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Takeaways

What You Need to Know

Takeaway #1

Model-Based Enterprise (MBE) is
clearly a strategy that leverages the
product innovation platform to
maximize the business value from
digital data.

Takeaway #2

Advanced model-based
technologies are in use today to
support digitalization by creating
digital threads representing real
business processes that result in
digital twins.

Takeaway #3

A digital twin is a physics-based
description of a system resulting
from the generation, management,
and application of data, models, and
information from authoritative

sources across the system’s lifecycle.

It can be used to validate and verify
the physical product twin’s
attributes such as configuration and
performance as well as investigate
issues including traceability,
ultimately leading to faster and
more accurate decisions.

Courtesy of GE Digital

Takeaway #4

Razorleaf has developed and
implemented PLM solutions that
support MBE in a variety of
automotive, aerospace, and
industrial companies to support
digitalization and create sustainable
business value.
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Introduction

Model-Based Enterprise, a Modern Solution to Product Complexity

Digitalization, digital twin, and digital
thread are new terms that have
exploded into use across enterprises.
While there are not universally
accepted definitions of these terms,
CIMdata’s definitions are presented
below. These describe key concepts
needed to support the larger trend of
model-based enterprise (MBE).

In this eBook, CIMdata describes
what a model-based enterprise is,
why it is an important trend, and how
it creates business value.

The Digital Thread
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What is MBE—Why Does It Matter?

MBE is a strategy enabled by
infrastructure and processes
supported by IT technology to
operate and innovate successfully
while managing the many

complexities in a modern enterprise.

To adequately describe MBE, we will
describe a few terms that are used
throughout this eBook.

Digitalization—The process of
moving from analog processes to
digital processes, connecting data
elements representing a product,
managing configurations and their
dependencies to transform business;
moving to a digital business.

Digital Thread—The communication
framework that allows a connected
data flow and integrated view of an
asset’s data (i.e., its Digital Twin)
throughout its lifecycle across
traditionally siloed functional
perspectives.

Digital Twin—A physics-based

description of a system resulting from

the generation, management, and
application of data, models and
information from authoritative
sources across the system’s lifecycle.

The Digital Twin must be more than
just a descriptive model or collection
of related digital information (e.g., a
SysML model). It is a virtual, digital
description including all the behaviors
of the physical equivalent.

Model-Based Definition (MBD)—AKA
Model-Based Design. Model-based
definition, also known as digital
product definition (DPD), is the
practice of using 3D models (as
opposed to drawings) to document
information about a design, such as
PMI (product manufacturing
information) and associated
metadata. The PMI information is
embedded directly in 3D models and
is associated with the geometric
elements of the design.

Model-Based Engineering (MBe)—An
approach to engineering that uses
mathematical multi-dimensional (0D,
1D, 2D, 3D, 4D...) models (not only
CAD models) as an integral part of the
technical definition that includes the
requirements, analysis, design,
implementation, and verification of a
capability, system, or product
throughout its lifecycle. The design
may be documented in associated
drawings or as model-based designs.

Models are the authoritative
definition of the system. Recent
references to model-based
engineering have focused on model-
based systems engineering.

Model-Based Enterprise (MIBE)—A
strategy that defines an integrated
and collaborative environment that
creates, manages, and disseminates
digital product definitions in the
appropriate format, detail, and
context across the extended
enterprise—to enable rapid,
seamless, and affordable deployment
of products from concept through
life. The foundational element of a
model-based enterprise is the use of
configuration controlled digital
master data set usually containing the
3D model and all necessary product
data in a managed, secure, and
controlled environment that supports
maximum data reuse for all aspects of
development, production,
maintenance, and operations.?

1This model-based enterprise definition is adapted from: http://model-based-enterprise.org/index.html
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About MBE

Model-Based Systems Engineering
(MBSE)—Model-based systems
engineering is the formalized
application of various levels of
modeling to support system
requirements, design, analysis,
verification, and validation activities
beginning in the conceptual design
phase and continuing throughout
development and later lifecycle
phases.? In its most direct form, MBSE
applies a continuous modeling
paradigm (0D, 1D, 2D, 3D...) to define
systems, progressing from the most
simple (OD) form to a fully defined 3D
representation, and on to higher
order models to understand temporal
issues. This is done in addition to and
in the context of written
requirements and 2D and 3D CAD
designs. The models are used to
validate, from very early stages, that
the system will function as conceived
and defined by its requirements.

