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Abstract: 

  Industry 4.0 is considered as the latest industrial revolution, introducing intelligent networking of machines and processes with information and communication technologies. It can be considered as connecting the physical world with the digital world and it applies to all aspects of a business with improved connectivity. SAP(2021, p4) states ‘Many companies recognize Industry 4.0 as a strategic priority’.
   The scope of this report is limited to reviewing industry 4.0 techniques in regards to the manufacturing process for automotive radiators within the Marelli Llanelli production site. Other areas are deemed outside the scope of this report.
  The research-undertaken compares the current efficiencies of the control of radiator airway manufacture by manual measurement techniques, compared to an automated control method. The conclusion will be presented to MLUK management, with a justification for implementation. The conclusion includes the positive and negative findings encountered during the research activities.

1.0  Introduction: 

This report will give a brief background to Industry 4.0 before giving an in-depth review of the airway measurement process within the Marelli Llanelli plant. It evaluates the strengths and weaknesses of the current process and then compares this data to an improved process using of Industry 4.0 technologies. 

2.0 Aims & Objectives: 

The aim of this report is to demonstrate the research conducted with the objective to identify the benefits and drawbacks of the introduction of automation into the radiator manufacturing process. 

The research undertaken will use the following methods :-

 2.1 Literature reviews

This will be used to develop a greater understanding of industry 4.0 as a subject, looking at its origins to its current philosophy. Type of Literature reviewed include:-
· Online subject related journals & blogs
· Websites
· Published research papers
· Industry related publications
· Industry related databases
· Automotive OEM portal data & publications



 2.2 Research Methods (Type of data collection)

[bookmark: _Hlk108119673]Qualitative Research, in the form of data collection from the current process and data supplied from appropriate product catalogues on measurement processes. QuestionPro(2018) 

Quantitative Research, in the form telephone conversation & Teams meetings with supplier’s technical & sales departments to collect insight as to suitability of alternative equipment. QuestionPro(2018) 
[bookmark: _Hlk107056831]
3.0 Implementation Methodology: 

It is planned to present Marelli Llanelli plant (MLUK) management with a proposal to introduce the recommended process improvements with the associated cost justifications and introduction timing plans
4.0 Background Research: 

Industry 4.0 Background

Industry 4.0 is considered to be the latest industrial revolution, introducing the intelligent networking of machines and processes with information and communication technologies. It can be considered as connecting the physical world with the digital world. Rüßmann et al. (2020)

There are nine key elements associated with industry 4.0 as shown below in Figure 1

[image: ]


Figure 1( Rüßmann et al. 2020)

The scope of this report is concerned with automating the radiator core build airway machine measurement process. This is currently a manual measurement operation, which has the fallibility of operator errors as well as unconscious bias during the measurement or recording stages of the process.

Considered as part of the horizontal & vertical system integration of the Industry 4 key elements, with the introduction of an automated in process measurement system, using sensors to measure and record the height of the airways.

Review of the current process identified the following process steps:-

1. At start of production, airway samples are diverted to a dedicated area to allow sample measurement
2. Samples are then collected and transported to the designated quality control station
3. A Dial Test Indicator is used to measure the airway height (Please see Figure 2 extract from MLUK SOS 1214) 
4. The observed height is written on the record sheet, which states the correct tolerances limits
5. If the airway is within tolerance, the production run is started; otherwise, the airway height is adjusted.
6. Layered process audits are conducted to confirm that the correct process for measurement recording is observed.

[image: ]
Figure 2. (MLUK, 2021)

The following weaknesses were observed with this measurement method:-
a. Reading accuracy inconsistency due to different operator skill levels
b. No evidence of “reading data control” (e.g., operator zeroing the DTI prior to use) 
c. Potential delay from the production of non-conforming component to the physical measurement of parts. If there is a delay in measurement, then defects may not be identified in a timely manner, with the potential for excessive levels of defective parts to be made.
d. Operator negligence (not conducting measurements, but recording fictious readings)
e. Calibration of measuring equipment to confirmed accuracy prior to use leading to false readings
f. Major on cost of rejects if not identified immediately. Potential to use defective airways and only then identify an issue after the assembly and braze process (several upstream processes later)

From google internet searches for automated measurement system, 2 companies were consistently identified as supplying the most relevant equipment- Omron and Keyence. Both companies supplied inline measurement equipment capable of fulfilling the brief of this task.

