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Granta Desig-n Limited: Our Business

We are focused exclusively at the intersection of
information technology and materials and processes

We provide:

« the software for materials selection and informatio n
management

» comprehensive reference databases of materialand p ~ rocess
properties

« consulting and customization services to implement material
and process information solutions

... complete solutions for materials and process I.T.
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ANALYSIS & DESIGN DISSEMINATION

research wide access, simple lookup:
analyze preferred lists
model CAD/CAE support
optimize materials marketing
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Introduction to Materials Selection

Ereesene GRANTR

Environment Park, 18 April 2007
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Materials are evolving faster now than at any previ ~ ous time in history!

Materials Evolution
 Currently 40 000 - 80 000 materials!

Novel Materials
* Many new and unfamiliar materials e.g. metallic foams.

Environment Park, 18 April 2007
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A German car manufacturer is touting its new alumin ium foam car structure
as 10 times stronger than steel with only half the weight.

Materials Evolution
 Currently 40 000 - 80 000 materials!

Novel Materials
* Many new and unfamiliar materials e.g. metallic foams.

Innovation in Design

» New materials facilitate innovative design e.g. sports
equipment.

Environment Park, 18 April 2007
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Bonded titanium

Nylon

Die-cast magnesium

Carbon fibre - Epoxy

Materials Evolution

Novel Materials

equipment.

Innovation in Design
» New materials facilitate innovative design e.g. sports

Changing Environment

» Constant demand for cheaper, safer, environment friendly
components e.g. automobile industry.

 Currently 40 000 - 80 000 materials!

* Many new and unfamiliar materials e.g. metallic foams.

Environment Park, 18 April 2007
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Screening Stage

Beverage Menu

( Beef— Rese—— Cabernet \
Spirts—— Red PirotNotr—
Wine Wite— LéteRéte
SottbBrks Pessert— Prstage—

Ranking Stage

Beverage Menu

ﬂ:abernet: Price Vintage Country \

Thomas Hardy 60 1996 Australia
Pride Mountain 50 1996 USA
Constantia 45 1997 South Africa
Pine Ridge 55 1996 USA
Morgenhof 50 1996 South Africa
Fairview 45 1995 South Africa
John Riddoch 70 1994 Australia

Beringer ? 1995 USA
&-ﬁll of Grace 50 1998 ? )

Environment Park, 18 April 2007
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Ranking Stage

Beverage Menu

(Cabernet: Price Vintage Country \

John Riddoch 70 1994 Australia
Thomas Hardy 60 1996 Australia
Pine Ridge 55 1996 USA
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Supporting Information Stage

What other information can | obtain to support my decision?

* Have | enjoyed any of these wines before?
* Have any of my friends?
e Was 1994 a good year for ‘John Riddoch’
* What does the waiter recommend?

Are there any local conditions which may effect my decision?
« Is there a special offer on one of the wines?

« I've spent so long selecting my wine that my clients have left...

Environment Park, 18 April 2007
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ALL POSSIBILITIES
|

SCREENING
Eliminate candidates that cannot do the job and
RANKING
Compare candidates that can do the job

SUBSET OF CANDIDATES
|

SUPPORTING INFORMATION

Handbooks, specialised software, expert systems, CD-
ROMS, Internet |.e. Search "family history" of candidates

|
PRIME CANDIDATES
|

LOCAL CONDITIONS
Does the choice match local needs and expertise?

|
FINAL SELECTION

Materials Selection with CES
Selector

Environment Park, 18 April 2007
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Comprehensive

Complete Data

Relational Structure

« All material families covered

Universal & Comparable Properties
 Universal - properties are valid for all records

» Reference databases for more specific material classes

e Comparable - All data in the same format (e.g. Hardness)

* No holes in data to prevent elimination due to lack of data
 Estimating techniques used to fill holes (but highlighted)

KINGDOM

——
l FAMILY

CERAMICS
GLASSES
POLYMERS
MATERIAL METALS
ELASTOMERS
COMPOSITES
NATURAL

<

CLASS l RECORD ATTRIBUTES
7~ Steels 1000 ~ Density
Cu-alloys 2000 Modulus
Mg-alloys 3000 Physical props.
Al-alloys << 4000 < Mechanical props.
Ti-alloys 5000 Thermal props.
Ni-alloys 6000 Electrical props.
\_ Zn-alloys - \_7000 \_ Corrosion props.

