Re-Imagining Engineering Design

Presented at:

The 37th International Manufacturing Conterence will
be an online conference co-hosted by Athlone
Institute of Technology and CONFIRM



;2 M Loughborough QUEEN'S %/ UNIVERSITY
 Unversiy D] vessim & 7 hork

Engineering and
Physical Sciences
Research Council

Mark Price
Trevor Robinson
Frank Kirkland
Yan Jin

Karen Rafferty
Sakil Barbhuiya
Luis Freixial
Kate Van-Lopik
Paul Goodall
Andy Tyrrell

AIRBUS

HEATING & VENTILATION

Re-Imagining
Engineering Design

Paul Conway

Carmen Torres-Sanchez
Imelda Friel

Roisin McConnell
Andrew West

Stephen Kyle

Declan Nolan

Peter Kilpatrick KA
sW T We

Radmehr Monfared g é :

Simon Hickenbotham PRECISION ENGINEERING LTD
Rahul Dubey

GlenDimplex ® ‘)I TI /_‘Iloyed BOMBARDIER

a wipro company

18/11/2022 Re-Imagining Engineering Design

bioha(:igﬁf



Re-Imagining Engineering Design

PROBLEM
DESCRIPTION
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What is physical is only the tip of the iceberg!

Wood capped with steel Steel I-Beam
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Function influences form (or form follows function)
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Building Complex Systems 1.- Engineer’s approach

Different
component
designs for all of
the different
functions a system
requires.
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Specific parts:
One part, one job.



Manage data and understand relationships
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Maintaining Design Intent
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Ontology map — mind blowing!
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It gets even more complicated when we think of the wider system!

| prefer ﬂ e make
great
columns...

blue... @
But only square ones
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...and round shapes

Objectives are often conflicting
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CONCEPT AND ETHOS

e Rethink design rules and processes
* Create new autonomous design processes

e Radically change roles and activities in the manufacturing
organisation

* Embrace emergent behaviour for design innovation
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THE TEAM
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In Geographical spread...

* Partnership drawn from
across UK.
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In numbers...

 Total Project Value is “Y£11M (Full Cost) to run for 5 years.
* 12 Academics from 3 Institutions: QUB, York, Loughborough.

 Company partners include Airbus, Glen Dimplex, ITl, Rolls-Royce,
Denroy, SAM UK, MTC, Far UK, OxMet, Bombardier

* EPSRC Grant of £7.3M

e Total Industrial Partner support to value of £1.5M

* 10+ PDRA across the three sites.

e Academic & Industrial support brings 14 PhD studentships
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Research Challenges
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Research Challenges

* Interoperability — CPS Design Theory
* How can we generate ideas and concepts rapidly such that artefacts are designed concurrently with
manufacturing systems to create resilient extended enterprises with open communication throughout
the whole system?
e The Cyber World — CPS Modelling Design & Manufacture
* How can we represent concepts virtually such that key design characteristics driving intended
behaviour are understood, coded and realised via robust, intelligently manufactured product variants?
* The Physical World — CPS Concept to Reality
* What verification and validation concepts are needed to find the shortest and most beneficial pathway
to physical realisation aided by a cyber-physical-socio manufacturing ecosystem?
* The Socio World — CPS The Extended Manufacturing Enterprise

* How can we translate and exploit concepts in new organisational structures within a cyber-physical-
socio ecosystem to accelerate evolution of design solutions across extended enterprises?
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Interoperability



very complex...
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The Cyber World
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Different actors in the system have different views and models.

Function (Intent) of the stiffener is to carry end load and a little (but preferably
no) bending, supporting the skin.
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The right representation for the right decision at the right time
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The Physical World
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Component Manufacture

* Geometry is different in analysis and manufacturing

= Modied model

Thickan
ehall
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' Anaivsis modal Solid

Simulation World Manufacturing World
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Verification and Validation

Dimensions FEA

Stiffness Physico-checmical
Strength Bio-Chemical Operation &
Fatigue Fluids - CFD Concept Maintenance
Bio-compatibility Surface tension

Bio-activity Diffusion
Resorbable Thermodynamic
Porosity Phasefield

Requirements Acceptance Testing

Design spec
Validation

System Verification

High Level Design ey
and Validation

Testing

Manufacturing

Physical
Validation

Integration Test &

Low Level Desi
ow Level Design Verification

Select’ laser melting Mechanical testing
Select’ laser sintering Porosimetry
Arc melting Surface texture . L. .
Vacuum/inert/active Surface roughness DeSIgn Definition |ntegrat|0n & Test
Dicing / separation Wettability Implementation /

Electro-polishing Cellular metabolism
Coating Osteogenesis
Sterilisation Zeta potential

Manufacture

Exemplar demonstrator for Design-to-
Prescription application
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The Socio World
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All in concert and perfectly attuned...?

Low Confidence

Input

High Confidence
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All in concert and perfectly attuned...

