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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 (Lughi)

• Tools for optimal systematic selection

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

• Design and optimization of chemical processes (Fermeglia)

• 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

Lecture 2
• Selection process
• Materials indexes



The selection process



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



Shape

Properties

Material

Function

FUNCTIONS:

•Carry load
•Transmit load
•Transmit heat
•Transmit current
•Store energy
•…

OBJECTIVES:

•Minimize mass
•Minimize cost
•Minimize impact
•…



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.

• Implicit functions (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 material index



Material index

Performance = f (F, G, M)

Functional
requirements

Geometry

Material 
properties

Performance = f1(F) f2(G) f3(M)

If separable:

Material index



Index for a stiff, light tie-rod

Minimize mass m:

m  =  A L 
Objective 

 Length L is specified

 Must have axial stiffness > S*
Constraints

Stiff tie of length L and minimum mass

L

FF

Area A

Tie-rodFunction  

m = mass

A = area

L = length

 = density

= yield strengthy

Chose materials 

with largest
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Equation for constraint on A: 
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Index for a stiff, light beam

BeamFunction  

• Length L is specified

• Must have bending stiffness > S*
Constraints

m = mass

A = area

L = length

 = density

E   = Young’s modulus

I = second moment of area

(I  =  b4/12  =  A2/12)

C = constant (here, 48)

S  = stiffness (F/δ)
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Equation for constraint on A: 

Minimize mass m:

m  =  A L 
Objective 
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Chose materials 
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Stiff beam of length L and minimum mass
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Optimized selection using charts
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Search

area

Results

22 pass

Material 1          2230

Material 2          2100

Material 3          1950

etc...

Ranked
by Index /ρE1/2



Plotting indices as functions

Index ρ/E1/2

Results

22 pass

Material 1          2230

Material 2          2100

Material 3          1950

etc...

Ranked
by Index /ρE1/2



Index for a strong, light tie-rod

Minimize mass m:

m  =  A L 
Objective 

 Length L is specified

 Must not fail under load F
Constraints

Equation for constraint on A: 

F/A  <  y

Strong tie of length L and minimum mass

L

FF

Area A

Tie-rodFunction  

m = mass

A = area

L = length

 = density

= yield strengthy
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Material indices

Tie

Beam

Shaft

Column

…..

Minimum cost

Max energy storage

Minimum weight

Min. environmental impact

……

Stiffness

Strength

Fatigue resistance

Geometry

…..

Material 
index:
E0.5/

Function Objective Constraint

Material 
index:
/

Material 
index:

E/



Criteria of excellence: material indices

 Material index = combination of material properties that limit performance

E/ρ /ρσy

/ρE1/2 /ρσ2/3
y

Stiffness       Strength

Constraints

/ρE1/3 /ρσ1/2
y

Objective

minimise mass

 Sometimes a single property

 Sometimes a combination
Either is a material index

Remember 

this 

one too!

Explore 

these!



Minimum weight design
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Tensile ties
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E = Young’s modulus

 = Density

y =  Yield strength



Criteria of excellence: material indices

 Material index = combination of material properties that limit performance

Stiffness       Strength

ConstraintsObjective

minimise cost

 Sometimes a single property

 Sometimes a combination
Either is a material index

ρE/Cm ρ/Cσ my

ρ/CE m
1/2 ρ/Cσ m

2/3
y

ρ/CE m
1/3 ρ/Cσ m

1/2
y

Material cost/kg



Minimum cost design

Structural

beam 
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Tensile ties
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Compression

strut (column) 
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y
Cm = Material cost / kg

 = Density

y =  Yield strength



What if we change the free variable?



Tables
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