Introduction to Innovation Management – Assessment B

	In 2016, HP. Inc. released a product with the intention of revolutionising manufacturing. The HP 4200 3D printer was unlike anything else on the additive manufacturing market, boasting consistent build times, excellent surface finish quality, and unique capabilities for ducting and lattice structures. These selling points have led to enthusiastic adoption of the technology, both with large manufacturers such as Ford, but also bespoke workshops in the medical and sports industries. HP is certainly no stranger to innovative inventions, as a “Founding Father” of Silicon Valley and one of the most successful companies of the 20th century, it seems natural that their innovation expertise would now find success in one of the most disruptive technologies of the 21st century. However, although HP. Inc. kept the stock tracker from their mother company, the future of the corporation, was far from certain after repeated business failures in the 2000s and 2010s. This essay will discuss how the 4200 showcases the methodology of innovation at HP and evaluate the extent of the success of this brave new challenge.
	Additive manufacturing has been lauded as a disruptor technology since the first patented invention by Charles Hull in 1986. It is included as a key development for Industry 4.0, where the highly customisable and on-demand nature of the system fits as a natural progression from mass production and Just in Time manufacturing philosophy. The benefits of this concept were understood by Hewlett-Packard from the start, as detailed by Zell (1997) in an analysis of the business principles at HP, “Mass production is no longer adequate”. HP President Dion Weisler (2019) reiterated this market demand by stating the need for “digital manufacturing”. Aaron Hand (2019) outlined how HP sought to change production, by controlling their own supply chains, transforming physical inventory to digital, and providing a wide range of uses for 3D. The most important idea here is digitization of the supply chain, when using the 4200, the part is created by a digital “Voxel” map, which can be understood as a 3D pixel. This creates complete freedom from the manufacturing standards necessary for mass production. It also meets the urgent market demands of sustainable innovation, hyper-personalisation, and business resiliency. In a digital manufacturing chain, there is little difference between printing 100 identical objects, and 100 unique objects, as long as the surrounding processes are set up correctly. With the globalised network systems present in today’s supply chain, the power of digital manufacturing had the potential to be realised as soon as technological barriers were crossed. Pressure from the market in 2016 came through desire to move manufacturing out of China, for both economic and political reasons (Cheng, 2016). The digital supply chain can be utilised anywhere in the world, and the 4200 targeted advanced manufacturing in the USA and Europe to meet this market need. This strength was further tested during the COVID-19 Pandemic, where additive manufacturing flourished during supply chain issues, fitting with Drucker’s (2002) description of unexpected innovation opportunities. Overall however, the 4200 specifically serves as a process innovation as it greatly reduces the cost to entry for mass customisation, with far lower part prices than competitors.
	Any disruptive innovation carries greater risk and uncertainty, as outlined by Trott in chapter one of Innovation Management (2021). Additive manufacture had previously been limited to cheap hobbyist desktop units, and the 4200 was one of the first systems for full industrial manufacturing. This meant the engineers at HP had to overcome the limitations of previous machines, to a substantial degree where the marketplace would be willing to invest in the more expensive technology. The 4200 works by depositing extremely thin layers of a sand-like nylon material onto a platform, which has chemical agents applied to build out the shape of the desired part. Once the build process is finished, the pure nylon can be vacuumed out, leaving only the hardened part material. This system overcomes the previous challenges of additive manufacturing, the parts are homogenous and strong, and the unused substrate is completely recyclable back through the process. Additionally, ducting and lattice structures can be created in ways which would be impossible with traditional manufacturing methods, AI generated internal ducts are closer to biology than the straight edges of CNC, which has led to the 4200 finding success in medical manufacturing. However, doing something completely different causes slow adoption, as companies are rightly cautious about the product. Dan Headrick (2016) describes how the largest barrier to AM is the level of confusion about how to best exploit its capabilities. To overcome this hurdle, HP demonstrated a wide range of uses for the 4200, starting with complementary uses, like replacement parts and moulds, before ramping up to replacing traditional manufacturing completely. 
