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EXECUTIVE SUMMARY
Today’s innovations are pushing the boundaries of what’s possible. Systems design is
constantly evolving, requiring the seamless integration of software, hardware, mechanical,
electrical, and electronic components. Designing multidisciplinary systems relies on the
ability of product development processes to integrate requirements management, systems
specification and simulation using Model-Based Systems Engineering (MBSE), and detailed
simulation and testing of rapidly-evolving digital product definitions from the earliest concept
stages through maintenance in the field.
A constant, iterative spiral of changing requirements, designs, and results from digital
analysis and physical testing, is critical to engineering complex products. But existing
organizational silos of data, processes, tools and experts are a major obstacle. Making
product development seamless and efficient across disciplinary boundaries requires blurring
the lines between systems modeling, design, and analysis, while capturing a complete,
accurate, traceable, and configuration-managed digital record of the product’s definition as it
evolves—a complete Digital Thread of product data.
Manufacturers need to manage systems design, analysis, and simulation processes in the
Digital Thread in order to realize the benefits of simulation across the lifecycle, accelerate
the use of innovative technologies, and scale up design, production and maintenance of
tomorrow’s products to realize radically different business models. Simulation is central to
developing so many of tomorrow’s innovations, but seldom, if ever, have simulation inputs,
data, and processes been managed in the Digital Thread—until now.
Simulation Management with Aras introduces a new approach to Simulation Process and
Data Management (SPDM) that connects simulation inputs, processes, and results; ensures
accuracy, repeatability, and access to simulation processes for teams throughout the
lifecycle; and enables multi-physics, multi-fidelity simulations. Aras Innovator, an open PLM
platform, creates a tool- and vendor-neutral Digital Thread and data model that maintains
the consistency, continuity, and traceability of product data across the global enterprise.
This paper describes two case studies that leverage Aras technology to realize the value
that integrated SPDM and product development can bring to the cross-disciplinary design of
highly complex systems.
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THE ROLE OF SIMULATION IN INNOVATION
Product complexity is accelerating faster than ever before. Tomorrow’s technology is here
today, with a wide range of products already in planning, R&D, pilot, and use that employ
sensors, radar, lidar, HD cameras, wireless communication devices, and high-performance
computing. Software is required to support these technologies—on-board, in-the-cloud, or
both—and this combination of data and computing power means that products and their
supporting technologies can increasingly leverage AI and machine learning to predict better
maintenance intervals, diagnose and prevent failures, and improve next-generation designs.
Production methods are changing as well, with manufacturing technologies themselves
advancing at a rapid pace to accommodate new materials, new additive manufacturing
techniques, generative design approaches, and smart—i.e., networked, connected, and
predictive—manufacturing environments.
Simulation Across the Product Lifecycle
Highly advanced product architectures inherent in innovative new technologies rely on a
constant, central, and continuous role for simulation, which begins well upstream of the
physical prototyping phase. Very little design can happen, even in early concept development,
without a tight, iterative loop of analysis and verification of the intended design.
Well before the detailed design phase for products that will leverage a mix of software,
electrical/electronics, hardware, and mechanical components, Model-Based Systems
Engineering (MBSE) methods define the system’s architecture and behavior under complex
usage scenarios. These methods start with the highest-level requirements of the system
and facilitate the design and analysis of various ways to fulfill those requirements across
the system and its subsystems. A high-level model, or abstraction of the system’s definition,
must be authored and analyzed in systems engineering tools that simulate system behavior
before committing them to detailed design in their respective engineering domains.
With virtually every design decision, a continuous loop of digital testing and validation, with
appropriate levels of physical testing, ensures the design will fulfill its requirements. Then,
throughout the lifecycle, simulation plays a vital role in analyzing the geometry (at various
levels of fidelity), helping engineers to understand whether or not the product, as it evolves
to its final, released state, will fulfill its intended requirements.
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Simulation is most frequently used in pre-production, to reduce the cost and time associated
with late-stage changes made after costly product prototypes are built—like launch delays,
cost overruns, and hasty fixes that can reduce product performance. But simulation adds
value well upstream of pre-production and in post-production (maintenance), too. Leveraging
simulation when digitally integrating subsystems adds considerable value, so engineers can
catch critical emergent system issues before they require costly changes later on.
Much farther upstream, and used with less frequency but growing in popularity, Design
Space Exploration leverages simulation and optimization. Optimization automatically
performs many more simulations than humans alone can complete, and analyzes them
with probabilistic methods to account for uncertainties. Together, these methods help
engineers to evaluate possible design directions early and narrow down a broad range
of possibilities, test multiple competing variables, and balance trade-off decisions before
designs evolve too far.

