CASE STUDY

Design exploration:
Choosing the best manufacturing
method for an aircraft bracket

When developing breakthrough products, aerospace companies seek to expand possibilities in materials,
part shapes, and manufacturing methods while ensuring cost control and viability. Therefore, they must
constantly seek the optimal balance between performance (weight and structural integrity), cost, and
production scalability to determine the best approach for part development.

Additionally, before production, designs undergo industrial feasibility validation, often leading to
iterative exchanges between design and manufacturing/industrial teams, causing delays and
inefficiencies. Streamlining this process from the earliest design stage is essential for faster decision-
making and optimized workflows.

This case study, in collaboration with Potez Aéronautique, demonstrates how Cognitive Design
facilitated design exploration for optimization for an aircraft structural bracket comparing Additive
Manufacturing (AM) and CNC Machining. By leveraging Topology Optimization, Simulation-Driven
Design (SDD), and Manufacturing-Driven Design (MDD), we automated design adaptation while
integrating cost estimation.

Consolidating these metrics in a single environment allowed Potez Aeronautique’s engineers to make
data-driven trade-offs, optimizing performance and cost while accelerating the transition from concept
to production.
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Design exploration for performance:

potential cost savings

When discussing component efficiency, minimizing weight is
essential to achieving optimal performance as reducing
weight is crucial for fuel efficiency, lower operational costs in
aerospace. Brackets alone, which number in the thousands
per aircraft, present a major opportunity for weight reduction
and savings on the long run. In fact, eliminating bracket
weight by 50% could reduce an aircraft’'s total weight by
1,000to0 10,000 kg™. For context, this equates to saving up to
23.4% of an Airbus A320’s emptyweight?. Given that
shedding 100 kg of plane material saves 8 to 17 kg of fuel per
flight®, a lighter Airbus A320neo could save 300 tons of fuel
over its lifetime, translating to $1.8 million in cost savings per
aircraft®,

Designing lightweight Aircraft
Brackets

The study focused on an aircraft structural bracket,
developed with Potez Aeronautique. The initial concept parts
were designed with the 3-axis machining process in mind,
resulting in heavier components that required two separate
pieces and an additional assembly step. To optimize
efficiency and reduce weight, the Potez Aéronautique team
sought to explore new viable opportunities.
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2-part assembly of 3-axis CNC parts Optimized bracket for 5-axisCNC Machining
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Engineering lead time comparison

As we can observe on the next page, the design method with Cognitive Design
provides a significant advantage over both traditional CAD and CAD with Topology
Optimization (TopOpt) methods by drastically reducing engineering lead time,
increasing automation, and integrating key performance metrics like cost.

Engineering Time Efficiency

One of the most striking advantages of Cognitive Design is its ability to reduce design exploration time
by up to 85% compared to traditional CAD methods an over 77% compared to the TopOpt method.

Manufacturing Readiness & Flexibility

A critical limitation of both Traditional CAD and TopOpt methods is the lack of early-stage
manufacturability considerations. Traditional CAD involves a 48-hour iterative FEA simulation loop
repeated three times (one design per manufacturing method), while TopOpt requires multiple steps,
including 16 hours for topology optimization, 8 hours for geometry reconstruction, and an additional
24 hours for FEA simulation. These approaches focus primarily on design and simulation, leaving
manufacturing feasibility checks until the later stages.

By incorporating Manufacturing-Driven Design (MDD) and simulation-driven design (SDD) early in
the process, the Cognitive Design method ensures that the generated designs are not only
structurally optimized but also practical for the given manufacturing methods. With a total “MDD-
FEA-SDD” time of just 6 hours, this eliminates unnecessary redesign cycles and reduces additional
rework time required in traditional methods.
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Integration of Cost Metrics

Neither traditional CAD nor TopOpt provides direct insight into manufacturing costs and
environmental impact during the design phase. These assessments must be conducted separately,
adding extra time and effort. In contrast, Cognitive Design integrates cost-per-part assessment
directly into the workflow, eliminating the need for an additional 7-hour feasibility analysis required in
other methods.