Product Innovation Platform—A
product innovation platform is a set
of functional domains and process,
lifecycle stages, and technical
domains such as system ideation,
profitability management, and quality
and compliance, that support all

What is MBE, and Why Does it Matter

product related disciplines and users
through the entire product lifecycle.
These are orchestrated by the
product innovation platform with a
“system of systems” approach that, in
essence, makes a product innovation
platform the facilitator of the next
generation of PLM-enabling solutions
needed to develop and produce
products. An effective platform
enables optimization of the product
and its production across multiple
lifecycle domains from a product’s
conception through its entire life.

MBE Best Practice

Today’s best practice approach
to implementing MBE requires
leveraging enterprise platforms
including a Product Innovation
Platform to manage the
complexity of data and
processes. Modeling and
simulation capabilities enable
full lifecycle optimization to
maximize performance and
profitability with minimum risk.

A new approach is required to
manage the rapidly growing
complexity of everything, especially
smart connected products. Few
companies are able to afford or
willing to increase staffs to support
the growth in complexity which
derives from new types of data, such
as software and more complex data
such as more tightly coupled
manufacturing related data or supply
chain data. Beyond adding just data
volume that data can have complex
relationships that can’t be managed
manually. The state of the art
approach to address complexity
growth is MBE.

2INCOSE Systems Engineering Vision 2020. INCOSE-TP-2004-02. San Diego, CA. September, 2007.
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Enabling MBE

The Technologies to Support MBE are not OOTB

Few, if any products are completely
produced using a single software
application suite. Products with any
significant complexity or production
volume require multiple if not many
people operating as a team, using a
mix of several software suites such as
ERP and Microsoft Office, and many
best of breed product definition
applications. These may include
mechanical CAD, electrical CAD,
PDM, simulation and analysis, and
software development, as well as
manufacturing related applications
such as process planning, 3D printing,
and machining. Unfortunately, it is
too common for the data from these
applications to be stored in a variety
of disconnected repositories and only
linked by manual processes.
Furthermore, every company has
different resources and processes,
and a unique strategy to support
their business objectives. Effective
collaboration across the myriad of
technologies and processes, and
especially up and down the supply
chain guarantees that, like

snowflakes, no two environments are
identical.

While the reality of these
environments may sound like a
nightmare, they do work, just look at
the successful innovative products
we have today compared with just a
few years ago, let alone decades ago.

A
Product®
Complexity

Electrical

Mechanical® 2D

“In short, software is eating the
world” —Marc Andreessen

Today’s products are becoming
connected; that is, they contain
electronics and software that allow
features and behaviors to be added
after delivery. The physical product
is becoming a platform to exchange
information. Design and
manufacturing processes need to
change to support smart,
connected products.
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Enabling MBE

The Technologies to Support MBE are not OOTB

In many companies, the product
development environments are not
well planned and the exponential
growth of complexities is causing
them to creak and groan. They
struggle to support current
generations of products without
employee heroics, and are fearful of
what will happen with the next
generation of complexity. A typical
example of where software and
mechanical systems integrate is in
braking or power transmission
systems. The software needs to
address possible issues with friction
between pads or clutches and steel.
If the enterprise model cannot
decompose requirements across
mechanical, electronic, and software
domains, and validate each sub-
system and the interactions between
sub-systems a safety critical failure
could happen.

Legacy solutions assembled without
a strong architectural plan or worse
without any plan become unable to
adapt to business’ needs to manage
information and processes. As shown

in the above example, if the
enterprise model does not scale
enough it can’t capture all the
relationships and processes to
validate which product failures may
occur. As shown in the figure, an
inflection point is reached.

Business¥Velocity

Inflection®

To effectively scale and support MBE
efficiently, capabilities already in
place must be leveraged. To do this,
enterprises are reorganizing their
technologies and processes into
platforms to establish a robust
foundation for data storage and
processes to support future business
and technology needs.

InformationZBecomesE
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Product Innovation Platform

Product Innovation Platform is a Critical Enabler of MBE

A key element of product lifecycle
management is the product
innovation platform. Solution
providers are evolving their solution
suites to become platforms. Product
innovation platforms are built to
support complexity and scale in
today’s products and enterprise
operations (processes). MBE as a
strategy must align with the
technology and processes in today’s
modern organizations and product
innovation platforms create an
environment for more successful
implementations.

