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

Project CIRCLE

SR-TEX (Smart Reconfigurable – Test EXecution)
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What is Industry 4?

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

• Industrial Internet

new products and services

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

• Enterprise interoperability

Hierarchical data collaboration
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What is Industry 4?

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

Implementation Model
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  planning
- global networking
- cloud storage / services
- client servicing

- sensor networks
- data monitoring
- smart human-machine
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- real-time analysis
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  production
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[Elements] [5S-Steps][Approach]

1.Direction 2.Goals 3.Actions

 
  Audit Process
   - talk to operators
   - talk to engineers
   - identify problems
   - identify opportunities
   - present work
   - document work

   Develop solutions
   - spec-parts
   - plan execution
   - acquire technology
   - test technology

4.Task

[Example]
©Trinity College Dublin
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Global provider of infrared heating technologies and services

Gortnagrough, Ballydehob, Co. Cork, Ireland

www.ceramicx.com

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

Ceramics & Quartz heating elementsIndustrial ovens & thermoforming

Industrial Partner

(smart test machine)

© Ceramicx Ltd. © Ceramicx Ltd.
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Paving the Way for Industry 4.0 with Smart, Reconfigurable Manufacturing Machines

ABC 

1. Resistance

4. Continuity

Baseline Measurement Circle:

Contributors:

Project CIRCLE

(smart test machine)

Investors:
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Project CIRCLE (smart test machine)

• 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)

Operation requirements:
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Project CIRCLE (smart test machine)

• High speed automated testing (>140 parts per hour, <25sec test time)

• Variable testing processes (Electro, Thermo, Marking) x

• Adaptable testing actuations (150+ part types) x

• Reconfigurable test parameters (Low turnover time)

• Open hardware/software (Production control / laboratory control) x

• Data extraction/storage (Database)

• Extensible functionality (Future testing requirements) x

• Extensible throughput (Future volume requirements) x

• Robust safety (High power / high temperature)

• User friendly control (Minimise complexity)

• User friendly configuration (No coding experience) x

Design requirements:
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Project CIRCLE (smart reconfigurable test machine)

©Trinity College Dublin

Concept:

conveyor

Industrial

Intranet
LAN

Cloud

Services WAN

- Customers

- Management

- Sales

Modular

Test

Stations

Machine 

Orchestration

Production 

Management:

Real-time

Integrated

Discrete-time
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Global

physical
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Programs
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Process Data
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Project CIRCLE (smart reconfigurable test machine)

©Trinity College Dublin

Physical Design:

Initial Model
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Physical Design:

Project CIRCLE (smart reconfigurable test machine)

©Trinity College Dublin

(Industrial 

Computer)

(HMI)

conveyorG2 G3 G4G1gates

modular 

test 

stations

Electric
Safety

Thermal
Quality

G5G6G7

(operator) Marking

(cRIO)

Resources Line

Intranet

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

Orchestration

Layout
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Physical Design:

Station Contact Pin Actuator Push clip wire connectors

Ceramic Part tray and cradle

Part Handling

Project CIRCLE (smart reconfigurable test machine)

90% of parts use 1 universal clip
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Physical Design:

Quartz Heater (curved) Ceramic Bulb

Part Handling

Project CIRCLE (smart reconfigurable test machine)

Quartz Heater (long)

Custom cradle heads
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Physical Design:

Project CIRCLE (smart reconfigurable test machine)

• 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

Overview
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Cyber Design:

Project CIRCLE (smart reconfigurable test execution) SR-TEX

NI Graphic
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Cyber Design:

Project CIRCLE (smart reconfigurable test execution) SR-TEX

©Trinity College Dublin

Consumer
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Cyber Design:

Project CIRCLE (smart reconfigurable test execution) SR-TEX

Software Community

Dashboard Master Control Station
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Digital Services:
Product Birthcerts: Production analytics:

Project CIRCLE (smart reconfigurable test execution) SR-TEX
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Reconfigurable Test Features:

Project CIRCLE (smart reconfigurable test execution) SR-TEX

Station
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Test 2
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Test 1

 Test Station Program 

Station

 Test Station Programs 
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S2.2

Station
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Part Type A

 Lab 

-mode
 Production 

-mode Station

1. Dynamic Tests 2. Scalable test parameters

4. Multi-metric-media 5. Measurement service

3. Parallel testing

6. Expansion ready



TCD #21

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

Project CIRCLE

SR-TEX (Smart Reconfigurable – Test EXecution)
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