With a total design exploration time of just 28 hours, Cognitive Design emerges as the most holistic
and efficient approach, providing superior automation and manufacturability integration.




CASE STUDY - Aircraft Door Bracket - Exploration

3 Traditional process CAD & TopOpt process Cognitive Design process
|
Comparlson- Design for AM, Design for AM, Design for AM,
T d s = l D . 3-axis & 5-axis Machining 3-axis & 5-axis Machining 3-axis & 5-axis Machining
- g ° Part ° Part ° If'qrt _
ex lo ratlon methods specification specification specification
p A CAD CAD
_ - Software e Design Space Software ¢ Design Space
vs. Cognitive Design Softwars | portdesign | | ams | Creaton ahrs | Creation
8hrs x3
TopOpt TopOpt ——
software ¢ for AM Topology Optimization
16hrs x3 :
FEA& CAD F!E A . 6hrs x3 ¢ Topology Reconstrution
software Simulation & Meshless Simulation
2 8 h { Design ?AD Geometry
Modification software ¢ Reconstruction
OU rs 48hrs x3 foan 8hrs x3
to find the right design, FEA FEA thrx3 ¢ Manufacturing-
ready for production software ¢ gimulation Driven Design
8hrs x3
! ! FEA Simulation &
Simulation-
85% Concept ready Concept ready Thrx3 ¢ Driven Design
to be evaluated to be evalvated
reduction of design exploration > DESIGN ENG. DPT.
time compared to the —
it back-ana-forth
traditional CAD method MANUF. ENG. DPT. ovaluated Cost/part
Feasibility and cost analysis ~ 7hrs x3
C t l " TOTAL:188hrs TOTAL: 12Thrs TOTAL: 28hrs

integrated from the first
design iteration

Manufacturing method chosen to pursue product development




CASE STUDY - Aircraft Door Bracket - Exploration

The workflow with cognitive design

l. Topology optimization workflow
and reconstruction

From the design space, we first optimized the bracket for
mechanical performance with:

* Topology optimization, integrating load cases to ensure stiffness
while reducing weight.

e Then, we used Topology Optimization Post-Process (TOPP) app
to reconstruct the raw topology, seamlessly connecting
functional regions, smoothing fillets, and fixing disconnected
areas, resulting in a refined, manufacturable design.

On the left: Bracket Design space
In the middle: TopOpt results before post-processing
On the right: TopOpt results after post-processing
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2.

Design for Additive Manufacturing

2.. Ensure design feasibility for Additive Manufacturing

After finalizing the optimal design for mechanical performance, we needed to adapt its shape for the AM
process while maintaining identical mechanical properties to the original model. To achieve this, we first
utilized the MDD app to ensure the part’s manufacturability for AM by:

Optimizing part orientation to reduce material waste, print time, and production risks while maintaining
quality.

Enforcing minimum thickness to prevent weak points and ensure structural integrity.

Generating self-supporting features: we allowed machining of critical interfaces and holes without

excessive supports.
Integration with CAD: we transformed the optimized geometry into a CAD-compatible format for seamless

integration.

Workflow of the Manufacturing-Driven Design for Additive Manufacturing
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The workflow with cognitive design

2.2. Maintain structural integrity for
Additive Manufacturing with SDD

Then, we used the Simulation-Driven Design (SDD) app in Cognitive
Design to validate and refine the design. The SDD app ensured the
geometry met safety standards, handled expected stresses, and
avoided weak points.

With SDD, we kept reducing the bracket’s weight by 8% after topology
optimization and MIDD and increased the Safety factor above 2.

This was achieved by automatically removing material from low-
stress areas while reinforcing high-stress regions, ensuring both
weight reduction and structural strength.

