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Total Project Value is ~£11M (Full Cost) to run for 5 years.

12 Academics from 3 Institutions: QUB, York, Loughborough.

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

EPSRC Grant of £7.2M

Total Industrial Partner support to value of £1.5M

10+ PDRA across the three sites.

Academic & Industrial support brings 14 PhD studentships
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Partnership drawn from 
across UK.

Team Size currently:
12 Academic Staff
9 Post Doctoral Researchers
7 PhDs
7 more joining/advertised 
currently

Partnering with AMIC to 
speed up the transition of 
tools & process into practice.

Join AMIC & get in early!!



AMIC Contact:  Professor Sam Turner CEO s.turner@qub.ac.uk

AMIC  SMART  DESIGN
&
RIED
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Challenges in Design for Manufacture
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Machine from 
block

Weld

Weight versus Waste versus Costs versus Demand

The Design Process should distinguish between these for the designer/maker!

Product Material Input (PMI) = Product + Waste (W)

Machine from block
PMI1 = L1 x D4

W = (D1 x L2) + (L3 x D2) + (L4 x D3)

Weld option 1
PMI2 = (L1 + D1 + D2 ) x Max(D3, L2, L3)
W=[(Max(D3, L2, L3) - Min(D3, L2, L3)) x Length(Min)] + [(Max(D3, L2, 
L3) - Median(D3, L2, L3)) x Length(Median)]

Weld option 2
If designed such that D3 = L2 = L3

PMI3 = (L1 + D1 + D2 ) x D3

W = 0

We cannot assume 
PMI1 > PMI2 > PMI3
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Playing with thickness can 
allow few larger bolts for 
example, and alternative 
nesting & stacking options.

Alternative 
nesting 
solution

There is a trade-off between material needed for the task, material lost in production process, and 
life of the product.

Minimal waste         Minimal Material          Minimal Demand!
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Are all modules 
formalised?

Can the problem 
be addressed by 

the existing 
ontologies?

Can an ontology 
and a reasoner 

meet the 
requirements?

Specificati
on of 

requiremen
ts (SoR) 

Identificatio
n of 

relevant 
ontologies 

Division of 
the domain 
in modules

Choose 
module

Knowledge 
acquisition

Knowledge
Formalisati

on

Ontology 
Validation

Ontology 
Evaluation

CPS-P Knowledge Interoperability

Electromagnetics Simulation

Ontology map mind blowing!
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It gets even more complicated when we think of the wider 
system!

We make 
great 

I prefer 

But only square ones

Oops!I prefer 

Objectives are often conflicting
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Too many variables to explore in full factorial!!

n levels/values
m variables

Need:
mn studies

e.g. 5 levels for 10 variables
~ 10million alternatives

Not enough time & resource to 
explore, which results in 
overreliance on experience, tacit 
knowledge and existing solutions.
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Inspiration from Nature
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CONCEPT AND ETHOS
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Initialise Cell 
Zero (seedling)

DevelopmentInitialise 
Organism

Emerginariu
m

Plant Development

CAD Model Development

Biohaviour Design System

Generative Design for Additive Manufacturing Using A Biological Development 
Analogy

Observe and 
extract 

biological 
development 

processes

Build engineering
design metaphors 

based on bio
systems processes
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Evolve Seed

Plant seed to 
solve a 
problem

1

Plant seed to 
solve a 
problem

3

Plant seed to 
solve a 
problem

2

Plant seed to 
solve a 
problem

4
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Single 
Cell

Behaviour encoded is for 

structural members e.g. as 
in a truss.