Emerging Use Cases for Simulation
Further downstream of design and development, new simulation use cases are emerging to
enable the most innovative new product technologies. During test, simulation is heavily relied
on for integrated validation of the product using software-in-the-loop and hardware-in-theloop techniques. These approaches leverage the systems model, combining virtual testing
with physical prototypes, managing the inputs and outputs exchanged among subsystems
that can include software, digital geometry, and even physical hardware. These methods help
to ensure that embedded software will work as intended on board physical products, and to
verify that any changes to the software or hardware won’t have unintended, negative, or even
unsafe consequences by digitally testing them together under various real-world scenarios
prior to full-scale production.
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Even during production, simulation is increasingly used to evaluate the impact of
manufacturing techniques on products, and is integral to advanced production techniques,
like additive manufacturing, to ensure quality requirements are met in as-built products.
Finally, during the operational lifecycle of products, simulation is now increasingly being
used to evaluate as-maintained “Digital Twin” configurations, using digital records of
the as-maintained geometry and sensor-derived
insights gathered from monitoring and tracking
IoT-enabled products in the field. Applications for
Digital Twins include improving product sustainability
and extending the operational life through better
predictive maintenance, or by testing the impact of
new updates in the field before they go live. Using
Digital Twin geometry and real-world conditions
gathered from sensor and other operational data,
simulations can “replay” exactly what is happening in
the field. From these results, engineers can visualize
effects to more easily target potential root causes of
issues; and they can use quantitative measurements—
or, “virtual sensors”—throughout the digital model
where no physical sensors exist today.
These virtual sensors deliver the raw data that can then be turned into powerful insights
for design and maintenance teams, including predictive, preemptive maintenance and rootcause analysis to assist in the diagnosis, correction, and prevention of issues in the field.
Next-generation design can also benefit from Digital Twin data by simulating brand-new
geometry together with real-world conditions and use cases gathered from physical products
in the field.
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The Advantages of Simulation in the Digital Thread
The technologies used in systems design, analysis, and simulation are typically not very well integrated
into other product development technologies throughout the product’s lifecycle, breaking critical aspects
of traceability, accuracy, and completeness in the “Digital Thread” of product information. The Digital
Thread theoretically connects data throughout the product’s digital evolution, but without access to changemanaged simulation and systems modeling processes, analyses, and results, the Digital Thread is limited
in what it can achieve.
Transforming IT, engineering practices, and tools, while dealing with the inherent organizational silos and biases
to overcome these barriers, is challenging, but worth it. These are the technologies and best practices that will
change the face of companies and industries going forward. They also have the potential to introduce entirely
new business models, impacting the very fabric of our society and our workplaces.
The largest and most forward-thinking companies
realize that a Digital Transformation of their internal
practices is now required and is no longer just niceto-have―this is why many are currently in the midst of
just such a transformation. These early adopters will
realize a significant advantage over their competitors,
among their customers, and even in the business
models that they bring to the market. New value to
manufacturers is also realized in the data that is
collected and organized about the operation and use
of their products.
Access to all this internal and external data will also generate new revenue streams. For example, as vehicles
become increasingly autonomous, it is predicted that transportation will be offered in the not-to-distant future
“as a service” by vehicle manufacturers and their value chain partners, rather than vehicles being personally
owned (and serviced) by consumers. New revenue streams will emerge as vehicle OEMs and/or their value
chain partners “lease” their products to consumers and transportation firms over the course of their operational
lifecycles, returning more value during this long-lasting relationship than a one-time sale can offer today.
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CONCEPT
Systems design and
analysis tools

