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Introduction

The pursuit of advanced innovation in complex industries — aerospace,
automotive, medical devices and defence - increasingly relies on
Model-Based Systems Engineering (MBSE). Managing this complexity while
ensuring efficiency and accuracy is of paramount importance. MBSE
provides a robust foundation for tackling these challenges by offering a
structured, model-centric approach. However, for many enterprises that
have already invested in and are adopting MBSE, the full realization of these
promises remains elusive due to fragmented tools and processes creating
isolated pockets of information, reducing visibility across workflows and
impeding early-stage validation efforts. The factors that contribute to the
gains include early defect detection, model and data reuse, technical and
programmatic risk reduction, improved communication, supply chain
efficiency and standards conformance.

Disconnected tools and
processes often result in
information silos, which hinder
traceability and make

MBSE models would
have to be connected to

early-stage validation
challenging. Decisions made
during the architectural design

the physics-based
models used by other
engineering disciplines

phase without the support of an
initial physical analysis of a
mock-up can potentially lead to
costly rework later. Bridging the
gap between the logical/
functional architecture defined
in MBSE tools and the physical
mock-up realization validated

such as mechanical and
electrical engineering.
One challenge remaining
for digital engineering is
the integration of MBSE
with physics-based

through kinematic analysis in models.
Computer-Aided Design (CAD) . .
tools is crucial yet often (Giachetti, 2025)

remains a significant hurdle due
to a fragmented tool chain.

Furthermore, as is true for an ongoing project, the organizations also face a
glaring ‘loss of opportunity’ when the existing legacy design data is not
leveraged while drafting the MBSE vision. While MBSE teams may achieve
internal productivity gains, their model often remains isolated from the
broader engineering ecosystem, hindering true end-to-end digital
continuity. This critical gap between the potential benefits of MBSE and its
practical implementation in a multi-tool, multi-domain environment is a
central challenge for organizations striving for digital transformation.

The paper introduces a methodology and tool chain integration designed
to overcome the challenges of early-stage validation faced during System
architecture development. This will be demonstrated through a use case of
an automotive wiper system architecture development. Finally, the paper
will also summarize the overall benefits expected from adopting such an
integrated toolchain and maintaining the digital thread.
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The solution: Integrating
tools to form a digital
thread

Product Lifecycle Management (PLM) serves as a foundational framework
that empowers organizations to manage the entire lifecycle of a product—
from ideation and design to manufacturing, service and disposal. Within
this framework, the concept of a digital thread emerges as a powerful
enabler, facilitating seamless data flow and collaboration across all stages
of the product lifecycle. By integrating the digital thread within PLM
systems, organizations can move beyond isolated departmental
efficiencies and achieve enterprise-wide optimization.

A fully threaded digital engineering environment leads to a substantial
reduction in late-stage engineering changes. Boeing’s T-7A Red Hawk
program, for instance, achieved a remarkable 75% reduction in
late-stage engineering changes and an 80% reduction in assembly
hours by leveraging a digital engineering environment (Boeing, 2023).

MBSE is essential for developing complex systems by defining the system
and its components before physical construction. It utilizes models to
organize requirements, behaviour and integrations for all parts of a complex
system, making intricate systems easier to illustrate and understand. When
integrated with PLM, MBSE models become central to managing product
architecture, requirements and parameters throughout the development
process.

The integration of MBSE with PLM enables:

+ Early validation: MBSE enables the creation of comprehensive system
models, allowing for the early detection of design flaws or
inconsistencies.

+ Virtual prototyping and simulation: Formal models can be validated by
execution against simulated scenarios, acting as a digital twin of the
designed system.

+ Informed trade-off analysis: MBSE and PLM integration unifies models,
requirements and lifecycle data, enabling early evaluation of design
alternatives against cost, performance and risk for optimal decisions.

