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Learning objectives for this lecture unit

Ansys software mentioned | * Ansys Granta EduPack™, a teaching software for materials education

Intended Learning Outcomes

Knowledge and

Understanding Understanding of the potential of hybrid materials

Skills and Abilities Ability to use the synthesizer to explore material combinations
Values and Attitudes Inspiration to combine properties to create new materials
Resources

Text: “Materials Selection in Mechanical Design”, 5t edition by M.F. Ashby, Butterworth Heinemann, Oxford, 2016, Chapters 12 - 13.
synthesizer tool, available in advanced subject databases

, available from the Ansys Education Resources Website
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http://www.ansys.com/products/materials/granta-edupack/?utm_campaign=academic&utm_medium=referral&utm_source=education-resource&utm_content=partner_cross-bu_educator-resource-link_product-page_learn-more_na_en_global&campaignID=7013g000000gv7hAAA
https://www.ansys.com/academic/educators/education-resources/the-synthesizer-tool-model-writers-guide?utm_campaign=academic&utm_medium=referral&utm_source=education-resource&utm_content=partner_cross-bu_educator-resource-link_case-study_download_na_en_global&campaignID=7013g000000gv7hAAA

Outline of lecture unit

Cellular structures

N

LS D.-i
Composites

Sandwich structures

Multi-layers

Part cost estimator

sl

Battery Designer

Holes in material-property space

Hybrids materials — expanding the filled space
Example 1 — cellular materials

Example 2 — sandwich structures

New developments — Part cost estimator

Add your own Synthesizer model
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Advanced systems use hybrid materials

Sails — Kevlar + Nylon mixed weave
With thermally bonded PET skin

Mast and boom —
CFRE filament wound

Hull — sandwich construction,
carbon fibre/PMAA foam core

‘ ©2025 ANSYS, Inc. \I"ISYS / GRANTA EDUPACK



Accelerating new material development

Current internationally:

ICME - Integrated Computational Materials Engineering
MGI - The Materials Genome Initiative

AMD - Accelerated Material Development............. more

Vision: Materials Informatics

Use today’s ability to store, process and retrieve information
to accelerate material development

Almost all “bottom-up”: sub-atomic = nano = micron —> mm scale

Can envisage “top-down”: Design requirements = Architecture?
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Strength - Density
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Criteria of excellence: material indices

Material index = combination of material properties that limit performance

minimise mass Stiffness | Strength
Tension (tie)
=) = Elp oy/p
Bendingﬂ(beam)
- 1/2 213
EX<4/p oy Ip
Bending (panel
1/3 1/2
\ 5@ EL3/p al/2/p
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Hybrid materials

R

Cellular structures

Composites

Sandwich structures

Multi-layers

Ceramics

Polymers

Elastomers

N\

Design variables:

Metals Choice of materials

Glasses

Volume fractions
Configuration
Connectivity

Scale
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Configuration: Foam — property models

0

Foam cell
ra
¢l
T
Elastic deformation Plastic collapse  Cell edge buckling  Cell edge fracture

Plus
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Configuration: Sandwich panel — property models

11

Faces: material A

t C Core:material B b/
tE - . =

| +P
4 L 2
a Face yield a
A Face buckling A

v NN

AN AN

Core failure
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User interface

Choose:

* Configuration
* Components

* Volume fractions

Structure of a hybrid synthesizer

Models for
configuration props.
Moduli
Strength
Thermal props

Electrical props

Data for
component props.
* Moduli
* Strength
* Thermal props
* Electrical props

Calculate hybrid
properties and scan

©2025 ANSYS, Inc.
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The Synthesizer tool and its models

= e
@ Home | Browse Q Search [®9%) Chart/Select | @ Solver !“-: Eco Audit @ Synthesizer H Learn * TDD|5"| ﬁ Settings @ Help =

Synthesizer Tool Video tutorials (&)

Choose a model

Battery Designer Cellular Structures SEIGCt.
Cell to Module (by number of cells) Foam, closed-cel . .
D Cell to Module (by performance) .Iﬁ Foam, open-cel CO nflgu ratlon
Module to Pack Honeycomb
Triangulated lattice Materials
so a4 | Composites (Simple Bounds) Controlled Thermal Expansion
e Continuous fiber (UD & Q) @ Dual material lattice co ntrOI paramete rs
® Particulate .
® Short fiber CI |Ck “Create"
Cost Multi-layer Materials
Part cost estimator 2-layer
3-layer
4-layer
5-layer
6-layer
7-layer

Sandwich Panels
Balanced

Create your own model: See the 'Synthesizer Model Writer's Guide' within the installed 'Samples’ folder.