Access to simulation data and processes in the Digital Thread is
the key to realizing these benefits. This access ensures process
repeatability, to compare “like vs. like” when a new simulation
is run. It offers access to non-expert users, ensuring they can

EARLY DESIGN
Design Space
Exploration/Optimization

leverage simulation insights and even initiate simulation studies.
And, it conveys lessons learned, offering a traceable digital
footprint of past decisions to ensure mistakes are not repeated.
Finally, it offers upstream processes access to real-world findings
and helps these teams bring real-world results to bear on next-

DETAILED DESIGN
CAE tools using 1D, 2D,
and 3D geometry
(CFD, FEA, Thermal, Structural,
Crashworthiness, etc.)

generation product designs and their simulation processes.

TEST
Software in the Loop/
Hardware in the Loop

MANUFACTURE
Additive Manufacturing, Generative
Design, Smart Factories

SERVICE
Digital Twin Predictive
Maintenance, Root Cause Analysis

Frequent and Mature Use
Today’s Siloes:
Lifecycle Stages that Leverage
Simulation, and Frequency of Use Cases

Increasing Use/Growing Maturity
Infrequent Use/Low Maturity
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SCALING SIMULATION TO THE NEW NEEDS OF THE ENTERPRISE
Companies rely on systems engineering and simulation to deliver today’s and tomorrow’s high-tech product
offerings. But how do they improve the scale with which these techniques can be used? The full potential of
simulation is far from realized, even though it first emerged as a tool over 50 years ago, at the dawn of the
computing era.
Better integration of simulation and analysis into product design and development is vital, so that it can scale
to more teams in powerful, cross-disciplinary ways, without the constant need for simulation experts. The
challenges are manifold and tricky, and, if left unsolved, will limit companies’ ability to leverage advanced
simulation approaches to bring new product technologies to market, at scale.
Technology Challenges
Every phase of the product’s lifecycle, and every engineering discipline
and physics domain that impact it, often use different tools for design,
simulation, and test data management. This heterogeneity limits the
ability to explore each facet of the product and new technology to a
small, specialized team of experts. Subject matter experts with highly
specialized skills are needed to run the tools, interpret the findings, and
communicate the meaning of results to engineering and management
stakeholders, severely delaying product development processes and
limiting the scope and impact of simulation.
These organizational silos of teams, tools and data become “black boxes”
thwarting comprehensive Digital Thread traceability. When changes to
geometry and other significant new design choices are introduced, either
by the expert manually, or automatically by the tool, the process can be
obscured from anyone but the expert using the tool. With limited or no
ability to retrace the steps taken, the justification for design choices is
also obscured, and lessons that could be learned from these processes
are not available to other teams that may need to understand them. Nor
are they available to the Machine Learning algorithms that can leverage
this knowledge to develop more competent AI approaches.
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Simulation Data and Process Management Challenges
Also limiting Digital Thread traceability is the manual, ad hoc way in which simulation
data and processes are typically managed. With different, specialized teams
responsible for various steps in the design, simulation, analysis, and test of complex
products, these steps are often forced into a sequential order in which designs need
to reach a certain level of “done”-ness before simulation and analysis can begin. Then,
engineers may continue developing their designs further while awaiting simulation
results. This can leave design and simulation teams out-of-sync, resulting in repeat
work and/or scrapped efforts.
Storing design inputs with simulation results is often an ungoverned process,
while understanding the process steps that were taken to reach those results is
an even murkier question. Simulation process steps may be unique to each expert,
design, instance, and tool. And when repeating a simulation to compare results when
the design changes, consistency between the two relies entirely on the simulation
expert. This limits the reuse, repeatability, and scale of simulation―severely reducing
its impact on the product development process. In fact, new use cases for simulation,
such as for QA of additive manufacturing, simulation of Digital Twins, and simulation
for autonomous driving scenarios, demand robust and intelligent simulation
automation. The current, manual, error-prone, expert-only simulation processes
are not feasible.
Multi-Physics Challenges
The above challenges are hard enough to overcome when just one physics domain
or engineering discipline is involved in the process, let alone many. Effectively
simulating models that include two or more engineering disciplines and/or multiple
physics domains can be a highly manual process involving the hand-off of results
from one tool to be used as inputs for the next, across two or more simulation
teams, and between multiple tools. To rerun these processes with new variables
requires repeating this manual hand-off and relying on each team of analysts to
ensure that the same steps are rerun each time it needs to be repeated. When
different simulation engineers rerun these simulations, the inconsistencies are
amplified further.
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Replacing manual simulation processes

