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The Digital Thread will shortly dominate the manufacturing space. Now is the 

best time to start putting the pieces together and start your own digital thread 

journey. Razorleaf has put together a compilation of articles by and featuring 

our experts in the digital thread and digital twin world.



START NOW: PROFITING FROM THE 

DIGITAL TWIN CAN TAKE TIME.

The concept of the Digital Twin is still evolving

but it is powerful and self-evident enough that 

most manufacturers believe that they need it. 

Leading organizations expect that digital twins 

will help them deliver better products, services, 

and experiences to their customers, at lower 

costs than are currently possible. As digital 

replicas of physical (or cyber-physical) products, 

digital twins should act as crystal balls allowing 

engineering teams to understand how their 

products will behave and respond to real-world 

use and abuse, long before that information is 

needed.  

As manufacturers move from selling products to 

increasingly offering product-based services, the 

lifespan and total lifecycle costs of their devices 

become more critical. If you can produce less 

expensively, then naturally your profit margins 

are higher. And here is the key to using a digital 

twin to improve your competitive position.

Be sure you have time and resources to devote 

to this. Before moving to adopt a digital twin 

methodology in your company, it’s a good idea 

to make sure you have a complete understand-

ing of what it might look like.

At its heart, a digital twin a mathematical model, 

and the “digital” part of the name implies that 

this mathematical model is represented in binary 

form, which can be calculated and manipulated 

by computers. But a model for what purpose? 

There are many kinds of models, and most 

people think of 3D models first. A 3D geometric 

model is a good start and an important founda-

tion for the digital twin.

But to be truly useful, the digital twin 

should express other aspects of the 

physical artifact—like behavior. Digital 

twins can include models of materials, 

coatings, embedded software, embed-

ded control systems, power sources, 

internal chemical reactions, reactions to 

environmental conditions (such as temperature, 

electrical fields, weather, etc.), and more. All of 

these aspects of behavior combine to simulate 

the real-world behavior of the physical device.
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There is one more wrinkle that digital twins 

(can) consider: the uniqueness of each physi-

cal instance. The old wives’ tale claims that you 

shouldn’t buy a car built on a Monday or a Friday 

because manufacturing workers produce poor 

quality results at the beginning and end of a week. 

Although I am confident that this is not true, it is a 

reminder that serial number 1 and serial number 

100 of a product are built differently, perhaps by 

different people under different conditions.

Digital twins incorporate 

not only virtual modeling 

of the theoretical perfor-

mance of any particular 

serial number but include 

the instance-specific de-

tails for individual physical 

products in the series. 

There is a unique digital twin for every serial num-

ber that rolls off the manufacturing line. Therefore, 

all of the data collected during manufacturing (tem-

perature was low on the paint-baking machine that 

day), and all of the data collected by the device 

during its use (IoT sensors) combine to enhance 

the picture we have of that particular instance of 

the product.

Each digital twin includes the relevant details of 

that specific physical instance and can predict its 

unique behavior in response to changing environ-

mental and user-driven conditions in the future. 

That assumes that we have put the right capabil-

ities in place to capture, track and manage this 

information.

Many of the capabilities mentioned so far exist 

today. There are software tools for 3D modeling, 

control system modeling, static/dynamic analysis, 

chemical reaction modeling, fatigue analysis, IoT 

data capture, manufacturing execution (IIoT) data 

capture, and more. But what is the system that 

brings all of that data together in a meaningful way, 

so that you can ask questions and run scenarios? 

That system is what does not exist. Let’s consider 

for a moment how we might build this digital twin 

system.

If we start with systems modeling, 3D modeling 

and some basic finite-element analysis models, we 

can create a Virtual Twin that is a good foundation 

for digital twins. To connect, configure, control and 

manage all of these models, we need a system 

like PLM (Product Lifecycle Management). To dive 

deeper into your virtual twin’s capabilities, you 

might add things like control system modeling with 

Hardware-in-the-Loop test capabilities, MDAO (Mul-

ti-Discipline Analysis & Optimization) tools, and FMI 

(Functional Mockup Interface) capabilities.

Continued

Start NOW

DIGITAL THREAD READER / AUGUST 2019      3

Continued



Somewhere along the way, you will likely choose 

to enhance your product definition data and be-

come more of a Model Based Enterprise (MBE). 

This activity may lag a bit, but proceed in parallel 

with a PLM system deployment.

Integration with ERP/MRP/MES is another impor-

tant step to build a bridge from the virtual to the 

physical. Assuming you already have a modern, 

robust MES system in place, integrating this data 

back through ERP/MRP and into your virtual 

models to deliver enhanced analysis results is 

a great step. At this point, your first digital twins 

will start rolling off the line at the same time as 

their physical counterparts.

Many companies today are busy learning how 

they will leverage IoT sensors, what data they 

will capture, and how they will use that data 

for understanding how their products behave 

during real-world usage. Assuming an IoT project 

like that is already underway and proceeding 

in parallel with all of the activities above, your 

initial digital twins can be enhanced to track and 

update alongside your products out in the field.

While much of the necessary technology for 

digital twins exists today, most organizations do 

not have all the necessary skill sets in place to 

take advantage of digital abilities. Employees 

will need new skills in data science, modeling, 

and next generation configuration management. 

New organizational roles will be required to sup-

port all of this as well. But if your organization 

is nimble, and the culture is flexible, the organ-

izational changes needed to adopt these tools, 

skillsets, and new roles shouldn’t add significant 

time to the projects I’ve described above.