Model-based engineering is the
foundation of the MBE approach, but
the models need to be properly
managed to be used effectively in a
model-based enterprise. Product
innovation platforms are the solution
to managing a model-based
enterprise. The platform approach
allows product design tools to be
connected to generate and validate
models, store data in a common
logical repository, integrate
workflows, and support programs,

allowing data consumers to get the
information they need to support
their activities and decisions.

Portfolio &
Program
Management

System
Ideation

Service
Managemer

Quality &

Compliance

Realization

Profitability
Management

CiMdata’s Product Innovation Platform
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Digital Thread & Digital Twin

Bill of Information, a Digital Twin Created by Digital Threads

Critical elements of MBE are digital
twins and digital threads, models of
products and processes. A model-
based enterprise uses them as the
virtual representation of the
complete product definition including
mechanical, electronic, and software
items that describe the product, from
requirements through its lifecycle.
This includes all the intermediates
states and data and the process
definitions that create the product
such as machining and molding
processes, and supply chain
processes. Furthermore, the items
within digital twins are supported by
digital threads. Managing these basic
data and process capabilities allows
the enterprise to focus on innovating
to create value, leveraging higher
level or more advanced product
innovation platform capabilities to
assess product and business
scenarios to optimize the business.
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Digital Thread & Digital Twin

Takeaways Connected BOM Structures are Required for an Effective MBE Environment
Introduction
A digital twin within a model-based Does a longer wire impact the
enterprise is traceable. The evolution electronics? What about the
About MBE of the product configuration and the software? What software modules
decisions that support the evolution calculate and manage distance
are captured and managed across the  traveled, velocity, acceleration?
) lifecycle. This makes MBE very useful These and many other questions
Sl hile for compliance, but the real benefitis  must be answered to develop cost
robust impact analysis. If you need to and risk analyses. This information
Product Innovation make a machine able to operate in a cannot be easily obtained or even
Platform larger envelope, the geometric derived from the EBOM or MBOM.
changes are straightforward, but
Digital Thread & Digital what else is impacted?
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Courtesy of Aras
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Digital Thread & Digital Twin

Takeaways How Digital Thread and Digital Twin Are Related To and Distinct From Each
Other

Introduction
A digital thread represents a process implementation of the product
model and a digital twin represents a should operate. Digital threads are

About MBE product model. In this context, the processes that link digital data and
product is very general, it can be a process to simulate a product
device like a phone, car, airplane, function or process used to create a

) factory, or even a service. A digital portion of a product definition such

Sl hile twin is a configuration of data as mechanical design. A digital twin is
representing the product that can be the result of the execution of

Product Innovation used to validate product functionality = coordinated digital threads.

Platform or behavior. It is more than geometry,
it is able to execute instructions that

Digital Thread & Digital demonstrate how a physical

Twin

The Value of MBE
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The Value of MBE

Maximizing Value from Data

Historically, enterprises have created
and consumed a lot of data, but that
data’s organization is rarely designed
holistically to support end-to-end
processes. At best, it is sub-optimized
to support functions or specific
workgroups. Files, folders, and
database silos are used to store and
organize data making version control
and configuration management
difficult, which negatively impacts
traceability.

So, MBE is different in that it applies
strategy, organization, connection,
and structure to an enterprise. This
differs from how most enterprises
have grown and evolved in an ad hoc
fashion. Organization and structure
make the enterprise more
predictable and repeatable, and
lower lifecycle costs. Implementing
MBE using technology such as PLM
or a product innovation platform
makes the strategy executable, more
repeatable, and easily traceable.

It is generally accepted that it is
cheaper and faster to prototype using
software models instead of physical
prototypes. For example, it is much
cheaper to simulate structural or
thermal performance using finite
element analysis than to perform
physical tests.

Increased
Profitability

While this type of digital prototyping
rarely is able to completely eliminate
physical testing, it can be
dramatically reduced, allowing more
time for optimization or reducing
time-to-market. The figure below
shows some of the benefits of using
models to improve product
development throughout the
lifecycle.

Improved

Faster to In-Service
Production . Operation
Costs Premium F-’I'Od uct
Pricing Lifecycle

Launch

Cost
Reduction

Common PLM Benefits

d12p
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MBE Benefits

Effectiveness and Efficiency Enable Innovation

An important benefit of MBE is that
data is connected and data
configurations are managed. Data
organized in managed models is
easier to find and consume in
downstream processes. Once data is
organized, it is easier to extend the
data model to capture additional
attributes or increase model fidelity
ensuring that incremental knowledge
improvements are captured for
future use.