When existing, vendor-specific SPDM

with automated ones has historically

solutions seek to integrate well with

introduced challenges of its own. The

existing CAD and CAE tools, they often limit

desire to automate simulation processes

the tools that can be “chained together”

has existed for decades, but tools for

to those offered by the vendor. Whether

“SPDM” (Simulation Process and Data

vendor-neutral or not, these tools do not

Management) typically require a great

frequently connect well with other systems,

deal of expertise to operate—compounding

or with the PDM and PLM systems that

the problems created by the silos. They

typically manage CAD data, part structures,

are often scripting- and programming-

Bills of Material, documents, quality and

intensive, lack inherent, well-managed

manufacturing data, and other components

connectivity between inputs and results,

of the product’s definition, that closely

yield outputs that are difficult to interpret

rely on digital simulation to ensure the

and communicate, and create a “black box”

product is meeting its requirements

in the Digital Thread with limited insight as

throughout its development.

to why decisions were made.
The ad hoc nature of this approach has
Since the 1990’s, optimization (PIDO)

resulted in fragmented solutions that do not

tools, have provided “process integration”

work well across the entire design space,

to automate simulation steps using a

are difficult to comprehend and maintain,

black-box approach to the model data

and are isolated from other enterprise

and results. Design changes, essential

product data and processes. Unsatisfactory

for any design space exploration, rely on

results, limited repeatability, and limited

automatically editing model files without

ROI impede a more widespread use of most

semantic knowledge of their content. This

SPDM technologies.

limits the design change scope that can be
explored, especially at higher (3D) levels of
model fidelity. When the geometric design
of the product, defined by CAD, changes
significantly, this “process integration”
technique starts to break down.
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CONVERGING SYSTEMS THINKING AND SIMULATION IN COMPLEX PRODUCT DESIGN
Systems Thinking is a holistic approach to analysis, focused on how a system’s constituent parts interrelate,
and founded on the understanding of how a system works: both over time and within the context of larger
systems. It generates “a sensibility for the subtle interconnectedness that gives systems their unique character...
The focus on interactions and holism is a push-back against the perceived reductionist focus on parts and
provides recognition that in complex systems, the interactions among parts is at least as important as the parts
themselves.”1.
Systems Thinking, in conjunction with the Reductionist design approach that is the status quo, is critical to
the development of complex products. Extending the use of systems thinking to the entire product lifecycle
introduces new advantages throughout the conception, design, development, and even manufacture, service, and
operation of complex product architectures.

Visibility into Evolving and Cascading Requirements
The development of complex products requires the expertise and knowledge of many engineering domains.
Systems engineering is the product development practice that considers the definition of the product across all
of its domains, driven by the high-level requirements (the “stated purposes”) for the system, and breaks these
requirements down, assigning their fulfillment to the subsystems of the product.
But systems engineering should never be a “one and done” activity. Often, the systems engineering team
needs to modify the original set of requirements in response to engineering or manufacturing realities (making
tradeoffs) and new and evolving market and customer demands. Plus, visibility into evolving requirements
across the lifecycle is critical for engineers across the domains, to stay up-to-date on the outcomes their parts
and subsystems should be achieving within the context of the overall system.
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Requirements should drive all product development activities across design, analysis,
simulation, and physical testing. To accelerate product development, engineers cannot work
in a vacuum, designing parts without up-to-date information on what they should achieve and
how they fit into the overall system, leads to lower quality, or products that fail in the field.
Engineers need insight into the ultimate goals for a system, the performance requirements
it should fulfill, and even interactions across other subsystems and domains, in order to
validate their designs. Armed with this knowledge, they can make more informed and
innovative choices, faster, complete with a feedback mechanism to easily communicate to the
right teams when design tradeoffs need to be made. Physics can only be stretched so far in
our quest to meet conflicting requirements!