If your business is trying to pivot into selling 

products-as-a-service, or you just understand 

the long view of serviceability (and profitability), 

then it’s time to get started laying the foundation 

of your digital twin factory—today.

Jonathan Scott is Chief Architect at Razorleaf.
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HOW DOES ONE GET STARTED WITH 

PLM AND THE DIGITAL TWIN?

The future of computer-aided design 

systems in an Internet of Things world 

is the Digital Twin. Digital Twins lever-

age data from CAD systems, product 

lifecycles, manufacturing systems, and 

sensors to create a realistic virtual 

model of your product, enabling you to 

predict performance, maintenance, and failures.

To understand what is needed to implement a 

Digital Twin, we spoke to Jonathan Scott, chief 

architect at Razorleaf. 

Razorleaf is a consulting 

firm founded in 2000 

that provides technical 

expertise into CAD sys-

tems, PLM systems, and 

how to build successful 

future digital services for 

manufacturing companies.

Tell us about yourself and your role at 

Razorleaf.

My background is in mechanical engineering. I 

worked in the transportation and nuclear indus-

tries and that led me down the road to working 

with product lifecycle management (PLM). For 

almost 20 years I’ve worked on the mechanical 

and electrical side managing data and building 

material for PLM systems. I’ve worked with several 

different software platforms from Dassault  

Systemès, PTC, and Autodesk.

Currently, I’ve moved away from the hardcore 

technical programming and system configuration. 

Nowadays I spend more time working with clients 

talking about their business needs, and how they 

can improve business processes to get the real 

benefit and value out of their data. I still spend a 

fair amount of time answering fundamental ques-

tions on how to take your data to the next step 

and deal with the cultural aspects of transitions.

In your opinion, what is the current state 

of the Digital Twin in the automation 

and manufacturing market? How does it 

relate to PLM?

We’re in the early stages of the Digital Twin con-

cept, as organizations develop targeted Digital 

Twin models of their products to meet specific  

  objectives. Some businesses want a Digital 

Twin to help them control their physical assets, 

so the Digital Twin is used to validate behavioral 

response to software controls. Other businesses 

want a Digital Twin to make more accurate pre-

dictions of as-built product performance, so they 

focus on different areas to increase the fidelity of 
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We spoke to Jonathan Scott, chief architect at Razorleaf, to determine 

how to enter the world of the Digital Twin.



their DTs. However, most organizations are still 

trying to define the value of a Digital Twin and to 

build a representative model of their virtual prod-

uct—they are years away from creating twins of 

each physical instance of their product.

Product lifecycle management software and 

Digital Twin modeling have sort of an independ-

ent maturity at the moment. PLM has become 

fairly mature in terms of its core capabilities and 

what the vendors are offering. The adoption rate 

is where I think there’s still a huge spectrum and 

room for growth. And of course, then that relates 

to the level of maturity of digital tools in the mar-

ket. Digital Twin is much less mature because it 

stands on the shoulders of PLM.

In all cases, you need some sort of virtual model 

on which you can overlay the sensor and perfor-

mance data that comes back from the field. There 

is a lot of work being done there not just to figure 

out how you connect those two data [but how] you 

marry that with this low-volume data set that is the 

product record coming from PLM.

What digital services are enabling the 

Digital Twin?

Management of model data from PDM through the 

full PLM set of capabilities (this is a huge collection 

of digital services) [is] the foundation of the Digital 

Twin. Layered on top of that are IIoT and IoT data 

services. The as-built data collection services of 

MES systems are the primary provider of IIoT data, 

and the IoT data stream seems more ad hoc.

Lots of people 

are experimenting with IoT data collection—so 

tools like ThingWorx and Mindsphere are provid-

ing these services—but others are building their 

own using edge data collection services, cloud da-

tabases, and other microservice elements. ERP is 

also adding value, particularly those ERP systems 

with serialization modules and service manage-

ment capabilities.

One system that people tend to overlook is  

manufacturing execution systems (MES). 
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For manufacturers that have been doing large 

capital equipment—like airplanes, for exam-

ple—they really are tracking every physical part 

through their plant or their manufacturing facili-

ty. They are collecting all of this data related to 

quality and SPC data, which is a rich data source. 

10 to 15 years ago these systems were hitting their 

prime and used to ensure products going out the 

door were 

validated.

A good 

example is a 

product made 

of composite 

material that 

requires bak-

ing. The MES 

would require 

the start time, 

finish time, and ensure the product was within 

nominal parameters. Now that same information 

can be used to feed into the Digital Twin model. 

For instance, correlating composite curing param-

eters with in-service strain data of the part, may 

show the importance of variables not previously 

managed or understood. Through MES data and 

the Digital Twin, you create a better product.

What are the major benefits today of the 

Digital Twin? Do they line up with what 

was expected?

Asking about the benefits of the Digital Twin is a 

bit like asking about the benefits of a PLM system 

—DTs will be defined differently by different peo-

ple and have very different uses. I think people are 

already seeing benefits from the predictive nature 

of DTs with capital equipment and other high- 

value assets. As time goes on, we will see those 

values trickle down to other types of products, and 

additional value propositions crop up as well.

Users trying to create a digital twin of large 

capital equipment are seeing the payoff. When 

you see that the equipment is out of temperature 

or vibration parameters, it allows users to pause 

and analyze the equipment. It isn’t necessarily a 

failure, but you know something’s abnormal and it 

allows you to go back to your virtual model to help 

predict an early failure indicator. It helps users de-

termine if there is a certain repair or service mode 

that is needed to diagnose something specific. 

That type of focused Digital Twinning is paying off.

Potentially, what future benefits can the 

Digital Twin bring?