Behaviour encoded is for 

form structural plate 
members, for example.
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NeuroEvolution of Augmenting Topologies (NEAT): 
the Gene Regulatory Network (GRN)

Input

Stress on 3 members of a cell

Output

Changes in the area of members

Fitness

Stress, Deflection and Volume (entire 
organism)

Next

Multi objective implementation

Simple NEAT based GRN Architecture

Organism with 7 cells

Input 
Nodes Output 

Node

Hidden 
Nodes
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17kN

We can evolve solutions for given scenarios e.g. 2D truss with in-
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17kN

Initial Seedling evolves to become a good seed

We can evolve solutions for given scenarios e.g. 2D truss with in-
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The seed responds to 
loads according to the 
GRN (its genes) and 
each step it 
grows/develops until 
maturity.
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17kN

17kN

10kN

17kN

17kN

17kN

10kN

From scratch = 15 minutes From pre-evolved seed = 0.018 seconds

Pre-evolved seed solution speed up factor of approx. 50,000
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The Cyber Cell 
& Supporting 
Interoperability.

Cell 

CAD Geometry

Finite Element 
Simulation

Computational 
Fluid Dynamics 

Simulation

Manufacturing 
Geometry

Cost Model in 
Excel

Fastener sizes 
in tables

etc

Allows for a natural 
interoperable 
system.
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Single 
Cell

Behaviour encoded is for 

structural members e.g. as 
in a truss.

Behaviour encoded is for 

form structural plate 
members, for example.
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Coupled Heat and Structural Analysis

Fitness: Minimise volume & total stress



IMechE

Heat flux into 
plate

Film coefficient on 
upper surface

Fitness Criteria:
Average node 
temperature
Total volume

Network Input:
Node 
temperatures

Network Output:
Fin addition

Trigger to add fin = 0.7
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Pareto Orgs 
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Total Heat Flux -1 (mm2/W)

Adding geometry in response to environment and state

Heat Transfer

19:19:20
HFL*: 2.081
Vol: 6000

19:19:20

15:3:20
HFL* : 2.309

Vol: 6375

15:3:20
8:10:20

8:10:20
HFL*: 2.586
Vol: 6431

19:13:20
HFL*: 2.739
Vol: 6820

19:13:20

* 1/fitness criteria as the inverse was 
minimised in evo-devo
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Significant challenges in creating detailed trabecular 
models, but concept can remain above this.  
Significantly reduces model interoperability issues.
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https://colab.research.google.com/github/patbaa/demo_notebooks/blob/master/fully_connected.ipynb

A new 
representation of 
the design!
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Exemplar Projects
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With Special Thanks to the Project Team:

Scott Robinson (UG Mech Eng)

Ross Cockcroft (UG Aero Eng)

Thomas Shannon (PDRA)

Declan Nolan (Project Lead) (Academic)
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CAD/CAE 
Automation Mode

l

Factory 
Simulation

Physical
POC 

Manufacture

?

CAD/CAE 
Sept 2023
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Fully coherent single solid!underlying geometry can be 
very complex
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Focused on joint design
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Project Objectives

Concept Generation 
& Selection

Detailed Design 
(incl. Parametric 

modelling)
Prototyping FEA Testing and 

Validation
Redesign / 

Improvements
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Hole Size 
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Unreliable method

Use points/coordinates instead of angles
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Physical Prototype Findings 

Annular Snap-Fit 
(1-3)

-Fit (4-6) 

Fig 1. Annular Snap-Fit Assembly (1-3) Fig 2. Annular Snap-Fit Varying Diameter Thicknesses (1-
3)

Fig 3. Annular Snap-Fit Reliance on Internal Print Quality

-Fit Assembly (4-6) -Fit Varying Thickness Legs -Fit Broken Legs
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Additive Manufacturing 3D Printing

Full manufacturing system given unique truss structures 
through prototyping (using 3D printers and plastic conduit).
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CAD/CAE 
Automation Mode

l

Factory 
Simulation

Physical
POC 

Manufacture

?
l

Factory 
Simulation

Physical
POC 

Manufacture
Dec 2023



Re-Imagining Engineering Design

Assembly Order and Fit Problems

Top joint cannot be added last
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Watch this space!!!

Thank you all for your attention and 
engagement.