HCLTech Cameo Connector for Teamcenter

Cameo Systems Modeler from Dassault Systemes is a comprehensive
modelling tool for systems engineering, supporting the SysML standard.
Teamcenter PLM software from Siemens Digital Industries Software is a
leading PLM solution.

The integrated workflow, powered by HCLTech Cameo connector for
Teamcenter, is designed to enable early validation and significantly
enhance MBSE gains.

Heterogeneity of data models and nomenclature is a core challenge in
MBSE-PLM integration and this is handled by the connector. HCLTech



Cameo connector for Teamcenter is the critical enabler of this integrated
workflow, acting as the bridge between the conceptual architecture
models defined using SysML in Cameo and the functional and logical
architecture maintained in Teamcenter using its MBSE data model. Its
primary role is to overcome the inherent ‘lack of semantic interoperability’
between disparate tools and thereby enable traceability between the
architecture definition and the rest of the product data managed in

Teamcenter.
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Figure 1: Features of HCLTech Cameo connector for Teamcenter

This traceability further enables robust, bi-directional data exchange
between the MBSE model in Cameo and the product data in Teamcenter.
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Figure 2: Architecture of proposed solution

Key features of proposed solution

A continuous digital thread connecting Cameo System Modeler (MBSE)
with Siemens Teamcenter (PLM) and CAD analysis tools.

» Teamcenter serves as the single source of truth, linking logical
architecture to the intended physical structure.

» Designers then use standard CAD tools to create detailed parts and run
simulations (Kinematic, thermal, etc.) on proposed designs.

+ Critical simulation results are recorded in Teamcenter and can be
synchronized with the SysML model, via connector.

This closed loop enables system engineers to validate requirements against
feedback from simulation results for the proposed architecture early in the
development process.

Realizing the digital thread: Verifying SysML
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Figure 3: Closed looped solution flow

Case study: Automotive
windshield wiper system

In this case study, the engineering team addresses a requlatory mandate
requiring that the vehicle’s wiper system must clear not only the primary
area but also a broader region—achieving over 80% windshield coverage
per cycle—to ensure adequate peripheral visibility (Standard, 2025). The
system architect captures this swept-area requirement and a speed
requirement as SysML constraint blocks in Cameo. A trade-off study is
defined between two architectures: a single-blade wiper vs a dual-blade
mechanism. SysML models are created for both architectural alternatives
and value properties are defined for key attributes of the architectures,

such as blade length, pivot location, swept area, etc. These models are

published to Teamcenter, creating corresponding system definitions with

parameters that match the value properties.
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Figure 4: Cameo Architecture published to Teamcenter
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However, to validate whether the design meets the specifications, it is done
through physical simulation. Representative CAD models of the single- and
dual-blade designs are built, based on the value properties synchronized to
Teamcenter as parameters and subjected to kinematic analysis (e.g.,
computing actual swept area and cycle time). The analysis indicates that
the single-blade architecture covers 74%, while the two-blade architecture
covers 82% of the windshield. These performance figures are stored in
Teamcenter under the physical structures but also propagated in
Teamcenter as measured values for the respective parameters. Using the
HCLTech Cameo-Teamcenter connector, the actual swept-area and
frequency values are fed back into the SysML model’s corresponding value
properties.

Single Blade Wiper System

3 Variables X o° Breakpoints X = 00 Watch X
B- RS o -
Name Value

SweptAreaconstraint@67a66b6a
& sa: arealsquare metre] 0.7486

& B SweptAreaconstraint

- T ta : arealsquare metre] 1.2000

Two Blade Wiper System
2] T~

Name Value

V4 =8 SweptAreaconstraint SweptAreaconstraint@922a673

& 0 sa: arealsquare metre] 08792
- 0 ta : area[square metre] 1.2000

! constraint1

Figure 5: Kinematic results fed to constraint in Cameo model

By “closing the loop,” the system architect can immediately see that only
the two-blade configuration meets the 80% requirement. Decisions about
architecture (single vs. dual) are thus data-driven, made months earlier
than in traditional siloed processes. This avoids late rework (for example,
redesigning a single-blade model that would have failed compliance) and
ensures regulatory adherence from the outset. Moreover, by involving the
CAD and simulation teams early (their results are visible in the MBSE
environment), the project breaks down organizational barriers and fosters
cross-disciplinary collaboration.