In the long term, Digital Twins should be like a 

crystal ball to an organization. By feeding the right 

data (virtual definition, physical characteristics, 

and performance history) into the right analytical 

or behavioral model, organizations should be able 

to see how serial number 123 of their product will 

react in response to specific real-world stimuli. 

In the right contexts and with greatly expanded 

computing capacity, future-predicting models like 

this should be able to do amazing things, such as 

saving lives from catastrophic product failures.
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For those starting to explore the Digital 

Twin, what technology or service should 

they invest in?

It is difficult to leverage real-world (IIoT and IoT) 

performance data about a product for predictive 

value without some sort of model in which to apply 

the data. So, without a relevant virtual model of a 

product, it is hard to get the benefit out of cap-

turing information from the field (there are excep-

tions, of course).

So, I think organizations need to invest in mode-

ling their products (to whatever level of detail is 

appropriate for their needs) and managing those 

models in a flexible framework that will allow for 

incorporation of performance data and for adjust-

ment of the model fidelity as time goes on. PLM 

systems are currently the best toolsets available 

for that, so I think one concrete action that organ-

izations can take is deploying a PLM to enable 

their version of a Model-Based Enterprise.

Frankly, for a lot of organizations, this is a long 

road. A lot of the early adopters of Digital Twin are 

going to be folks who were already early adopters 

of PLM, modeling technology, analysis, and mod-

el-based enterprise type techniques and technol-

ogies. Those users have a great foundation to go 

after IoT data and start to build their twins. How-

ever, a lot of our customers are still sorting out the 

transition to 3D CAD.

Our advice to them is to be practical about the 

process. You need good PLM systems in place to 

prepare for Digital Twin systems. They also need 

to target a use case that has real benefits to their 

organization. Are you trying to be predictive be-

cause you’re trying to sell your product more as a 

service? Or are you trying to use a Digital Twin for 

maintenance purposes to avoid downtime? I think 

it’s better when people have a goal in mind or 

have a capability in mind for their Digital Twin and 

build out the functionality and underlying systems.

For those looking to enter Digital Twins, we  

recommend the following steps:

Assess where you are. Know where you are along 

the process. What tools and data do you already 

have available? We have tools that analyze your 

systems to help you define your status.

Define where you want to be. Determine how you 

want to use these tools and what goals make the 

most sense for you.

Prepare your workforce culture for change. You 

don’t always have to get your culture right, but you 

have to recognize that change will be needed. The 

process of putting new tools in place will impact 

large parts of an organization—people are going to 

need to be incented differently, and their roles may 

change. If management recognizes these impacts 

ahead of time, the process of change can be more 

comfortable for everyone.

Continued
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3D PRINTING PERMISSIONS

Kip Hanson | July 1, 2019 

Digital Engineering 24/7

OK, I admit it: I once 

ripped my entire “Star 

Wars” DVD collection so I 

could watch it on my iPad. 

There was a long flight 

coming up and a certain well-

known media store wanted 

100 bucks for the download. 

Please don’t tell anyone though; 

I’ve since learned that I violated 

Title I of the Digital Millennium 

Copyright Act. 17 U.S.C. 1201 and 

could face a $500,000 penalty and 

up to 5 years of imprisonment.

I get it. Intellectual property theft is 

a serious offense, but really, paying 

for “The Phantom Menace” a second time would 

be adding insult to injury. All kidding aside, digital 

rights management (DRM) is an important concept, 

not only for musicians and movie producers, but 

also for companies that develop products using 

additive manufacturing.

Navigating the Ecosystem 

DRM is a broad, end-to-end strategy, one that 

promises to help control product designs and doc-

umentation as well as part quality and equipment 

use, explains Koen Neutjens, business develop-

ment manager at Belgium-based Materialise NV 

(https://www.digitalengineering247.com/company/

materialise). Perhaps more importantly, it assures 

that people can only print parts on authorized ma-

chinery at authorized facilities.

To a machine shop or fabricator, it might seem silly 

to ask for permission before manufacturing a part, 

but for those who 3D print parts, the concept isn’t 

all that far-fetched. The chances are good that the 

copy machine in the front office is at least capable 

of asking for a username and password, ensuring 

that employees aren’t using the equipment for 

non-business needs, and that costs get allocated 

to the correct department.

There’s one catch. Unlike media-centric DRM, 

where encryption or file encoding mechanisms 

are all that’s needed to curtail illegal copying and 

distribution activities, additive DRM requires the 

support of everyone who touches the 3D printing 

process.

As one of the largest printing factories in the 

world, Materialise is working closely with its 

many machine vendors to close the DRM 

loop. Image courtesy of Materialise NV.

Continued

Coming soon to an additive manufacturing shop near you: 

digital rights management for 3D printing.
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“That means the part designers, the 3D printing 

software developers, the end users and their man-

agers, and especially the machine builders,” says 

Neutjens. “Without their cooperation, DRM will be 

difficult to enforce.”

Despite the challenges, Materialise is moving full 

steam ahead. “We find that our customers’ under-

standing and requirements for DRM are applica-

tiondriven and diverse,” he explains. “Today, with 

our additive manufacturing software suite, we offer 

our customers file protection for 

targeted applications, 

within a secure 

digital man-

ufacturing 

environ-

ment. For 

these appli-

cation- 

specific 

workflows, 

DRM-relat-

ed “meta-

data” is incorporated into a protected file before 

being transferred to a 3D printer. DRM will become 

an integral part of the global distributed manufac-

turing networks that our customers are creating.”

Delivering Data Integrity

Some say it takes a village to raise 

a child—with DRM, it’s no different. 

