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[bookmark: _Toc124800866]Introduction 
This work evaluates the innovation conducted by a UK based manufacturing company. It critically evaluates the risks and uncertainties associated with this innovation and highlights the role of individuals, groups, management, and culture in facilitating or impeding a successful innovation. This work first identifies the principal drivers of innovation and then discusses the obstacles/risks faced by the case study company. It outlines the innovation approach and processes utilized by the company. This includes the technology adopted, the role of third-party contractors and the level of drive from senior management.
The case company’s innovation processes/outcomes will be compared to academic best practices. The overall output of this work will be to provide a critical assessment of the extent of success or failure of the case study company’s innovation.  
[bookmark: _Toc124800867]Innovation in Manufacturing
Innovation can be simply defined as the invention and execution of new and hypothetically useful ideas (Zacher and Rosing, 2015). According to Hueske and Guenther (2015), innovation can be defined as the act of creating something new or improving/changing what already exists. Conditions in the global business environment demand that established firms pursue growth via innovation and entrepreneurship (Hughes, et al. 2018). 
The bases of manufacturing business growth have shifted today from tangible assets to potential intangible assets like knowledge and innovation ability. Lack of innovation has been regarded in literature as an obstacle to corporate growth (Nagano et al., 2014). According to Kmieciak (2021), The success and survival of modern-day corporations largely depends on their innovativeness (Kmieciak, 2021). Bagheri, Akbari and Artang (2022), also argued that the continued existence of businesses in the current highly competitive and turbulent business world depends on the businesses capacity to innovate. 
Research have shown that creating a suitable innovation strategy is vital for the success of manufacturers and this also improves their competitiveness (Chaplygina and Moroz, 2022). 


[bookmark: _Toc124800868]Case Study Company Background
This case study is based on a manufacturing SME in United Kingdom called AE Aerospace. AE Aerospace (Birmingham) Ltd is a subcontract machining business for the oil & gas, aerospace, and automotive industry. It was founded in 1996 and is a AS9100 approved REV D machine to print, subcontract precision machining company for the Aerospace and Marine, Civil and Defence industries.
The business currently has revenues of £5 Million per year employing 65 people. Typical business is the manufacture of low to medium volume prototype parts, through to OE (original equipment) and higher volume production, plus legacy parts, and spares. Located in Birmingham, they operate a high precision engineering facility capable of producing machined parts and products for the exacting needs and rigorous demands of the aviation and marine industries. The company operates as a tier 2 to tier 4 supplier within the supply chain and high-profile customers include Rolls Royce Control Systems, Rolls Royce Defence Naval, Collins, Raytheon and Moog.
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AE Aerospace Industries
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AE Aerospace Top Customers
Being a relatively forward-thinking innovative enterprise, AE Aerospace has been operating on an industry 3.0 standard following several innovative projects over the last 8 years. An ERP (Enterprise Resource Planning) application is used to manage the business operations from CRM (Customer Relation Management) to production/stock control. AE Aerospace also has a shop floor data capture system which provides visibility of what is happening on the shop floor but its fully reliant on operators manually clocking in and out of works orders. 
AE Aerospace have achieved a reasonable level of digitalisation following their historic innovative strategy and the business has seen some benefits from this. Despite these benefits, the business was still faced with new challenges. These challenges included a desire for supply chain transparency, efficient asset tracking, and a preventative quality strategy. 
[bookmark: _Toc124800869]Type of Innovation
The main types of innovation are categorized into Product, Process, Organizational, and Marketing. Rochina-Barrachina and Rodríguez (2019), defined Product innovation as the introduction of new goods or services or significantly improving what already existing. They defined Process innovation as the application of a new or substantially improved manufacturing technique, equipment, or software. Marketing innovation was defined as the execution of a new marketing process involving substantial modifications in product design, packaging, promotion, or pricing. While Organizational innovation is defined as the application of a new organizational approach to internal or external relations.
Hollen, et al. (2013) also argued that technological product innovation entails the creation of new products, centred on new or combined tools, for the market. While technological process innovation could lead to product quality improvements and lower production costs. The research concluded that technological process innovation could lead to better resource utilisation, hence improving productivity which is in turn leads to competitive advantage for businesses.
Following above literature-analysis it can be established that the case study company AE Aerospace Ltd engaged in a Process innovation. This is because the innovation trigger was a desire to improve existing processes in order to tackle their business challenges. 
	Type
	Manufacturing 
	Services

