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We are in an exciting time for shipbuilding innovation. New 
technologies continue to create opportunities for autonomous 
operation, sustainability, electrification, connectivity, and more 
within the maritime industry. Shipbuilders and marine companies 
that capitalize on innovation opportunities will be well-positioned 
to become leaders in their respective spaces. Incidentally, true 
ship innovation starts with great design, beginning in the initial     
design phase. 

Unifying design and simulation tools can help companies 
successfully execute their innovation strategies in shipbuilding. 
This powerful combination supports a performance-driven design 
approach, resulting in market-leading vessels. 

This report explains how MODSIM combines the power of CATIA 
MODeling with integrated SIMULIA SIMulation.

MODSIM helps design teams innovate and left-shift the design 
process. With MODSIM, they can iterate faster to arrive at a more 
ideal concept in less time. As part of the 3DEXPERIENCE platform, 
the entire product development team is connected to facilitate 
collaboration and leverage their collective talents.

INNOVATION OPPORTUNITIES FOR PRODUCT DESIGN
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PRODUCT DEVELOPMENT CHALLENGES

To be competitive in today’s global market, shipbuilders need to 
produce faster, smarter and more sustainably. Fierce competition 
means that focusing on a single aspect is no longer enough. 
Further, some shipbuilders may need to rapidly develop new 
capabilities, such as battery-powered propulsion or autonomous 
navigation, to catch up with competitors who have already taken 
the lead in developing expertise in new areas for innovation.

To develop competitive ships, naval architects and marine engineers 
must balance competing criteria like high performance, quality, and 
innovation while keeping costs down.At the same time, design and 
engineering teams must be agile enough to pivot and adapt to new 
technologies, competitive pressures, and regulations, all while facing 
intense time-to-market pressure.

PRODUCT QUALITIES THAT WILL BE 
MOST IMPORTANT TO COMPETITIVENESS

Quality/reliability 66 %

Product performance 57 %

Innovation 52 %

Price 42 %

Agility/Speed/
Fast time to market 37 %

 All Respondents

Source: Tech-Clarity 3



Early Optimization Will Help Manage Complexity and Meet Time 
to Market Goals

Unfortunately, ship development information is so siloed that 
it is difficult to get a consolidated view of requirements, design 
artifacts, simulation results, and other details, across all disciplines. 
Time pressures mean marine engineers often make decisions 
with only partial information and move on, even if it is not 
ideal for performance, sustainability, manufacturability, and                                
other considerations. 

With this approach, design problems may not be found until late 
in the product development cycle. The later problems are found, 
the more complex and costly they are to fix as more of the design 
has been solidified, with more stakeholders involved. Silos become 
even more problematic as it becomes increasingly difficult to 
manage changes across all stakeholders without a consolidated 
view of all design information. This lack of traceability makes 
it hard to identify all change impacts, yet anything overlooked, 
including missed manufacturability issues, can lead to costly scrap 
and delays. Further, 70%- 80% of the product cost is determined 
during vessel development, so decisions made during these early 
phases significantly impact the final cost.

Potential for topology 
and shape optimization

Opportunity of 
design changes

time

Cost risk

Conceptual 
Phase

Serial 
Development

Start of 
Production

To avoid these problems, naval architects and marine engineers need 
a single reference with a consolidated view of all design aspects to 
base decisions on more complete information. This should begin as 
early as possible, starting in the initial design phase. Beginning this 
early also establishes an optimized foundation for detailed design 
to support regulatory compliance, performance, sustainability, and 
innovation, while ruling out ideas that won’t work, saving time in        
the long run. 
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Democratization of Simulation Can Help 

Given the impact of design decisions on competitiveness yet the 
challenging nature of those decisions, empowering the team with 
additional tools can help. Additional support, starting with initial 
design and extending throughout the entire ship development 
lifecycle, can lead to better decisions, resulting in more competitive 
products, fewer late-stage problems, and higher profitability.

Tech-Clarity research finds that Top Performing companies rate 
simulation as the top software technology to use with CAD to 
help them become more competitive. Simulation helps engineers 
understand the impact of their design decisions and overcome 
complexity-related challenges. 

However, traditional simulation approaches have some inherent 
challenges. The time-consuming efforts associated with preprocessing, 
the work done to prepare a CAD model for analysis, limits the number 
of simulations that can be run, resulting in missed opportunities for 
improvement. Plus, the team involved with most upfront design 
work may not be as familiar with simulation as analysts. With easy 
collaboration methods, analysts could provide advice and guidance. 
However, typically, analysts use separate analysis tools, which 
creates silos and makes it hard to share models and collaborate 
within the development team. This also creates a barrier for analysts, 
designers, and engineers to leverage each other’s work. 
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MODSIM

MODSIM combines modeling and simulation to explore more design 
ideas faster and more thoroughly. As part of the 3DEXPERIENCE 
platform, it combines the power of CATIA modeling and SIMULIA 
simulation, while providing a seamless connection to data and 
process management capabilities. For example, manufacturers 
can leverage their existing material databases and create Bill Of 
Materials (BOMs).

