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This white paper is part of AMT’s resource library on transformative 

technologies. There is enormous opportunity for learning, collaboration, 

and investment between the manufacturing and technology communities to 

accelerate innovative solutions and product development in the coming decade. 

Industry leaders agree that every part of the manufacturing value chain will 

be transformed by technology — R&D, the supply chain, factory operations, 

sales, and service. Digital connectivity among designers, managers, workers, 

customers, and physical industrial assets will unlock enormous value and change 

the manufacturing landscape.

AMT spoke to leaders and innovators 
throughout the manufacturing and technology 
ecosystems to get their perspectives on 
transformative technologies and where they 
see the key opportunities and challenges in the 
coming decade. 

Our purpose is not to reach definitive 
conclusions about the future of technology in 
the manufacturing ecosystem since there is no 
single technology or type of manufacturer, but to 
delineate patterns that industry leaders observe 
and, where relevant, point out similarities and 
parallels with past advancements to try to shed 
some light on future developments. 

As technology continues to transform the 
manufacturing ecosystem, companies will use the 
new technologies to create new, more flexible, and 
higher quality products; increase ROI; and create 
more efficient manufacturing processes. Those 

companies who are able to successfully leverage 
technology advancements to create new market 
opportunities, or to increase company productivity, 
are more likely to succeed in this transformation. 

AMT sees the advancement of technology as 
a primary avenue of exploration. We regularly 
partner with industry leaders to host various 
events, meetups, and programming. This 
creates networking opportunities to position 
the innovative groups within the manufacturing, 
technology, start-up, and investor communities to 
build alliances, networks, and support structures. 
Such connections will facilitate the creation 
of new solutions and further strengthen the 
manufacturing technology world. 
 
At AMT, we look forward to the next generation of 
manufacturing technology and welcome hearing 
your opinions and experiences on this topic on our 
news website: www.AMTnews.org. 
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Introduction

The digital twin and digital thread are both slowly becoming part of the 

manufacturing technology ecosystem. However, while the digital twin already has 

use cases, the digital thread is more of a goal than a reality today. 

The Digital Twin
The digital twin is a digital representation or model 
of a product, process, or system that mirrors a 
company’s machines, controls, workflows, or systems. 
It includes design specifications and engineering 
models describing geometry, materials, components, 
and behavior – the as-built and operational data 
– unique to the specific physical asset or process 
that it represents.

The term “digital twin” gained attention when Gartner 
named it one of its top 10 strategic technology trends 
for 2017 and again in 2018, saying that “with an 
estimated 21 billion connected sensors and endpoints 
by 2020, digital twins will exist for billions of things in 
the near future.”

The Value of the Digital Twin
Its value is its ability to take real-world data about an 
object or process as inputs and produce outputs that 
are predications or simulations of how the object or 
process will be affected by those inputs. Digital twins 
can therefore provide insights into performance and 
potential problems.

As Gartner noted, IoT sensors are part of what makes 
a digital twin possible, and it is not surprising that 
it has been further realized in the manufacturing 
industry than many other industries and already has 
many use cases.

Because the digital twin allows products to be 
digitally designed and tested before being physically 
produced – commonly known as virtual commissioning 
– engineers can diagnose operational, design, and 
other problems before those problems manifest in the 
physical product as well as test proposed repairs or 
maintenance before applying it to the physical twin. 

Building a digital twin is complex, and there are 
currently no standardized platforms on the market. 
However, commercial products have been developed 
by some of the largest companies in the field: GE, 
Siemens, and IBM. 

The following use cases illustrate practical 
applications of the digital twin for virtual 
commissioning. 
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“The term digital twin gained attention when Gartner named it as one of its 
top 10 strategic technology trends for 2017 and again in 2018 saying that 

‘with an estimated 21 billion connected sensors and endpoints by 2020, 
digital twins will exist for billions of things in the near future.’”

Digital Twin Use Case: 
Bozhon Precision Industry Technology 
Co. Ltd.

A recent Siemens use case of the digital twin was 
demonstrated at the Hannover Messe tradeshow in 
April 2019. Siemens worked with Chinese machine 
manufacturer Bozhon Precision Industry Technology 
Co. Ltd. to develop a digital twin for a machine that 
Bozhon was concurrently manufacturing in China. It 
demonstrated how the front and back of a cell phone 
housing are joined together.

Bozhon’s objective was to improve engineering 
efficiency and accelerate the development, delivery, 
and commissioning of new machines at the customer 
site. A virtual 3D model of the planned machine was 
created, including an interface with Siemens’ cloud-
based operating system, MindSphere. This enabled 
data to be recorded and analyzed during subsequent 
operations and, in this way, to facilitate actions such 
as predictive maintenance and power optimization.

