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The aerospace industry is currently undergoing one of the most significant technological paradigm shifts since the 

transition from wood and fabric to duralumin in the early 20th century. At the heart of this revolution is the 

integration of advanced Carbon Fiber Reinforced Polymers (CFRP) and innovative manufacturing processes that 

prioritize weight reduction, fuel efficiency, and structural longevity. Leading this charge is the collaborative synergy 

between Airbus and the German Aerospace Center (DLR). This technical analysis explores the intricate 

engineering behind composite airframes, the role of research aircraft like the A320 ATRA, and the emerging

frontiers of electric propulsion and quantum computing in aviation.

1. The Theoretical Framework of Aerospace Composites

Composite materials, specifically Carbon Fiber Reinforced Polymers (CFRP), are engineered materials made 

from two or more constituent materials with significantly different physical or chemical properties. In aerospace, 

these consist of a reinforcement (carbon fiber) providing tensile strength and a matrix (epoxy resin) providing shape 

and compressive strength. The primary advantage of these materials is their specific strength(strength-to-weight

ratio).

The Physics of Lamination

Aerospace components are rarely isotropic. Instead, they are designed using Classical Lamination Theory (CLT) . 

This allows engineers to tailor the mechanical properties of a part by orienting fiber plies at specific angles (0°, 

±45°, 90°). The stiffness matrix [A, B, D]is used to calculate the response of a composite laminate to in-plane

loads and bending moments:

•  [A] Matrix: Extensional stiffness, relating in-plane strains to in-plane forces.

•  [B] Matrix: Coupling stiffness, which relates bending to extension (ideally zero in symmetric laminates to 

prevent warping).

•  [D] Matrix: Bending stiffness, relating curvatures to moments.

By optimizing these matrices, Airbus engineers can create wing structures that naturally aero-elastically tailor

themselves—twisting under load to alleviate gust loads without the need for heavy mechanical actuators.

2. Technical Comparison: Legacy vs. Next-Generation Airbus Structures

The progression from the Airbus A380 to the A350 XWB(Extra Wide Body) represents a massive leap in

composite integration. While the A380 utilized composites for roughly 25% of its structural weight (primarily in the

center wing box and rear fuselage), the A350 XWB increased this to over 50%.



Feature / Aircraft Airbus A320 (Original) Airbus A380-800 Airbus A350 XWB

Composite Content (%) ~10-15% ~22-25% ~53-55%

Primary Materials Aluminum 2024/7075 Aluminum, GLARE, CFRP CFRP, Titanium, Al-Li

Fuselage Construction Riveted Aluminum Panels Hybrid (Al/GLARE) Large CFRP Panels

Corrosion Resistance Moderate (Requires 
inspection)

High (GLARE regions) Very High (Inherent)

Weight Advantage Baseline ~15% improvement ~25% improvement vs. 
Metal

The use of GLARE (Glass Laminate Aluminum Reinforced Epoxy)in the A380 was a transitional step. However,

the A350 moved toward monolithic carbon fiber panels, which reduced the parts count by thousands of fasteners,

drastically lowering both weight and maintenance requirements.

3. Manufacturing Process Simulation (MPS) and Thermoset Composites

One of the core challenges highlighted in DLR research is the Manufacturing Process Simulation (MPS) for 

arbitrary shaped thermoset composites. Thermoset resins, such as those used in the A350, undergo a chemical 

cross-linking process called curing.

The Curing Workflow

1.  Layup: Automated Fiber Placement (AFP) machines deposit carbon fiber tows onto a mandrel.

2.  Vacuum Bagging: The part is sealed to ensure pressure distribution and air removal.

3.  Autoclave Processing: The component is heated under high pressure (typically 7-10 bar).

4.  MPS Modeling: During this phase, exothermic heat generation must be managed. If the center of a thick 

laminate gets too hot, the resin degrades; if it stays too cool, it doesn't cure.

DLR's research into extended composites focuses on predicting residual stresses and process-induced 

deformations (PID). Using finite element analysis (FEA), engineers simulate the chemical shrinkage of the resin

and the thermal mismatch between the carbon fiber and the tool. This allows for "spring-back" compensation in the

tool design, ensuring the final part meets aerodynamic tolerances within microns.

4. DLR – Airbus A320 Advanced Technology Research Aircraft (ATRA)

The A320 ATRAis the largest member of the DLR research fleet and serves as a flying laboratory. Based in

Braunschweig, this modified airliner allows for the testing of technologies that are too complex for ground-based

wind tunnels.

