Introduction to Innovation Management (ACPA7005) 
Assessment B, Additive Manufacture.
Introduction
The innovation I have chosen is additive manufacturing in the Medical sector, Dental more specifically. Although not a new innovation, it is ever-evolving in the medical sector with new innovative methods and processes emerging all the time. Current methods of manufacture for Dental blanks of which crowns are produced through the static casting of metallic discs. These are then finished and machined using the CNC process to produce a fully machined disc. These discs are then used for a CAD/CAM milling operation to produce the Crown from a 3D Model. Once the forms are produced, they are then prepared for ceramic veneering through a Heat Treatment process.
This method of manufacture is tried and tested and is still the preferred method in the industry, but with Additive manufacture and 3D modeling evolving daily, it is only a matter of time before 3D printing becomes the preferred method due to the ease of customisation, cost, and speed to produce the product. There are several hurdles Additive Manufacture needs to overcome before it will replace standard manufacturing processes as the preferred method.
 
Dental practices and laboratories can today use 3D printers for a wide variety of applications, from the printing of models to making thermoset dental aligners, to the direct 3D printing of full dentures. Not only does this make life easier for dental professionals, but it also results in tangible benefits for patients: tailored dental solutions are now more effective and affordable than ever.
(Ye, 2021)
3D printing or additive manufacturing is a process of making three-dimensional solid objects from a digital file. The creation of a 3D-printed object is achieved using additive processes. In an additive process, an object is created by laying down successive layers of material until the object is created. Each of these layers can be seen as a thinly sliced cross-section of the object.
3D printing is the opposite of subtractive manufacturing, which is cutting out / hollowing out a piece of metal or plastic with, for instance, a milling machine. 3D printing enables you to produce complex shapes using less material than traditional manufacturing methods.
(Dehue, 2023)
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Manufacturing steps to produce dental implants through Additive manufacturing.
Digital 3D model of the patient's mouth 
• Digital models are created by 3D scanners in the form of cloud data with fast and accurate dimensions. • Used 3D scanner for precise scanning of patient’s mouth and teeth. 
Modification in design 
• After scanning, it is essential to ensure that the dental model will fit perfectly by adjusting shape, size, and position.
• Easy modification in design is done through the use of different software and the associated AM technology. 
3D printing 
• Fabricate a 3D solid object directly from the 3D digital file by the addition of materials layer by layer. 
• Dental implants are manufactured using different AM technologies according to the specification of the printing material. 
• Post-processing is used to increase the physical properties and strength of the implant. 
• Reliable for the reconstruction of precise teeth and other tools used in dentistry. 
• It is cost-effective as compared to the other manufacturing techniques and can well be used for training. 
Testing and Implementation 
• Ensures that the physical model is as per required for quality and strength. 
• Under a specific condition of load, it must be feasible & reliable. 
• Testing is essential before actual implementation. 
• A Dental model printed by this technology is used during the surgery of the patient.
(Haleem, 2019)







 1. The principal drivers for the innovation of Additive Manufacturing
There are several drivers of innovation through 3D printing which are contributing to the rapid growth of the technology in several industries, especially medical, some of the drivers are as follows:
Rapid Prototyping: This is used to turn 3D designs into physical models, enabling the testing of the design and functionality of the prototype. Changes can then be made before you repeat the process to refine the design to your needs.
Ease of Design: Using this technology allows for a higher level of complexity in the 3D design process, something that can’t be achieved through the conventional Machining process. When you are happy with the design you can then print out your prototype.
Cost Efficiency: By using this process it allows for any flaws to be analysed in the design and prototyping before committing to full production. It also saves on valuable material costs as you are printing to net shape and not removing material through the machining method. 