Environment Park, 18 April 2007
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CES Database
N

casting, moulding
PROCESSES
drawing, powder

sheet
SHAPE
bar, prismatic

polymer, ceramic
MATERIALS
metal, composite

Structured data

FURTHER INFORMATION
SOURCES

* CES In-Depth

* Online Data Sources

(e.g. ASM Online)

» Guided Web access

(e.g. matdat?.net)

Unstructured data

o/

Property Ranges

Typical data, not
specification or design
data

Unit Conversion
O/ Metric, Imperial, S, ...

O\ Estimated Value

Denoted by *

Environment Park, 18 April 2007
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Price
 Calculated using GRANTA'’s
pricing model
» Updated at each release
» Can be viewed in any
currency

» Many local factors affeact
price, use as a comparison.

Composition

 Base signifies main element
or component in material

» Other elements &
components listed

¢ -1 signifies unknown amount

Environment Park, 18 April 2007

11



ACTECO Project
Introduction to Eco-design

Mechanical

 Elastic Limit also known as
yield strength

e Endurance Limit is the
fatigue strength at 107
cycles.

* Vickers Hardness is the most
universal hardness scale

* Modulus of Rupture is mainly
used for ceramics

Thermal
* Maximum service
temperature is for long term
use. Calculated from T, or

Ty

Optical

» Refractive Index for
transparent materials

Durability

» Resistance of material in
standard environments.

 Relative scale: Very poor to
Very Good

Environment Park, 18 April 2007
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Eco Properties

* Basic properties on the
ecological impact of the
material

* Much more information
available in Eco Edition
database

Notes

» Additional notes on uses,
hazards, etc

Links

 Click on buttons to see
records in other tables which
are related to this record.

« E.g. Process

Environment Park, 18 April 2007
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General
» Tradenames which it is sold
under — good for text
searching
» Oxygen Index & Water
Absorption are additional
environmental properties

Composition
» Polymers categorised by
type and filler type/amount

Mechanical
» Compressive & Flexural
Modulus are additional
properties
* Rockwell M & R are
additional hardness scales

* Impact Strength based on
Notched Charpy and Izod
tests at room temperature

Environment Park, 18 April 2007
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Thermal

* HDT measures short-term
changes in stiffness at
elevated temperatures. Rule
of thumb:

« 1.8MPa value is where
modulus is approx. 0.8GPa

¢ 0.45MPa value is where
modulus is approx 0.2GPa

Processing
» Key processing parameters

Coming Soon...

» ESC (Environmental Stress
Cracking)

» Chemical Resistance

» Permeability / Water Vapour
Transmission

Environment Park, 18 April 2007

15



ACTECO Project
Introduction to Eco-design

ChemRes

* Chemical resistance data on
193 different environments

» Uses 5 point scale, Very

Poor to Very Good

 Data produced by RAPRA

Use cases
 Adding specific

environmental resistance
criteria to initial screening

stages

CAMPUS

Contains 6000 records from 26 polymer
manufacturers.

All data produced according to ISO
standards at standard conditions,
meaning data is comparable between
manufacturers.

Data given for the polymers in the dry
and conditioned (wet) state.
Thermoplastics (and TPE’s) only

Not all records contain all the data, it is

not a complete database. Care must be
taken if used for selection.

High quality dataset, but for a limited
number of polymers.

Environment Park, 18 April 2007
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General

» Polymer type and filler type and
content

« Delivery form and applicable
processing routes

« Availability in different geographical
markets

Rheological Information
* MVR (Melt Volume-flow Rate)

* Viscosity — Shear Rate graphs at
different temperatures

e Shear stress — Shear rate at different
temperatures

Environment Park, 18 April 2007
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Mechanical
* Moduli (Static & Creep)
» Strengths
* Impact

Thermal
 Service temperatures (HDT & Vicat)
e Burning behaviour (UL)

Electrical
 Resistance (Volume & Surface)
* RF properties (Dissipation &
Permittivity)
* Breakdown (CTI)

Time - Temperature dependant
properties

« Stress — strain (isochronous)

e Creep (modulus and strain)

Environment Park, 18 April 2007
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Chemical Resistance

* Go / No go ratings on many different
environments

General

 Features, Uses, Agency approvals,
Availability, Forms, Processability

Properties

 Physical, Mechanical, Impact,
Thermal, Ageing

Environment Park, 18 April 2007
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Material CAMPUS IDES
Universe
# records ~500 ~5,000 ~50,000
Polymer TP, TS, TPE, TP, TPE TP, TS, TPE
types EL
) Grade
Data type 'rl'gslc;asl specific point S eéiBﬁrgd%int
9 and chart P P
Complete
Comparable

Demonstration: CES Selector

Environment Park, 18 April 2007
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We need to convert our design requirements into
criteria for materials selection!

| Design Concept |

|

Function

What does the component do?