The product is not just defined by
CAD data, it starts from requirements
with functional, logical, and physical
designs, leading to as-planned, as-
built, and as-maintained
configurations. These configurations
are not only bills of material, but
complex structures. They are not just
simple specifications needed to buy
or make parts, but include all the
data and decisions about how a part
came to be. This is an intellectual
asset every bit as important as a
physical asset. Anyone who has had
to reverse-engineer decisions,
especially those made long ago will

understand this assertion.

Perhaps the greatest benefit of using
models is that they go beyond solving
individual problems, models usually
are created to solve a class of
problems. Once a model is created it
is easy to vary inputs or requirements
to get a new instance for a new use.
This enables easier creation of
product lines, and keeps them
consistent. Furthermore, unique
instances of a model will only be
different where needed to add value.
The remaining data in the model can
be reused to lower cost and leverage
proven elements. Derivative designs
are generated much faster and are
easier to validate. Changes are faster
because all the relationships among
data elements are captured in the
model, so change impact analysis is
easier to do and provides more
accurate results.

413p
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MBE Applications & Implementations

Real-World Implementations and Applications of MBE

Converting a company to operate as
a model-based enterprise is not a
project but a journey, similar to, and
related to, the PLM journey many
companies have taken.

In @ more general sense it is easy to
see how a model-based enterprise
approach with digital twins can
dramatically improve enterprise
operations. PLM solutions today have
the capacity to keep track of
serialized products containing
serialized components enabling the
as-maintained state of each
customer’s product to be managed.
This has a huge impact on service
organizations. Shipbuilding is one
industry starting to take advantage of
this capability.

Ships, especially naval ships, have a
long lifecycle and the hull is treated
as a platform that is continuously
maintained and may be significantly
reconfigured over time to support
technology advances and mission
changes. Since many lives can be at
stake, maintenance, repair, and
operations (MRO) need to be done

once, and done right. If an integrated
EBOM/MBOM/SBOM model exists, it
is a straightforward task to
understand what the impact of a
proposed change will be. All affected
items including those on ships in
active duty can be identified so
repairs or upgrades can be properly
planned, minimizing risk. Beyond the
military example, applying this same
concept to the commercial world will
allow service organizations to
optimize profitability through better
logistics scheduling while
coordinating with customers.

The digital twin can be a win-win
solution for the enterprise and the
customer

The previous example can be
extended to the front end and back
end of the product’s lifecycle: If
requirements are linked to the
EBOM, it is straightforward to
identify all the impacted areas for a
performance upgrade or mission
change. If a speed increase is

du1p

needed, all the systems related to
propulsion will be identified, and if
there are propulsion options, it will
be easy to see what is currently being
used, as well as what is planned for
upcoming ships.

On the back end: As loT becomes
more prevalent, sensors can provide
data on status of oil in a gearbox to
predict the need for an oil change
and submit a service request. Even
more advanced operational data can
be captured, synthesized, analyzed,
and used to improve designs and
field upgrades as a feedback loop.
Technology exists, but business
processes need to catch up.
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Implementing MBE

How to Become a Model-Based Enterprise

The MBE journey is best completed
with a partner. The best partners will
become trusted advisors that
understand your industry, business,
and technology needs. For MBE, the
underlying technology is data-,
information-, and process-focused
and is implemented using IT
technology, servers, cloud, networks,
databases, and software. Systems
integrators are the service providers
best suited to implementing IT
projects, and those that have deep
experience in product lifecycle
management solutions are best
suited to supporting a MBE journey.

Razorleaf, a PLM-focused systems
integrator headquartered in Stow,
Ohio, with offices spread across the
US has been an early implementer of
MBE. Founded in 2000, they have
grown to include CAD, PDM, PLM,
and MBE related services. Razorleaf
reviewed some of their MBE related
projects with CIMdata and they are
described below:

Case Study #1—-According to
Razorleaf, a large US based oil and

gas technology company contracted
them to create an MBE supporting
process for their light capital
equipment product. The product
supported oil production and, while
sold as a standard product, each
customer configured it to work
within their production environment.
Customers required the company to
track the complete pedigree of the
product and deliver all the data
required to produce the product so it
could be maintained. The data set
was a technical data package, also
called a Job Book. It contained
drawings, certifications, lot data for
material and components, tolerance
requirements, and inspection data
from producing the components.
Historically this information was
provided in large paper binders.