That’s why Materialise works with its 

partners to establish a true end-to-

end, secure 3D printing manufactur-

ing process, where part designs are 

processed on an approved machine, 

using the approved build file and parameters, and 

where they can only be printed as many times as is 

specified in the file. Yet Neutjens is quick to point 

out that another element is needed: a third-party 

DRM provider to apply the necessary access rights 

and to encrypt the files.

Joe Inkenbrandt is delivering that third party, even 

though he doesn’t care for the term DRM. The 

founder and CEO of Identify3D (http://Identify3D.

com) says traditional DRM is about protecting 

revenue streams, whereas additive DRM embraces 

more than that.

“The primary goal is to make certain that this com-

plex manufacturing technology is applied correctly, 

and that consumers receive what they paid for— 

namely, good parts,” he says.

It works by containerizing all of the relevant data, 

Inkenbrandt says. A company such as GE, Boeing 

or anyone that needs tight product control—includ-

ing where and how they’re manufactured—uses 

the Identify3D solution to specify what assets and 

processes should be tracked. This metadata is 

then encrypted together with the relevant files 

Continued
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Protect, manage, enforce and trace are 

the four pillars of any sound DRM strategy. 

Image courtesy of Identify3D.

That means the part 

designers, the 3D printing 

software developers, the end users 

and their managers, and especially 

the machine builders,” says Neu-

tjens. “Without their cooperation, 

DRM will be difficult to enforce.

“

“
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and placed within a secure digital container. Only 

someone with the correct license key can access 

the data within this container. 

Like Materialise, Identify3D is partnering with 

machine tool builders. Yet Inkenbrandt says DRM 

goes much deeper. It might pull raw material sup-

pliers into the loop, as well as quality control pro-

viders, design and manufacturing software devel-

opers, post-processing equipment manufacturers 

and especially service bureaus. All must be part 

of the additive DRM ecosystem if this burgeoning 

technology is to be made as robust as possible.

Herding Cats

And yet, DRM will 

never be hackproof. 

“Any security expert 

will tell you that 

nothing’s unbreak-

able, period,” Inken-

brandt says. “Wheth-

er it’s fine jewelry or 

a product design, pour 

enough money and effort 

into stealing something and you’ll ultimately be 

successful. It’s our job to analyze the threats and 

understand where the attacks are going to come 

from, and then safeguard against those threats 

to the level that theft is no longer economically 

feasible.”

So why should organizations bother? If the manu-

facturing industry will always have a certain flavor 

of the Wild West, one might argue that DRM isn’t 

worth the effort. Jonathan Scott, chief architect 

at consulting firm Razorleaf Corporation (http://

Razorleaf.com), disagrees, suggesting that DRM 

shares many of the same attributes as a product 

lifecycle management (PLM) system, and that both 

are becoming invaluable tools in controlling what 

could be chaos.

“PLM and DRM are like partners in the perfect 

marriage,” he says. “Where PLM does a great job of 

managing product definition from cradle to grave, 

DRM protects some of the different phases of that 

physical product’s lifecycle.”

Scott adds that DRM shares some similarities to a 

manufacturing execution system (MES), in that it con-

trols various elements of the manufacturing process, 

albeit more securely.

The question becomes: With all these different sys-

tems available, shouldn’t additive manufacturing as a 

whole run like the proverbial well-oiled machine? 

Unfortunately, we’re not there yet. Most of the 

additive shops that Scott talks to have none 

of these systems, though interest is growing.

“Companies are beginning to realize the 

power of additive manufacturing, and a 

Printing PERMISSIONS
Continued

number of them have recognized that PLM is 

every bit as important here as it is with traditional 

processes—in some ways, even more so,” Scott says.

“The design potential and part complexity are far 

greater with additive, never mind the fact that you’re 

determining many of the material properties as you 

build the part—the possibility of developing a truly 

unique product design is significant,” Scott contin-

ues. “So whether it’s your part design or the custom-

er’s, what happens when they ask you for the entire 

set of build parameters when you deliver the finished 

part? There’s a great deal of intellectual property 

involved—are you just going to give it away? That’s 

where DRM becomes a game-changer.”

Article reprinted with permission: 

https://www.digitalengineering247.com/article/

printing-permissions
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IS DIGITAL TRANSFORMATION 

STUCK IN NEUTRAL?

Engineering has an appetite for new technologies to digitally transform, 

yet traditional silos and culture remain obstacles to large-scale success.

 

Automakers are accelerating development cycles

by 3D printing prototype parts and tooling in lieu of 

traditional manufacturing processes. In the aero-

space sector, players are leveraging the Internet 

of Things (IoT) to collect a vast array of sensor data 

to help proactively flag potential part failures or to 

determine when 

an engine is due 

for routine service. 

Even slower-mov-

ing industries like 

shipbuilding have 

their sights set 

on 3D modeling 

capabilities from 

simulation to aug-

mented 

and virtual reality (AR/VR) to shore up and modern-

ize traditional development practices.

Although companies in nearly every major sector 

have embarked on some leg of the digital transfor-

mation journey, there are still countless unexplored 

routes and many miles to travel. The reality is that 

despite the drumbeat of press reports and promi-

nent user stories, successful and holistic transfor-

mation of engineering and product development 

processes still remain the exception, not the rule. 

Newer technologies aside, even product lifecycle 

management (PLM), the decades-old software plat-

form and business process approach for syncing 

engineering with relevant stakeholders throughout 

the lifecycle, has not lived up to its full transforma-

tional potential.

