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Made Smarter Innovation Research Centre for

Connected Factories ~ Overview of presentation

Aim: Overview of work towards

developing digital infrastructure to | ha
facilitate adaptation and/or Supply chain

connectivity within or between factories.

Key Questions: \hﬂ\hﬂ Company

Which strategies / solutions support ready
R

adaptability to changing conditions /

products? Factory

Which strategies / solutions support
improved connectivity between sites and & .
partner operations? —'& Production

What are the logical levels to apply these Line
strategies / solutions?

What will industrial outputs look like?
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Made Smarter Innovation Research Centre for

Connected Factories ~ Overview of presentation

M Supply chain
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Connected Factories  Digital Systems Architecture Classification I)..

ARTI 5C 8C IVRA
Alm: Abstract PE?ASRA E'CPSI T Cimos R
. . .. Isco Io CIMOSA RMSF
Classification qf digital system (Conceptual only) Q CPS-A IM DTane SLA
reference architectures based
on. _ ADACOR2  AIOTIHLA NIST SOA  KSTEP
* Level of abstraction ADACOR  ITU-ToT Big Picture NIST SME
« Application scope Constrained HCBA IoT RA IIRA PERA/ISA-95
« Topology (Network v Layer based) (use to guide RAMEC I3RM RAMI 4.0
aspects of design) WSO2 ToT IMSA SM2
Key Products/Outputs: WoT Shoestring IBM Industry 4.0
« Classification of key reference Concrete ADOACOR / JADE IIRA/Thingsboard
architectures for digital (use in design) Y LROSA / Erlang
manufacturing

« Identify compatible . -
architectures Operation Enterprise
(specific to production) (across business & beyond)

A review of reference architectures for digital manufacturing: Classification, applicability and open issues
J. Kaiser, D. McFarlane, G. Hawkridge, P. André, P. Leitdo https://doi.org/10.1016/j.compind.2023.103923
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Made Smarter Innovation Research Centre for

Conresie Facicies Digital Systems Architecture Classification .T\./...

RAMI 4.0 Web of Things

‘ —J
\ Servnces_‘Servlces u

& Cross-domain
i ollaboratio

Information
J pe -

Communication

Integration .]
ASSe Edge Device *  Gateway
. . - e '
o1
Ll \ o -
) Control m Remote
Connected deviceg{  agent Appliance  Controller

Trusted Environment
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Made Smarter Innovation Research Centre for

ennEeiet Ereiores MES-to-MES communication

: Order placed >
1 | Tier 2 Supplier Production delays
I Order confirmation >
I
I MQTT <
I Broker
I
/l
Coordination : MES
and I
communication
between sites |
i I . .
or companies | Tier 2 Supplier
in a supply :
chain I
: MQTT <
I Broker
I
I
I
I
I
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Made Smarter Innovation Research Centre for

connected Factories ~ 1raCcking Between Sites

Tracking system for parts as they move A Cloud

between sites in a local area using two S@?ﬁ) broker
methods.

Key Products/Outputs:

Low-cost system for tracking orders in
trollies between sites for low-signal and
high-signal areas.

Industrial Engagement

: : . LoRaWan
Trial: Addenbrooke’s Hospital Histopathology ~. Gateway
_ . \\
N

'}
Site 2

Welcome 1,

Addenbrooke's Hospital

Hills Road Entrance

X,
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Connected Factories ~ Overview of presentation

Gt

7
—j@ Factory

2™
- Production
?il Line
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Made Smarter Innovation Research Centre for

Connected Factories Production TraCking

R Location Tracking
JI) f‘9 Where is stuff? (i.e. Jobs,
inventory, equipment, tools)
N
RFID
E% How long did it take? (i.e. each
))) operation)
Composition Tracking
o % What is associated with what?
A ) (i.e. assembly or joining parts)

Key Products/Outputs:

« Adaptable tracking system and design methodology
Looking for SMEs to trial

Goods out

Printing|Factory

Material store
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vace smarer ot reseacncener———— Reducing Bottleneck effects to improve product :

Connected Factories volume e|asticity

Research progress b e e -

Daily Deliveries !
Procurement . |
Production

Lines

Do production bottlenecks
effect elasticity and how?