	Products/Service
	· New Product Creation 
· Existing-product improvement
	· Adding benefits to existing services

	Process
	· Production method alteration 
· Existing-method improvement 
	· Implementation of new or improved procedures regarding services distribution

	Marketing
	· Remodelling in product design or package 
· Promotions and pricing strategies for market placing of products
	· Introduction of new methods implying changes in services 

	Organisational
	· Business practices within the organisation or in external relationships
· Physical composition of the company 
· Training practices and knowledge generation 
· Improvement in employee satisfaction 
· Measures aimed at reducing administration costs, supplies and transactions.
	· Change in a company’s activities. 
· More efficient uses of work assets and resources 
· Technical innovations or collaboration with other businesses to facilitate innovation


Types of Innovation By Industry (Taques et al., 2021)
[bookmark: _Toc124800870]The principal drivers for innovation
According to Ferro De Guimarães, et al. (2020), businesses must use strategic drivers for the development of process or product innovation. It was suggested that Market Orientation and Knowledge Management should be at the forefront of this strategy because the objective of innovation should be to attain competitive advantage and improve performance of the organisation. Ferro De Guimarães, et al. (2020) explained that Market Orientation enables the understanding of the customers while knowledge management involves tactically coordinating both internal and external knowledge. 
It was suggested in DeMaria and Zezza (2020) that the determinants of innovation should fall in four categories including organizational abilities, technological resources, market pull, and external stimuli such as governmental or industrial regulations. DeMaria and Zezza (2020) further explained technological resources as knowledge,skills and finances.  
In the case of AE Aerospace, they had a business challenge, and this was the drive for their process innovation. Although their individual CNC machines themselves are advanced, the facility itself operated very much around people centric manual practices, with limited use of the electronic data provided by their ERP system. The factory has no direct connectivity to the individual machines so fully relies on the effectiveness of operators accurately using shop floor capture. 
As a result of these business needs, a process innovation project called Glass Factory was established. 
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Previous Business Workflow 
The current process does not lend itself to accurate planning and forecasting of workload nor provide early insights or the ability to deal with the host of inevitable issues that can be encountered with products that have such a long production cycle. 
Ability to reliably and consistently meet the predicted delivery time committed upon initial purchase order acceptance from a client is a major driver in the ability of AE Aerospace to win business and maintain orders with their customers. If they could assure customers that they can deliver on time and in full, and be confident that they have the systems, tools and processes in place to stand up those promises, then this would open up new revenue streams for the business. Within their existing aviation client pool, they would become much more competitive, but crucially it would allow the business to develop new clients in industry sectors such as gas-turbine, naval, defence, marine, rail and renewables, thus massively diversifying their client base. 
The breakdown of the major issues faced by AE Aerospace includes:
1. Accuracy of delivery is hindering their ability to win and maintain orders from customers.
1. Lack of transparency within the production process leads to inability to plan future workload and system capacity. 
1. Lack of any insightful data across of the production process.
1. Length of time required to validate machined parts for 1st off and 2nd off machining runs.
1. Length of time taken by sub-contractor processes such as material coating.
1. The need to put products through several rounds of machining to achieve the necessary levels of engineering tolerance. (As well as time taken for this process there is also a demand on specialist engineering resources to refine a cutting program post job-one. This detracts from efficiency, and currently the business has to utilise the general labour pool to Programme work rather than through engineering.)
1. Inability to increase productivity due to lack of data insights into where to target efforts and resources.
Although these are recognised as significant issues for the business, poor transparency, limited planning ability and delayed delivery are symptomatic of the aerospace sector as a whole and AE Aerospace is not alone in the problems they face.
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Future Business Workflow 
[bookmark: _Toc124800871]Barriers and risks of innovation
[bookmark: _Hlk124665491]Although the benefits of process innovation is evident, uncertainties and risks should be taken into consideration when the innovation strategy is built (Chaplygina and Moroz, 2022). According to Ryman and Roach (2022), uncertainty has become widespread among innovation academics, and some have identified uncertainty as a detrimental obstacle to the innovation process. In Ryman and Roach (2022), management, timing, regulations, political/social influences were identified as possible barriers to innovation, but technology and market were identified as the most common risks. Olson, Birge and Linton (2014) also supported that there is a growing acknowledgment of the consequence of risk and uncertainty in the integration of technology innovation in an organisation.
[bookmark: _Hlk124672307]Roper and Tapinos (2016), highlighted the risk in innovation as that of technological complexity as well as commercial implications. Hueske and Guenther (2015) identified innovation barriers as internal and external. External barriers includes investor, potential employee, supplier, competitor, customer, and society. Internal barriers includes management, strategy, resources, skills, culture, size, team/group structures, and individual employee attitudes and abilities. 
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Hueske and Guenther (2015)