“If you’re a product company and you want to do 

digitalization, then your PLM game needs to be 

pretty on point, but that’s further than most people 

are,” says Stan Przybylinski, vice president of CIM-

data (https://www.digitalengineering247.com/

company/cimdata). “It’s amazing how many 

companies adopt these core data and process 

management platforms with lofty goals and most 

remain stuck in PDM (product data management). 

Even while vendors add all these new capabilities, 

the majori-ty of companies are just doing basic 

blocking and tackling.”

Persistent Silos Are a Problem 

Compared to other areas of the business like mar-

keting or sales, engineering is more likely to lag 

behind in the race to digitize core processes—in 

part because of the complexity of the technology. 

However, the more acute stumbling block is not 

with established or even newer technologies, but 

rather the long-seated cultural norms that promote 

a siloed approach to workflow and product-related 

data.

Digital twins factor heavily into Team Penske’s 

efforts to transform design and development. 

Image courtesy of Team Penske.

Continued
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“Most of the time companies get stuck due to 

organizational stuff,” says Przybylinski. “Organiza-

tions are not necessarily structured in a way that 

promotes optimal collaboration. Instead, they are 

still operating as separate functions.”

Engineering’s inclination to guard siloed product 

data and reticence to share work-in-progress de-

sign materials are other big hurdles standing in the 

way of effective transformation.

“With PLM, we see a lot of complaining that others 

will see into their department or work product, and 

that comes from a silo mentality,” notes Jonathan 

Scott, chief architect at Razorleaf (http://Razorleaf.

com), a consultancy specializing in PLM and engi-

neering-related implementations. “If you work in 

product definition, you are supposed to work with 

people in other domains. You need to be in contin-

uous integration mode where everyone is involved 

in evolving the baseline. Exposing work should not 

be viewed in a bad way, but in a good way that lets 

you move ahead.” 

In a similar vein, if transformation is all 

about changing business models (to 

product-as-a-service, for example) or 

redefining processes to bolster inno-

vation, organizations need to extend 

their goals far beyond engineering. 

Specifically, they need to create a 

seamless flow of data along with 

integrated and automated workflows 

that encompass the full operational lifecycle. That’s 

where the concept of the digital thread comes in.

Much like in the early days of PLM, there is plen-

ty of high-level posturing about how the digital 

thread will deliver untold insights and streamline 

processes leading to more innovative products, 

predictive maintenance services, even just-in-time, 

custom manufacturing practices. At the same time, 

however, there is still a lack of consensus on what 

the digital thread actually constitutes and far less 

clarity on how to effectively put the concept into 

play.

The digital twin, another crucial building block 

for digital transformation of product development 

and engineering, is also open to slightly different 

interpretations depending on the provider or the 

enterprise. Some vendors, like Dassault Systèmes 

(https://www.digitalengineering247.com/company/

dassault-systemes) and Siemens PLM Software 

(https://www.digitalengineering247.com/company/

siemens), view the digital twin as a full 3D rep-

resentation and systems model of a product and 

its behavior, while companies like PTC (https://

www.digitalengineering247.com/company/ptc) 

have a similar view, but associate a digital twin 

with a very specific, serial-numbered product.

At the same time, there can be glaring gaps of 

relevant data and loose ends in both the digital 

twin and the digital thread. For example, compa-

nies may have gone as far as to create a digital 

twin of a product, including collecting usage data 

while out in the field, but have not yet figured out 
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how to create an effective closed-loop workflow 

that feeds that data directly back to engineering 

so it can leverage intelligence for future product 

iterations.

Similarly, while organizations have made good 

strides integrating mechanical and electrical CAD 

data, software development—a critical aspect of 

most modern-day products—is still often handled 

in a separate system as is service information. 

Without the totality of data and a seamless pro-

cess, the utility of a digital thread is undermined.

“Companies need to focus on how the digital 

thread connects data used all the way through 

the lifecycle to generate better decisions and to 

get upgrades and better products out the door,” 

says Mark Reisig, director of marketing at Aras 

(https://www.digitalengineering247.com/company/

aras-corp). “If engineering is focused on one-off 

projects, they might improve the customer experi-

ence, but if they’re not 

connecting processes 

throughout the end-to-

end lifecycle, they are 

not helping the business.”

Beneteau, a French boat 

manufacturer, is piloting 

its PLM foundation toward 

a seamless digital thread of 

data with the aim of pro-

moting reuse, shortening development time and 

aiding workers in boat assembly, according to CIO 

Bertrand Dutilleul. The implementation of PTC’s 

Windchill PLM platform, to take place over the next 

18 months, is broken up into three 6-month phas-

es: The first 6 months is focused on creating ac-

curate work instructions for existing boat designs 

followed by a phase where the team builds a new 

boat that will be put into production and pushed to 

the shop floor to build familiarity and confidence 

with workers in the new digital approach. Once the 

kinks are hammered out, the digital workflows will 

be deployed plant by plant.

“It is very important to have a reference plant—the 

key to success is selecting the right team for your 

first project,” Dutilleul says. “You need an energet-

ic, visionary project leader to establish momentum 

and provide continued executive sponsorship.”

With the core PLM foundation in place, Beneteau 

expects to evolve its digital transformation efforts 

over time with new capabilities like augmented re-

ality to better define the product through engineer-

ing collaboration, help factory workers with digital 

work instructions and make it easier for customers 

to configure their boat designs. IoT will eventually 

come into play for preventive maintenance and to 

better understand 

how the boats are 

used in the field 

to inform future 

design decisions, 

he explains.