2. The barriers and risks faced by the company in developing this innovation
There are numerous benefits offered by the 3D printing process, but there are also certain limitations and barriers to this innovative technology.
Costs: Initial investment to set up 3D printing is quite high, as it involves new equipment such as CAD software, 3D printing machinery, training of operators of hiring skilled employees, and source materials.
Speed and Scalability: With the technology coming from the beginnings of rapid prototyping one-off parts, the process isn’t yet as efficient for large-volume batch work as conventional machinery or casting methods. To scale up for large batch work would require significant investment in the process, which is not always possible for smaller companies.
Environmental: Although 3D printing is designed to produce near-net shape designs, to reduce material usage, it still has an impact on the environment. Energy consumption, material sourcing, and recycling of waste all have to be considered before using this technology.
Materials: Even though there is an ever-expanding range of materials that can be used in this process, they are still limited compared to standard manufacturing methods of casting/machining. If the design requires heat or wear resistance, you will be limited to what is available for the 3D process.
3. The key determinants in the process of committing to developing the innovation
More speed: For small to medium runs of small objects, 3D printing is already faster than many methods of traditional manufacturing simply because of the time it takes to create the tooling for injection molds and casts required for traditional manufacturing. Reduced turnaround time on design and production is a major value add for manufacturers.
Lower costs: Those molds and casts just mentioned for conventional manufacturing don’t come cheap, so small to medium production runs can be more affordable with 3D printing.
In-House manufacturing: Many companies are choosing to manufacture their parts rather than outsource their production; this reduces their logistics costs and times, allows them to easily iterate designs, and improves their quality control. Another benefit of printing goods in-house is IP protection; it’s much more difficult to steal designs if they haven’t been shared with multiple manufacturers.
Renewable and efficient: The additive nature of 3D printing makes it intrinsically less wasteful than subtractive manufacturing technologies like machining. This is appealing to large manufacturers that are feeling increasing pressure from their customers (and governments) to improve the efficiency of their manufacturing. Many large-format 3D printers can also use shredded plastics as feedstock, offering producers a direct form of recycling.
Generative design: Automated generative design tools are growing in popularity and the organic geometries they generate can often only be produced using 3D printing.
Performance: Material development is an ongoing effort within the 3D printing space and the selection and performance of materials has dramatically improved. Some materials, including certain metals, actually have superior mechanical properties than those same materials if they were forged or injection molded.
(Naramore, 2023)
4. The processes and technologies which the company could use to carry this development forward 
To carry on the development of 3D Printing companies must engage in several processes to ensure it is viable for a sustainable future. The medical industry is an area that is truly embracing this technology and its possibilities are ever-expanding. With the use of different biocompatible materials such as Polymers, Composites, Ceramics, and Metals the medical field can 3D print a multitude of Prosthetics and body parts such as Bone replacement, Dental Implants, Skin or Cartlidge, and even Heart Valves.
3D bioprinting and tissue engineering, If an organ is damaged and needs to be treated, it can be done with the help of donated organs, autografts, or grafts of a tissue taken from a different location and placed in the damaged location, this is a part of tissue engineering. 
In the future, 3D printing can revolutionise this process by replacing the graft method by printing with compatible material which can save many lives. From cell structures to skull replacements, there is a lot of scope in the segment and the researchers are working on it to make it a viable option with great potential in the future.
(Additive Manufacturing in Medicine and Dentistry, 2023)



5. The extent to which the development relied on resources external to the company and how the deployment of these resources was managed 
The amount a company is dependent on external resources will vary across the board, though no company will be independent and will require some external sourcing of some sort. There are many forms of external resources that a company could require when using 3D printing for manufacturing. The list of resources is vast and again will differ from company to company, but some of the more common resources required are:
Consumables: Companies will establish supplier relationships with external sources for the equipment, spares, and consumables required for 3D printing production.
R&D: Companies can reach out to local knowledge of the process, and also create partnerships through machine supplier training schools, local Universities, or experts in the additive manufacturing field.
Skills: Companies will require skilled employees or upskill existing employees to operate the new technology, this will require external help whether through a training school/college, machine tool suppliers, or employment agencies.
Funding: Companies could require external funding for the purchase of new technologies, there are many different options available through business loans, R&D grants, Government funding, or local council incentives for new technologies.
By managing external resources, a company can use the expertise available to reduce risk, and accelerate their progress in the required field of additive manufacture.
6. How management overview of the development was maintained.
Maintaining a management overview of the development of additive manufacturing involves strategic planning, effective communication, and regular monitoring of progress. Here are some key aspects of how management overview can be maintained:
Planning: Management plays a crucial role in setting the strategic direction for the development of additive manufacturing. They define the goals, objectives, and milestones for the development process.
Roles and Responsibilities: Clear accountability and effective coordination will help maintain a full overview of the development. All roles have to be assigned to employees to ensure the process runs smoothly.
Communication and Reporting: Regular communication channels are established to provide updates on the development process. Communication between different stakeholders, including project teams, executives, and relevant departments. This includes progress meetings, reports, and presentations to keep management informed about the status, challenges, and achievements of the additive manufacturing development.
Resources: Management oversees the allocation of resources, both financial and human, for the development of additive manufacturing. They ensure that enough resources are allocated to support the development process effectively. This includes budgeting, resource planning, and optimising resource utilisation based on the evolving needs of the development efforts.
Performance: Performance evaluation helps management identify areas for improvement, make informed decisions, and maintain an overview of the overall development process.
Continuous Improvement: Management encourages continuous improvement, learning from problems and successes encountered during the development process. This includes collecting feedback, fostering innovation, and adjusting strategies and plans as needed to maintain an effective management overview.
By maintaining a management overview, companies can ensure that the development of additive manufacturing stays on track, aligns with strategic goals, and effectively utilises available resources. Regular monitoring, clear communication, and strategic decision-making enable management to oversee the progress and make necessary adjustments to drive successful development.
7. The extent to which you feel this innovation process represents best practice
Additive manufacturing technologies provide innovation in the manufacturing of complex and mass-customised dental implants with negligible waste. Easy scanning of the Patient-specific dental parts by the dental 3D scanner assists in the quick printing of personalised dental models with high accuracy. The dentist uses this digital technology for research purposes where a prototype is created and tested. 
In the upcoming years, this technology will bring more dental products to a dentistry lab. The dentist can take advantage of this technology for the replacement of teeth, crowns, braces, dentures, veneers, and aligners. Now the dentist can scan the patient’s mouth, directly email the scanned file to the 3D printer lab, and hence create a 3D printed model which fits the patient's mouth. It will be quite helpful during complicated cases when different surgical guide models are possible for the surgeon dentist. AM seems to have the potential to solve various problems in this field, such as customised requirements, denture positioning, and denture retention, and improve existing dental implants.
(Haleem, 2019)
The innovation of additive manufacturing in the medical industry has gained popularity due to advances in available materials and technology used. Innovation is ideal in this sector for certain processes, as every person is unique, so customisation and precision are best suited to this process. The personalisation available through this process is ideal for dental or body implants, such as dentures and facial reconstruction, where one-off parts are required. This is not suited to standard manufacturing methods or mass production, so 3D printing is the best practice. Another technology that is used is 3D Bioprinting, where human tissues and bone can be regenerated through living cells and proteins. In time, this technology will be used to print organs for transplant, but there is still extensive research required.