Companies need MODeling & SIMulation stakeholders to understand 
each other. By breaking down the traditional barriers between 
siloed tools, MODSIM makes it easy for designers and engineers 
to leverage simulation earlier and throughout the entire design 
process, while analysts can access modeling tools and quickly 
validate changes. 

MODSIM also uses a unique associative data model for both modeling 
and simulation. This avoids wasting effort exporting and importing 
models into different tools. Models are easily shared, facilitating 
collaboration on the latest version of the product and providing 
visibility into the work done by each role. 

By using this model-based approach, rather than file-based, each 
discipline and user can apply MODSIM methods as they develop their 
subsystem view while connected to the central system definition. 
This also provides a single reference for all design decisions, 
supporting a collaborative environment for the complete product 
development team and all its stakeholders.

MODSIM Breaks Down Barriers between MODeling & SIMulation 
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In a recent study, Tech-Clarity surveyed companies to learn which 
software technologies used with CAD help them execute their 
strategies for competitiveness. The graph shows the technologies 
Top Performing companies find most helpful. The combination 
of MODSIM and the 3DEXPERIENCE platform makes these 
technologies available with CATIA. The unique associative data 
model and single platform support a digital thread with the 
traceability required to propagate changes to impacted models. 

The environment with simulation creates a Virtual Twin of the 
product, enabling ongoing continuous improvement. AI and 
Generative Design strengthen this further. Dassault Systèmes 
has focused on these technologies for years, including evolving 
Generative Design from a solution that used design intent to drive 
the model’s shape, to capturing use cases and performance criteria, 
to now supporting true Design of Experiments (DOE).

SOFTWARE TECHNOLOGIES USED WITH CAD 
THAT WILL HELP EXECUTE STRATEGIES FOR COMPETITIVENESS

Simulation 48 %

43 %

39 %

39 %

32 %

32 %

Digital Transformation/Twin/Thread

Artificial Intelligence (AI)/Machine 
Learning (ML)

Generative Design

Cloud

Manufacturability checks

Source: Tech-Clarity

 Top Performers
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Designers and engineers become more 
efficient and effective

With MODSIM, designers and engineers 
can obtain more design insights to guide 
their decisions, helping them become even         
better engineers. 

With MODSIM, they can:

Unify modeling and simulation 
MODSIM unifies the data model behind modeling 
(CAD) and simulation (CAE), so there is no 
distinction. This immediately removes barriers 
and friction since exporting or converting 
models is no longer needed for simulations.

Increase modeling agility with high 
robustness 
Increase the successful completion of updates 
in large parametric model with new geometry 
update mode, relaxing some geometrical rules 
to open more flexibility in each alternative 
iteration to get the largest possibility space at 
each level of product design phase.

Automate modeling and simulation 
Maximizing automation in the design process 
is critical to achieving incremental gains in 
efficiency and performance. 3DEXPERIENCE 
enables automated design and simulation at 
an industrial scale, with little expertise and 
maintenance required.

Use generative methods to drive design 
MODSIM leverages AI and generative design 
methods so you can use performance criteria 
to drive the design. Simply define design 
requirements and let the software automatically 
generate potential options, saving designers 
and engineers hours.

Unleash your alternatives studies
With Modules and Interfaces approach, 
anticipate any alternative types without taking 
care of topology rules and just respect product 
functional definition to be applied.

Create a virtual twin experience 
Creating a virtual twin early in the design 
process empowers engineers to test their 
ideas and accurately predict product behavior. 
Automated exploration of multiple iterations 
also reduces uncertainty. Powered by AI and 
big data, teams can explore more possibilities 
and leverage industry know-how to discover, 
understand, and act on new ideas

Democratize modeling and simulation 
Leveraging the latest integrated and automated 
solutions can make even complex simulation 
workflows available to designers and non-
experts. This can speed up the design process 
and free simulation experts to focus on higher-
value work.