The digital twin was a fully detailed representation 
of the actual prospective machine that allowed its 
sequences of movement to be simulated. The entire 
value chain was comprehensively represented, tested, 
and optimized in digital form, from product design 
through planning and designing the machine itself, all 
the way to the production process and performance. 

While the developers were working step by step to 
simulate the machine using the digital twin while 
also completing a virtual commissioning process, the 
real machine was being manufactured at the same 
time in China. 
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Digital Twin Use Case: 
Burr Oak Tool Uses a Digital Twin for 
Virtual Commissioning 
At the March 2019 Manufacturing in America event, 
Burr Oak Tool, a manufacturer of machining tools and 
equipment, and Siemens discussed how Burr Oak Tool 
has been using digital twins to virtually commission 
its equipment used in the manufacture of HVAC 
units. Burr Oak Tool animated a static 3D model of a 
machine using real-world PLC data.

By bringing the tools’ Solidworks’ CAD files into 
Siemens PLM’s NX Mechatronics Concept Designer, 
Siemens NX could then animate the static 3D model 
of the machine from Solidworks to see how it operates 
using real-world PLC data.

As explained on the Siemens’ website: “Mechatronics 
Concept Designer has easy-to-use modeling and 
simulation which allows you to quickly create and 
validate alternative design concepts early in the 
development cycle. Unlike a model-based tool, 
MCD allows you not only to see what it looks like 
but validate that it works. While model centric tools 
show you the geometry and allow you to model the 
parts, Siemens’ tool allows you to validate that your 
product works before you build it. This validation is 
enabled by the re-use library, from which you can 
quickly add data to the functional model. This data 
includes joints, motion, sensors, actuators, collision 
behavior, and other kinematic and dynamic properties 
for each component. This allows a physics-based, 
interactive simulation to verify machine operation. 
This verification helps you detect and correct errors in 
the digital model.”

The digital twin can be used to debug the machine as 
part of the commissioning process because it uses 

actual PLC code that controls the machine and its 
tools. Having this link between “real world automation 
systems and the virtual world means the digital twin 
is controlled by automation, not by a CAD program,” 
said Colm Gavin, Factory Automation Digitalization 
Specialist at Siemens. “This makes the animated 
model real, not an approximate simulation.”

An important part of this project for Burr Oak was 
being able to “bring in the part data involved in this 
complex sequence to verify that our software was 
accurately replicating that part data info,” said Adam 
Broadwater, Senior Systems Engineer, Burr Oak Tool. 
“By exporting the NX data into Excel, we could see that  
we replicated the part correctly and verified that each 
tool had gone through the proper sequence and done 
what we needed it to do. Essentially, we can verify the 
sequence of operations to prove out the model before 
building the machine.”

“Having this ability to test the logic before the machine 
is built has increased communications between 
the design and manufacturing teams at Burr Oak, 
improved our products, and avoided tooling damage in 
the real world,” said Eric Lund, Controls and Software 
Engineering Manager, Burr Oak Tool. “It also allows 
us to virtually test future design enhancements and 
create faster software iterations of new designs.”

Since its adoption of the Siemens software in 
coordination with the Solidworks CAD software, Burr 
Oak has been able to reduce its machine building 
process by four to six weeks. 
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The Digital Thread

The digital thread can be defined as the 
communication network or framework that connects 
all assets in a manufacturing process in an integrated, 
seamless flow of data across the value chain and 
links every phase of a product life cycle – from design, 
sourcing, testing, and production to distribution, 
point of sale, operation, and service – providing a 
single reference point for design, engineering, and 
manufacturing. 

Because manufacturers – especially those in sectors 
such as aerospace, medical devices, and industrial 
equipment – are challenged with managing complex 
and far-flung supply networks, there is great value to 
be captured from an integrated digital thread linking 
every part of a network; a single product may have 
hundreds of individual components or assemblies 
sourced from dozens of suppliers. A fully integrated 
digital thread is a goal more than a reality for 
manufacturers today, however. 
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Complexity and Cost 
Hurdles of the Digital Thread

AMT spoke to a number of executives and industry 
veterans to get their perspectives on the challenges 
of realizing a fully integrated digital thread. They all 
agreed that standardizing and integrating all the 
disparate sources and types of data in a typical 
manufacturing plant is enormous. Not only are there 
many distinct types of equipment — lathes, mills, 
plastic injection molding, AM, laser cutters, robotics, 
etc. — but depending on the mechanisms available for 
acquiring data from those systems, the data points 
can be very diverse. 

