


Abstract
Industry 4.0 and IIOT(Industrial Internet Of Things) are the major topics being discussed and used in industries today. Both large and Small to medium enterprises are moving slowly to acquire skills and embrace the digital transformation and CPS(cyber physical systems) journey. The current challenges of SMEs in observing machine performances, need for data connectivity and benefits, challenges in execution of digital technologies in SME and future scopes are discussed in detail.
Introduction
Industry 4.0 is the new era of industrial revolution where automation and digitization are penetrating into every corner of the industrial world. Especially for manufacturing, it’s no more ‘good to have’ but ‘must have’ to drive productivity and stay at the cutting edge of competitive market. As indicated in the book ‘Industry 4.0 for SMEs Challenges, Opportunities and Requirements’ (Modrak, Vladimir et.al, 2020) Ref[1]  ‘Large companies have rapidly embraced the challenges of Industry 4.0 and are working intensively on corresponding enabling technologies. But Small- and medium-sized enterprises (SMEs) lack human and financial resources to systematically investigate the potential and risks for introducing Industry 4.0. In most of the countries, SMEs form the backbone of the economy the countries. Thus, it is crucial to pave the way for digital transformation of traditional SMEs into smart factories’. The same applies for manufacturing industry as well. One of the Mckinsey reports on Industry 4.0(McKinsey Digital, 2015) Ref[5] says there are four clusters of disruptive technologies in Industry 4.0. ‘The first consists of data, computational power, and connectivity. Analytics and intelligence form the second, while human-machine interaction is the third. Digital-to-physical conversion is the fourth’. Combining the above two, it is very important to attract SMEs to realize the power of data, utilize data driven insights to improve OEE and operational KPIs, scale up the investments and benefits to improve performance and run efficiently for sustainable future while everything being at affordable costs. This technical report focuses on a case study of introducing IDT to a SMEs in North Wales and includes the methods used to identify existing challenges, opportunities for addressing them, IDT implementation using data monitoring devices and challenges faced, additional research conducted, conclusion and future works along with relevant reference works used while completing the report.
Objectives
The main objectives of the report are to detail the current methodologies used by SMEs for OEE measurement, investigation of need for data monitoring devices and their feasibility, implementation, hurdles during execution and following works needed to mitigate challenges in future. The main objective of the pilot project was to 
a) Enable SMEs to drive productivity by introducing Industry 4.0 capability of data monitoring and insight generation which will help to optimise their production processes and make more informed business decisions.
b) Upskill apprentices/engineers from their organization in data science and data analytics to make full use of the digital tools for years to come.  
c) Data rapid insight workshop for businesses to get a transparent view of their business operation, identify drivers of data, existing IT infrastructure to support data integrations and finally cultural shift required to benefit future Industry 4.0 technologies.
Implementation
The organization is an SME in North Wales specialized in aerospace sector. A site visit was conducted to the facility to get a detailed overview of business operation, see different segments and working groups, understand current methods of operational KPI measurement and tracking, existing digital technologies used, discussion with innovation leads to get future plans to scaling.
Special focus was given to understand how the OEE parameters are captured and documented. Majorly to understand tracking and traceability of these parameters and status of informed decision-making using data driven insights. This organization uses CNCs and employs manual method of data capture using data sheets to capture machine downtimes and transfers the information into excel sheets and plots OEE parameters. The OEE parameters are then printed on a weekly basis to display in main CNC working areas. The major short comes of the method were
a) Inaccurate downtime measurement. Possibility of missing downtime entries especially during shifts
b) Error prone as the transferring of the data to digital sources is also manual.
c) Poor visibility or traceability of OEE performance of longer time, like month over month
d) Not possible to get the trend of performances to make intelligent decisions to operational procedures.
e) Missing the overall picture of downtimes, reasons, their segmentation and durations in order to focus mitigation works on longer unplanned downtimes and improve utilization time
f) Limited information to stakeholders about comparison of past and present machine performance
After the site visit, it was concluded that digital technologies can be utilized to improve OEE performance using data monitoring devices. AMRC was partnered with FourJaw, a data monitoring device company to deliver a HVMC (High Value Manufacturing Catapult) funded pilot programme run to ‘address the future of data science and current analytics skills shortage in the manufacturing sector by involving 14 SMEs in South Yorkshire and North Wales to introduce low-cost digital technology, accelerate the adoption, drive productivity and upskill the engineering resources to create digital savvy engineers of the future’(AMRC News Article, October 2022) Ref[4]. The Project was called NextGen programme Ref[4] and when pitched to the aerospace SME, they were interested and agreed to participate in the program to digitize the OEE measurement and realize the benefit of data driven insights.
