing optimally. 
Then, over time by collecting data from all of the various boilers with an edge computing 
platform and management layer in the cloud, they can start monitor things like boiler tem-
perature, pressure, moisture, and other variables for system health in real-time.

After collecting data for a bit, they can use machine learning to determine what variables 
might lead to a maintenance issue and predict it before it happens. They can offer services 
such as system updates and remote monitoring of every asset from the cloud. The more 
data that is collected, the more intelligent the system becomes.

Another benefit to adding an IoT gateway and edge computing platform to equipment is 
future-proofing. Edge computing platforms allow for change without requiring a whole new 
system. A centralized management interface makes it easy to manage devices, security, 
and data collection for many different data types and also provides the ability to manage 
edge computing devices and deploy new applications and analytics at the edge.

Industrial IoT integration leads to deep insights into equipment on the factory floor.
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How OEMs can Add New Services Via IIoT
After data visualization, the next services OEMs enable are largely predictive. The cus-

tomer wants to prevent points of failure and this type of predictive maintenance requires 
services bundled as applications, which can be realized through IIoT. Not to mention 
that the OEM can now take an old asset, and charge a monthly fee to include an asset 
improvement service thanks to the IoT gateway and edge computing platform already 
installed from the start.

OEMs can enable new services by installing a new application that can provide more 
value on top of the existing system, which ensures their future with the customer is secure 
with multiple services.  Adding new services is mutually beneficial since the OEM furthers 
its revenue stream while the customer gets more from their initial investment.

So, how can OEMs easily push new applications to the machine or asset at their cus-
tomer site, enabling another service for the customer? Enabling software-driven IIoT 
infrastructure and services is the only way to continually add new services, and the edge 
application orchestration layer in the cloud makes it simple and easy to do. An IIoT solu-
tion enables users to seamlessly connect all industrial devices and systems, liberating 
processing and integrating data from the factory floor into cloud or on-premise systems.

Factory floor
This technology inherently offers continuous improvement. For example, the OEM could 

realize over time that vibration is causing anomalies from specific boiler data points. Now 
the OEM can sell an application that monitors vibration to mitigate problems. The list goes 
on and on of how the OEM can continue to deploy new services with an IoT gateway on 
their equipment and by bundling an edge computing platform. IIoT integration creates the 
opportunity for deep insights into equipment usage and maintenance practice.
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F
inding new ways of operating and new revenue streams is essential for any OEM deal-
ing with the manufacturing industry. Machines can last a long time and manufacturers 
don’t take kindly to the notion of planned obsolescence. With IoT, OEMs can improve 
the quality of their products and services, as well as open up new avenues for busi-
ness that they’ve never had before. It’s a brave new world with Industry 4.0.

Monitoring data for improved machine quality. Having access to machine data is 
the best and smartest way for OEMs to improve their own manufacturing processes and 
machines. If they can build better machines that are improved because the engineers have 
access to performance data, the OEM stands to benefit.

While an engineer may have created models to figure out how a machine should per-
form, access to real data from actual machines can give them insight into how they do per-
form. The engineer is then far better equipped to look at what are reasonable parameters 
for each machine and enable far more effective predictive maintenance.

An example of how an OEM can improve their standing with any manufacturer is by 
ensuring they can upgrade legacy systems with adequate controls. A reliable machine, 
and the company that provided it and maintains it, is more valuable than looking for the 
“best deal.” Any manufacturer knows that, and the OEMs that keep it in mind will benefit.

Remote machine monitoring as a new machine service option. Servicing machines 
has historically been a costly and time-consuming process. It would usually require an 
on-site visit for visual inspection of any issues, potentially including extensive travel time and 
adding further to the delays in getting a machine operational again. A service team would not 
necessarily be able to detect which parts were malfunctioning, resulting in a manual (and 
lengthy) process of checking each part that could be involved. Instead, a remote monitoring 
system allows OEMs to troubleshoot the issues via the data from anywhere.

GRAHAM IMMERMAN, Director of Sales and Marketing, Machine Metrics
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Beyond service response, reducing unplanned downtime by proactively monitoring and 
detecting issues is a huge cost savings in manufacturing. With remote machine monitor-
ing, an OEM can collect data about the operations of any given unit and not only react 
faster to any impending issue, but even predict issues based on that data. That ability to 
engage in predictive maintenance from a distance is in fact an excellent unique selling 
proposition that OEMs can offer to their clients as part of their service package.

Analytics platforms like MachineMetrics leverage IIoT connectivity to enable OEMs to 

resolve machine problems through remote diagnosis and reduce on-site service visits by 

10-20%. They optimize preventative maintenance plans, validate warranty claims, and receive 

predictive maintenance alerts to understand new service opportunities post-warranty period.