The recommended Omron system uses a ZX series smart sensor, which gives a measurement accuracy of  0.3mm over a 30mm measurement width up to 500 mm between sensor units. Please see Figure 3

[image: ]

Figure 3 (Omron no date)



The Keyence LS-9000 Series High-speed Optical Micrometer range had several suitable measurement systems, but the LS-9120M (with monitor camera) was deemed the most suitable for the task. This gives a measurement accuracy of  0.8µm on distances up to 120 mm between sensor units. Please see Figure 4


[image: ]

Figure 4 (Keyence 2021)


It was decided to follow up with the Keyence equipment, as this was deemed most suitable. 
Several phone calls, interviews/ Microsoft Teams meetings were undertaken with members of the Keyence Sales, Automation and Measurement departments, 

Initial meeting (B. Bryant 2022, Teams Meeting, 27 June)

General discussion on automation (J. Limb 2022, Teams Meeting, 29 June)

Specific Vision & Measurement Systems (D. McGhie 2022,Teams Meeting, 4 July) 




This interaction included videos being shared, with a demonstration of the LS-9120M system in similar application. Pro forma quotes were then requested.
From these interviews, the proposed best practice system introduction would follow these steps:-

1. Optimise current process (you don’t want to get better at producing defects)
2. Introduce inline measurement system as a pilot standalone system
3. Analyse data to set up predictive maintenance markers
4. Network to maintenance MP2 system to automate predictive maintenance flags
5. Introduce inline measurement systems on additional core build machines
6. Network all measurement systems to conduct trend analysis on the factory as a system

Interviews were also conducted on 01/07/2021 with key stakeholders within MLUK, as to the potential effect of introducing automated measurement equipment on core build airway machines

The question asked was “what effect do you consider the introduction of automated measurement processes would have on MLUK”?

From MLUK Management

Williams(2022) MLUK Plant Manager responded he welcomed the idea, stating improved productivity and reduction of defects as positive expected outcomes.

John(2022) MLUK Quality Manager stated he embraced the idea of improved measurement accuracy and reliability and the use of Industry 4 technologies, but identified the resistance to change as an obstacle to be overcome.

From MLUK Staff

Morgans(2022) MLUK Maintenance Team Leader raised concerns with the availability of the required training for maintenance staff to maintain the new equipment.

From MLUK Union

Shill(2022) Unite the Union branch secretory sees the introduction of new technologies as an opportunity for upskilling the work force, although she did raise a concern with the possibility of companies down grading roles & pay rates as lower skill set required to conduct previously higher skilled roles. 



5.0 Conclusion: 

 The conclusion drawn from the research is there are major benefits to MLUK to introduce automated in line measure systems. The identified benefits include; improvements to product quality & productivity, with reductions in defects and scrap. 
  There is the opportunity to increase the process automation in stages to integrate measurement systems with the current maintenance system, while also using machine learning techniques to improve predictive maintenance capabilities. The new approach could be expanded to cover all similar processes. Also, the influences of external environmental factors can be monitored and analysed, which could not be undertaken with the current type of data collection.
 
 The only negative effects identified are concerned with the physiological effect of change and the fear of change, 
This would require clear unambiguous communication from the management team explaining the purpose of the changes and outlining the benefits to the company. Another option could be the introduction of some form of incentive for employees to accept the changes to alleviate “the machines are taking our jobs” mentality.

6.0 Recommendations: 

    From the provisional system cost provided by Keyence it has been calculated that the initial standalone measurement system introduced on the MLA core-build airway machine would take 22 months to breakeven with cost avoidance savings. Therefore, the proposal being presented to MLUK management is that an initial pilot trial should be undertaken. The level of cost avoidance saving would raise exponentially with the integration of system to generate predictive maintenance data.
 Full communication with all stakeholders is required for this pilot scheme to be successful and the introduction of some form of incentive scheme for operator involved in the pilot system could also be considered to enhance the acceptance of changes. 
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