Warehouse

volume, localised

production bottlenecks can
globally limit the overall
system I

Follow-Up
Testing Pod

|
|
| |
| |
 When increasing production | I
| |
| |
| |
|

* Need to identify
bottlenecks forming in real-
time while scaling If Positive
production

40

Distribution
Centres

Results Test

Students Processing

Lab
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Made Smarer Innovation Reseach Centre or Reducing Bottleneck effects to improve product

Connected Factories volume e|asticity

How do you reduce bottlenecks = = = = ; ;e e e e e e e e e e =
to improve elasticity? Daily Deliveries

Procurement

Warehouse Proc!uction
Lines
Bottleneck reduction mechanisms I Sroduction -
during production ramp up Lines

Follow-Up

Parallel lines/ bypassing bottlenecks Testing Pod

Buffering and inventory management

i i : Follow-Up
Adding Capacity at bottleneck/ Staffing Testing 40
Colleges Distribution
Centres
Test
Students Processing
Lab

Key Products/Outputs:
« Identification of Elasticity limiting dynamic bottlenecks for the manufacturer
« Implications for Understanding Ease of Scale up for temporarily increasing production volumes

Industrial Engagement
« Combination of case studies and simulation. Preliminary study candidates Identified

Rama Murthy, S. et al. (2024) Elastic manufacturing, International Journal of Operations & Production Management, https://doi.org/10.1108/1JOPM-02-2023-0129.
A=A
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Made Smarter Innovation Research Centre for

CrolrTEEED Yares Elasticity Measurements

Case Study

Research progress
« Analysis to quantify this behaviour of Production Parameters Volume Demand

bottlenecks during volume transitions
at a factory/ production line level Modelling Production Process Simulation
« Simulations to look at responses of
different systems
» Metrics to measure the behaviour of
both the output and mechanism of
production changes. Based on:

 Cost
« Time Operational recommendations to achieve
* Throughput change required throughput to meet volume demand
» Reversibility

Key Products/Outputs: Industrial Engagement

» Tool to provide an elasticity score to a « Initially Simulation based and preliminary
production system in its ability to study on UoC Covid-19 Testing Programme
respond to changes in volume demand » Extended study candidates identified

B UNIVERSITY OF
¢¥ CAMBRIDGE

dr
B,
S

A University of /AMRC
SEE .
& Sheffield / axsize=

3 A

r University of
f 9B Nottingham
UK | CHINA | MALAYSIA

earch Centre



Made Smarter Innovation Research Centre for

Connected Factories ~ Overview of presentation

= Production
?il Line
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Made Smarter Innovation Research Centre for

Connected Factories Low-cost sensing on production line

Robot Assembly Gearbox
P / Prodh
-
Part Result Reason Time
Metal Gearbox #1.1 scrap Bad quality gears 15/02/2024 16:11:45
Metal Gearbox #1.17 rework Robot Error 15/02/2024 16:11:38
Metal Gearbox #1.18 pass pass 15/02/2024 16:11:33
Metal Gearbox #1.15 pass pass 15/02/2024 16:11:21

Energy
Scrap recording monitoring

Key Products/Outputs:

. Low-cost solutions to [ SR S Py i e | UiErSEr
. . : 5. g A . - activity
monitor production {1

operations

r University of
f 9B Nottingham
UK | CHINA | MALAYSIA

University of /AMRC
o S Shefﬂ.eld Adsvanoed Manufacturing

Research Centre



Made Smarter Innovation Research Centre for

Connected Factories PLC monitoring

Original solution
A low-cost IO state
extraction module using
visual sensors

 Enables monitoring of
state without upgrading
to a new PLC

Key Products/Outputs: 5 seqmect
 Low-cost PLC monitoring e Inselltion arm
SO | ution Microcontroller
IO lights Camera

10 module
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Made Smarter Innovation Research Centre for

connected Factories AR Deployment in Industrial Context

Deployment of AR guidance on industrial shop floors.

1. How environmental and other

factors influence AR deployment? 78% of
2. What metrics should be considered apprentices would
pre- and during-deployment? use AR in their
3. How to select apropriate AR work activities
gl'"dance type? 1. What is the task complexity? il
Complexity lﬂ'sh—;l
Key Products/Outputs: g | ¥ sy
« Pre-AR deployment checker. S e

I Comptter animated (CAD)
I Video

» A prototype tool for guidance type selection. —

Object detection

Industrial Egagement: m
 MakeUK and apprentices uk

The Manufacturers® Organisation
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Made Smarter Innovation Research Centre for

Connected Factories Human-Robot Assembly

Bi-directional, real-time information exchange and response.