“These use cases 

are only made 

possible by first 

building a solid 

foundation through PLM,” Dutilleul says.  Engineer-

ing organizations can get waylaid by focusing on 

projects that implement sexy new technologies 

Continued

Stuck in NEUTRAL

Beneteau’s digital transformation is grounded 

with a PLM Foundation. Image courtesy of PTC.
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like AR/VR or 3D printing without first taking on the 

heavier lifting to determine how to create that op-

erational lifecycle view. “Oftentimes, organizations 

are buying technology with no particular 

plan,” Aras’ Reisig says. “They are not 

looking at the business horizon-

tally and this is where they get 

stuck.”

Beyond integrating siloed 

systems, a digital trans-

formation effort is also 

about standardizing and 

harmonizing processes so 

everyone is operating from 

the same playbook. Yet asking 

people to change behavior and 

be open to other ways of working is 

always an uphill change management battle, 

especially if there aren’t overt problems or active 

pain points crying out for a solution.

“The drive to harmonize processes is typically a 

company perspective, but engineers doing the 

work may not be dissatisfied enough, thus are not 

anxious to change what they do except in incre-

mental ways,” explains Mark Taber, vice president 

of marketing and go-to-market strategy for PTC.

For established companies in well-entrenched 

markets, transformation and disruption is exceed-

ingly difficult when you have to balance your ex-

isting product portfolio and product development 

practices with incremental improvement. “You’re 

thinking about how you get from here to there, 

not where you want to be,” 

Razorleaf’s Scott explains. “If 

you have to bring along the 

baggage of what you’re al-

ways done, you’ve got an extra 

constraint to deal with, and it’s a 

big one.”

Guillaume Vendroux, CEO, DELMIA, Dassault 

Systèmes, agrees. “The projects I see failing never 

fail for technology reasons. They fail because of 

change management. That can be avoided. The 

problem of transformation is likely to happen when 

a business is not engaged. The business needs to 

engage. It needs to build digitally minded process-

es in order to leverage the technology to get the 

value out of it. I see that on a constant basis.”

Best Practices for Change 

To break down the silo mentality and thread the 

needle for seamless digital processes, organiza-

tions need to adopt systems engineering practic-

es, including model-based systems engineering. 

The latter uses models as a framework to repre-

sent the shape, behavior and contextual informa-

tion surrounding a product throughout the design 

process, across the full lifecycle and spanning all 

the different technical disciplines.

“Systems engineering helps us see across disci-

pline lines by looking at the design and definition 

of a product while things are still fuzzy,” Razorleaf’s 

Scott says. “Getting everyone in the various disci-

plines to look up higher in the process is how we 

become more holistic.”

Embracing agile practices, especially as organi-

zations roll out complex initiatives like PLM, is an-

other important milestone, according to CIMdata’s 

Przybylinski. Agile practices can help remove cost 

and complexity barriers to PLM implementations; 

however, the shift creates additional challenges.
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“The agile methodology allows you make errors 

and correct them quickly because you learn from 

the errors,” Vendroux says. 

“This is the reason why 

people are using agile, 

even though if you look on 

paper, it is significantly more 

complicated to manage and 

so therefore costs a bit more. 

But, it’s so much more power-

ful at the end of the day.”

Creating a product-centric delivery view as op-

posed to the traditional functional view also 

encourages cross-discipline collaboration. This 

extends to creating multidisciplinary teams internal 

to engineering but that also cross over to include 

non-engineering roles in manufacturing or supply 

chain, for examples.

“You need to create teams with multiple skills that 

have one common vision for product features,” 

notes Vinod Subramanyam, head of the digital 

infrastructure practice at Brillio (http://Brillio.com), 

which specializes in helping companies with digital 

transformation.

Along with new management and team collabora-

tion structures, enlisting a key executive as a spon-

sor is critical to getting the necessary buy-in. To do 

so, engineering management needs to be able to 

effectively communicate the business case for dig-

itizing processes and investing in new platforms. 

“So many folks in engineering talk in bits and 

bytes and that doesn’t help people to understand 

what they’re talking about,” Scott says. “Executives 

won’t fund what they don’t understand.”

At Team Penske (http://TeamPenske.com), an 

American professional motorsports organization, 

the push for digital transformation came from 

both top down and bottom up. The race team, 

which has to drive performance year-over-year, 

but also continuously throughout racing season, 

adopted an entirely new engineering platform 

in 2018 based on Siemens PLM Software’s NX, 

Teamcenter PLM and simulation platforms. After 

a full year of planning, including migrating legacy 

engineering data, creating system architecture and 

end-user training, the race team went into over-

drive with the new platform, which includes using 

digital twin methodology such as virtual models 

and simulation capabilities to quickly iterate and 

bring new prototypes to life before building any 

physical products.
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“End users have become aware of what’s possible 

with digital models, making their daily tasks more 

straightforward and allowing them to be more 

effective,” notes Drew Kessler, design engineering 

manager for Team Penske. “Top management has 

been pushing for performance increases at a fast-

er rate, which is also enabled by digital methods.”

Team Penske plans to integrate Teamcenter Manu-

facturing with managing build processes to shrink 

the time between design and manufacturing while 

refining digital twins. “Having a functional digital 

twin and using virtual/digital development meth-

ods allows us to develop at a rate faster than 

our competition,” Kessler says. “Time to 

market is critical in motorsports—

there is a race on the track 

every weekend, but between 

the weekends, there is a race to 

develop and manufacture new 

parts.”

In the end, however, companies 

need to remember that digital 

transformation is a marathon, not 

a sprint.