Razorleaf’s response to this customer
need was to develop a solution that
captured all the product-related
information using an off-the-shelf
PDM approach and manage the
lifecycle of the data to ensure that a
complete, configuration-managed

415 p

product model was developed. The
product model was used to drive
manufacturing processes and ensure
that large expensive pieces of raw
material were processed with the
right configuration of machine tools
and CNC programs. Production data,
including validation results, were
captured electronically for delivery to
the customer. Integrations among
PDM, ERP, and shop floor systems
were critical to getting an accurate
Job Book produced.
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Implementing MBE

How to Become a Model-Based Enterprise

Case Study #2—-Also according to
Razorleaf, they helped create an MBE
strategy and deploy the necessary
tools, systems, and integrations to
manage product models being
delivered to the US Government by a
defense contractor. As the
owner/operator of the product, the
Government is responsible for
maintenance and operation, but is
not the design authority. Razorleaf
continues to help deploy a solution
that ensures that products in the
field are connected to the
authoritative design data so as-
maintained configurations are
properly managed, peak product
performance is ensured, and
supportability costs are minimized.
ClMdata is looking forward to hearing
more about this solution as it moves
into production.

Razorleaf has also been supporting
several large Aras customers that are
developing product innovation
platforms in support of digitalization
strategies. To address the long-term
challenges, Razorleaf has helped

build the foundation of a product
innovation platform which includes
Aras Innovator as the data and
process backbone, integrates with a
variety of authoring tools, Enterprise
Service Buses, and ERP solutions.
Processes currently addressed by
these product innovation platform
initiatives included product
development, data governance,
material scoping, 3D planning, and
bulk visual and textural attribute
assignment and validation.

Beyond implementation services,
Razorleaf, who focuses on supporting
and implementing Aras Innovator,
has developed an integration
framework product that can be used
to link Aras Innovator to other
elements in a model-based
enterprise. The Clover framework
enables faster Product Innovation
Platform deployment because it is
purpose built to understand product
data and how it needs to connect
across the product lifecycle. CIMdata
views integration capabilities as the
critical skill needed to successfully

416 p

implement MBE. A true digital twin is
a composite view of data from many
sources, getting an accurate view of
the appropriate data that is useful to
the task at hand takes great skill.
Different industries have different
data needs, depending on the digital
threads they execute, but as the
Institute of Configuration
Management stresses, information
always needs to be clear, concise,
and valid.
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Conclusion

CIMdata’s Final Thoughts

Model-based enterprise is a critical
strategic element for product
companies developing a digitalization
strategy. It goes far beyond converting
paper to electronic documents and
organizing them. In a model-based
enterprise, data and information are
leveraged to significantly improve
efficiency. Even more importantly
though, they enable business
transformations around how products
are created and delivered.

Within a model-based enterprise, a
digital twin strategy enables the
enterprise to develop a virtual
representation of a product and
validate it much more quickly than
using physical prototypes and plant
trials. While some physical validation
may still be necessary, it is greatly

reduced. This reduction frees
resources to innovate. Furthermore,
the innovation process can be more
effective because ideas can be tested
and validated using data and virtual
representations early in the product
definition process.

While model-based enterprise can
seem like a technologist’s fantasy, it is
real. Leaders have been using model-
based processes for years, but it has
required significant effort and a steep
learning curve. Real-world MBE
implementations exist today and are
generating value for the companies
that have implemented them, but it is
a journey, and the solution is not
available out of the box. However,
MBE is achievable by mainstream
companies with the right strategy and

Razorleaf is dedicated to helping clients bridge the gap between
business problems and PLM technologies to deliver greater value
from their technology investments.
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implementation partners who have
MBE knowledge.

Razorleaf has been at the forefront of
CAD, PDM, and PLM since its
founding in 2000. They have been a
partner with Aras since 2008 and
have helped companies such as
Microsoft, General Motors, and
Huntington Ingalls implement their
digitalization and MBE strategies.
Beyond implementations, Razorleaf
has also generated integration
capabilities that simplify connecting
solutions and technologies to create a
product innovation platform that can
support MBE initiatives.

© Razorleaf
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