
ashby materials selection in mechanical
design
ashby materials selection in mechanical design is a fundamental approach for
engineers and designers aiming to optimize product performance, cost, and sustainability.
This methodology, pioneered by Michael F. Ashby, integrates material properties, design
requirements, and environmental considerations to guide the choice of materials in
mechanical engineering applications. Understanding the principles of Ashby materials
selection enables designers to make informed decisions that balance mechanical strength,
weight, durability, and manufacturability. This article explores the core concepts of Ashby
materials selection in mechanical design, including material property charts, selection
strategies, and practical applications. Additionally, it highlights the advantages of Ashby’s
systematic approach in enhancing design efficiency and innovation. The following sections
will guide readers through the essential aspects of this topic.

Understanding Ashby Materials Selection

Material Property Charts and Their Role

Steps in Ashby Materials Selection Process

Applications of Ashby Materials Selection in Mechanical Design

Advantages of Using Ashby’s Methodology

Understanding Ashby Materials Selection
Ashby materials selection in mechanical design revolves around a structured framework
that assists engineers in choosing the most suitable materials for a given application. This
approach emphasizes the correlation between material properties and design criteria,
facilitating an efficient comparison among diverse material options. Ashby’s methodology
accounts for multiple factors such as mechanical performance, cost, environmental
impact, and manufacturability, ensuring a comprehensive evaluation.

Fundamental Principles
The core principle of Ashby materials selection is to match material properties with the
functional requirements of the mechanical design. This involves identifying critical
properties like strength, stiffness, density, and thermal conductivity, which influence the
performance of the component or system. By quantifying these properties, designers can
objectively assess trade-offs and prioritize materials that best fulfill the design goals.



Material Classes and Categories
Ashby’s framework categorizes materials into broad classes such as metals, polymers,
ceramics, and composites. Each class exhibits distinctive property ranges and behaviors,
which are captured in material databases. Recognizing the characteristics of these
categories helps narrow down the options during the selection process, streamlining the
pathway to an optimal material choice.

Material Property Charts and Their Role
Material property charts, often referred to as Ashby plots, are graphical tools that
visualize the relationships between two or more material properties. These charts are
integral to Ashby materials selection in mechanical design, enabling designers to quickly
identify materials that satisfy multiple criteria simultaneously.

Types of Ashby Plots
Ashby plots typically display properties such as strength versus density, stiffness versus
cost, or thermal conductivity versus temperature resistance. By plotting materials on
these graphs, it becomes easier to spot clusters of materials that meet specific
performance thresholds or to highlight outliers that offer exceptional advantages.

Interpreting Property Charts
Interpreting Ashby plots requires understanding the axes, units, and property scales.
Designers use these charts to perform visual screening, eliminating materials that do not
fall within the desired property range. This step simplifies the selection process and
focuses attention on promising candidates for further analysis.

Steps in Ashby Materials Selection Process
The Ashby materials selection process is methodical and involves several key stages to
ensure optimal material choice. Each step builds upon the previous one, combining
quantitative analysis with practical considerations.

1. Define Design Requirements
The process begins with clearly outlining the functional requirements of the mechanical
component, including mechanical loads, environmental conditions, weight constraints, and
cost limits. Precise requirement definition ensures that the material selection targets
specific performance criteria.



2. Identify Key Material Properties
Next, designers identify which material properties directly influence the performance and
durability of the design. These properties are often mechanical (e.g., tensile strength,
Young’s modulus), thermal, electrical, or chemical.

3. Use Material Indices
Material indices are mathematical expressions that combine properties relevant to a
specific design objective, such as maximizing stiffness-to-weight ratio or minimizing cost
per unit strength. Ashby materials selection utilizes these indices to rank materials
objectively.

4. Screen Materials Using Ashby Charts
Using the defined indices, designers plot materials on Ashby charts to screen out those
that do not meet the criteria. This visual approach accelerates the identification of suitable
materials.

5. Evaluate and Compare Candidates
After screening, shortlisted materials undergo detailed evaluation, including
considerations of availability, manufacturability, and lifecycle impact. This comprehensive
analysis ensures the practicality of the material choice.

Applications of Ashby Materials Selection in
Mechanical Design
Ashby materials selection plays a critical role in various mechanical design applications,
ranging from aerospace and automotive industries to consumer products and
infrastructure.

Aerospace and Automotive Engineering
In these sectors, weight reduction without compromising strength and safety is vital.
Ashby materials selection helps identify lightweight composites and advanced alloys that
improve fuel efficiency and performance.

Consumer Product Design
For consumer goods, balancing cost, aesthetics, and durability is essential. Ashby’s
method enables designers to select materials that meet these diverse criteria, enhancing



product appeal and longevity.

Structural and Civil Engineering
In structural applications, materials must withstand environmental stresses and loads over
long periods. Ashby materials selection aids in choosing corrosion-resistant metals or
high-strength concretes that ensure safety and durability.

Advantages of Using Ashby’s Methodology
The Ashby materials selection approach offers several benefits that improve mechanical
design processes and outcomes.

Systematic Decision-Making: Provides a structured framework that reduces
guesswork and subjectivity in material choice.