To date, manufacturers have driven performance 
and efficiency through continuous improvement (CI) 
methodologies like lean manufacturing and Six Sigma. 
While these approaches have delivered incremental 
improvements for decades, they have been a siloed 
approach to data management, and systemwide 
analysis and improvements could not be made. 

To analyze data across distinct systems, it must 
be transformed into a common data model. Yet 
each machine control has its own mechanism for 
gathering data, and data points can even differ by 
the family, make, and model of the machine using the 
control as well as the version of the software running 
on that control.

“The challenge to the digital thread today is the 
fact that there are significant gaps, and any gaps 
undermine the continuity of the thread. There is no 
immediate solution to this challenge. The most difficult 
challenge is data integrity. You’re dealing with massive 
amounts of data, and the end result is only good 
as the accuracy of the data. Most manufacturers, 
including Sandvik, use equipment from multiple 
vendors. The challenge is making it all accessible 
and integrating it. If one company interprets one field 
differently than another company, then even if the 
data is accurate, it’s in the wrong place,” said Johan 
Israelsson, Sr. Vice-President & Head of Global Sales, 
Sandvik Applied Manufacturing Technologies. 
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Additional 
Investment Needed

To date, manufacturing technology has had a lower 
margin than many other industries. One of the reasons 
for this is that the industry has largely been self-
funded for the past 50 years with companies earning 
just enough to reinvest in themselves and in R&D. 
While this led to continuous innovation, it has not led 
to exponential innovation or change. 

Recent investment in the manufacturing technology 
ecosystem will help advance the digital thread, 
and in the past 48 months, there has been major 
outside investment in the industry. “The rate of 
investment from outside investors, largely from VCs, 
has increased tenfold over the last three to four 
years from the previous 10-20 years, and there have 
been over $1 billion in deals made in manufacturing 

technology. This massive infusion of capital, much of 
which is for R&D, will yield new increases in overall 
productivity and enable manufacturers to embrace 
transformative technologies at a growing rate,” said 
Dave Burns, former CEO of Gleason Manufacturing 
and ExOne Company. 

“The journey to an integrated digital thread will be different for every 
manufacturer because each has different systems and processes that need 
to be integrated. This will be a challenge for both technology and software 
providers as well as manufacturers.”
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Need for 
Collaboration
Many industry veterans believe that the success of 
the digital thread in the manufacturing industry is 
closely linked to collaboration with leading technology 
companies. “Manufacturing companies need to work 
with partners, including companies that have the 
same or similar technologies on the commercial end 
as well as in R&D. For example, two of the experts 
in big data right now are Amazon and Google, who 
have the ability to supply manufacturers with the type 
of knowledge and tools to tackle some of their data 
challenges,” said Israelsson.

Others believe the best solutions are going to be those 
that originate from within the industry. “Collaborating 
with technology companies to solve common 
challenges in the industry is critical, but I think that 
this type of collaboration will just help cultivate 
creative solutions from within the manufacturing 
ecosystem and not necessarily make Google, Amazon, 
or Microsoft experts at solving manufacturing 
problems,” said John Murphy, Chief Technology Officer, 
True Analytics. 

“Amazon and Google are technology companies 
that created their own industry. Although their data 
challenges are really complex, the data they deal 
with was clean and well organized from day one. 
Manufacturers can learn from them, but the data we 
deal with is completely different and is certainly not 
clean or stored in one giant, well-designed ecosystem. 
I feel very certain that the best solutions are going to 
be born from the industry,” said Murphy.

Some of the most valuable data manufacturers 
have is locked away in legacy systems or proprietary 

solutions that are nearly impossible to access 
quickly or easily. 

True Analytics is tackling the digital thread by 
integrating legacy data with existing digital data in 
several complex industries including aerospace, 
defense, and power generation. All three industries 
have valuable silos of legacy data in legacy systems 
such as IBM AS400s that need to be accessed 
and integrated to enable systemwide process 
improvements. Using its Revolution Core integration 
platform, True Analytics can integrate this legacy data 
with IIoT device data, tool management, CAM, ERP/
MRP, and other data.

“Our focus is process improvement in complex 
environments where it is really valuable to give 
engineers priorities in terms of identifying the parts 
of processes that need to be optimized. If you have 
50-plus machines in your shop, you might have 500 
tools running each day, and it’s not realistic for an 
engineer to solve complex problems by just looking 
at OEE or utilization metrics on individual machines. 
Their job is much more complicated than that, and 
we need to provide them a more comprehensive 
solution that integrates other data into the same 
environment,” said Murphy. 

In summary, the journey to an integrated digital thread 
will be different for every manufacturer because each 
has different systems and processes that need to be 
integrated. This will be a challenge for both technology 
and software providers as well as manufacturers.
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