Cancel

©2025 ANSYS, Inc. \nsys GRANTA EDUPACK



Exploring metal foams - inputs
. =]
= [ MaterialUniverse

Foam, ope n-cell o ] Ceramics and glasses

= [ Fibers and particulates
= B Hybrids: composites, foams, honeycombs, naturz
= B8 Composites
[ [ Ceramic matrix
= B Metal matrix

Predicts the performance of open-cell foams, based on relative density

Assumptions:
e Cell size and structure is uniform
e Cell geometry is isotropic

e All cells are interconnected and filled with air = B Aluminum matrix
= [ Alumina

Relative density = (density of cellular structure) / (density of solid from = B Aluminum nitride

which it is made) = Bl Aramid
= [ Boron
= B Carbon

Source Records = B Iron
Bulk Material ‘ B Al{2124)-20%SiC(p) MMC powder ‘ ‘ Browse... | > = [ Silicon carbide

= B Fiber reinforced

= B Particulate reinforced
Enter values or range of values. For example, 1; 3; 8 or 1-8. . Al(2009)-20%SiC(p)
B A1(2024)-30%SiC(p)

Model Variables

Relative Densi 2-35 % Number of values: |15
ty B AI2124)-20%SiC(p)
Model Parameters . Al(2618)-12%SiC(p)
Relative flaw size (I/a) |1D . Al(6061)-25%SiC(p)
) B A16067)-55%SiC(p)
Record Naming B Al6061)-70%SiC(p)
Bulk Material |AI-SiC open cell foam ! Al(6091)-25%SiC(p)

- AFOANNY 1405 Ol i-) I

K

This model will generate 15 records Previous H Create ‘ ‘ Cancel ‘ || oK || Cancel ‘

©2025 ANSYS, Inc. \nsys GRANTA EDUPACK



Aluminum SiC composite foams

Young's modulus (GPa)

100

Synthesized (Orange) and Level 3
Al-SiC Composite Foams |

_____________________________________________________________
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- ... S

. Al-SiC open cell foam (0.057)

Aluminum-

Aluminum foam (0.5)

Al-Matrix Particulate Composites
| i i i i

SiC foam (0.54) L % """""" P

Aluminum foam (1.0)

M;qaaaag

i o’ Al-SiC open cell foam (1)

AlSiC open cell foam (0.66) |

Al-SiC open cell foam (0.29)

------------------------------------------------------------------

| AL-SiC open cell foam (0.16)

T T T 7 T T T T T
50 100 200 500 1000 2000 5000

Density (kg/mA3)
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Sandwich panels - inputs

