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WHAT IS MDAO?

• MDAO = Multidisciplinary Design Analysis & 
Optimization

• Integrates multi-disciplinary engineering 
analyses

• Enables rapid trade-space exploration

• Reveals performance-mass-cost (etc.) 
interactions

• Improves early design decisions
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MOTIVATION
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MOTORSPORT AS A TEST ENVIRONMENT

• Formula 1 utilizes advanced 
composite aerodynamic structures

• Designs require high stiffness, low mass, 
and tight manufacturing tolerances

• Rapid development cycles enable 
exploration of design trade spaces

• Provides an analog for advanced 
aerospace lifting surfaces
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REAR WING AERODYNAMIC FUNDAMENTALS

• Air moves faster over the wing  Pushes the car 
downward to increase tire grip; downforce

• More downforce = more speed but more drag 
on straights

• Tilting the wing increases grip, but too much tilt 
causes stall

• Extra wing layers help generate more 
downforce without stalling

• Not an isolated part; works with the rest of the 
car design
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• Optimization is commonly performance-driven

• Parametric cost models are traditionally 
weight-driven

Why not combine them?
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FORMULA 1 CASE STUDIES
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OBJECTIVE

• Develop a cost-aware MDAO framework
- Integrate geometry, aerodynamics, mass, 
materials and cost

• Quantify trade relationships and identify 
non-intuitive design iterations

• 2 cases involving the rear wing:
- Baseline configuration based on the Ferrari 
641
- Aerodynamically optimized lightweight 
configuration
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DISCLAIMERS
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Results are directional for trade studies, not absolute predictions, 
demonstrating a proof-of-concept workflow
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FRAMEWORK OVERVIEW
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REAR WING DEFINITION
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Weight (lbs)

Span (m) Chord (m) Thickness (m)
Mainplane Dimensions 0.98 0.24 0.03

Percent Aluminum
Percent Carbon-Fiber
Percent Epoxy & Adhesives

Estimated Cost Range ($BY26)

10 - 18 lbs

4 - 8%
74 - 85%
6 -10%

$90 - $100k

Case Study 1: Baseline (Ferrari 641 Representative)

Weight (lbs)

Span (m) Chord (m) Thickness (m)
Mainplane Dimensions 1.6 0.15 0.02

Percent Aluminum
Percent Carbon-Fiber
Percent Epoxy & Adhesives

Estimated Cost Range ($BY26) $72 - $155k

3 - 5%

8 - 9%

Case Study 2: "Optimized" for Aerodynamic Performance

6 - 10 lbs

80 - 87%
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SIMPLIFIED AERODYNAMICS MODEL

• Low-order model in place of CFD

• Lift and drag estimated from simplified wing 
relationships and assumed corrections (such as soft 
stall)

• Assumes rigid aerodynamics (no aeroelastic 
deformation or feedback)

• Captures first order trends in downforce and drag
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COST MODEL FORMULATION

• Parametric cost estimation via commercial tools

• $BY2026 USD

• Total production cost for a single rear wing based on:
- Weight
- Materials
- Manufacturing complexities

• Calibrated using motorsport composite 
manufacturing benchmarks 
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DOWNFORCE AND COST
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Production Cost: $122K

Case 1 Case 2
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TRADE STUDY INSIGHT

• Increased aspect ratio 
improves aerodynamic 
performance

• Manufacturing precision 
and stiffness 
requirements increase 
cost

- Lighter structures 
can require higher 
manufacturing 
precision

• Key finding: Lighter does 
not always mean 
cheaper!

16K. JINGCO

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



STUDY CONCLUSIONS
• Cost engineering demonstrated as an active design discipline within MDAO 

environments

• Case studies revealed strong coupling between:
- Geometry
- Structural response
- Materials and manufacturing complexity

• Aerodynamic optimization can:
- Reduce structural mass
- Increase manufacturing sensitivity
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Cost is multi-driver dependent; aerodynamic performance introduces non-weight-driven cost drivers
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INDUSTRY CASE STUDY
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CASE STUDY DETAILS
• Objective: 

- Evaluate the cost-performance trade 
space for a solid rocket booster design
- Explores 3-14 MPa and 0.12-0.34 m radii

• Method:
- Parametric model coupling:
 - Chamber pressure  thrust, 

structural mass
 - Radius  propellant capacity  

total impulse
 - Weight  Propellant cost

• Results:
- Increasing pressure improves thrust but 
drives structural and cost penalties
- Increasing radius improves impulse but 
increases material and manufacturing cost
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FUTURE WORK AND LIMITATIONS

• Technical model expansion includes:
- Incorporation of explicit aeroelastic constraints
- Integration of FEM and CFD-informed modeling
- Expansion of cost model to include tooling, NRE, 
and detailed manufacturing costs

• Limitations
- Software integration challenges
- Workforce and governance
- Enterprise implementation
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THANK YOU
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