Research by Makoveev, (2015) shows that the problems of innovation in manufacturing are: 
· Lack of financial resources
· Unattractiveness of the sector for investors
· High degree of wear of fixed assets
·  Lack of highly qualified specialists 
· Lack of consistency between participants
Although AE Aerospace had some technological exposure, the Glass Factory Project was an ambitious project which exposed AE Aerospace to every possible innovation barrier. The company lacked the knowledge and technology required to achieve their objectives. 
In order to address these obstacle, AE Aerospace’s senior management team decided to embark on an innovation approach which included first establishing an internal project team and researching the market for reliable third-party partners. Despite the benefits of this approach, it also posed a rick of abandoning the Glass Factory project due to the realisation of the potential cost implications of hiring external Industry 4.0 consulting/vendor partners. 
In the evaluation of AE Aerospace Glass Factory project, the below barriers were more dominant:
1. Management and cost of third-party partnership
2. Lack of market and technology information
3. Difficulty in connecting project to strategic objectives.
4. Lack of knowledgeable and killed staff.
5. Insufficient internal vs external team coordination
[bookmark: _Toc124800872]Determinants in the Innovation committing process
To commit to the process innovation, AE Aerospace had to meticulously establish specific use cases that will enable the business to achieve their objectives. These use cases will pose as proof of concept before fully committing to the Glass Factory Project.
The Glass Factory project which focused on factory automation and data visibility through 5G, comprised of three key use cases. The use cases include Use Case 1 – Machine Time Servitisation, Use Case 2 – Mobile Asset Location & Calibration Tracking, and Use Case 3 – Product Quality Assurance.  
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[bookmark: _Toc124800873]Processes and technologies used for Innovation development
Specific processes and technologies were adopted for each use case. An internal team consisting of the operations manager, purchasing manager, and two project engineers worked alongside four third party partners. 
Below is a detailed breakdown of each use case:
Use Case 1 - Scope
The scope for machine time Servitisation use case is outlined below:
· Breaking down the production process into several dependent tasks and monitor the progress of the part under production.
· Productivity of the human resources involved in the manufacturing process, which will take account of effective time spent in the process.
· Measure the productivity of a machine, allowing and adjusting downtime for maintenance and repairing.
· Real time visibility of the production process and true progress of the part under production
· Scheduling and executing the maintenance tasks for machine to minimize downtime during operation.
· Notify the business of schedule slippage to avoid miscommunication with end customer, in order to manage expectations in relation to committed delivery date.
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Use Case 1 - Overview
To be able to achieve the aims of this use case, third-party partners Fitfactory (UK based manufacturing technology service provider), collaborated with Irish Manufacturing Research (IMR) to introduce and improve the utilisation of the below software applications:
· AeroDNA (Manufacturing MRP software)
· SFDC module (Shop floor data capture)
· Machine Monitor app
· Greybox Scheduler
· Insights (Business intelligence application)
These 5 systems are interdependent and are used over the 5G network to communicate and interact. AeroDNA, SFDC and Machine Monitor applications were all used as sources of data that inform the Greybox Scheduler; use of Greybox in turn, informs the production process. The data within AeroDNA is then made available to the Insights application for reporting and analysis.
Use Case 2 - Scope
Demonstrate & provide appropriate training on real-time asset location tracking via the 5G network.
The business would like the ability to track measurement gauges of varying sizes from the very small (size of a pencil or similar) to the very large (size of a common house brick). At the present time all gauges are calibrated based on a scheduled calibration date regardless of usage. The ability to track the gauges and the number of uses, would allow the business to move to a much more efficient usage-based calibration schedule. This use case will address the following requirements:
· Maintaining a master database of gauges
· Alert the user when calibration is due based on usage data.
· Track the gauges across the factory floor using location tags.
· Tracking parts using location tag
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Use Case 2 - Overview
To enable real-time location tracking within AE Aerospace they installed Real Time Location Sensors (RTLS) which were provided by a company who specialise in this technology called Pozyx.  They installed 6 of these sensors to cover wide area of the shop floor.  The 6 sensors are managed by a single gateway.
The Pozyx Gateway was then connected to the 5G network via the 5G Modem.
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Layout of sensors/gateway
 The RTLS sensors then allowed them to track Pozyx tags within 10cm accuracy.  
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Pozyx Tag
Pozyx provide an online cloud portal that allowed the tags to be tracked real-time using 3-axis co-ordinates.  The portal tracks the tags by Tag ID but also allowed AE Aerospace to label the tags to ensure it is simple to identify them.
They also uploaded a scaled map of the AE Aerospace shop floor which would ensure that the location of the Pozyx tags could easily be identified as opposed to X,Y,X coordinates.
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Screenshot of Cloud Portal displaying Map of Shop Floor
Use Case 3 - Scope
Demonstrate & provide appropriate training on FISURE AI system via the 5G network. 
This use case will establish a process for quality assurance and measurement of the key parameters. The key business benefit that this use case would provide is the ability to evidence the quality of the product at key stages of the production process internally as well as prior to leaving AE Aerospace manufacturing premises for transport to a client or supplier/partner.
[image: Diagram