Left-shift design processes 
MODSIM empowers designers to test against 
specifications early on instead of systematically 
relying on analysts to do it later. This also 
lowers overall cost by getting it right the first 
time and avoiding late-stage failure.
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MODSIM: massive efficiency gains on 3DEXPERIENCE® platform through automated methods
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These capabilities lead to numerous company benefits:

Single source of truth
The unified modeling and simulation environment creates a single source 
of truth, so design changes are automatically reflected in the model and 
simulation. With each design change, the team avoids repeating the tedious, 
time-consuming process of exporting the design model and importing 
it into a simulation tool, cleaning up the surfaces, and redoing all the                
preprocessing steps.

Lower cost
By leveraging simulation throughout the lifecycle, product designs can be 
optimized during the concept, system, and detail design stages to take cost out 
without compromising quality.

Faster time to market

The virtual twin experience enables engineers and designers to make quicker, 
better-informed decisions. By validating basic requirements and addressing 
issues early, late-stage delays are minimized. Additionally, basic simulations 
can be handled efficiently, reserving analysts’ expertise for complex tasks and 
reducing team iterations.

Greater innovation

With simulation, designers and engineers can explore more design ideas, leading 
to greater innovation. It can also rule out ideas that are not feasible early on, 
allowing them to focus on the best ones.

Fewer physical prototypes

More verification and validation in the digital world catches problems earlier. 
This means fewer physical prototypes, saving both time and expense. Testing 
can be further accelerated by leveraging simulation results to identify optimal 
locations for sensor placements. 

Improved collaboration

The 3DEXPERIENCE Platform connects teams across disciplines to enable 
real-time collaboration and ideas-sharing at every stage, enabling fast, 
efficient innovation. Teams can easily capture, leverage, and share knowledge.                         
By sharing and referencing models, they can easily visualize and understand 
design elements, improving communication. Designers and engineers can 
connect with analysts for guidance and suggestions, while analysts can use 
CATIA to model different design options, evaluate the impact, and share with                            
designers and engineers.
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SHIPBUILDING SIMULATION WORFLOWS
Design Engineering Challenges 

Simulation is at the heart of modern shipbuilding, enabling 
engineers and naval architects to predict, assess, and optimize 
vessel performance at every stage of the design process. The 
3DEXPERIENCE platform brings together a comprehensive suite 
of simulation workflows tailored for core shipbuilding challenges. 
By integrating these workflows, organizations can streamline their 
engineering processes, enhance design accuracy, and accelerate 
the adoption of innovative maritime solutions. 

This section explores three key MODSIM workflows, hull form 
design, structural integrity and propeller design and manufacturing 
and go into the key differentiator details.

How does the Marine & Offshore industry use simulation?
Ships are complex systems including mechanical, fluidic and electronic sub-
systems, which must operate safely, reliably and efficiently even in the roughest 
sea conditions. Simulation models the real-world performance of a component, 
device or system virtually, allowing it to be analyzed without the need for a 
physical prototype.

Common applications of simulation in shipbuilding include:

• Hull bending and structural integrity
• Hydrostatics and seakeeping
• Fatigue analysis of welds and joints
• Propeller design
• Engine and transmission design

• Pump and pipe analysis
• Antenna and radar placement
• Noise and vibration
• Degaussing
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Parametric Hull Optimization with MODSIM

Hull design plays a vital role in the performance and efficiency of 
marine vessels. Using MODSIM on the 3DEXPERIENCE platform, 
engineers can optimize hull forms through an integrated, 
simulation-driven design process. This example focuses on a 
tugboat case study, demonstrating how parametric modeling and 
simulation work together to improve hydrodynamic performance.

The process begins by defining key design requirements such as 
vessel dimensions, cruise speed, and operational constraints. These 
feed into a fully parameterized CAD model where features like 
hull shape, center of gravity, and control surfaces are adjustable 
through defined control points. This single model becomes the 
foundation for both design and analysis, enabling automatic 
updates and simulation-ready geometry as changes are made.

The collaborative nature of MODSIM ensures that designers 
and analysts work from the same data source, minimizing 
rework. Geometry and simulation are tightly connected, 
allowing fast iteration and automated design studies without                                                
manual intervention.

Shape Parametrization

Using the CATIA Hull Form Modeling app, designers set up global 
parameters to control hull geometry. Changes such as shifting 
from a U-shaped to a V-shaped bow or adjusting the keel radius 
are managed through intelligent rules and relationships. The model 
responds dynamically to inputs, ensuring that all design updates 
preserve the hydrodynamic integrity of the hull.

Shape Parametrization 
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Fluid Simulation 

With the geometry in place, the fluid scenario is set up using 
SIMULIA FMK CFD tools with Volume of Fluids (VOF) methods 
to capture surface interactions and flow behavior. The process 
includes remeshing and transient simulation setup, which can also 
account for hull motions and wave effects. Analysts review flow 
patterns and resistance forces to evaluate design performance.