Objective

What is to be maximised or minimised?

Constraints

What essential conditions must be met?

Free Variable

What design variables are free?

Objective Ranking objective (eg minimise mass or
cost)

Constraints | Quantitative constraints on material
properties (eg must be conductive, must
have a modulus > 50 GPa)

Qualitative constraints on material
behaviour (eg must not corrode in ...
must be available as tubing ...)

Variable

Free (e.g. outer/inner diameter, length)

The Strategy:

» Use simple constraints for screening
 Refer to final objective(s) for ranking
» Seek further information for top-ranked candidates

Environment Park, 18 April 2007
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“Eliminate materials that cannot do the job”

Requirements:
operate at 100C
electrical insulator
good thermal conductor

Requirements:
extrudable

=)

=)

Retain materials with:
max operating temp > 100 °C
resistivity R > 1020 m\Wem
thermal conductivity | >100 W/m.s

Retain materials with:
links to “extrusion”

Screen on both attributes and links!

Objective - a metric of performance, to be maximised or minimised.
Examples: Mass, volume, eco-impact, cost

Material / Performance Indices

Strength per unit cost:
M = >y
C

m
Bending stiffness per unit mass:
El/2
M=—

Many more ..................

Performance Index

||||
M,

Most highly ranked materials H H

Value range of metric
for selected materials

Environment Park, 18 April 2007
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Insulator
Body
~ shell

Central
e electrode

Design Requirements:

Example: Electrical Insulator
for Spark Plugs

Selection Criteria:

Function
Objective

Spark Plug Insulator
Minimum cost

Constraints

Good electrical insulator
High breakdown potential
High operating temperature

Minimum cost

Resistivity > 1022 miW/cm
Breakdown volts > 20x106 V/m
Max. service temp. > 427C

» Screening Stage: Limits

But BEWARE: selection
by text screening alone
can be misleading!

Environment Park, 18 April 2007
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» Screening Stage: Graphical

* Ranking Stage

Environment Park, 18 April 2007
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* Ranking Stage

e Supporting Information

Environment Park, 18 April 2007
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Plastic Cup

Function:

« Safe containment of hot coffee by airline passenger s
» Transparent for aesthetic reasons

Screen on Constraints:

e Optical > Transparent

* Chemical resistance very good in water

e Thermal HDT 1.8MPa >100 €
* Processing injection moldable

Rank on Cost

Environment Park, 18 April 2007
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Selection using Combined
Properties and Performance Indices

Insulator

Example: Electrical Insulator
Body
_ shell for Spark Plugs

Central
e electrode

Design Requirements:

Function Spark Plug Insulator

Objective Minimise Cost

Constraints | .......

High Thermal Shock Resistance

Environment Park, 18 April 2007
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Temperature change

/

Thermal Strain: e=a DT

Thermal expansion coeff.

Stress: s=Ee
AN

Young’s modulus

Fractures when: S =S 0

Modulus of rupture

1)

)

®)

Combining (1) to (3) gives:
Allowable Temperature Change: DT <sS ,ox/ E @

Should you use
the specific
stiffness to select Slope = 1
the best material
for a light, stiff
beam?

Environment Park, 18 April 2007
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The beam (treated as a solid cylinder) has mass, m, where:

m=ALr =pRLr

The stiffness of the beam S, is: m = mass
A = area
S= CEl L = length
L3 p = density
R = radius
| is the second moment of area, which is equal to: S = stiffness
| = second moment of area
|= pR* E = Youngs Modulus
4

The free variable is R, the radius, therefore combining the equations gives:

V2
sL®
=2 — —7
pC E
Therefore the mass of the beam is minimised by Ey2
choosing materials with large values of : Ml = ;

To plot on a log-log graph:

logE =2log r +2logM,

y=mx+c

Therefore for fixed values of M, this equation plots as a straight line of
slope 2.

All materials which lie along a constant line of M; perform equally well
as a light, stiff beam.

Environment Park, 18 April 2007 29
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Slope =1

Determine the value of M, to calculate the mass of the beam

Function
. . Objective isti
Each combination of COLstraim has a characteristic
material index.

