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Paving the Way for Industry 4.0 with Smart, Reconfigurable Manufacturing Machines

Technology Paradigms

* Internet of Things (IoT)
plant-wide data acquisition

« Cyber Physical Systems

seamless integration of cyber
space with physical processes

« Smart Factory

adaptive, flexible, autonomy,
autonomous learning & risk
management

* Industrial Internet
new products and services

 Enterprise interoperability
Hierarchical data collaboration

.

What is Industry 47
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Paving the Way for Industry 4.0 with Smart, Reconfigurable Manufacturing Machines

Implementation Model

1.Direction

Business

Management

Process

Bottom-up

©Trinity College Dublin

[Approach]

2.Goals

- enterprise resource
planning
- global networking

}\- client servicing

What is Industry 47

3.Actions 4. Task

Sort 1 Audit Process

- cloud storage / services

—® - talk to operators

- talk to engineers
Set 2 - identify problems
- identify opportunities

- sensor networks

- data monitoring

- smart human-machine
interaction

- real-time analysis

production

' - present work
Shine 3 - document work

Develop solutions

Standardise 4 - spec-parts

- plan execution

(v (v (v [y

- reconfigurable-scalable

[Elements]

- acquire technology
Sustain 5 - test technology

[5S-Steps] [Example]
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Paving the Way for Industry 4.0 with Smart, Reconfigurable Manufacturing Machines

Y CEramic) Industrial Partner

Global provider of infrared heating technologies and services

(smart test machine)

Gortnagrough, Ballydehob, Co. Cork, Ireland
WwWw.ceramicx.com

© Ceramicx Ltd. © Ceramicx Ltd.

Industrial ovens & thermoforming Ceramics & Quartz heating elements
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Paving the Way for Industry 4.0 with Smart, Reconfigurable Manufacturing Machines

Contributors:

o J B

Trinity College Dublin
Colaiste na Trionodide, Baile Atha Cliath
The University of Dublin

@ ceramicx

‘7 NATIONAL
’ INSTRUMENTS

KA

Baseline Measurement Circle:

L7 Project CIRCLE

(smart test machine)

Investors:

° ENTERPRISE
IRELAND

Ireland’s European Structural and
Investment Funds Programmes
2014-2020

Co-funded by the Irish Government
and the European Union

EUROPEAN UNION

Investing in your future

European Social Fund
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2% Project CIRCLE

Operation requirements:

- Production: automate testing and validation of heating elements
- Laboratory: measurement and characterisation of new elements
« Data: storage and analysis of production data

« Design: extensible for future requirements (future proof)

(smart test machine)
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Project CIRCLE

Design requirements:

&
2

High speed automated testing
Variable testing processes
Adaptable testing actuations
Reconfigurable test parameters
Open hardware/software
Data extraction/storage
Extensible functionality
Extensible throughput

Robust safety

User friendly control

User friendly configuration

(smart test machine)

(>140 parts per hour, <25sec test time)
(Electro, Thermo, Marking) x

(150+ part types) x

(Low turnover time)

(Production control / laboratory control) x
(Database)

(Future testing requirements) x

(Future volume requirements) x

(High power / high temperature)
(Minimise complexity)

(No coding experience) x
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£ Project CIRCLE

(smart reconfigurable test machine)

Concept:
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Analytics

Production Cloud
Management: I ” @] Services WAN

Process Data

Machine §

Conductor

Orchestration
Test

Programs

Industrial

data

Ondemand-time
Global

& & -
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Modular Real-time
Test Int ted
Stations ntegrate
Validated Raw
[\ Product <15( COIVEYU] )<,\j Material
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@ Project CIRCLE (smart reconfigurable test machine)

Non-synchronous

P hyS | Ca | DeS | g n Parallel: Identical Stations Conveyor

Modular Interchangeable
Testing Station

Part Trays

©Trinity College Dublin

/L Initial Model
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@ Project CIRCLE (smart reconfigurable test machine)

Physical Design:

Decentralised Control — (parallel plug-and-play test stations) Collaborative

S B N ! Orchestration
! Thermal

modular

test —— (cRIO)
stations gl

gates — | | . conveyor

(Industrial
Computer)

©Trinity College Dublin
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@ Project CIRCLE (smart reconfigurable test machine)

PhySical DeSig n. Ceramic Part tray and cradle
Part Handling

Station Contact Pin Actuator Push clip wire connectors

- -
- ——
r— .~

antistatisch

(G)

90% of parts use 1 universal clip
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@ Project CIRCLE (smart reconfigurable test machine)

Physical Design:
Part Handling

% ‘ Quartz Heater (long)

Ceramic Bulb

!
=

Quartz Heater (curved)

-~ Custom cradle heads

antistatisch
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@ Project CIRCLE (smart reconfigurable test machine)
™

!
Physical Design:

Overview

« Bosch TS2 plus: modular conveyor
« Bosch strut station frames
« SMC Pneumatics
« Dell computer
* NI cRIO station controllers
« Custom sheet metal panels and fixtures
* Integrated test devices
o HIPOT
o IRcam
o Multimeter
« All programmed with LabVIEW

S a -
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@ Project CIRCLE (smart reconfigurable test execution) SR-TEX

Management Services

Cybe I DeS | g n (Distributor) “Smart Reconfigurable-Test Execution” (SR-TEX)
NI Graphic