Worker instructs
the cobot

) = B

4-}8

Iy Augmented
Reality (AR)

Key Products/Outputs:
Cobot executes » A prototype of eye- and hand-operated AR-based

the task interface for human-robot assembly. | n

Industrial Egagement:
r University of
f 9B Nottingham
UK | CHINA | MALAYSIA
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UNIVERSAL
ROBOTS

e Universal Robots
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Made Smarter Innovation Research Centre for

Connected Factories AR'ASS'Sted Manual ASSGmb|y = WOI’k |n prOgreSS b

AR systems optimised for use side-by-side with existing
tracking and assembly solutions.

Key Products/Outputs:

* AR prototype integrated with
an industrial-grade assembly
workbench and software

Industrial Egagement: \

« Tulip Interfaces \" TULIP

2
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Made Smarter Innovation Research Centre for

Connected Factories

Key Products/Outputs:

r University of
f 9B Nottingham
UK | CHINA | MALAYSIA

Review and categorisation of architectures.
Pre-AR deployment checker.
A prototype tool for guidance type selection.

A prototype of eye- and hand-operated AR-
based interface for human-robot assembly.

AR prototype integrated with an industrial-
grade assembly workbench and software.

Low-cost system for tracking orders in trollies
between sites for low-signal and high-signal
areas

Low-cost digital solutions to support
production operations and factory
digitalisation

Elasticity bottleneck identification
Multi-site MES Coordination guidelines
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Summary of Key Products/Outputs

Industrial Engagement:

MAKC..

The Manufacturers’ Organisation
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Made Smarter Innovation Research Centre for

Connected Factories Overview

Aim: Outlining progress on business strategies for manufacturing
companies

e To vary their product volume and mix

 Through interconnected factories, in particular

Topics covered

1. Characterising production resources for elasticity-options
. Inter-factory balancing

. Supply chain-level business model design

. Technology-providers for elastic production

. Industry Workshop: Key outputs

o A W N
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Made Smarter Innovation Research Centre for

e = 1. COVID-study: Elasticity-options and resources I)..

Research conducted

Internal Resources External Resources
« How UK-manufacturers P — — —
responded to COVID - SR ift-wor dore a;fuc worF. o:jce (Vtarta e cost) - _(Ifontract ]E)fr? ucltlorl (Van:]c e cos\:) " t
Homogeneous | ipurfpo:e rsalc |n-ery((F_|xed cost)) emp-staff for elastic workforce (Variable cost)
Resources = |nter-factory balancing (Fixed cos
e Pre-COVID strategy: “Make
H n
your resources unique = Skill-diversification for elastic workforce (Fixed = [Relying on heterogeneous external resources
o cost) can be disadvantageous during a crisis]
. eterogeneous
e During COVID, _ esoiircas
manufacturers were elastic

through imitable and
substitutable production
resources (Homogeneous)

. Key products/outputs

* Variable-cost-based « Identification of elasticity-options for a given manufacturer
responses for unforeseen - Strategy for production resources at manufacturer (costs, heterogeneity, ownership)
disruptions

Industry engagement

« 20 UK-manufacturers (construction, automotive, processing, furniture, etc.)

Rama Murthy, S. et al. (2024) Elastic manufacturing, International Journal of Operations & Production Management, https://doi.org/10.1108/1J0PM-02-2023-0129
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Made Smarter Innovation Research Centre for

connected Factories 2. Lnter-factory Balancing

Research conducted Company boundary (Eg. Caterpillar, Coats)
a A\
Multi-site companies balance the | | . I. |
. . Suppliers Customers
load between their factories
\- J

« Connected factories deliver an
elastic output

« Series-connected and parallel- Company boundary (Eg. IKEA, Ercol)

connected 7 - N\

* Single company for data-sharing

« Each factory is task-focussed Suppliers Cuctormers

« Vol., mix, process tech, market, mﬂ
utilisation, Rol, new prod devpt
. J

S,
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Made Smarter Innovation Research Centre for

connected Factories 2. Lnter-factory Balancing

Factory strategy # Company strategy

Key products/outputs

Company boundary

« Articulate multi-site responsiveness:

