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Aircraft Design: A Conceptual Approach in the AIAA Education Series

When students first hear the phrase “aircraft design,” most picture sleek jets slicing through the sky or rugged cargo
planes braving harsh environments. Behind these impressive machines lies a rigorous, methodical process that
blends creativity, physics, and engineering discipline. The American Institute of Aeronautics and Astronautics
(AIAA) has long championed education that bridges theory and practice, offering a structured yet flexible
framework for aspiring aerospace professionals. This article explores the conceptual approach to aircraft design as
featured in the AIAA Education Series, providing a step by step guide, tools, real world case studies, and career
insights.

Why the AIAA Education Series Matters

The AIAA Education Series is designed to equip students, educators, and industry professionals with the
knowledge and skills required to tackle contemporary challenges in aerospace engineering. By integrating hands on
projects, industry aligned curricula, and cutting edge research, the series ensures that learners remain at the
forefront of technological innovation.

¢ Industry Relevance: Curricula align with the needs of aerospace companies, defense contractors, and
research institutions.

¢ Interdisciplinary Focus: Combines aerodynamics, materials science, propulsion, control systems, and
systems engineering.

¢ Project Based Learning: Students engage in full life cycle design projects, from concept generation to prototype
testing.

¢ Global Perspective: Emphasizes international standards, regulations, and market trends.

Conceptual Design: The First Step in Aircraft Development

Conceptual design is the foundation upon which every aircraft is built. It involves translating a set of requirements
into a viable design concept, balancing performance, cost, safety, and manufacturability. The AIAA Education
Series outlines a structured approach that can be applied to any aircraft type—commercial airliners, regional
turboprops, UAVS, or space launch vehicles.

1. Defining Mission Requirements

Before a single line of code or a CAD model is created, designers must answer critical questions:

* What is the primary mission? (e.g., passenger transport, cargo, surveillance, research)
What are the required range, payload, and endurance?

* What operating environments will the aircraft encounter?

What safety, regulatory, and certification constraints apply?

What are the cost and schedule limits?

These answers shape the entire design process, ensuring that the final product meets stakeholder expectations
and regulatory standards.



2. Establishing Design Constraints

Design constraints are the boundaries within which the aircraft must operate. They include:

* Physical constraints: Airport gate sizes, runway length, hangar dimensions.

¢ Technical constraints: Engine thrust, material strengths, avionics capabilities.

e Economic constraints: Budget caps, cost per flight hour, maintenance economics.
¢ Environmental constraints: Emission limits, noise regulations, sustainability goals.

Balancing these constraints often requires iterative trade offs, a skill honed through practice and guided by the
AIAA’s systematic methodology.

3. Generating Conceptual ldeas

Once requirements and constraints are clear, designers move to ideation. This phase encourages creativity while
staying grounded in engineering realities. Key techniques include:

1. Brainstorming Sessions: Diverse teams generate a wide range of ideas, from conventional to radical.
2. Conceptual Sketching: Quick drawings capture form, layout, and component placement.

3. Benchmarking: Studying existing aircraft and emerging technologies for inspiration.

4. Preliminary Modeling: Using simplified CAD or parametric tools to evaluate basic geometries.

During this phase, the AIAA Education Series emphasizes the importance of documenting assumptions, trade offs,
and preliminary performance estimates.

4. Preliminary Performance Analysis

With a set of promising concepts, designers perform early performance assessments to weed out infeasible
options. Typical analyses include:

 Lift Drag Calculations: Using aerodynamic coefficients from wind tunnel data or CFD.

« Weight Estimation: Applying empirical weight models for structure, systems, and payload.

* Power Plant Assessment: Matching engine thrust or electric power to required performance.
* Fuel Consumption & Range: Estimating fuel burn for mission profiles.

These calculations often rely on simplified tools like the NASA Weight Estimation Program (WEP) or CFD plug in
packagesthat integrate with CAD platforms. The AIAA encourages using open source or low cost tools to
democratize access for students.

