ashby materials selection in mechanical
design

Ashby materials selection in mechanical design is a systematic approach to choosing the
right materials for engineering applications, optimizing performance, cost, and
sustainability. This methodology, developed by Professor Michael Ashby, emphasizes a
materials selection strategy that integrates material properties with design requirements.
By using graphical representations and materials property charts, designers can make
informed decisions that align with the functional needs of the product while also
considering economic and environmental factors.

Understanding Ashby Materials Selection

The Ashby materials selection method is based on the recognition that material properties
greatly influence the performance of mechanical designs. The methodology is particularly
relevant in the context of increasingly complex engineering challenges and the need for
innovative solutions that are also environmentally responsible.

Key Principles of Ashby Materials Selection

1. Performance Requirements: Identify the performance criteria that the material must
meet, such as strength, stiffness, thermal resistance, and corrosion resistance.

2. Material Properties: Consider properties of materials including mechanical, thermal,
electrical, and magnetic characteristics.

3. Cost and Availability: Factor in the economic implications of material choices, including
raw material costs, processing costs, and availability.

4. Sustainability: Evaluate the environmental impact of material selection, including
lifecycle analysis, recyclability, and energy consumption.

Materials Property Charts

One of the standout features of the Ashby method is the use of materials property charts,
which visually represent the relationships between different material properties. These
charts help designers quickly identify suitable materials based on required criteria.

Types of Property Charts

- Strength vs. Density: This chart helps in selecting materials that offer the best strength-
to-weight ratio, essential for applications in aerospace and automotive industries.
- Thermal Conductivity vs. Density: Useful for applications involving heat dissipation, such



as electronics and thermal management systems.

- Cost vs. Specific Strength: This chart aids in balancing performance and budget
constraints, helping designers find cost-effective materials without compromising on
strength.

Using Property Charts in Practice

When using property charts, designers should follow these steps:

1. Define Requirements: Clearly state the performance requirements for the application.
2. Select Relevant Charts: Choose property charts that align with the identified
requirements.

3. Plot Requirements: Locate the required performance on the charts to visualize potential
materials.

4. Narrow Down Options: Identify materials that meet or exceed performance
requirements and consider their cost and sustainability.

Case Studies in Mechanical Design

To illustrate the effectiveness of the Ashby materials selection method, we can consider a
few case studies where this approach has been successfully implemented.

Aerospace Component Design

In the aerospace industry, weight reduction is crucial for improving fuel efficiency. A case
study involved selecting materials for a lightweight aircraft wing.

- Requirements: High strength-to-weight ratio, corrosion resistance, and thermal stability.
- Material Options: Aluminum alloys, titanium alloys, and composite materials.

- Selection Process: Using property charts, designers found that composite materials
offered superior strength-to-weight ratios compared to metals while also providing
corrosion resistance.

- Outcome: The resulting wing structure was lighter than previous designs, leading to
significant fuel savings.

Automotive Chassis Design

Another example can be found in the automotive sector, where manufacturers aim to
create safer and lighter vehicles.

- Requirements: High strength for crash safety, low weight for fuel efficiency, and cost-
effectiveness.
- Material Options: Steel, aluminum, and advanced high-strength steel (AHSS).



- Selection Process: Property charts revealed that AHSS provided excellent strength while
being lighter than traditional steel. Additionally, its manufacturing processes were well-
established, reducing costs.

- Outcome: The new chassis design improved safety ratings and contributed to overall
vehicle efficiency.

Challenges in Material Selection

While the Ashby materials selection method offers a robust framework, designers often
face challenges that can complicate the process.

Complexity of Requirements

Many engineering applications involve conflicting requirements. For instance, a material
that is lightweight may not provide the necessary strength, or a cost-effective option may
not meet performance standards.

- Solution: Prioritize requirements through stakeholder discussions and iterative design
processes.

Emerging Materials and Technologies

The rapid development of new materials, such as nanomaterials and smart materials, can
make traditional selection methods less applicable.

- Solution: Stay updated on material innovations and integrate them into the Ashby
selection methodology.

Future Trends in Materials Selection

The landscape of materials selection in mechanical design continues to evolve, influenced
by advancements in technology and shifts in industry practices.

Sustainability and Circular Economy

As industries focus on reducing their environmental impact, the importance of
sustainability in materials selection is growing.

- Trends:
- Increased use of recyclable materials.
- Emphasis on lifecycle assessment in material choice.



- Development of biodegradable options for specific applications.

Integration of Simulation Technologies

The rise of computer-aided design (CAD) and simulation software has transformed the way
designers approach materials selection.

- Trends:
- Use of virtual prototyping to test material performance under various conditions.
- Incorporation of artificial intelligence (Al) to optimize material selection processes.

Conclusion

In summary, Ashby materials selection in mechanical design is an invaluable approach
that assists engineers in making informed material choices tailored to specific
performance, cost, and sustainability requirements. By utilizing materials property charts
and embracing emerging technologies, designers can navigate the complexities of modern
engineering challenges. The ongoing evolution of materials science and design
methodologies promises to enhance the effectiveness of the Ashby approach, ensuring that
it remains a cornerstone of mechanical design for years to come. By fostering a
comprehensive understanding of material properties and their implications, engineers can
drive innovation while contributing to a more sustainable future.

Frequently Asked Questions

What is Ashby materials selection in mechanical design?

Ashby materials selection is a systematic approach to choosing materials based on their
properties and performance criteria, often using material property charts to visualize
trade-offs and make informed decisions.

How do material property charts assist in Ashby
selection?

Material property charts help visualize relationships between different material
properties, allowing designers to quickly identify suitable materials based on specific
requirements like strength, weight, and cost.

What are the key factors to consider in Ashby materials
selection?

Key factors include mechanical properties (strength, toughness), physical properties
(density, thermal conductivity), cost, availability, and environmental impact.



Can Ashby selection be applied to sustainable design?

Yes, Ashby selection can be applied to sustainable design by incorporating environmental
impact metrics and selecting materials that reduce energy consumption and waste.

What role does computer-aided design (CAD) play in
Ashby materials selection?

CAD tools can integrate Ashby materials selection by allowing designers to simulate
performance with various materials, optimizing designs based on material properties.

How does Ashby materials selection influence product
lifecycle?

By choosing the right materials early in the design process, Ashby selection can enhance
product durability, reduce manufacturing costs, and improve recyclability, positively
impacting the product lifecycle.

What are some common materials used in Ashby
selection for mechanical design?

Common materials include metals (steel, aluminum), polymers (plastics, composites), and
ceramics, each chosen based on specific functional requirements.

How can Ashby materials selection aid in reducing
manufacturing costs?

By selecting materials that are cost-effective and suitable for the intended manufacturing
process, Ashby selection can help minimize raw material expenses and processing costs.

What tools are available for implementing Ashby
materials selection?

Tools include software packages like MatWeb, CES EduPack, and MATLAB, which provide
databases and visualization capabilities for effective materials selection.

How does Ashby materials selection address multi-
criteria decision-making?

Ashby materials selection addresses multi-criteria decision-making by allowing designers
to compare and weigh multiple material properties simultaneously, facilitating an
informed choice based on overall performance.
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