/P’\

High Confidence

Input - Output

\lgh Confldence/
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Inspiration from
Nature
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CONCEPT AND ETHOS
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Building Complex Systems — Nature’'s Approach

| 0.1mm|

fertilized
€dgg

1/2 hour, 1 cell 3 hours, 64 cells 6 hours, 10'000 cells
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Building Complex Systems — Nature’'s Approach
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Generative Design for Additive Manufacturing Using A Biological Development Analogy

Plant Development

Seedling

Observe and
extract
biological
development
processes

CADfix
®

Emerginarium

Build engineering
design metaphors
based on bio
systems processes

B 2 simuuia
ABAQUS

Initialise Cell Development

Zero (seedling) normal Ep———— "
oid —~
Organism class \ N,

CAD Model Development

Initialise
Organis
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Support Sensor: Receptor & Convertor in Primary Growth

. _ . support_sensor 8.0 1 100.0 200.0 1
» Located at each vertex in the cell — face and cell centroid Eigpert pategior 9.0 3 1006 308.8 4
» Sense stimulus, receive field strength and top-up hormone in vertices i:zgz";;’éf’llalg@-lgezgﬂiﬂ 1
» Encourage organism development towards or away from stimulus G M Sy

range 175.8 1 458.0 680.
support 8.8 1 458.0 6BQ.
support_receptor ©.2 1 1808.8 280.
support_convertor 20.8 1 6.9

support_sensor 8.9 1 108.0 28@. B

81
range 158.8 1 388.8 458.8 1
e1
81

support_receptor .0 1 10.8 208.8 1
support 8.8 1 168.8 280.8 1
range 58.80 1 8.8 158.8 1

range 18020 1 1584 380.8 1
range 156. B >300.8 458.8 1

Growth

Support ‘attraction’ field

2 Stretch vector

range 175.8 1 45028
support 8.8 1 458.8 58@.
support receptor 8.8 1 184
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Re-Imagining Engin

Creating variation & innovation

MVP1.0 —No Length - 10 Length - 10
Budding Bud Check - 45
2 Supports — Equal Support Convertor - 5

field strength



\ /

the environment & be sensitive to the

POpUIatiOnS W|th  Requires ability to grow (develop) in O
Variation environment Q



Shelf Bracket
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Example —
Dealing with Surface
Treatments/Coatings
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Accounting for Manufacturing process in product geometry

strain_receptor 6.8 1 180.0 208.8 1
strain 6.0 1 6.2 1.8 1
range 1 1 08.081 8.8685 1

range 5 1 8.805 ©.81 1
range 18 1 6.61 8.82 1
range 15 1 8.82 ©.03 1
range 26°1 @.8370.84
range 3@ g.84 @.e5

e
range 4.0 1 8,85 0.0
rapge 58.8 1 8.86 8.0
ange 80.8 1 .07 Q.1 1
range 1688.8 1 8.1 8.5 1
strain 6.6 1 100.0 200.@ 1
strain receptor 6.8 1 106.8 200.8 1

'

strain_receptor 0.0 1 100.0 200.8 1

strain 6.6 1 8.8 1.0 1

ange 1 1 @.801 ©.085 1

/ range 5 1 ©.805 8.81 1

range. 10 1 @.81 @.02 1

range 15 - 8.83 1

range 28 4 8.e4 1

2] 1

5 6

7

0

range 38 1 @ 5 | /
range 48.8 1 @ .86 1
range 58.@ 1 ©.86.9.67 1
range 80.08 1 8.07 8.1 1 'ﬂ
range 188.8 1 8.1 8.5
strain 6.0 1 106.0@ 200.64
. strain_receptor 0.8 17100.84200.0 1
EnVIronment Element strain_convertor 100.0 1 0.0 100.0 1
representing a finishing
process can be treated

in exactly the same way
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Practical Example —
Storage Tank Design &
Manufacture



Storage Tank Design

* What would a storage
tank look like if recycled
material is used and the
aim is to minimise (or
have zero) waste in the
manufacturing process?




* Manufacturing
information relating
to wall thickness is
fed back into the
design models.

* Genes in this case
align to key geometry

design para meters.
Reality

blue
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Conclusions
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Take away Points

* Going beyond current paradigms in manufacturing needs new design
processes

* RIED — Re-Imagining Engineering Design is a large scale programme
re-thinking this at a fundamental level

* The approach is bio-inspired, we grow structures like plants.

* The manufacturing system & product evolve together, each attuned
to the other.
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Thanks to...



Re-Imagining Engineering Design




Re-Imagining Engineering Design




;2 M Loughborough QUEEN'S %/ UNIVERSITY
 Unversiy D] vessim & 7 hork

Engineering and
Physical Sciences
Research Council

Mark Price
Trevor Robinson
Frank Kirkland
Yan Jin

Karen Rafferty
Sakil Barbhuiya

AIRBUS

Re-Imagining
Engineering Design

Paul Conway

Carmen Torres-Sanchez
Imelda Friel

Roisin McConnell
Andrew West

Stephen Kyle

Luis Freixial Declan Nolan
Kate Van-Lopik Peter Kilpatrick W KA N
Paul Goodall Radmehr Monfared > i * ! e
Andy Tyrrell Simon Hickenbotham PRECISION ENGINEERING LTO
Rahul Dubey
SR GlenDimpl lex S ‘)I I I EFlloved Bomearoier
HEATING & VENTILATION
a WIPI’O company
18/11/2022 Re-Imagining Engineering Design

biohatiour



Re-Imagining Engineering Design

Thank You for Listening
B And remember.......

Imagination is the only weapon in the war against reality.”
— Lewis Carroll, Alice in Wonderland