8. Your report should also provide your own critique of the whole innovation process, and an evaluation (to the extent to which one is possible in the case of very recent innovations) of the success of your chosen innovation. 
Coming from a conventional manufacturing background of hard-wearing components, where parts are cast and machined to form, I can see the pros and cons of this growing innovation, and how it will eventually compete with standard manufacturing processes such as casting and CNC machining of components. There are advantages to this process over conventional manufacture, such as rapid prototyping, speed of manufacture, reduced material and labour costs, and ease of flexibility in the design of new parts. There are still disadvantages in this process compared to conventional methods of manufacture such as limited materials that can be used in the additive manufacturing process compared to standard methods, financial commitment for start-up, material cost, and only suitable for low volume production currently.

Advantages over Standard Methods
· Rapid Prototyping: Parts can be designed and manufactured within hours, compared to days or even weeks in standard manufacturing processes.
· Speed of Manufacture: 3D printing of parts is considerably faster from concept to design through manufacture compared to traditional processes such as the manufacture of tooling, casting then machining of parts to finished components.
· Reduced Material and Labour: Compared to conventional processes where components are cast to near net shape but still have material to be removed through a machining or finishing process, 3D printing can produce parts to the size and form required, eliminating waste material, while also reducing labour costs as it’s all done on one machine compared to multiple in the standard manufacturing way. 
· Flexibility: Using 3D design and printing methods opens up possibilities to make parts that conventional methods can’t, which involves great expense to replicate through specialised machining methods. Geometries can be achieved through this process which can’t be replicated by standard methods and restrictions.
Disadvantages over Standard Methods
· Limited Materials: The versatility of available materials is limited for this process compared to standard manufacture, this is due to the processes involved in the raw materials required. When metallic components are required, the raw material is refined to a powdered form first before use, adding additional cost to the standard billet/casting form
· Financial Commitment: Though the AM process can save costs by eliminating waste materials and speed of manufacture in low batch requirements, the financial outlay to get started is high. Though companies could require external funding for the purchase of new technologies, there are many different options available through business loans, R&D grants, government funding, or local council incentives for new technologies.
· Material Cost: As touched on previously, material requirements in metal additive manufacture are limited as they require post-processing to a fine metallic powder before use. 
· The quality of the component is directly affected by the quality of powder and grain size used in the manufacture, so high-quality powders are expensive, but there are methods where the waste powder can be reused in the process. Also, another method to reduce the cost of raw materials is to increase machine size for a higher yield, but this is an increased investment that will be returned over time.
· Low-Volume Production: The concept of 3D printing is better suited to low-volume rapid prototyping compared to standard manufacturing processes. Standard manufacturing is still the best method for high-batch production and is still more profitable in large-scale production.


Conclusion
Through Greg Satell’s Mapping Innovation (Satell, G 2017), he discusses the Innovation Matrix which categorises or depicts different aspects of innovation, this visualisation tool helps businesses look at innovation from a different perspective. Additive Manufacture would be classed as a disruptive innovation.
The technology of 3D printing has created many positive but also negative effects in the manufacturing industry. 3D printing created a shift in how companies manufactured and produced their products as costs, resources, and waste were all reduced. The creation of 3D printing impacted how goods were produced, how companies were able to benefit from the technology, and how the economy was altered. 3D printing provided many benefits for companies as they were able to reduce costs by eliminating prototypes and waste. The technology is also able to greatly increase productivity by removing extra or unnecessary parts of production. Lastly, 3D printing can provide companies both large and small with great economic growth. Many jobs will be lost to 3D printing in the beginning; however, this will increase the demand for skilled workers which will add many jobs in the future. 3D printing is a prime example of disruptive technology as it completely shapes the manufacturing industry through technological determinism.
(Andress, 2020)
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