Design Exploration and Optimization

Designers can initiate parametric studies where control points 
become design variables, and performance indicators such as 
resistance are tracked. Whether through DOE or guided optimization 
through Artificial Intelligence (AI), design alternatives are compared 
to identify those that best meet project goals, often revealing 
measurable performance improvements.

For analysts, more complex workflows can be built using SIMULIA 
Process Composer. These can include fluid-structure interactions, 
custom solver integrations, and advanced optimization methods. 
Results can be explored interactively employing the SIMULIA Results 
Analytics app, and Machine Learning (ML) surrogate models can 
be used to predict performance trends across a wide design space, 
accelerating decision-making.

Fluid Simulation

Design Exploration and Optimization
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Inputs:
• Ship requirements
• Control points
• Modeled CAD surface
• Scenario settings
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• Optimized bow hull shape ✓✓ Design 

objectives met
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Shape Parametrization

•	Define the hull control points           
as global parameters

•	Update control point locations

•	Close surfaces 

Volume of Fluids

•	Set up & update fluid scenario

•	(Re)mesh & simulate CFD

•	Transient RANS k-e, Volume of 
Fluids (VOF)

Optimize and Decide

•	Evaluate the final design

•	Decide if objectives met

Design Improvement Study

•	Set up parametric design study

•	Control points are design variables and 
are constraint

•	Resistance is response variable

Design objectives not met

•	Change location of control points

Design objectives met

KPIs
•	Hull resistance

Outputs:
•	Pressure and friction resistance

•	Optimized bow hull shape

Inputs:
•	Ship requirements

•	Control points

•	Modeled CAD surface

•	Scenario settings

1 2

34
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In complex shipbuilding projects, digital continuity between 
structural design and simulation is essential. By unifying these 
traditionally separate disciplines, MODSIM on the 3DEXPERIENCE 
platform enables marine and offshore engineers to streamline 
workflows, reduce cycle times, and respond quickly to bid or 
design requests with confidence. 

The core differentiator lies in Dassault Systèmes’ ability to connect 
structural modeling directly with simulation. By automatically 
generating a finite element (FEM) model from the structural design, 
engineers eliminate time-consuming manual steps and avoid 
non-value-adding activities. This automated continuity ensures 
consistency between design intent and simulation results, reducing 
errors and enabling fast iteration.

Structural Design and Simulation with 
Digital Continuity

Functional Structural Design for Ships

The structural model is developed using the CATIA Structure Functional 
Design application, purpose-built for end-to-end ship development. 
Structures are defined using panels, stiffeners, and beams, with 
properties like thicknesses, profiles, and materials embedded directly 
into the model. Any design change, such as repositioning a stiffener, 
triggers automatic FEM updates, ensuring that simulation models 
remain in sync.

This rule-based idealization supports real-world ship structures and 
leads to a dramatic reduction in lead time, often shrinking processes 
from months to weeks. FEM generation is fully integrated with 
SIMULIA Structures simulation tools, offering support for a broad 
range of analysis types thanks to the power of the SIMULIA Abaqus 
solver, including linear and nonlinear static, buckling, frequency, 
thermal, impact, and creep simulations. For flexibility, models can 
also be exported to external solvers such as Abaqus CAE and Nastran.

15



Global to Local Simulation Strategy

The simulation approach begins with a global ship-level model 
to assess overall structural behavior under realistic loading 
conditions. In this demonstration, the analysis includes hydrostatic 
and buoyancy forces obtained directly from the hull definition in 
CATIA. The model uses shell and beam elements and incorporates 
automatic mesh idealization to focus on structural behavior, not 
geometric detail.

Finally, component-level optimization empowers designers to 
evaluate parts such as bulkheads or deck reinforcements within 
simple, guided workflows. With native geometry and automatic 
meshing, even non-experts can run robust simulations across 
multiple scenarios. This enables broad adoption across design 
teams, transforming simulation from a specialist task into a core 
part of the design process.

From there, engineers can drill down to local detailed modeling 
using a sub modeling approach. Based on the same digital twin, this 
phase enables focused analysis of high-stress areas or regions with 
complex geometry — such as brackets or cutouts. The mesh and 
mid-surfaces are automatically generated from the structural design 
model, with full support for local refinement and iterative changes.
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Parametric 
Design 

Slicing & Tool 
Path Generation

SimulateDesign Change

Performance 
Optimization through CFD

Additive Manufacturing with MODSIM
Additive Manufacturing (AM) is transforming marine component 
production by enabling design-driven fabrication and on-demand 
part optimization. Using MODSIM on the 3DEXPERIENCE platform, 
engineers can simulate and validate the entire AM workflow, from 
parametric design to process simulation, in a unified environment. 
This section illustrates how Dassault Systèmes solutions support a 
wire arc additive manufacturing (WAAM) process through a marine 
propeller use case.