This visibility into requirements is critical for simulation, as well. Ensuring requirements are
met during simulation and test processes and using simulation and test to validate and verify
that requirements are indeed appropriate—and offer feedback when they’re not—is a vital
feedback loop when designing complex products.
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Efficient and Effective Design Reuse
Product development rarely starts with a blank page. More often, designers will reuse
existing 3D components in new designs that are still in the concept phase, relying on “mixedfidelity” design and analysis comprised of 3D, 2D, and/or 1D geometries together with 0D
systems models. This helps manufacturers maximize the use of existing components for
efficiency, so as not to “break what works” in current-generation designs, or for platform or
modular product development strategies. Examples include a new body design for a vehicle
model when many of the under-hood components will remain the same. The body shape is in
its conceptual stage, while the rest of the car is already well-defined. Adding new softwarecontrolled components, electronics/electricals, communications devices, and/or sensors to
existing mechanical components is another example of when design reuse is vital, and mixing
model fidelities is necessary.
Like any design, mixed-fidelity models must still undergo the tight loop of design/analyze/
repeat to ensure they are meeting their requirements effectively. But the technology and
data-management challenges are compounded in multi-fidelity approaches. Even in cases
where the mixed-fidelity model can be created and analyzed in a single tool, the process is
often very manual and error-prone. Current automation techniques do not do a robust job
of creating mixed-fidelity models without expert intervention. And when evaluating multiple
competing variables or a range of possible answers, as when leveraging optimization
techniques, the ability to automate simulation processes across multi-fidelity models and
multidisciplinary tools is vital.
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System of Systems Design
The rigorous practice of systems engineering is required because products are systems,
each comprised of many subsystems that must act and interact in concert to meet their own
unique requirements and then, together, meet the requirements of the overall system. But
systems engineering also considers the product as a system in the context of its overall
environment. That environment is itself a system of systems, comprised of other products, of
people, even of systems outside our control.
For example, the design of smart
cars must consider the weather,
as well as systems from other
industries and manufacturers,
like smart traffic signals and
smart cities. In these cases,
the various options for product
design are exponentially greater.
For example, should sensors be
positioned on the vehicle, or the
light-posts, or the stoplights, or
the pedestrians themselves, or all
of the above?
System of systems design requires multi-disciplinary, multi-fidelity analysis that relies on
systems models to govern the relationship among the many disciplines and model fidelities
that must be simulated together. And, as much as possible, these processes must be
automated to work consistently and efficiently. No human can consider, test, and simulate
all these possibilities, while being accurate and consistent each time. Automation is the only
way to simulate this complex problem and arrive at an answer that will scale autonomous
vehicles to widespread production and use in the future.
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BLURRING THE LINES: A NEW APPROACH FOR EFFECTIVE ENTERPRISE SPDM
A new approach for SPDM is required to account for

An open PLM system ensures that teams across

these use cases and realize tomorrow’s products

the product’s lifecycle can bring their tools into

at full-scale. The system model that governs the

the enterprise PLM processes and data—tools

product’s definition must evolve and persist across

across systems design and analysis, CAD, CAE, and

the lifecycle. It maintains accurate relationships

simulation, and even tools authored in-house. A fully

among its component subsystems, complete with

open PLM system doesn’t limit any team to a vendor-

their up-to-date requirements as detailed designs

prescribed toolset, or a specific data model, thereby

evolve. The systems model is the single source of

avoiding workarounds that “break” the enterprise

truth to which all other detailed design data can be

Digital Thread of product information. This enables

attached and to which evolving design decisions can

the true integration of disparate data into a single

be traced.

enterprise Digital Thread, modeled exactly as each
manufacturer desires, since no two manufacturers

As long as changes to the requirements and the

will approach data modeling in the same way. For

system model that satisfied them are kept current,

this to work effectively, it is required that the PLM

the systems model can bind all the data together,

backbone allows “extreme customization” without the

maintaining full traceability across the lifecycle

fear of costly and time-consuming roadblocks when

and tracking the evolution of products in the Digital

upgrading the platform to new versions.