Overview of the iterative loop between FEA checks
and automated design modifications for AM
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3. Design for 5-axis Machining

3.1. Ensure design feasibility for 5-axis Machining

As for AM, we started the optimization for 5-axis machining from the topology-optimized design, following the
same process. As a reminder, the initial part was produced with a3-axis machining method so we will only
focus on 5-axis optimization. To do so, we first used the MDD app to ensure part’s manufacturability for S-axis
machining by:

e Enforcing minimum thickness to prevent weak points and ensure structural integrity.

 Eliminating intricate undercuts.

 Closing all gaps smaller than the minimum feature spacing.

e Integration with CAD: we transformed the optimized geometry into a CAD-compatible format for seamless
integration.

Workflow of the Manufacturing-Driven
Design for 5-axis Machining
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The workflow with cognitive design

3.2. Maintain structural integrity for
Machining with SDD

Next, we used the SDD app in Cognitive Design to validate and refine the
geometry for S-axis machining. By strategically reinforcing critical areas and
minimizing excess material, we achieved a balance between maintained
structural performance and ensured manufacturability.

5.818-2 1.02e+2

Porwrered by
“ Intaci
Soaluit icey et ey O 'gernnd Pl

Overview of the iterative loop between FEA checks and automated design modifications for AM

With SDD, we maintained the same bracket’s weight as after topology
optimization and MDD and increased the Safety factor above 2.
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4. Design exploration results: performance & cost

Now that we have a comprehensive understanding of the design workflow in Cognitive Design
for both AM and Machining, we can evaluate the best scenario balancing manufacturing
costs, weight reduction and safety factor. The following table presents a comparative
analysis to determine the optimal manufacturing approach based on three scenarios: 3-axis
Machining, S-axis Machining, and AM.

Metrics per part 3-axis Machining  5-axis Machining AM
Weight 0,214 kg 0,203 kg | 0,165 kg
Safety factor 1.5 >2 >2
Manuf. Cost 172€ 251€ 913€
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Conclusion

This case study, conducted in collaboration with Potez Aéronautique, demonstrates how Cognitive Design enabled to
significantly accelerate the design exploration workflow.

By integrating performance, manufacturability, cost, and environmental impact into a single workflow, we allowed
engineers to explore multiple design scenarios faster and more efficiently.

Through this approach, we optimized an aircraft structural bracket by comparing AM and CNC Machining, primarily
identified to be the most relevant manufacturing methods for the part. Thanks to Cognitive Design, we eliminated
inefficiencies by embedding Topology Optimization, SDD and MDD into a unified framework. This ensured that designs
were structurally optimized, manufacturable, and cost-efficient from the earliest stages.

For Potez Aeronautique, the benefits are:

 Design exploration time was reduced by up to 85% (from 189 hours to 28 hours) compared to traditional CAD methods.

» Potez Aéronautique engineers were able to quickly assess trade-offs between weight, performance, cost, and,
accelerating decision-making.

» Manufacturing feasibility was ensured early in the design process, preventing costly design iterations and rework.

» Costs were integrated into the design workflow, allowing engineers to prioritize both economic and environmental
impact in their optimization choices.

Cognitive Design helped Potez Aéronautique engineers make faster, data-driven decisions, eliminating the delays of
traditional design methods. This study paves the way for a more agile and efficient design process, contributing to the
development of lightweight, fuel-efficient, and cost-effective aerospace structures.

MAKE INFORMED DESIGN DECISIONS.
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Aircraft bracket optimized for Additive Manufacturing

Lightweighting Aircraft Bracket Design:
How Potez Aéronautique Achieved Major Weight Savings

Click here to learn more



https://www.cognitive-design-systems.com/case-study/lightweighting-aircraft-bracket-design-how-potez-aeronautique-achieved-major-weight-savings
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Inteérested in acceleratingyour
mechanical design workflows for high-
performance, castable parts?

/e Design can transform your engineering process.

Contact us to explore how



https://www.cognitive-design-systems.com/contact