From Design to Simulation-Ready Geometry

The process begins with the creation of a parametric CAD model 
of the component, in this case, a marine propeller. This approach 
enables rapid design exploration by varying key parameters such 
as blade count, diameter, rake, and skewness.

Before moving into manufacturing, the propeller geometry is 
first optimized for hydrodynamic performance. Using embedded 
SIMULIA CFD capabilities on the 3DEXPERIENCE platform, designers 
simulate and evaluate thrust and torque output under operational 
conditions. This performance-driven optimization ensures that the 
final blade shape meets propulsion requirements while minimizing 
energy loss.

Once the optimal shape is determined, the CAD model is prepared 
for simulation and manufacturing. The CATIA Digitized Shape 
Preparation app is used to validate and repair the STL mesh, 
ensuring it’s watertight and suitable for downstream finite element 
analysis. Both native and imported geometries can be seamlessly 
transformed into simulation-ready models, creating a clean digital 
foundation for the additive workflow that follows.
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Process Planning and Toolpath Generation

With the geometry in place, the DELMIA® Material Deposition 
Fabrication app is used to slice the part and generate an additive 
toolpath — in this case, based on a 3-axis neutral line strategy 
tailored to the curved geometry of the propeller blade. The app 
defines the layer structure, scan sequence, and key process 
parameters such as deposition speed and power.

Thermal management is central to the accuracy of the simulation. 
The full build context is considered to closely match real-world 
thermal conditions, ensuring realistic layer-by-layer timing. This 
allows engineers to account for heat accumulation, cooling rates 
and energy distribution across the evolving structure

Thermomechanical Simulation of the AM Build

The SIMULIA Additive Manufacturing Scenario app is used to run 
a detailed thermomechanical simulation of the WAAM process.                                                                                                                      
Using Abaqus® solvers, the simulation activates elements 
progressively to reflect real-time material deposition. Convective 
and radiative cooling effects are applied to the evolving free 
surface, while a moving heat source simulates the arc energy input 
across each layer.

Finite element meshing uses tetrahedral and hexahedral elements 
to accurately represent the propeller’s complex geometry. Coupled 
thermal-structural analysis calculates temperature fields and resulting 
residual stresses and deformations. The toolpath is directly mapped 
to the mesh, ensuring high fidelity between the physical and 
simulated build sequences.

Clamping conditions and material properties, such as those of 
Ni-Al Bronze, are defined to ensure realistic mechanical boundary 
conditions. If required, engineers can adjust parameters or geometry, 
regenerate the slicing and toolpath, and re-run the simulation, 
enabling fast, iterative optimization.
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MODSIM ON 3DEXPERIENCE PLATFORM
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Experience the Power of MODSIM

With MODSIM, shipbuilders and marine companies can accelerate 
digital transformation and their innovation process. Each role 
involved in ship design and engineering gains access to a single 
source of truth, from the initial concept through every stage 
of ship development.  By combining modeling and simulation 
in a unified, collaborative environment, MODSIM enables every 
team member to leverage a single, up-to-date model—improving 
decision making, exploring ideas, solving problems, and optimizing 
vessel designs with a performance-driven approach. 

As part of the 3DEXPERIENCE platform, MODSIM’s capabilities 
are strengthened and extended. The 3DEXPERIENCE platform 
supports the creation of a virtual twin that provides needed 
insights to develop winning products that meet customer needs 
with high quality and innovation, leading to higher profits. 

In summary, MODSIM:

•	 Is a critical solution to support design decisions and trade    
studies very early in the development process 

•	 Creates a virtual twin experience that supports a single source 
of truth

•	 Unifies, automates, and democratizes MODeling and SIMulation 
while improving collaboration.

•	 Enables left-shifting of tests during design processes, reduces 
cost, and accelerates time to market 

•	 Boosts innovation with generative methods to drive the                   
ship design

Find out more on Dassault Systèmes’ dedicated Marine 
& Offshore solutions

Discover the MODSIM community where you can 
view videos, webinar replays, and global events: 

MODSIM community
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Dassault Systèmes is a catalyst for human progress. Since 1981, the company has pioneered virtual worlds to improve real life for consumers, patients and citizens.
With Dassault Systèmes’ 3DEXPERIENCE platform, 370,000 customers of all sizes, in all industries, can collaborate, imagine and create sustainable innovations that drive meaningful impact. 
For more information, visit: www.3ds.com
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