Some machines with 

legacy controls or no 

controls at all require 

additional hardware/

integration support to 

capture data. Seen here, 

digital and analog I/O is 

captured through auxiliary 

hardware, and sensors 

can be added either as a 

new data point or as an 

addition.
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Without leaving their own location, an OEM can detect any exceptions or activity that is 
falling outside of acceptable parameters, service the machines in advance of a problem, 
and therefore virtually eliminate the impact of any issue for their client.

In addition, if there is an unexpected failure, the OEM is able to use the data collected 
from the machine to determine what was occurring prior to the problem. An operations 
person may not have that knowledge: They might not have been present when it failed, 
or they simply might not know that they were using the machine in a way that it wasn’t 
meant to be used.

OEMs can get future design ideas from data. In addition to improving their own 
designs, OEMs will be able to leverage the data that they receive from their customers to 
create different machines and designs, with less simulation and modelling required. Using 
the real data from existing infrastructure, the options for finding new designs or even new 
uses for machine designs will be unlimited, potentially opening up new markets and new 
lines for the OEM. This presents a huge opportunity for the OEM to ensure that it stays 
ahead of their competition.

Industrial IoT is all about data and knowledge. When it comes to staying ahead in very 
competitive industries, the only real leverage any company has is data. With it, they can 
find new ways to operate or add to their existing offerings to ensure that their current and 
future customers are satisfied.
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W
ith the growth and proliferation of collaborative robots, there has become an in-
creased need for a wide variety of grippers and end effectors in general. One of 
the more challenging applications is for automated gauging and measurement of 
small parts. Such a device must provide high-resolution positioning with resolu-
tions as low as 2.5 micrometers that can be continually available to decision-mak-

ing software in automation applications. This is why New Scale Robotics (NSR), a Division 
of New Scale Technologies decided to design and manufacture one of their latest grippers.

Built for the smallest collaborative robots, the NSR-PG-10-20, Precision Parallel Gripper, 
is a mechatronic system that integrates motor, sensors, precision bearing guides, drive, 
and control electronics, along with embedded firmware for automation, into one device. 
During the design process, NSR decided that the gripper had to offer plug-and-play inte-
gration that could be installed in minutes to Universal Robotics (UR) line of small cobots. 
The NSR-PG-10-20 offers users the smallest size and mass with the highest precision. 
All power and control circuitry is located through the robot tool port and slip rings so that 
no external cable or electronics boards are required. To install the gripper, simply mount 
it to the UR robot tool flange and connect the single cable to the UR tool I/O port. Motion 
commands are received through the robot’s 8-pin tool I/O interface. No external wires or 
separate electronics are needed, which allows for full 360-degree or infinite rotation of the 
UR robot wrist joint without cable interference.

EDITOR, maxon HQ
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The Precision Parallel Gripper incorporates an internal absolute position sensor specif-
ically for automated metrology applications offering high precision for intricate small part 
handling, measurement, sorting, and assembly. The grippers had to provide fast, precise 
movements repeatedly over a long life cycle.

Precision Motion Control
During the design process, NSR researched the needs of their Precision Parallel 

Gripper and selected the EC-20 Flat brushless DC motor (BLDC) designed and manu-
factured by maxon. This motor 
offers up to five winding types as 
well as built-in encoders. Multiple 
power outputs are available, and 
the motors provides high stability 
and quiet operation. The motors 
were primarily selected because 
of their extremely small mass of 
only 15 grams as well as their 

The NSR-PG-10-20 Precision Parallel Gripper incorporates maxon’s EC-20 Flat motor for high 

precision operations

maxon’s EC-20 Flat provides the 

smallest size motor with the proper 

torque capabilities to best handle 

the requirements of the NSR-

GP-10-20 Precision Parallel Gripper
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high continuous torque of 3.75 mN-m. The motors’ 
excellent torque-to-mass ratio means that the 
NSR-PG-10-20 can achieve an adjustable gripping 
force of ±3 to 10 N while using a modest gear 
ratio of 16:1. The gripper incorporates a symmetric 
timing belt drive with a range of 20 mm. Plus, the 
operational voltage, current, and torque were a 
good match with the internal robot power supply.

The BLDC rotary motor drives gear reduction to 
a timing belt that converts rotation to linear motion. 
A separate angle sensor is used to measure the 
motor shaft angle, while separate digital electron-
ics are used to generate the three-phase drive 
current needed for operation. This mechanism 

provides the linear motion necessary to open and close the gripper fingers used to grab 
and release small parts. Gripper fingers are able to grip from the outside or inside of the 
part depending on the application. Through the use of the embedded sensor mentioned 
above, the linear part measurement resolution of the gripper is 2.5 micrometers. The open/
close speed of the gripper is 20 mm/second and the open/close range is 20 mm. For more 
information: newscalerobotics.com
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It was a challenge 
to find a low power 
and current motor 

that allowed us to use 
the internal power on 

the robot
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