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Metallic and Non-Metallic Materials in Airplane Construction 

1. Introduction 

The choice of materials in airplane construction is crucial for determining the aircraft's 

strength, weight, durability, and performance. This guide will cover the primary metallic and 

non-metallic materials used in modern aircraft, their properties, applications, and advantages. 

2. Metallic Materials 

2.1 Aluminum Alloys 

2.1.1 Properties 

 Strength-to-Weight Ratio: High, making it ideal for structural components. 

 Corrosion Resistance: Good, especially with protective coatings. 

 Workability: Easy to fabricate, machine, and join. 

2.1.2 Common Alloys 

 2024: High strength, used in fuselage and wing skins. 

 7075: Higher strength than 2024, used in highly stressed components. 

 6061: Good strength and corrosion resistance, used in general structural applications. 

2.1.3 Applications 

 Fuselage: Skins, frames, and longerons. 

 Wings: Skins, ribs, and spars. 

 Empennage: Structural components and skin. 

2.2 Titanium Alloys 
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2.2.1 Properties 

 Strength-to-Weight Ratio: Higher than aluminum alloys. 

 Corrosion Resistance: Excellent, particularly in harsh environments. 

 Temperature Resistance: Retains strength at high temperatures. 

2.2.2 Common Alloys 

 Ti-6Al-4V: Most widely used titanium alloy, known for its excellent balance of 

properties. 

2.2.3 Applications 

 Landing Gear: High-stress components. 

 Engine Components: Parts exposed to high temperatures. 

 Fasteners: Where both strength and corrosion resistance are required. 

2.3 Steel Alloys 

2.3.1 Properties 

 Strength: Very high, especially in high-strength steels. 

 Toughness: Excellent, making it suitable for critical components. 

 Corrosion Resistance: Variable, often improved with coatings or treatments. 

2.3.2 Common Alloys 

 Stainless Steel: Good corrosion resistance, used in various structural applications. 

 High-Strength Low-Alloy (HSLA) Steel: High strength with good weldability and 

formability. 

2.3.3 Applications 

 Landing Gear: High-strength components. 

 Engine Mounts: High-stress areas. 

 Fasteners: Bolts and screws in critical areas. 

2.4 Magnesium Alloys 

2.4.1 Properties 

 Weight: Very light, one of the lightest structural metals. 

 Strength: Lower than aluminum and titanium, but sufficient for specific applications. 

 Corrosion Resistance: Poor, requires protective coatings. 

2.4.2 Applications 

 Non-structural Components: Gearbox housings, interior components. 

3. Non-Metallic Materials 

3.1 Composite Materials 

3.1.1 Carbon Fiber Reinforced Polymer (CFRP) 

 Properties: 

o Strength-to-Weight Ratio: Extremely high. 
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o Stiffness: Very high. 

o Corrosion Resistance: Excellent. 

 Applications: 

o Fuselage: Sections of the fuselage skin and frames. 

o Wings: Skins, spars, and ribs. 

o Empennage: Control surfaces and skins. 

3.1.2 Fiberglass Reinforced Polymer (FRP) 

 Properties: 

o Strength-to-Weight Ratio: Lower than CFRP but still high. 

o Cost: Lower than carbon fiber. 

o Corrosion Resistance: Good. 

 Applications: 

o Radomes: Nose cones and other parts where radar transparency is needed. 

o Secondary Structures: Fairings, wing tips, and other non-primary structures. 

3.1.3 Kevlar Reinforced Polymer 

 Properties: 

o Impact Resistance: Very high. 

o Strength-to-Weight Ratio: High. 

o Cost: Higher than fiberglass but lower than carbon fiber. 

 Applications: 

o Fuselage: Areas requiring high impact resistance. 

o Interior Components: Seats and panels. 

3.2 Advanced Polymers 

3.2.1 Properties 

 Weight: Very light. 

 Durability: Good, especially with high-performance polymers. 

 Temperature Resistance: Variable, some polymers perform well at high 

temperatures. 

3.2.2 Applications 

 Interior Components: Panels, seat frames, and trim. 

 Secondary Structures: Fairings, ducts, and covers. 

3.3 Honeycomb Structures 

3.3.1 Properties 

 Strength-to-Weight Ratio: Very high due to the honeycomb design. 

 Stiffness: High. 
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 Versatility: Can be made from various materials, including aluminum, Nomex, and 

carbon fiber. 

3.3.2 Applications 

 Sandwich Panels: Used in floors, doors, and other flat surfaces. 

 Control Surfaces: Elevators, rudders, and ailerons. 

4. Construction Techniques 

4.1 Riveting 

 Application: Commonly used in metallic structures, especially aluminum. 

 Advantages: Strong, durable, and well-understood method. 

4.2 Adhesive Bonding 

 Application: Used extensively in composite materials. 

 Advantages: Provides a smooth surface and distributes loads evenly. 

4.3 Welding 

 Application: Used in steel and titanium structures. 

 Advantages: Creates strong, seamless joints. 

4.4 Automated Fiber Placement (AFP) 

 Application: Advanced technique for laying composite fibers with high precision. 

 Advantages: Enhances structural efficiency and allows for complex shapes. 

5. Future Trends 

5.1 Advanced Composites 

 Development: New materials with improved properties, such as enhanced strength, 

reduced weight, and better environmental resistance. 

 Applications: Increasing use in all parts of the aircraft, including primary structures. 

5.2 Additive Manufacturing 

 Definition: 3D printing techniques for producing complex parts with minimal waste. 

 Applications: Potential for more efficient and optimized designs. 

5.3 Smart Materials 

 Definition: Materials that can adapt to changing conditions, such as shape-memory 

alloys and self-healing composites. 

 Applications: Future aircraft may incorporate these materials for improved 

performance and durability. 

6. Conclusion 

The use of metallic and non-metallic materials in airplane construction is a balance between 

strength, weight, cost, and performance. Advances in material science continue to drive 

innovation in aerospace engineering, leading to lighter, stronger, and more efficient aircraft. 
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Understanding the properties and applications of these materials is crucial for aerospace 

engineering students and professionals. 

 