Bridge between factory strategy and fﬁ \
corporate strategy w
Suppliers ﬁ Oﬁ ﬁCustomers
« Data-sharing configuration best
suited to the firm’s connected- w
factories \\ J

Material-flow
Industry engagement

. Coats, Caterpillar, IKEA, SMC &
Data-sharing
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vace smaner movaionresearhcenrer - 3, BUSiness models need to be designed at the :

CENAEEET FEtloiEs systems level to enable an EMS supply chain

Key Problem: Dyadic level of business Key Outputs: Supply chain level business model
model planning, and firm boundaries are not || design based on product complexity and risks for
optimal in the context of demand demand change, i.e., changes in volume and mix.
fluctuations. = -

Suppliers from
ﬁ ﬁ other industries 5 ﬁ

A

1 Factory A 1 Factory B -‘“ Distribution

Fluctuating demand (risks of material scarcity, vy Supplying for other supply A
lack of capacity, high cost of production) chains and other industries

Possible cases: ON'._)C IR « @ AIRBUS %%®

AUTOMOTIVE
I university of .8 UNIVERSITY OF A University of AMRC
Nottinghiam €% CAMBRIDGE o shetfield /AMR



Made Smarter Innovation Research Centre for

connected Factories 4. Technology-providers to enhance elasticity I)..

Research progress

Value proposition by tech-provider to
production company

e Operations transparency

e Live data on utilisation rates

« Visibility across companies

» Paperless data gathering

Key products/outputs

¢ Management-tool on how to enhance
elasticity of operations, through a
tech-provider

Industry engagement
e Prodn. companies: Amtico, JJ Churchill
» Tech-providers: Eg. Beckhoff, Omron

PRODUCTION
COMPANY

» Elastic output
* Value capture (change)

TECHNOLOGY-PROVIDER

Value capture
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Made Smarter Innovation Research Centre for

Connected Factories 5. London workshop: Jan 2024

« Theme: Digitalisation and Business Strategy

e Participants: 13 practitioners and 6 academics

» Airbus, GKN, BAE Systems, Rolls Royce, Omron, Amtico, Control 2K, Oxford
Innovation Advice, Be the Business

 Two breakout sessions
1. Digitalisation: Current Challenges and Opportunities
2. New Business Models: Ambition to Commercial Reality

Il University of . e UNIVERSITY OF _.ﬁ-‘-.?.-'-;:,, University of AM RC
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Made Smarter Innovation Research Centre for

Connected Factories

5. Workshop outputs

Challenges faced by
companies

Follow-up work

e Building a business case for
digitalisation
e Rol unclear, sharing burdens and
benefits, workforce inertia

e Business model design

« New BMs & org. roles needed, role of
tech-providers unclear, data sharing
incentive unequal (large mfr. vs SMESs)

 Standardisation

« Data security, support for SMEs,
Minimum Viable Product/Technology
solution

 Case studies of successful and less-successful
digitalisation

« Key factors of success and failures,
standardisation (help or hinder), benefits of
investment into digital technologies

e Bridging elasticity of manufacturing system to
business model innovation

e Measure elasticity and improvements, tracing
the product in a supply chain: where
digitalisation can improve elasticity, barriers
and enablers of BM innovation to deliver
elasticity

« Coherence within company and across companies for
digitalisation

» Defining KPIs to align departments,
incentivizing data-sharing between SMEs and
large companies, articulating elasticity-
improvements as digitalisation investments

3 UNIVERSITY OF
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Made Smarter Innovation Research Centre for

Connected Factories Summary

Progress on business strategies for manufacturing companies
e To vary their product volume and mix
 Through interconnected factories, in particular

Topics covered

1. Characterising production resources for elasticity-options
. Inter-factory balancing

. Supply chain-level business model design

. Technology-providers for elastic production

. Industry Workshop: Key outputs

r University of
f 9B Nottingham
UK | CHINA | MALAYSIA

o A W N

g B UNIVERSITY OF
@» CAMBRIDGE

JReA University of /AM RC
‘-.EE;A "
& Sheffield [ s




@~ UNIVERSITY OF

*A‘ “u

University of
“§» CAMBRIDGE MRC

I le I l Ield Ad vvvvv d Manufacturing
rch Centre

r University of
M Nottingham

UK | CHINA | MALAYSIA




