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Design 
process

• Design, Product, Process
• Product Design; Process Design; Product and Process Design
• Material, process, shape, properties, function

Intro

• Example
• Fundamentals 
• Identification of needs (market; coevolution; true need)
• Types of design
• Design tools

- Databases
- Analytical tools
- Simulation tools

PRODUCT (MATERIALS) AND PROCESS DESIGN

• Selection and design of materials and processes

• Tools for optimal systematic selection

• Design of materials: case studies (nano, meso, microstructures; 
hybrid materials; composites)

• Design and optimization of chemical processes

• Advanced tools and methods (ad-hoc lectures and seminars: 
FEM, product/process economics, Life Cycle Assessment, …)

• Special topic seminars (Intellectual Property, product
evaluation, materials in industrial design, theory of scenarios, 
rapid plant assessment, material selection in engines, design for 
recycle, refurbish, reuse)



Progettazione di
Materiali e Processi

Modulo 1
Selezione sistematica di materiali e processi

Lezione 1
• Strategia di selezione
• Database di materiali e processi



In this lecture…

• Selection strategy
• Review of important material properties
• Types of materials data
• Organizing a materials database
• Example of materials data table
• Representing materials properties (tables; 1D, 2D, 3D graphs)
• Selection tools:

• Table comparison
• Screening: 1D, 2D, multi-D (limit tool); simple property, multiproperity
• Objective-driven: material index (examples)



The selection strategy



Selection (and design) of materials

Selection and Design of materials and processes:
• Dynamic
• An opportunity
• From euristic to systematic
• Interconnection with shape, function, properties

OUR GOAL: Design-led materials selection



The selection strategy: cars (function: …?)

Requirements 

expressed as

Constraints and 

Objectives

Data:

Performance 

Economy 

What car? rating

Final selection 

Comparison engine

 Screening

 Ranking

 Documentation

Make and Model

Dimensions

Number of doors

Power

Fuel consumption

CO2 rating ……

Mid size family saloon

4 doors

200 + horse power

Least cost of ownership

Delivery time

Service frequency

Nearest dealer

Warranty

What do I want from a car?



The selection strategy: materials

Design requirements: 

expressed as

Constraints and 

Objectives

Data:

Material attributes

Process attributes 

Documentation

Final selection 

Comparison engine

 Screening

 Ranking

 Documentation

Density 

Price 

Modulus

Strength

Durability

Process compatibility

More…….

Able to be molded

Water and UV resistant

Stiff enough

Strong enough

As cheap as possible

(As light as possible)



Translation
Translation: “express design requirements as constraints and objectives”

Objectives
What measure of performance is 

to be maximized or minimized ?

 Be strong enough

 Conduct electricity

 Tolerate 250 C

 Be able to be cast

 Mass

 Volume

 Eco-impact

 Cost

Constraints What essential conditions must it meet ?

Design requirements

Screening: “use constraints to eliminate materials that can’t do the job”



Function – Objectives - Constraints

Function What does the component do?
e.g.: support load, seal, transmit heat, bycicle fork, etc.

Objective What do we want to maximize (minimize)?
e.g.: minimize cost, maximize energy storage, minimize weight, etc.

Constraints What conditions must be met? (non-negotiable or negotiable)
e.g. geometry, resist a certain load, resist a certain environment, etc.

•Some functions are implicitly understood (e.g. tie, beam, shaft, column)

•Constraints often translate to property limits (temperature, conductivity, cost, …)

•Some constraints are more complex (e.g. stiffness, strength, etc.) as they are coupled
with geometry -> need of a specific objective

•Material indices help unravel such complexity



The selection process

Screening: apply property limits

All materials

Ranking: apply material performance indices

Subset of 
materials

Shortlisting: apply supporting information

Prime 
candidates

Final selection: apply local conditions

Final material 
choice

Innovative 
choices



Databases for materials and processes



Evolution
of 

Materials

M. F. Ashby



Evolution of Materials

www.atoastech.com/materials_technology.htm Sept 2011

http://www.atoastech.com/materials_technology.htm


Material properties
Class Property Order of magnitude

General Cost €/kg,  €/m3

Density

Mechanical Elastic moduli (Young, Shear, Bulk)

Strenght (yield, ultimate, fracture, MOR)

Resilience

Hardness

Fracture Toughness

Damping (Loss coefficient)

Fatigue limit

Thermal Thermal conductivity

Thermal diffusivity

Specific heat

Melting point

Glass temperature

Thermal expansion coefficient

Creep resistance

Wear Wear constant

Corrosion Corrosion rate

Oxidation Parabolic rate constant



Mechanical Properties



Material Properties
Class Property Order of magnitude

General Cost €/kg,  €/m3

Density 0.1 – 20 103 kg/m3

Mechanical Elastic moduli (Young, Shear, Bulk) 0.01 – 1000 GPa

Strenght (yield, ultimate, fracture, MOR) up to 2000 MPa

Resilience up to MPa

Hardness H (MPa)  3f Hv (kg mm-2) = H/10

Fracture Toughness 0.1 – 300 MPa m0.5

Damping (Loss coefficient) 10-6 - 10

Fatigue limit up to 600 MPa

Thermal Thermal conductivity 0.02 – 1000 W/m K

Thermal diffusivity 5 10-8 – 5 10-3 m2/s

Specific heat 103 J/kg K

Melting point 20 – 4300 °C

Glass temperature -70 – 220 °C (polymers); 150 – 1200 °C (glasses)

Thermal expansion coefficient 1 - 500 m/m K

Creep resistance

Wear Wear constant

Corrosion Corrosion rate

Oxidation Parabolic rate constant



Materials Data



Materials Data



Some Material Databases

• Maptis
• NIST
• CES
• Matweb
• Matbase
• Matnavi (NIMS)
• Some more, application specific

• Datasheet



Materials Data

See CES

Example of material property table



Materials Data

See CES

Example of single property graph



Materials Data

See CES

Examples of two-property graph













Materials Data
Example of three-property graph



Selection tools
Example of comparison table

See CES



Selection tools
Using 1D graphs – 1 constraint



Selection tools
Using 1D graphs – 1 constraint

See CES

PEEK

PP

PTFE

PEEK

PP

PTFE

WC

Alumina

Glass

WC

Alumina

Glass

CFRP

GFRP

Fibreboard

CFRP

GFRP

Fibreboard

Steel

Copper

Lead

Zinc

Aluminum

Steel

Copper

Lead

Steel

Copper

Lead

Zinc

Aluminum

Metals             Polymers       Ceramics   Composites



Selection tools

See CES

Using 2D graphs – 2 constraints



Selection tools
Using software – multiple constraints

See CES



Selection tools
Using 1D graphs - multiproperty

See CES



Selection tools
Using 2D graphs - multiproperty

See CES


