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Key concepts, systematic approach, and practical todls for choosing the right material for a
product or component.

1. Why Materials Selection Matters

Reason Impact on Product

Performance Meets mechanical, thermal, electrical, or chemical requirements.
Cost Influences manufacturing expense, material waste, and lifecycle cost.
Weight Critical for transportation, aerospace, and portable devices.
Durability & _ o _ )

o Determines service life, maintenance intervals, and safety.
Reliability
Sustainability Affects recyclability, embodied energy, and environmental footprint.

Compatibility with casting, forging, machining, additive manufacturing,

Manufacturability
etc.

2. The Materials Selection Process (Systematic Flow)

1. Define the Design Problem
o Function, geometry, operating environment, load cases, life?time, regulatory
constraints.
2. Identify Material Requirements (Design Criteria)
o Quantitative: strength, stiffness, hardness, thermal conductivity, corrosion rate, etc.
o Qualitative: aesthetics, ease of joining, availability, recyclability.
3. Generate a List of Candidate Materials
o Use databases (MatWeb, Granta, CES EduPack, ASM Handbooks) or industry
catalogs.
4. Screen Candidates
o Apply elimination rules (e.g., “must be corrosion?resistant in seawater”).
5. Create Material Indices
o Combine required properties into a single metric that reflects performance?cost trade?
offs.
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o Example: Weight?critical, stiff component ? Index ( \displaystyle \frac{E}\rho} )
(specific modulus). Des | g N

6. Plot Materials on Selection Charts

o Log?log plots of two key properties or of an index vs. cost.

o ldentify the “Pareto front” (materials that are non?dominated).
7. Evaluate Trade?offs & Make a Decision

o Consider secondary criteria, supplier capability, lead time, environmental impact.
8. Validate Through Prototyping & Testing

o Confirm that the chosen material behaves as expected under real conditions.

3. Material Property Categories

Category Typical Properties Example Materials
Metal High strength, good conductivity, ductility, Steel, aluminum alloys,
etals

fatigue resistance titanium, copper

Low density, corrosion resistance, easy Polyethylene, PEEK, PTFE,
Polymers _ _ )

molding, variable stiffness nylon

. High hardness, high temperature stability, Alumina, silicon carbide,

Ceramics . . :

brittleness zirconia

_ Tailorable anisotropy, high specific Carbon?fiber/epoxy, glass?

Composites ) )

strength/stiffness fiber/polyester
Advanced Unique functional properties (e.g., shape SMA alloys, graphene,
Materials memory, piezoelectric) MXenes

4, Material Indices — Quick Reference

Design Goal Typical Index Formula (simplified)
Maximum stiffness for a given weight Specific modulus (\displaystyle \frac{E}{\rho} )
Maximum strength for a given weight Specific strength  ( \displaystyle \frac{\sigma_y}H\rho} )
Minimum cost for a given stiffness  Cost?per?stiffness ( \displaystyle \frac{\text{Cost}}{E} )

**Thermal insulation with low
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