Thread. It can serve as the connective tissue for the
Digital Thread, preserving the relationships among

Applying centralized change-management and

teams and their processes, tools, and data that

highly structured workflow and collaboration tools

contribute to the product’s definition as it evolves, and

to a process that’s usually carried out in an ad hoc

ensuring that design intent―that is, conformity to the

way, adds rigor and repeatability to the product

product’s requirements ―is preserved throughout the

development process and can help scale the use of

product’s evolution and during its fielded use.

innovative new technologies across product offerings.
PLM, at its core, manages change, capturing design

The Role of PLM

decisions and the analyses that justify them into a

By connecting detailed designs managed in PLM

traceable, configuration-managed digital thread of

with an accurate, up-to-date, persistent systems

product information, with structured communications

model, generated well upstream and maintained

set up to notify teams that need to know about and

across the product’s lifecycle, a PLM platform offers

review those changes.

two-way visibility into product requirements and the
evolving product definition, across the teams and
phases of development.
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Therefore, leveraging PLM, the requirements created in the concept phase can be changemanaged when new information from engineering, manufacturing, or even service and use
necessitates their modification. And, systems engineers can be sure that other, related parts
of the system still meet their requirements when tradeoffs are required.
The Potential of an Open Platform
Using one PLM platform that leverages shared services, end-to-end across the lifecycle,
ensures that the product’s definition can persist as it evolves from concept through
maintenance, across model variations through time. Shared platform services across
the lifecycle ensure that processes, relationships, workflows, change, and configurationmanagement processes, along with security, IP protection, and collaboration for teams
internal and external to the organization, are available everywhere, consistently.
Access to this data, anywhere across the product’s lifecycle, enables powerful new use
cases for simulation, end-to-end across the Digital Thread. It ensures that more users,
including non-experts in simulation, can access the insights simulation offers, configurationmanaged and connected with the correct version of the part or system being analyzed. When
simulations need to be initiated or repeated, users outside the simulation team can be given
access to request new simulations, and the correct steps for mesh preparation and setting
up simulation tools can be automated and stored for future use.

One Platform for End-to-End System Design and Simulation:
Change and Configuration Management Across the Lifecycle