Efficiency: Speeds up the design process by narrowing down options quickly
through visual tools and indices.

Optimization: Enables balancing multiple criteria such as cost, weight, and
performance simultaneously.

Sustainability Considerations: Incorporates environmental impact into the
selection process, promoting greener designs.

Innovation Facilitation: Encourages exploration of novel materials and
combinations by revealing property-performance relationships.

Frequently Asked Questions

What is Ashby Materials Selection in Mechanical
Design?
Ashby Materials Selection is a systematic approach developed by Dr. Mike Ashby to help
engineers select the most appropriate materials for mechanical design based on
performance indices, material properties, and design constraints.

How does the Ashby Materials Selection method
improve mechanical design?
The method improves mechanical design by enabling designers to objectively compare
materials using performance indices and charts, optimizing for factors like strength,



weight, cost, and environmental impact, resulting in more efficient and effective material
choices.

What are Ashby charts and how are they used in
material selection?
Ashby charts are graphical tools that plot material properties against each other, helping
designers visualize and compare materials based on critical parameters, facilitating quick
identification of suitable candidates for specific mechanical design requirements.

Can Ashby Materials Selection be applied to sustainable
mechanical design?
Yes, Ashby Materials Selection incorporates environmental impact as a key criterion,
allowing designers to evaluate materials based on sustainability metrics such as embodied
energy, recyclability, and carbon footprint to promote eco-friendly mechanical designs.

What software tools support Ashby Materials Selection
in mechanical design?
Software tools like Granta Design's CES Selector and MatWeb integrate Ashby's
methodology, providing extensive material databases, performance indices, and
interactive Ashby charts to streamline the material selection process in mechanical
design.

What are common challenges when using Ashby
Materials Selection in mechanical design?
Common challenges include accurately defining design constraints, balancing competing
material properties, handling incomplete material data, and integrating manufacturing
considerations alongside material selection for optimal mechanical design outcomes.

Additional Resources
1. Materials Selection in Mechanical Design by Michael F. Ashby
This foundational text by Michael F. Ashby introduces systematic approaches to selecting
materials in mechanical design. It covers the principles of materials properties,
performance indices, and decision-making frameworks. The book is widely used by
engineers and students to optimize material choices based on design requirements, cost,
and sustainability.

2. Materials and Design: The Art and Science of Material Selection in Product Design by
Michael F. Ashby and Kara Johnson
This book bridges the gap between materials science and product design, focusing on how
material selection impacts aesthetics, functionality, and sustainability. It offers practical
tools and case studies to aid designers and engineers in making informed choices. The text
emphasizes innovative design thinking alongside traditional engineering principles.



3. Engineering Materials 1: An Introduction to Properties, Applications, and Design by
Michael F. Ashby and David R.H. Jones
Serving as an introduction to engineering materials, this book outlines the key properties
and applications of metals, ceramics, polymers, and composites. It integrates the concept
of materials selection with mechanical design challenges, making it a useful companion for
students and professionals. The book includes practical examples illustrating material
behavior under different conditions.

4. Materials Selection in Mechanical Design: A Practical Approach by M. Ashby, K.
Johnson, and P. F. W. Chan
This practical guide focuses on real-world application of materials selection techniques in
mechanical design. It provides hands-on methodologies, charts, and computational tools to
facilitate decision-making. The book is particularly useful for designers aiming to balance
performance, cost, and sustainability.

5. Materials Selection and Design: The Art and Science of Material Selection in Product
Design by Michael F. Ashby and Kara Johnson
Expanding on the fundamentals of materials selection, this book delves into the
integration of material choices with design aesthetics and environmental impact. It
features comprehensive case studies and introduces innovative materials and
technologies. The text encourages a holistic approach to product development from
concept to production.

6. Materials Selection in Mechanical Design: A Practical Guide to Engineering
Applications by Michael F. Ashby
This guide emphasizes the engineering applications of materials selection, focusing on
problem-solving and optimization in mechanical systems. It combines theoretical concepts
with practical examples, including failure analysis and lifecycle considerations. The book
is geared toward engineers seeking to enhance design efficiency through informed
material choices.

7. Materials Selection in Engineering Design by Michael F. Ashby
Often considered a classic in the field, this book presents a structured methodology for
selecting materials based on performance indices and design constraints. It covers a broad
range of materials and discusses their mechanical, thermal, and environmental properties.
The text is supported by charts, graphs, and software tools that aid in the selection
process.

8. Engineering Materials: Properties and Selection by Kenneth G. Budinski and Michael K.
Budinski
While not authored by Ashby, this book complements materials selection literature with a
comprehensive overview of engineering materials and their properties. It discusses how
material properties influence design decisions and includes comparative data useful for
selection. The text is widely referenced for its clear explanations and practical approach.

9. Materials Selection in Mechanical Design and Manufacturing by Michael F. Ashby and
David R.H. Jones
This book integrates materials selection with manufacturing processes, highlighting how
choices affect not only performance but also manufacturability and cost. It explores the
interplay between design, materials, and production methods through detailed examples.
The text is valuable for engineers aiming to optimize the entire product development



cycle.
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