Key Research Areas for ATRA:

•  Aeroacoustics: Testing new nacelle shapes and landing gear fairings to reduce noise pollution during 

approach and takeoff.

•  Active Flow Control (AFC): Implementing actuators on the wing surface to energize the boundary layer, 

preventing flow separation at high angles of attack.

•  Flight Management Systems (FMS): Developing 4D-trajectory management to optimize fuel consumption and 

reduce contrail formation.



•  DLR TAU-Code: ATRA provides real-world data to validate the TAU-Code, a system for Unsteady Reynolds-

Averaged Navier-Stokes (uRANS) turbofan modeling. This software is critical for simulating how air moves through 

a geared turbofan with a low pressure ratio.

5. Propulsion Innovation: Electric Flight and Hydrogen Fuel Cells

As the industry moves toward Flightpath 2050goals (75% reduction in CO2), Airbus is exploring radical propulsion

alternatives. While fossil fuels remain dominant due to their high energy density (~12,000 Wh/kg), electric and

hydrogen systems are gaining ground in specific niches.

The Energy Density Challenge

Comparing energy sources for aircraft reveals the significant engineering hurdles for long-haul electric flight:

•  Jet A-1 Fuel: ~43 MJ/kg

•  Liquid Hydrogen (LH2): ~120 MJ/kg (High energy, but high volume/cooling requirements)

•  Li-ion Batteries: ~0.9 MJ/kg (Significant weight penalty)

Because of these limitations, DLR research suggests that full electric flight is currently feasible only for Urban Air 

Mobility (UAM) and small Unmanned Aerial Vehicles (UAVs). For larger aircraft, Hydrogen Fuel Cellscombined

with electric motors offer a cleaner alternative. In these systems, hydrogen is passed through a proton-exchange

membrane (PEM), combining with oxygen to produce electricity and water vapor, with zero NOx or CO2 emissions

at the point of use.

6. Ground and Flight Vibration Testing (GVT/FVT)

Structural integrity must be validated through rigorous vibration testing. DLR has pioneered advances in Ground 

Vibration Testing (GVT) , which involves vibrating the entire aircraft with electrodynamic shakers to identify modal 

frequencies and mode shapes.

Critical Failure Mode: Flutter

Flutter is a dynamic instability where aerodynamic forces couple with the structural elasticity of the wing, leading to 

rapid, destructive oscillations. By using DLR TAU-Code  simulations in conjunction with GVT data, Airbus can 

define the Safe Flight Envelope. Engineers look for the point where damping goes to zero, signaling the onset of 

flutter. Modern composite wings, being more flexible than aluminum, require higher-fidelity Aeroelasticitymodels

to ensure safety at high Mach numbers.

7. Quantum Technologies in Aerospace

Airbus is also investing in Quantum Technologies to solve optimization problems that are computationally

expensive for classical computers. These applications include:

•  Computational Fluid Dynamics (CFD): Using quantum algorithms to solve the Navier-Stokes equations faster.

•  Materials Discovery: Simulating molecular interactions to create new, lighter resin chemistries for composites.

•  Satellite Communications: Utilizing Quantum Key Distribution (QKD) for ultra-secure aerospace data links.

8. Supplier Quality and the Global Value Chain

The complexity of composite manufacturing requires a highly specialized supply chain. The Airbus Approved 

Suppliers List includes entities capable of meeting stringent GP-1-211 supply standards. Suppliers like 

Composite Inc. (Salt Lake City) or specialized firms in China must demonstrate mastery over Autoclave 



environments and Non-Destructive Testing (NDT) , such as ultrasonic C-scans, to detect internal delamination or

porosity that could compromise the airframe.

9. Strategic Implications for the Future

The integration of DLR's fundamental research with Airbus's industrial application creates a robust ecosystem for 

innovation. The move toward eXtended compositesand virtual structure development significantly reduces the

"time-to-market" for new aircraft models. By simulating the entire lifecycle—from the chemical curing of a wing spar

to its vibration characteristics at 35,000 feet—engineers can build aircraft that are not only lighter but also safer and

more sustainable.

As we look toward the 2030s, the focus will shift further toward thermoplastic composites, which offer the 

potential for faster manufacturing (no autoclave needed) and better recyclability compared to current thermoset 

materials. Furthermore, the convergence of unmanned aerial systemswith hydrogen propulsion will likely provide

the blueprint for the next generation of regional commercial aviation. The technical foundation laid by Airbus and

DLR ensures that the future of flight will be defined by efficiency, precision, and a relentless pursuit of material

excellence.
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