“You’re talking about people modifying the way 

they’ve done things before,” says Del Costy, senior 

vice president and managing director of Siemens 

PLM Software’s Americas’ digital industry software 

division. “Companies that set a vision and see it 

through end-to-end get great results identifying new 

business opportunities and driving profitability— 

and that’s the holy grail of transformation.”
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ROADBLOCKS SLOW  

THE DIGITAL TWIN RACE

Beth Stackpole | May 2018 

digitaleng.news

Companies are proceeding with caution on the digital 

twin journey, slowed by varying interpretations of the 

technology, the complexity and the lack of a packaged 

tool set.

ALTHOUGH AN ENGINE TWEAK or a small part 

change can deliver the win, the frenetic pace of 

the NASCAR race season means a good idea has 

a shelf life of only about a week or two. To acceler-

ate its process, Hendrick Motorsports is throttling 

up a digital twin effort to test drive changes quickly 

before building physical prototypes and to lever-

age real-time engine performance data to fine-tune 

winning designs.

“Our schedule is pretty rigorous with 36 race 

events a year, which means we are reinventing 

ourselves every week,” explains Jim Wall, Hendrick 

Motorsports’ senior director of engine programs. 

“The digital twin gives us the freedom to explore 

design options and variations without committing 

to a physical model.”

Like at Hendrick Motorsports, the digital twin is 

starting to take shape at manufacturers that are 

building everything from cars to aircraft to wind 

turbines. Hendrick Motorsports got an early jump 

and lapped the concept for its powertrain compo-

nents, but it hasn’t yet crossed the finish line on a 

complete digital master, Wall says. Other front-run-

ners are also pacing digital twin efforts, hitting the 

brakes for a variety of reasons, including varying 

interpretations of the concept, differences in scope 

and the lack of a packaged toolset to create a 

holistic digital twin model.

“There are lots of variations in interpretation and 

definitions of what a digital twin is, and it’s lumpy 

in terms of the maturity of models,” notes Jonathan 

Scott, chief architect at Razorleaf, a PLM consultan-

cy. “Organizations may not have the whole product 

ready, but certain parts of it are really advanced 

in terms of their digital ‘twinness’ because of the 

business needs.”

Mixed Interpretations  

There is universal enthusiasm for the concept of 

a digital twin as a bridge between the digital and 

physical worlds as well as plenty of talk about its 

potential for creating feedback loops to advance 

product designs, optimize the operation of indus-

trial assets and enable new use cases in areas 

like predictive maintenance. Spurred by the rise 

of internet of things (IoT), Gartner predicts that half 

of large industrial companies will leverage digital 

twins by 2021, resulting in those organizations 

gaining a 10% improvement in effectiveness. 
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Isometric view of a chassis finite element model 

that is used in stress and deformation design 

studies. Image courtesy of Hendrick Motorsports.



Yet even Gartner indicates that the complexity of 

digital twins will vary based on a variety of factors, 

including use case and business objectives, along 

with the specific vertical industry. In some cases, 

a digital twin will constitute something familiar like 

a high-fidelity, physics-based digital model based 

on 3D CAD and CAE analysis. In other scenarios, 

the digital twin interpretation is even more com-

plex, becoming a composite of multiple digital 

twins integrated at a systems level and including 

process behavior that spans activities throughout 

the product lifecycle, including manufacturing, the 

supply chain and in-field performance data.

At Siemens PLM Software, the digital twin is 

viewed in the context of a lifecycle view—a virtual 

representation of a physical product, its produc-

tion processes and its performance. In addition to 

traditional 3D models from CAD and CAE systems, 

Siemens is facilitating the creation of a digital twin 

through a variety of other solutions in its portfolio: 

Amesim, a multi-domain platform for system-level 

modeling and analysis, including software-in-the-

loop and hardware-in-the-loop testing; Xpedition, 

for modeling PCB design flows and electrical 

hardware; Polarion, for managing complex config-

urations of embedded software through applica-

tion lifecycle management (ALM); and Teamcenter 

as a central repository and workflow engine for 

managing the requirements, functional, logical and 

physical (RFLP) aspects of a product.

“The greatest value of a 

digital twin is when you 

can use the information 

and insights gained from 

a product, plant, asset or 

operations to improve its 

performance or the de-

sign or to leverage sim-

ulation to predict future 

performance,” notes 

Tom Maurer, Siemens’ 

senior director in strategic communications.

Dassault Systèmes uses a broad interpretation of 

the digital twin concept. What it calls a 3DEXPERI-

ENCE digital twin is a virtual representation of the 

product used to understand how it will serve its 

need as it was designed—but also to explore how 

it will be manufactured and delivered to market 

so the entire value chain can be optimized to 

An end-to-end process flow for model-based content 

and IoT data streams synthesizes the digital twin. 

Image courtesy of Razorleaf.
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operate most effectively, according to Eric Green, 

vice president of user experience marketing for 

Dassault Systèmes’ DELMIA brand. Dassault users 

would leverage CATIA, the SIMULIA simulation 

solutions and DELMIA digital manufacturing tools 

to create a 3DEXPERIENCE digital twin.

In Dassault Systèmes’ vision, for example, a 

3DEXPERIENCE digital twin could be called into 

play when a new automobile design is slated for 

production in a particular plant. “Say you have a 

large automobile being manufactured 

in a plant that is now slated to produce a small 

automobile model,” Green explains. “That has 

a direct impact on space and the movement of 

the assembly line. By modeling the product, the 

factory and the manufacturing processes, you can 

determine how everything behaves during pro-

duction, using simulation and optimization to make 

the procedure most effective without expensive 

trial-and-error dry runs.”

