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Stress, Strain, and Mechanical Behavior of Aerospace Materials

Introduction

In aerospace engineering, structural components must achieve an optimal balance
between lightweight design and high strength. Aircraft structures such as wings,
fuselage skins, and control systems are continuously subjected to aerodynamic and

mechanical loads.

Understanding how materials respond to these loads through stress and strain
analysis is essential to ensure structural integrity, safety, and performance.

Improper design or incorrect estimation of stresses may lead to catastrophic failure.

Theory of Stress

Stress is defined as the internal resisting force per unit area developed within a

material when subjected to external loading.

» Normal Stress (o)
Normal stress occurs when the applied force acts perpendicular to the cross-

sectional area.
c=P/A

Where:

P: Applied force (N)

A: Cross-sectional area (m?)
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» Shear Stress (1)

Shear stress occurs when the applied force acts parallel to the surface.
T=V/A
Where:

V: Shear force (N)

Theory of Strain

Strain represents the deformation of a material relative to its original dimensions.

» Longitudinal Strain (g)
e=AL/L

Where:
AL: Change in length
L: Original length

» Shear Strain (y)

Shear strain represents angular deformation between two perpendicular planes.

» Sign Convention

* Tensile strain — Positive (+)

» Compressive strain — Negative (—)
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Nature and Properties of Aerospace Materials

Aircraft structures use advanced materials such as aluminum alloys, titanium, and

composite materials.

Material Classification

* Crystalline Materials: Regular atomic arrangement (e.g., metals)
* Amorphous Materials: Irregular structure (e.g., polymers)
Mechanical Behavior

* Isotropic Materials: Same properties in all directions

* Anisotropic Materials: Direction-dependent properties (e.g., composites)

Elasticity and Hooke’s Law

Elasticity is the ability of a material to return to its original shape after removal of

load.

Hooke’s Law:
c=Exg

Where:

E: Young’s Modulus
For aluminum:

E =70 GPa
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Stress—Strain Curve

The stress—strain curve describes how a material behaves under loading.
Key Points

1. Proportional Limit

2. Yield Point

3. Ultimate Tensile Strength (UTS)

4. Fracture Point

Tension and Compression in Aircraft

» Tension: Occurs in lower wing surfaces
« Compression: Occurs in upper wing surfaces

1 Compression may lead to buckling, especially in thin structures.

Torsion in Aerospace Structures

Torsion occurs when a structural member is subjected to twisting.
1=(Txr)/]

Where:

T: Torque

r: Radius
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J: Polar moment of inertia

Shear in Aerospace Fasteners

Aircraft structures are assembled using rivets and bolts.
* Single shear — one plane

* Double shear — two planes (higher strength)

Poisson’s Ratio (v)

v = — (Lateral Strain / Longitudinal Strain)
Typical values:

0.25<v=<0.35

Solved Example 1: Axial Loading
Problem Statement

A steel rod used in an aircraft structure has a length of 2 m and a diameter of 10

mm. It is subjected to a tensile force of 15 kN.
Determine the stress, strain, and elongation.
Solution

Step 1: Area

A =7 (0.005)> =7.85 x 105 n2
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Step 2: Stress
c=15000/7.85x10°=191 MPa

Step 3: Strain
e=0c/E=191x10°/200x10°=0.000955
Step 4: Elongation

AL=¢e¢xL=1.91 mm

Explanation

This example shows how axial loading produces stress and deformation. The small

elongation indicates safe operation within the elastic region.
» Solved Example 2: Torsion

Problem Statement

A hollow shaft has outer diameter 40 mm and inner diameter 30 mm. It is

subjected to torque of 200 N-m.
Solution

J=n/32 (Ds* — D)

1=(T xr1)/J=23.28 MPa
Explanation

This stress must remain below allowable limits to prevent shaft failure.
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»  Comprehensive Problem: Aircraft Wing Structural Analysis

Problem Statement:

An aircraft wing support member is subjected to combined loading during flight.

The member experiences:

* A tensile force of 25 kN

* A circular cross-sectional area of 0.01 m?

* An original length of 2.5 m

* Young’s Modulus E =70 GPa (Aluminum)

Additionally, a torque of 300 N-m is applied to the same member due to

aerodynamic loading.

Required:

1. Calculate the normal stress

2. Calculate the strain

3. Determine the elongation

4. Calculate the maximum shear stress due to torsion

5. Comment on whether the structure is safe if allowable stress = 150 MPa
Solution

Step 1: Calculate Normal Stress

c = P/A =25000/0.01 = 2.5 MPa
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Step 2: Calculate Strain

e=o/E=3.57 x 1073

Step 3: Calculate Elongation

AL =¢L = 0.089 mm

Step 4: Calculate Shear Stress

t=1.53 MPa

Step 5: Safety Check

c_actual << ¢ allowable

Engineering Judgment:

The structure is safe under the given loading conditions.

Conceptual Question

Where do we observe stress and strain in daily life?
Answer:

In bridges, buildings, airplane wings, car suspensions, and even human bones.

Homework Assignment

1. A rod carries 20 kN load with area 500 mm2. Find stress.
2. A shaft transmits 150 N-m torque. Find shear stress.

3. Explain difference between elastic and plastic deformation.

Sameer.Saad.Raheem@uomus.edu.ig




Al-Mustaqgbal University / College of Technical Engineering
Department of Aircraft Technical Engineering
Class (First Year)
Subject (Physics) / Code (UOMU0210022)
Lecturer (Asst. Lect. Sameer Saad Raheem)
2" term — Lecture No.3 & Lecture Name (Element of theory of stress)

Conclusion

Understanding stress, strain, and material behavior is fundamental in aerospace
engineering. Proper analysis ensures safety, efficiency, and reliability of aircraft

structures.
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