Requirements
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The Promise for SPDM
A systems model based in PLM, with connections to requirements upstream and the detailed
designs that fulfill them downstream, offers a new model to govern SPDM. Data stored in
PLM, and change-managed, can be connected with the CAD and CAE tools that author and
analyze it. Versions can be stored together, with associativity maintained each time they
change, to trace decisions back through the digital thread no matter which CAD or CAE tool
was used to author those changes. With change-managed requirements stored side-by-side
with simulation results for easy visibility to ensure they are met, and built-in workflows to
flag users when they are not.
And when performing multi-physics, multi-fidelity analyses, the systems model is on-hand to
govern these across the CAD and CAE data needed. With a built-in SPDM automation engine,
data and processes can automatically be run, with a complete record of what operations have
been performed to ensure repeatability. Automating this process with every product change,
every version, option and variant, for any stage or stakeholder in the lifecycle that needs
simulation results, will help manufacturers achieve the scale for simulation that is needed to
develop tomorrow’s complex products.
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STUDIES IN SUCCESS:
A PROVEN APPROACH WITH ARAS
Let’s evaluate the advantages of automated simulation management
within a vendor-neutral platform.
Case Study 1: Analyzing Integrated Structural, Thermal, and Optical
Performance During Satellite Design
The Challenges: A defense firm working with an aerospace contractor
to design a satellite needed to better understand the behavior of a
space-borne optical system being tested in a thermal vacuum chamber.
Analysis includes integrated structural, thermal, and optical performance
(STOP), including parametric, “what-if” trade studies of their system
designs and active thermal controls software. This process relies on
many engineering disciplines (mechanical, structures, thermal, optics,
electronics, software) involved in the design and development of modern
Electro-Optical (EO) sensors.
The Solution: Using automated STOP analysis technology available in
Aras Comet SPDM, the entire analysis process was automated: from
CAD data preparation, to thermal, structural and optics calculations. This
automation leveraged multiple tools, at different levels of model fidelity
and across different physics domains, by enforcing the simulation rules
encoded in the Aras technology.
During the automated process, the CAD model of the multi-lens
system was automatically meshed. The thermal, structural and optical
calculations were also performed, with all the files required for analysis
created automatically. This fast and efficient automation allowed the
engineers to modify various parameters, including geometric CAD
parameters, materials, operating conditions, and more, and rerun the
STOP calculation automatically, in a fraction of the time it used to take―
reducing analysis time from weeks to hours!
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Results: In the traditional approach, with the data being transferred
manually from team to team, a single iteration of the STOP analysis could
take weeks to complete. With this new method, engineers run multiple
analyses in a day, constrained only by the amount of time it takes to
run the numerical simulations. Furthermore, the process is enforced
consistently each time, the data is accurately transferred from tool to
tool (the technology deals with unit and coordinate system transforms
automatically) and all the manual, error-prone steps are removed.
The team was also able to quickly validate the simulation models
using test data. The validated automation process was then used to
run various simulations to better understand the behavior of the nontraditional optical system. Thermal soak tests confirmed that the models
were behaving as expected, and these were followed by more complex
calculations, subjecting the optical system to a series of periodically
varying thermal cycles designed to simulate the transient thermal
environment that the system would see in orbit. This introduced the need
to add active thermal controls algorithms to the automation process to
control the temperatures at various set points within the optical system,
thereby ensuring its accurate performance despite the harsh, changing
thermal environment of space.
These integrated STOP analyses, using validated models, provided
many insights into the physical behavior of the system, which in turn
allowed the engineers to design and refine the controls algorithms that
are needed to keep the system working correctly over a wide range of
transient thermal operating conditions during orbit. What’s more, the
unified data model allowed the multidisciplinary teams to collaboratively,
within a single environment, view all the data associated with the system,
regardless of the tools used to perform the calculations, promoting
“systems thinking” among the various discipline experts.
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Case Study 2: Understanding the Aberrant Behavior of Directed-Energy Laser Systems
The Challenges: Directed-Energy laser weapons are complex, precision optical systems being developed for
critical defense applications. In this case study, a defense agency wanted to simulate an early design that was
being tested in the lab and was showing aberrant behavior, in order to better understand the behavior and
sensitivities of the system.
The goal of the project was to demonstrate an effective mixed-fidelity Model-Based Systems Engineering (MBSE)
environment for the analysis and design of laser weapons systems. The team was tasked with analyzing the
system that was producing aberrant behavior in the test laboratory to better understand the physics, so a more
robust design could be achieved. The laser system was not able to maintain a high-power focused beam on the
target. Instead, the target maximum intensity quickly degraded, defeating the purpose of the device.
The engineers suspected that an optical element was heating up and deforming, resulting in the diffusion of
the primary laser beam. The suspected optical element needed to be simulated in 3D to compute the structural