The data monitoring device had to be a plug and play with minimal invasive technology as none of the organization will want to have a stop to their production for long time. The data monitoring device consisted sensor clamps to be connected over the supply power cables without interfering the existing system and monitoring them to a cloud environment and run simple analytics to measure engine run times, identify engine downtimes, provide real-time dashboards of operation Ref[7]. The operator can provide downtimes reasons when prompted using a tablet kept near the CNC machine and consolidated view of downtimes can be seen with proper drill down to individual downtime details. The below diagram shows steps involved in connecting the devices and overall benefits.
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Figure 1 – FourJaw data monitoring device and benefits realized (adopted from NextGen project presented to SMEs)Ref[7]
The current signals are monitored to provide insights about machine utilization and downtime periods with reasons to optimize the performance. Individual machines were identified to connect the data monitoring devices. Fourjaw contacted the SME through AMRC to understand the feasibility of device installation. The challenges during the process are described below.
The benefits quoted were overcoming all the pitfalls of earlier methods used for OEE measurements. 
a) Digital tools for data capture ensure accurate and error free data capture.
b) Cloud stores the data over long periods and dashboard provide the trend of OEE parameters for performance evaluation, comparison and future improvements. 
c) Enhanced machine efficiency through early identification and resolution of bottlenecks
d) Improved performance and availability goals through reduced downtimes & resource optimization
e) Reduced waste and cost.
f) ROI in weeks
g) Better communication from shop floor to top floor
This could be the first steppingstone in embracing industry 4.0 through IDT and once the improvements are experienced, the SME can move forward in the direction of digital transformation.
In addition to the data monitoring device installation, the Nextgen project also included upskilling selected digital champion from SME (any engineer/apprentice interested in data science, having aptitude skills and dedicated to spend 20days over 6 weeks) in data science from data science academy. The intention of this upskilling was to develop a resource within SME to prepare for future digital transformation journey. There was also a workshop conducted which was called a slimmed version of ‘data rapid insight workshop’ for business to get a transparent view of their business operation, identify drivers of data, existing IT infrastructure to support data integrations and finally cultural shift required to benefit from future Industry 4.0 technologies. The major areas where the organization see data could play a crucial role were in developing productive methods for CNC tool wear & tear, tool change indicators, vibration monitoring etc which will be discussed in detail later.
Challenges
As an organization, the SME was welcoming IDT (Industrial Digital Technology) introduction and were cooperative and ambitious about moving forward in the Industry 4.0 direction. As they had previous experience with similar data monitoring devices and already realized benefits in other aspects, they were enthusiastic about installing FourJaw device on their CNCs where major unplanned downtimes are occurring/critical to production to appreciate maximum benefits. The major challenge was the IT infrastructure to support data transfer through internet to cloud. As mentioned in the article ‘Big data analytics for manufacturing internet of things’(Hong-Ning Dai et.al, 2019) Ref[8] IT infrastructure and cybersecurity are at high importance now for any organization willing to move digital. The major issue for this SME was limited Wi-Fi availability in the shopfloor which was not enough to transfer real-time data to cloud for machine monitoring. Additionally, there were cyber security related issues and information loss threats the internal IT team assumed which denied to connect shopfloor Wi-Fi to FourJaw devices for data upload to cloud. As clearly stated in the book ‘The Industrial Internet of Things’(Gilchrist, A.,2016) Ref[2] , ‘Business and IT should be closed aligned to enable digital transformation’. Some workarounds were discussed between FourJaw and SME mediated by AMRC to use 3G/4G routers at the shopfloor to enable the internet connection for data transfer to cloud. As providing internet connectivity was not part of the funded pilot programme, it was SME’s responsibility to get the routers internally and place them at the facility to enable the data communication. Even though routers were made available near the proposed machines, the data protection policy restricted them to connect any data monitoring device to be installed which is not running on software operating system. Also, there were incompatibilities with sensor clamps which did not allow to connect proposed CNC machines but to some other machines like conveyor or motors which were not of much value for them.


Conclusion
As the future of manufacturing is continuous innovation and development through Industry 4.0 technologies to exist in the competitive world efficiently and sustainably, organizations should be prepared to adopt the low-cost digital technologies, experience ROI, invest in suitable technologies to run optimally. IT infrastructure and cyber security are major areas where organizations should be focusing to adopt the latest low-cost technologies in the market with minimal disruption to existing operation. Predictive maintenance is major area which could be researched for vibration monitoring, engine wear prediction and remaining useful life predictions. More human resources should be upskilled in Industry 4.0 technologies and act as a bridge between stake holders and shopfloor to communicate data-oriented challenges and convert them into tangible outcomes utilizing digital technologies. 
Future works
A digital roadmap should be laid out to SMEs to facilitate the digital transformation journey. Both cultural and infrastructure developments should be part of the roadmap. Specific challenges should be able to address through proper research on emerging technologies, pilot project run, data collection and predictive model development, design small scale deployments for de-risking the innovation and tie up with suitable technology provides to large scale integrations.
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