PTC’s interpretation of a digital twin also includes 

manufacturing and supply chain as part of the digi-

tal product definition, but its concept is predicated 

on IoT and the notion of a connected product that 

captures performance, environmental and other 

data specific to its operation in the field. “Without 

the physical experience of the product, you don’t 

really have a digital twin,” says Mark Taber, PTC’s 

vice president of marketing, explaining that it’s the 

usage and error code data, for example, that after 

proper analysis, can really provide value to differ-

ent stakeholders in manufacturing, engineering 

and service when used in context with the rest of 

their data.

PTC also believes that the entire digital twin isn’t 

necessarily relevant to everyone—that a solution 

should serve up different variations relative to an 

individual’s role and use case. Key to this strategy 

is the company’s Navigate technology, which taps 

into different systems of record like PLM, ECAD 

systems or simulation platforms and serves up the 

relevant information in a role-based app. “There’s 

one digital twin but different views of the digital 

twin depending on the role and what kind of infor-

mation is necessary for the job,” explains François 

Lamy, vice president, solutions management, for 

PTC’s IoT Solutions Group.

Continued
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“You don’t need a complete definition of a digital 

twin to get some value out of it,” he adds. PTC is 

currently working with customers to pilot Navigate 

digital twin apps, but has not made any formal 

announcements.

Overcoming Obstacles 

It’s certainly possible that companies will engage 

different digital twins with varying degrees of fidel-

ity for different types of applications—for example, 

leveraging IoT data for predictive maintenance or 

a high-level model for refinement of supervisory 

control and data acquisition (SCADA) systems, ex-

plains Jim Tung, a fellow at MathWorks. Companies 

can create a digital twin to monitor the behavior 

of a specific, serialized asset like a wind turbine or 

can also expand the use case to multiple digital 

twins of several like individual assets (such as a 

wind farm), treating them as a population upon 

which they can direct operations in a fleet man-

agement capacity.

“Customers are implementing digital twin strate-

gies starting with what their objectives are for a 

particular asset,” Tung explains. “Those business 

objectives are driving the kind of digital twin to 

implement … because it’s an awful lot of baggage 

to carry around models of everything.”

In addition to highly advanced algorithms and ma-

chine learning capabilities, companies are making 

strides to better understand the data necessary 

to drive their specific digital twin application while 

solutions like Math-Works’ MATLAB and SIMULINK, 

along with CAD and simulation packages, have 

been enhanced to work more directly with big 

data.

“What we see are companies being more refined 

in understanding what data they need to keep, 

where they 

need to keep it and where in industrial 

IoT they want to process it,” Tung says, adding that 

automatic code generation and the ability to inte-

grate to enterprise systems like Hadoop databases 

provide additional flexibility.
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Simulink models developed for model-based design 

(image 1) can be synced to deployed assets and reused 

as digital twins, as can MATLAB data-driven 1 models 

(image 2). Images courtesy of MathWorks.
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Data challenges aside, aggregating and integrat-

ing the different models to create a holistic digital 

twin is likely one of the biggest challenges to 

implementation. Because there is so much variety 

in the type, complexity and number of systems 

required to manage and model, much of the 

effort to create digital twins is currently done in a 

do-it-yourself (DIY) fashion without the benefit of 

purpose-built, off-the-shelf frameworks or software 

functionality, experts say. It’s a gap ANSYS hopes 

to address in the next iteration of its simulation 

platform, according to Eric Bantegnie, the compa-

ny’s vice president and general manager of the 

systems business unit.

 

Although ANSYS currently has a wide number 

of simulation tools for addressing the different 

physics areas of the digital twin (mechanical, fluid 

and engine controls, among many others), it, along 

with leading 3D tools providers, is currently lacking 

functionality to make it easier to integrate dispa-

rate models into a holistic digital twin.

 

“The digital twin is nothing more than the optimal 

integration of a variety of simulation models into a 

systems-level framework,” he explains. “We need 

to extend our multiphysics product line with a 

solution that aggregates all simulation models to 

create a system-level digital twin.” To that end, the 

ANSYS Twin Builder, part of its next major release, 

will allow design teams to organize all of the 

disparate simulation models comprising a digital 

twin—FEA, CFD, electrical, embedded software, for 

examples— into a systems-level digital model that 

depicts the charac-

teristics and behav-

ior of a physical 

offering.

 

Back at Hendrick Motorsports, the digital twin 

is already helping the racing team perform as a 

formidable competitor, despite some remaining 

obstacles. The plan calls for the digital master to 

encompass mechanical structures, the kinematics 

of the vehicle, the sheet metal placement, the duct 

work and the bracing of the cars—all created in the 

digital world first before building any physical pro-

totypes. Not only does the approach enable more 

design freedom, Wall says, but it also delivers cost 

savings because the team only creates physical 

prototypes of optimal 

designs.

The digital twin’s ability to connect the virtual 

and physical worlds is also strategic to Hendrick 

Motorsports’ winning performance on the track. 

The sensored cars and test equipment produce 

a tremendous amount of data that can be mined 

for insights to fuel quick design adjustments in 

response to problems that occur or the ongoing 

rule changes.

“The biggest thing for us is to keep the process 

as nimble as possible,” Wall says. “The digital twin 

affords us a speedy response to make competitive 

changes, fix problems and create more perfor-

mance at the track in a very tight window of time.”

“

“

The biggest thing 

for us is to keep the process as 

nimble as possible,” Wall says. “The 

digital twin affords us a speedy response 

to make competitive changes, fix problems 

and create more performance at the track 

in a very tight window of time.
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