Description automatically generated]
[bookmark: _Toc97891069]Use Case 3 - Overview
AE Aerospace has several external dependencies on third party partners and suppliers for the completion of processes such as the application of specialized coating. This is sometimes an iterative process and can involve several movements of the product during the manufacturing lifecycle between the supplier/partner and AE Aerospace production facilities. Each movement juncture between AE Aerospace and the external supplier/partner, represents a product quality assurance risk point for the company as products can be damaged in transit or whilst in the procession of the supplier/partner. To enable better traceability a high-resolution imaging system was developed with integrated artificial intelligence for automated scratch detection.
The image below shows the key components of the FISURE AI system.
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[bookmark: _Toc124800874]Innovation output in comparison to best practice.
Using Greg Satell’s Typology to benchmark the Glass Factory project. The problem was well known however the domain was explored as part of the process of innovation. Although the typology of Grey Satell which includes Basic Research, Breakthrough Innovation, Sustaining Innovation, and Disruptive Innovation could play strategic roles in Manufacturing Innovation, the case of AE Aerospace Glass Factory Project indicated that success lies with Sustaining Innovation where the Problem and Domain is well defined.
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As a result of not having adequate knowledge and skills, huge costs and reliance was placed on third party partners which increased the risks of the project. Taking the project from a proof-of-concept stage to a full-scale roll-out remained a challenge for AE Aerospace. 
[bookmark: _Toc124800875]Conclusion 
The below matrix is used to further evaluate the Glass Factory project’s success level. Publicity of the innovation by AE Aerospace resulted in several attentions from customers and prospects. The company culture was also influenced by the innovation development. The entire project was heavily reliant on technology to reach Industry 4.0 standards.  Overall, AE Aerospace and customers have not considered the Glass Factory project a success because it incurred significant expenses and would require additional resources to take the project further from a proof of concept.  
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