/
Thermal o VI
Imaging kIl>'<]LV. Vision |
e ~
LV: Realtime
LabVIEW

S

Supervisory Orchestration
(Producer)

Automation
= CRIO Controllers

Direct Control
(Consumer)
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@ Project CIRCLE (smart reconfigurable test execution) SR-TEX

5

Test results

Cyber Design: waves {1
Basic Topology me N |

kk
Files \ h _
Smart Devices

:

T
1=

External App’s
Output Consumer IRcam
Plug ‘in’ Portal Consumer Laser
Test Stations
“““““““ TCP/IP
m Ream : : ) —> Consumer Station 1
Input | | Execution
| |
: : Consumer Station 2
| |
|
Consumer Station 3

Part Programs \
Part Types

' : ' ©Trinity College Dubli
Control Safety COM rinity College Dublin

Foundation
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@ Project CIRCLE (smart reconfigurable test execution) SR-TEX

Cyber Design: Software Community

{Rcam.exe

» ide Opemte Tco

Setup Cal -:, fag (U W G e &l i | ||

" s
Master:  Statiors (i) ; 142507458 4032017 ‘
d ‘ Reg « 5 < %]
| Resdy 5 i
- . Enor

. Alaemy |
VANE

Synchic
mySQL
DastaBase

Type 'J‘ FTE 290W 230V ! ;
Bateh®  Default 3 HIPOT:cold  HPOTitest  HEATUP:Thermo HEATLP:
‘! 0 FTEZ PASS
User ,‘;)m A i
0 S5 Pass
0250 range  Qaoess  freme gsoany time @ Sctup i @ cliesn $ 1040 @ sDrone  QYLsiN oo

LGUs LeTCe SenZ
i (] enrenaa W 2 4 vt 2

£ DL @Lecom Putuo
g° |60375 |533525 224505 1568137 (845 23 |
\ ? s 2 @ e D106

@ ofie @oie
QLo @LerCOMe @ Lo Track

pass?frames W slope it timeW  Ref T Ref Wref Ref Wimean Wymax  Wemin

9 2 033825 1208039 1535561 257 (222680 2mMss (814 M3
e L 2 Uses  Jeff 0

emor | system | serves J wess | graph Time 134122454

z Date 17032 B: Default
mmen) T (b (dets) QN (o) " . -

Mean Temparature )
Part  FTE250

3

GAHEATUN
GSPRINT

Errar Hnling: . @Reset  @5top

Dashboard Master Control Station
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@ Project CIRCLE (smart reconfigurable test execution) SR-TEX

Digital Services:
Product Birthcerts:

Ceramicx Ireland Ltd. Validation Report

Ceramic Element Type Par2 CIRCLE;‘ mySQl. Shote | MaN | Treg | Con | W5 | b 7 . e
i o Test station Analysis:
Serial Number 0916200147 (160913418830) —t—— Default Data ey o —
wet ey ——— —
Date of Manufacture CRNAINAE 11-24-47 s -
(dd/mm/yyyy hh:mni:ss) ISUNVZ01G 11440 L 7 S : reSIStan Ce, tem peratu re
Tarare Corom - -
Validation Result Pass [ 3 % Operator tlmlng, +more
a e
Rated Wattage (W) 200W +-2% Type Data Seh T I 0 IR
~=
Rated Voltage (V) 230V e evere
Di-Electric Test SmA@1500Vac (Pass ————— Station 1 L Py do L) =
Trom 7 X400 CIRCLE: mySQL Dhwde | ANV Toeng | Cot | ANGS | o Laed”
Cold Resistance (Q) 260.26 (Pass) friun &
: To ¥ X040 OadmaCogen ven Ly Lk Ldete N R
Hot Resistance (Q) 268.45 (Pass) ——+— Station 2 =1 = ):M“ - - |- |- “l moaoms o w0
47 69 hot temperature(Pass) b e

Them e (*C)-Ty ste I ——
hemocauple /C)=ype K 24.99 ambient temperature Dbt Comtosie

" [rrTg— = > - - (Opowe wad
IR camera (°C) - temperature & 5.08 (Pass) @@ ol CTome KSR
Samch »- Fr———— N384

Individual

Thermal ails
Imaging oo P
C :ambient temperature Mysql rrrrr } | 4 Cozaszasiiasiziny _ o
C :initial temperature — ¢ i _ : ) et
76.87 °C :final temperature Search Oete J Sood Vi ot o 8320 At oo " Odetiad
Pooad V1t e 8320 - WY Type WX ALY
e Pon J Somnra M fon @ ¢

Criteria

v

Production
Analysis
‘Pass/Fail’

—e !
Infrared (IR) Light Adobe
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@ Project CIRCLE (smart reconfigurable test execution) SR-TEX

Reconfigurable Test Features:

‘Test Station Programs’
‘Test Station Program’ u @ %
u Test1l
Test 2

Station
Test3
Product Types: ® . @ Conveyor .
2. Scalable test parameters 3. Parallel testing
-------- ‘measure
_ Y| -ments’ ‘Production’
Part Type A (USIELIIEE o oc -mode mode Conveyor :
4. Multi-metric-media 5. Measurement service 6. Expansion ready

EWE TCD istam #20




Paving the Way for Industry 4.0 with Smart, Reconfigurable Manufacturing Machines
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