Sandwich Panel

Balanced

Source material

Predicts the performance of balanced sandwich structures

Browse

Magnetic

» fix

rialUniverse =
€ Jeramics and glasses

ibers and particulates

ybrids: composites, foams, honeycombs, natural materials

Composites terials
H Assumptions: 1 Foams
Face Sheet Aluminum 606 e Face-sheet to core bonding is perfect i B3 Ceramic
e Face-sheets remain flat under loading (no dimpling on honeycomb cores) [ Metal
Core k] [ Polymer foams, elastomeric
][] Polymer foams, flexible
Fl [ Polymer foams, rigid
. Source Records & [ Phenolic
Model variables = B Forcarbonate
Face-sheet ‘ B Aluminum, 6061, T4 ‘ ‘ Browse... e
[# 7] Polyetherimide
. Core B PVC cross-linked foam (rigid, closed cell, AC 0.030) Browse... 5 [ Polyethersulfone
Face'Sh eet thICkneSS - ‘ ‘ ‘ 3 [7] Polyethylene terephthalate
Model Variables [ 7] Polymethacrylimide
. Enter values or range of values. For example, 1; 3; 8 or 1-8. [+ [ Polystyrene
Core thickness - @ [ Polyurethane
Face-sheet thickness 0.1-3 mm Number of values: E = [ Polyvinylchloride
Core thickness 1050 mm Number of values: E = PVC cross-linked foam (rigid, closed cell, AC 0.040)
‘ = PVC cross-linked foam (rigid, closed cell, AC 0.055)
MOdeI pa ramete rs Model Parameters = PVC cross-linked foam (rigid, closed cell, AC 0.065)
. - - 5 PVC cross-linked foam (rigid, closed cell, AC 0.075)
Support and load conditions " ~ | Bultin ends ~ B PVC cross-linked foam (rigid, closed cell, AC 0.090)
) — — ] PVC cross-linked foam (rigid, closed cell, DH 0.030)
rt and | ndition - : :
Suppo a d Oad co d o = PVC cross-linked foam (rigid, closed cell, DH 0.045) n
Span |3 m
Span m Record Naming | OK | | Cancel |
Face-sheet |AI 6061 I | ' | N
: PVC crocs-linked foam (rigid, dosed cell, AC 0.075)
Core |PVC oam E PV cross-linked foam (rigid, closed cell, AC 0,0%0) j
G
This model will generate 15 records Previous ‘ | Create | ‘ Cancel ‘ i

Model

oK I Cancel I ‘

GRANTA EDUPACK
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Stiff sandwich panels
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Synthesizer model for part cost

Cost contributors Total Part h

>

Cost per part

s 2 N

: B vaterial 1
Raw Forming Surface Assembly
material process treatment method - Material 2

Quickly estimate the cost to manufacture a component

Compare different classes of materials and processing routes

18 ©2025 ANSYS, Inc.
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Part cost comparison: Door panel

120+

Part cost (USD)

o
=
[

1003

o0
]
Ll

{PP (20% talc)
] o
{ molded

Steel YS140

| .r.o.llerj, pressed

Cost estirﬁate \L3 Batcl§1 size

III T T T T T III.I T T T T T 1T
1000 10000 100000 1ed

Batch size
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Enter your own models

Granta EduPack White Paper

The Synthesizer Tool
Model Writer’s Guide

Nick Ball, Charlie Bream, James Bateson

Ansys Materials Division

September 2017
Version 5.1

©2025 ANSYS, Inc.
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Outline of a model in code (C#)

" You need: Microsoft Visual Studio (the community edition is free)
= Administrator rights on your PC in order to copy your model
= Details of your model calculations.

[Export("Granta.HybridModel") ]

[BindableDisplay (Name = "Simple Model (C#)",
Description = "A simple example model.",

GroupName = "Examples")]

public class ExampleModel

©2025 ANSYS, Inc. \nsys GRANTA EDUPACK



Summary

The synthesizer stimulates

Imaginative exploration of novel material combinations

Interest in materials modelling

Direct comparison of hybrids with the standard materials of engineering
Exploration of structured-structures

Does not advise on manufacture of hybrids, but...

Can be used to estimate part manufacturing costs

Enables you to enter your own materials-based models
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Ansys Education Resources Feedback Survey

Here at Ansys, we rely on your feedback to ensure the educational content we create is
up-to-date and fits your teaching needs.

Please click the link below to fill out a short survey (~7 minutes) to help us continue to
support academics around the world utilizing Ansys tools in the classroom.
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https://ansys.typeform.com/to/jcattJI5

© 2025 ANSYS, Inc. All rights reserved.
© 2018 Mike Ashby

Use and Reproduction
The content used in this resource may only be used or reproduced for teaching purposes; and any commercial use is strictly prohibited.

Document Information
This lecture unit is part of a set of teaching resources to help introduce students to materials, processes and rational selections.

Ansys Education Resources
To access more undergraduate education resources, including lecture presentations with notes, exercises with worked solutions, microprojects, real

life examples and more, visit www.ansys.com/education-resources.
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