deformations due to thermal gradients, while it was adequate to simulate the rest of the laser system using
lumped-parameter systems models. The results of the simulation were validated by the test observations,
predicting the diffusion of the primary beam on the target surface.
Modeling laser weapon systems involves combined interactions among structures, thermal, and optical effects,
software controls, atmospheric effects, target interaction, computational fluid dynamics, and spatiotemporal
interactions between the laser light and the medium. A variety of general-purpose commercial and specialpurpose in-house tools and techniques had been developed to address different parts of this problem, but these
tools are not integrated, and each requires its own experts to operate accurately.
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The Solution: The solution leveraged a mixed-fidelity, multi-physics, time-varying simulation.
For computational efficiency, it was necessary to combine lumped-parameter systems
models for most of the laser system with 3D models of certain subsystems, that required
higher fidelity, using co-simulation techniques. The goal was to automate the simulation
process, significantly increasing the efficiency and accuracy of the transient co-simulation
trade studies. Aras Comet SPDM was chosen to conduct the multi-fidelity calculations on the
complex laser system.
The simulation automation platform offered a single, unified data model to capture
component definitions across all the required levels of fidelity—from lumped-parameter
systems models to 3D CAD/mesh-based representations. The existing connectors to the
various math and finite element tools used across the disciplines, were ideally suited to
address these challenging modeling requirements.
The Results: The automated simulation process, automatically running multiple tools,
including those targeted for transient thermal, ray optics, and wave optics analyses, was
able to execute the co-simulation process efficiently and accurately, using the component
representations at the required levels of fidelity and automatically generating all the input
files required to run the various tools.
This new approach, with its unified data model and intelligent automation processes, proved
to be effective, rapidly giving the engineers a clear understanding of the underlying physics
processes driving the complex multidisciplinary laser system. These insights were required
to create a more effective design of the laser system.
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CONCLUSION: NEW PRODUCT POSSIBILITIES DEMAND NEW
PLATFORM APPROACHES
Aras offers an open PLM platform connecting to a multitude of tools across CAD, CAE,
systems modeling, software development, and business applications. Aras offers a flexible,
transparent data model governed end-to-end across the lifecycle by highly configurable
processes for configuration and change management.
Collaboration among team members across all domains is highly structured and enforced
via workflows, lifecycle states, and revision- and version-controls. Out-of-the-box engineering
applications are fully functional and fully customizable, including simulation management,
requirements engineering, document management, options/variants management, program
management, BOM and parts management, component engineering, security, supply chain
collaboration, quality, manufacturing, MRO, and more. And, as a true low-code platform, Aras
offers the means to rapidly author applications from scratch, when needed, and use them
together with the out-of-the-box applications. Manage your complete product definition your
way, including simulation, end-to-end across its lifecycle, on a single PLM platform that
leverages a common set of services including robust integrations to external systems, to
ensure that your teams interact with your product data in the tools of their choice.
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Leveraging the Aras Comet SPDM technology, accessible natively from the platform, Aras
offers a robust Simulation Management solution that enables full traceability of simulation
inputs, processes, and results in the Digital Thread of product information. Simulation data
is managed centrally and accessible to any users who need access, scaling insights to
engineers who need them and storing them in context with the right, configuration-managed
version of the product’s definition.
With Aras, available process automation powers cross-disciplinary, multi-physics, and
multi-fidelity analyses, connected with the product’s definition so that every change, and
every product and variant, can be measured via the same processes, automatically or
manually in accordance with the needs of the engineering teams. The simulation “black box”
is opened, ensuring that the simulation results and insights used to support critical design
decisions, propagate lessons learned, offer reuse for accelerated product development, and
enable advanced Digital Twin use cases for simulation, are connected to the Digital Thread,
advancing new business strategies. Simulations can be initiated by non-simulation experts
from end-to-end across the lifecycle, scaling the use of simulation to more of the enterprise
and more of the product lifecycle, and realizing the strategies that will enable nextgeneration product technologies to deliver new value and business models across OEMs.
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Aras provides a resilient platform for digital industrial applications. Only Aras offers
open, low code technology that enables the rapid delivery of flexible, upgradeable
solutions for the engineering, manufacturing and maintenance of complex products.
Aras’ platform and product lifecycle management applications connect users in
all disciplines and functions to critical product data and processes across the
lifecycle and throughout the extended supply chain. Headquartered in Andover,
MA with major offices throughout the world, Aras supports more than 350 global
multinational customers and over 250,000 users. The Aras Innovator platform is
freely downloadable. All applications are available at a single subscription rate,
which includes all upgrades performed by Aras. Aras customers include Airbus,
Audi, GE, GM, Honda, Kawasaki, and Microsoft.
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