5.Trade off Analysis

Trade off analysis is where the rubber meets the road. Designers compare concepts against performance, cost, and
risk criteria. The AIAA Education Series promotes the use of multi attribute decision matrices and weighted scoring
systems to quantify trade offs objectively.

Example trade off matrix:



Concept Range (km) Cost ($) Weight (kg) Noise (dB) Score
Concept A 1,200 80 3,500 95 7.8

Concept B 1,500 90 3,800 88 8.2

By assigning weights to each criterion based on stakeholder priorities, designers can objectively select the best
concept.

6. Selecting the Winning Concept

The chosen concept becomes the basis for detailed design. It is essential to document the decision rationale,
ensuring transparency for future stakeholders and compliance auditors.

Deep Dive: Tools and Resources in the AIAA Education Series

1. CAD and Parametric Modeling

Modern aircraft design relies heavily on parametric CAD tools such as CATIA, SolidWorks, and Siemens NX. The
AIAA Education Series provides tutorials on:

¢ Creating parametric surfaces for wing, fuselage, and tail sections.
* Integrating structural and aerodynamic features.
e Automating geometry changes across the design space.

2. Computational Fluid Dynamics (CFD)

CFD has become indispensable for early aerodynamic analysis. The AIAA series covers:

e Setting up baseline CFD meshes.

e Running steady state and transient simulations.

« Interpreting results for lift, drag, and pressure distribution.
¢ Using surrogate models to accelerate design iterations.

3. Structural Analysis and Optimization

Finite Element Analysis (FEA) tools like ANSYS Mechanical or ABAQUShelp verify structural integrity. Key
lessons include:

» Defining material properties and load cases.
e Performing modal and buckling analyses.
¢ Applying topology optimization to reduce weight while maintaining strength.

4. System Integration and Simulation

Full system simulators such asMATLAB/Simulink or OpenModelicaenable  designers to model avionics,
propulsion, and control systems. The AIAA Education Series teaches:

» Creating block diagrams of flight control loops.
e Simulating engine performance curves.
¢ Assessing system reliability and fault tolerance.

5. Certification and Compliance Checklists

Designers must navigate complex regulatory frameworks—FAA, EASA, and military standards. The AIAA series
offers:



e Checklists for Part 25 certification requirements.
e Guidelines for environmental compliance (noise, emissions).
« Documentation templates for design reviews.

Case Study: Designing a Regional Turboprop with the AIAA Methodology

To illustrate the practical application of the conceptual approach, let's walk through a simplified design of a regional
turboprop intended for short haul routes.

Mission Profile
e Passenger capacity: 70 seats
¢ Range: 1,200 km (750 miles)
e Operating airports: 1,200 m runway minimum
* Noise requirement:

Design Constraints

e Maximum take off weight: 22,000 kg

¢ Engine: Dual Pratt &amp; Whithey PW127 turboprops
e Cost: $45 million per aircraft

e Environmental:

Conceptual Ideation

e Three wing configurations: straight, moderate sweep, and high lift flaps.
* Fuselage shapes: conventional cylindrical, blended wing body (BWB), and blended wing fuselage (BWF).
 Tail configurations: conventional T tail, V tail, and canard.

Preliminary Analysis

» Using a lightweight structural model, the BWF concept yielded a 10% weight reduction.
¢ CFD simulations indicated a 3% drag advantage for the moderate sweep wing.
* Noise modeling showed the BWF tail reduced wingtip vortices, lowering noise by 2 dB.

Trade off Matrix



Concept Weight (kg) Drag Cost ($) Noise (dB) Score

Coefficient
Conventional 22,000 0.025 45 73 7.1
BWF + 19,800 0.022 42 70 8.5
Moderate Sweep
BWF +V Tail 20,000 0.023 43 69 8.3

Based on the weighted score, the BWF + Moderate Sweep concept emerged as the winner.

Next Steps
e Detailed 3 D CAD modeling of the fuselage and wing.
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