Free variable

FUNCTION
Tie

1> OBJECTIVE
Beam
Minimum cost CONSTRAINTS

Shaft Minimum weight
m \A Stiffness specified INDEX
Max energy storage EY2
Column Strength specified M1 = r
g I Minimum
environmental impact Fatigue limit
Mechanical, | .. Geometry
Thermal,
Electrical...

Environment Park, 18 April 2007
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Light, stiff component

Tie: Maximize E/rr /

Beam: Maximize E “2fr

Panel: Maximize E 3fr

Environment Park, 18 April 2007
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Material Properties:
the “Physicists” view of materials

Cost, Cn
Density, r
Modulus, E
Strength, S
Endurance limit, Se
Thermal conductivity, I
T- expansion coefficient, a

Material Indices:

the “Engineers” view of materials

Objective: minimise mass

Function Stiffness Strength
Tension (tie) E/r Sy /T
Bending (beam) E% Ir sy%/r
Bending (panel) B Ir Sk

Function:

Objective:

Constraints:
» Tensile Elongation
» Heat Deflection Temp. 1.8 MPa
» Tensile Strength, break
* Moisture Resistant
» Dimensional Stability out of mold
» High Resistivity
« Filler Content

Electrical Connector

» Safe containment of electrical components
« Better thermal resistance than the usual PBT materia |

» Minimize cost for specified stiffness

> 2%

> 420F (230C)
> 15 ksi (100 MPa)
< 0.35% absorption at 24h

<0.01

>1el5 WM

< 40%

Environment Park, 18 April 2007
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Performance Index for

* minimum cost,

« for a given level of stiffness,
« for component loaded in bending

,,
vy ==

JE

Environment Park, 18 April 2007
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[

MaterialUniverse
Cheapest, suitable
polymers

J

IDENTIFY

Limit selection on Polymer
and filler type

[

CAMPUS / IDES
Matching grades

]

RANK

Creep strain @ 1000 hrs

[

CAMPUS
Matching grades with
good creep resistance

J

Environment Park, 18 April 2007
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Connectors: Polybutylene terephthalate (PBT) is a
thermoplastic polyester whose physical properties are
ideal for use in electrical fuel injector connectors. PBT has
proven to be a fantastic insulator, is both strong and stiff,
and holds up well against the high temperatures found
underneath the hood of a car.

European car manufacturers, however, are beginning to
use recycled polyethylene terephthalate (PET), the same
kind of thermoplastic polyester used to make soft drink
bottles. The European manufacturers have found
"recycled" PET to be as strong, stiff, and temperature-
resistant as "virgin" PBT. Both plastics are high flow and
warp-resistant, and are ideal for use in electrical
connector applications.

(source: American Plastics Council, automotive lear  ning center )

Link & Model Based Selection

Environment Park, 18 April 2007
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Database N

-~

Casting, moulding
PROCESSES

drawing, powder

Metals, ceramics
MATERIALS

polymers, composites

Prismatic
SHAPE

3-D hollow, sheet

e Screening using Links

Environment Park, 18 April 2007
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Model Based Selection  for graphical materials information,
e.g. High temperature, creep and fatigue data.

Concept:
» Storage and selection on functional material propert ies

« Ability to input data as either:

a mathematical function: Y = F(a,b,c..)
or an array of discrete points: (a q,bq,cq..);
(az.b.C5...)

« Allows the user to plot selection charts for any se t of
conditions, e.g. Tensile Strength at 1000K vs. Densi  ty.

q
Y
PAEK 30% cf v
PAEK 30% cf
Alkyd Molding
Compound

Alkyd Molding
Compound

Environment Park, 18 April 2007
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Process Selection with CES Selector

Environment Park, 18 April 2007
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The Progess
data-tqble

Casting
Deformation
Machining
Shaping
Rapid prototyping
Powder methods
Molding

Adhesives
Fasteners
Joining
Mechanical welding
Thermal welding

t

Fusion welding

Heat treatment

Polish, Etch,

Induction hardening

Coatings

Surface
reatment

Paint, Print

Kingdom ‘ ‘ Family ‘ ‘ Class ‘ ‘ Member ‘ Attributes
. A Blmar maldina
- Casting Compression Injection molding
Joining . <
/ Deformation Rotation « = Material
Process Shani Moulding Injection \ § Shape
= aping i \ Size Range
data-table Composite T
\ RTM ¢ T Min. section
Surfacing |\ Powder Blow ¢ F Tolerance
Rapid prototyping g Roughness
Economic batch
.. Documentation
.. -- specific
-- general
—
Y

Process records

Environment Park, 18 April 2007
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Some processes can make only simple shapes, others, complex shapes.