Benefits of an integrated approach

The windshield-wiper example shows clear payoffs of an integrated
approach:

- Data-driven design decisions: By embedding real simulation data into the
SysML model, architects make informed choices based on quantitative
facts.

» Regulatory compliance assured: Traceability from the >80% requirement
through model parameters to simulation results ensures the design meets
regulations from the outset. Early validation means compliance is "baked
in,” not an afterthought.

» Reduced rework and risk: Discovering the single-blade’s shortfall early
avoids a late-stage redesign, which would have been costly and
time-consuming. MBSE and PLM integration dramatically shortens time to
market by detecting such problems sooner.
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« Enhanced collaboration and efficiency: All teams (systems, design,
simulation) operate on a shared digital thread. This cross-team visibility
accelerates decisions and reduces manual coordination overhead.

« Improved traceability: Automated trace links maintain a verifiable path
from high-level requirements through architecture down to physical
parameters and test results. 8

« Confidence and quality: MBSE tools enable early validation
(pre-prototype) using low to medium-fidelity data, allowing the
project to advance with a clear, data-backed architecture.

Benefits

The critical gap between the potential benefits of MBSE and its practical
realization of the benefits in a multi-tool, multi-domain environment is a
central challenge for organizations striving for digital transformation.
Beyond the direct and quantifiable costs, disconnected engineering
processes lead to significant missed opportunities - a critical,
forward-looking financial impact. This includes the inability to rapidly
innovate, perform comprehensive early-stage trade-off analysis and
efficiently reuse valuable legacy design assets. Fragmented data hinders
the agile iteration on proven legacy designs within an integrated MBSE
environment, leading to duplicated efforts, sub-optimal designs and slower

response to evolving market demands.

Quantitative analyses of Digital thread — enabled MBSE and PLM
integration provide compelling evidence of its economic and operational

impact:

Group / Project

Boeing T-&A Red
Hawk

Northrop
Grumman

Implementation

MBSE tools and a
governed project
lifecycle
management
(PLM) backbone
connected design,
simulation,
manufacturing
and testing

Traceable digital
engineering
practices

Gains

First flight in just
36 months, a
75% reduction in
late-stage
engineering
changes and an
80% reduction in
assembly hours.

Reduced rework
associated with
interfaces from
~20% to less
than 1%

Table 1: Gains through implementation of Digital thread

References

(Boeing, 2023)

(Grumman,
n.d.)

When integrated with PLM, the MBSE models become central to managing
product architecture, requirements and parameters throughout the
development process.
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The integration of MBSE with PLM enables:

+ Unified system models: PLM Platforms such as Siemens Teamcenter,

centralize models, ensuring version control and preventing conflicting
or outdated information.

+ Traceability of artifacts: The integration ties MBSE models to other

critical artifacts, such as simulation results, test documentation and
manufacturing instructions, creating a true Digital thread for the entire
product or system lifecycle.

+ Physical domain connection: MBSE models can hold data for various

physical domains, including electrical / electronic design, SW design
and physical design specifications and can synchronize with PLM tools
using Engineering Bill of Materials (EBOM). This enables the
transformation of logical architectures into physical realizations.

« Early validation: MBSE enables the creation of comprehensive system

models, allowing for the early detection of design flaws or
inconsistencies. This proactive approach minimizes the need for
expensive redesign and accelerates time to market.

« Virtual prototyping and simulation: Formal models can be validated by

execution against simulated scenarios, acting as a digital twin of the
designed system.

The synergy between MBSE and PLM creates a closed-loop feedback
system that facilitates continuous monitoring, optimization of production
workflows and validation of new or updated manufacturing processes
before physical implementation.
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