All shapes

‘ Circular ‘ ‘ Non-circular ‘ ‘ Flat ‘ Dished

Wire drawing, extrusion, Stamping, folding, Casting, molding,
rolling, shape rolling: spinning, deep drawing: powder methods:
prismatic shapes sheet shapes 3-D shapes

Injection moulding (Thermoplastics)

INJECTION MOULDING of thermoplastics is the equivalent of pressure die casting of metals. Molten
polymer is injected under high pressure into a cold steel mould. The polymer solidifies under pressure
and the moulding is then ejected.

Physical Attributes Process Characteristics
Mass range 0.01- 25 kg Discrete True
Roughnes‘s 0.2- 1.6 pum Prototyping False
Section thickness 0.4 - 6.3 mm
Tolerance 01- 1 mm
Shape

. . Circular Prism True
Economic Attributes Non-circular Prism True
Economic batch size 1le+004 - 1e+006 Solid 3-D True
Relative tooling cost high Hollow 3-D True

Relative equipment cost  high

+ links to materials

=] [=]

Environment Park, 18 April 2007
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The process. INJECTION MOULDING of
thermoplastics is the equivalent of pressure die
casting of metals. Molten polymer is injected
under high pressure into a cold steel mould. The
polymer solidifies under pressure and the
moulding is then ejected.

Various types of injection moulding machines
exist, but the most common in use today is the
reciprocating screw machine (shown
schematically). Capital and tooling ...

Heater

No8-CMYK5/01

Design guidelines. Complex shapes are possible. Thick sections or large changes in section are
not recommended. Small reentrant angles are possible.

The economics . Tooling cost range covers small, simple to large, complex moulds. Production rate
depends on complexity of component and number of mould cavities.

Typical uses . Extremely varied. Housings, containers, covers, knobs, tool handles, plumbing
fittings, lenses, etc.

The environment. Thermoplastic sprues can be recycled. Extraction may be required for volatile
fumes. Significant dust exposures may occur in the formulation of the resins. Thermostatic
controller malfunctions can be extremely hazardous.

Insulator
Bod Example: Electrical Insulator
o]
_ <hell for Spark Plugs
Central
/electrode

Design Requirements: Selection Criteria:
Function Spark Plug Insulator
Material Alumina ... Alumina...
Constraints | Dimensions Minimum section 1.2 mm

Tolerance |:> Tolerance < 0.2 mm

Batch information Batch size 100 000 units

etc... etc...

Environment Park, 18 April 2007
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e Screening Stage: Graphical

» Screening Stage: Using Links

Environment Park, 18 April 2007
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e Screening Stage: Using Links

Process selection has the same 4 basic steps

Step 1 Translation: express design requirements as constraints & objectives

Step 2 Screening: eliminate processes that cannot do the job

Step 3 Ranking: find the processes that do the job most cheaply

Step4 Documentation: explore pedigrees of top-ranked candidates

Environment Park, 18 April 2007
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Resource Consumption

Estimate cost by summing the cost of those things
consumed during the manufacturing process :

Resource Consumed Unit
Materials $/kg

Capital (equipment, tooling) $

Energy (power, cost) kW, $/kW.hr
Time (overhead rate) $/hr

Space (area, cost) m, $/m

The Equation

Materials Tooling Time Energy Space
mC C n (. C PC, | [4C
C=|—2+C, |+| | 1+— ||+ |=| Co+—= ]| +| £ |+| ==
1-f n n, n t.L n n
Database Inputs User Inputs
C, the capital cost of the equipment used C,, the cost of the material
to make the component and the interest on .
that cost C,, the basic-overhead rate
C,, the cost of the other consumables t.  the capital write-off time

L the load factor (the fraction of time over
which the equipment is productively
Cg the cost of the space associated with used)
manufacture of the product

£ the cost of energy (e.g. electricity)

n the batch size (the production volume)

the cost of one set of toolin . . .
T0 9 m  is the mass/unit of product in kg

the number of units which can be made
before the tooling requires replacement

n the rate of production
A the area occupied by the process

13 the fraction of material which appears as
scrap

P power consumed

Environment Park, 18 April 2007
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Shell Casting

Green Sand
Casting

Batch Size - 100

Injection Molding

[ Batch Size - 1 000 000 }

Injection Molding

Environment Park, 18 April 2007
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