	Part of the reason for the success of Hewlett-Packard has been their willingness to fail, Carlota Argila, in an interview with Alex Price(2020) describes a “Startup culture” in the modern company that lets them nimbly apply their resources to the most important products. Argilo goes on to say the key determinants to the development of the 4200 were able to graduate from a “start-up system” and become an important part of the company. HP had previously lost confidence in its hardware, instead relying on ink services for most of their profit (Sherman, 2019). It was evident that printing is a product of the past, and that new innovation was required for the company to grow. As outlined by Jean Baptiste Say, “The Entrepreneur shifts economic resources out of an area of lower and into an area of higher productivity”, quoted from the Economist website. This underlies the strategic consideration of the entry to AM. The potential of AM as the “fourth industrial revolution (Weisler, 2019), was presented as a “Shining light” (Hansen, 2022) for HP to sit atop a new hierarchy of manufacturing giants. HP fundamentally believes in innovation, it was outlined from the start in the “Eleven Rules” of the Palo Alto Garage, which lays a groundwork for the “systematic innovation” that Peter Drucker (2002) prescribed for all innovative companies. Additionally, HP makes good use of prioritising innovation centres, or Centres of Excellence for 3D printing, these co-development environments provide fertile ground for innovation. By combining spaces with large innovative companies such as Volkswagen, ideas are able to flow, both for new developments for HP’s system, but also for use cases of the technology by the companies that might adopt it. When reflecting on the success of the 4200, HP’s President of Printing outlined the success that comes through “putting in almost every single serve bureau and large companies’ additive manufacturing innovation centre at least one of our products” (Scimeca, 2022). This enthusiasm is reflected by the customers, with companies such as Ford making use of the 4200 a key advertising point for their new products. In a further exploitation of their technology, HP also actually made parts of the 3D printer, printed themselves. This both demonstrates the trust in the method and allows for the unique capabilities to shine. These developments fulfil the concepts of inter and intra-firm diffusion of the technology, as described by Trott in Innovation management and New Product Development (2021). This approach softens the impact of adopting a new technology and allows the innovation to naturally develop alongside a company’s existing processes.
	HP was also greatly helped by using their prior technologies in the development of the 4200. HP understands the concept of combination of technologies to fuel innovation, as described by Pete Basiliere, “It’s unique, not because the printer’s components haven’t ever existed, but because they’ve never been combined into a new, faster process” (Mearian, 2014). The horizontal scan axis printhead resembles the household 2D printheads that we are familiar with, but the real innovation is contained within the jet nozzle printheads that deposit the fusing agents. This technology is what differentiates MJF from the SLS printers that are also available in the market, and it is a vastly unique system in comparison. This was a purposeful philosophy by HP, according to Sanmartin, Global Head of HP’s MJF business, “focusing on the pain points” was vital to offering an alternative to injection moulding (Griffiths, 2021). As stated, the biological designs possible with MJF are perfectly applied to medical systems such as prosthetics, where highly customised and personalised products are extremely desirable. It is through the jet technology that entry into these markets was made possible. This lesson was first taught in 2D, where HP had the challenge of trying to market an inferior inkjet printer to a market dominated by laser printing. HP targeted “pain points” to exploit inkjet printing in whatever applications it could find, in whatever business models allowed it to make money. This is still the case in 3D, where these medical and sport workshops, which don’t fit the full industrial revolution imagined by HP, are targeted as key pioneering products. Another way that HP transferred 2D business models to 3D is their continued practise of selling the materials needed to print, locking in the customers to their proprietary materials and agents, this keeps the customer in constant contact with the service provider, and falls into a business model that is well known by HP (Goffin & Mitchell, 2021) To this extent, they were also able to transfer their sales and marketing knowledge to the new innovation. Finally, in Post-Capitalist Society Peter Drucker (1993) outlines that a company’s most important resource is “qualified, knowledgeable, dedicated people”, which, for HP, is their knowledgeable sales representatives who are already embedded in companies. This idea was expanded on by Dan Headrick (2016), who commented that “3D printing companies, which tend to be younger, simple don’t have these kinds of channels”. The application of the strengths of HP’s sales teams to a new, but tangentially related product, is both innovative and has shown success for HP.
	It is evident then, that HP has shown great resource management when it comes to their internal technologies and departments. Another way that they targeted the adoption of this innovation was through the bundling with products such as Sprout, which is a 3D scanner that can be used to reverse engineer parts, and design for additive manufacturing. By bundling the large 4200 to a smaller platform, the 4200 benefits from enhancements to its evaluation and adoption intention. It encourages firms to investigate a new form of product design and makes the 4200 directly relevant for the industries who depend on this form of design already (Trott, 2021). The importance of resource management with respect to the adoption of additive manufacturing was examined in the essay “Complimentary Multiplatforms in growing Innovation Ecosystems” (Kwak et al., 2018), where it is outlined how complementary platforms, such as online service platforms or free 3D design software platforms, accelerate the growth of an ecosystem. HP offers free training bundled with the 4200, as well as simple to use software that employs a file format created with data interoperability in mind. The 3MF file format is the product of the collaboration between HP, Microsoft, Solidworks, and more companies, that was created in order to simplify and democratise the 3D printing digital ecosystem. This allows models to be shared easily online, where content is often offered for free. This avoids the complexity of multiple standards that can arise in the early days of a technology, where different companies compete to become the “one standard”. This was obvious to HP from their prior experience in printing, with AM journalist John Hauer commenting that “The 3MF file format has the potential to do for 3D what PDF did for the 2D printing industry.”. HP has kept the concept of universality at the core of its innovation process. The software bundled with the 4200 was created using external resources through Dyndrite, who made a universal build manager that uses the 3MF format in a universally applicable software application, that has support for the most widely adopted additive processes. Dyndrite itself is lead through a developer council including HP, and many other important companies in the 3D printing and design industry. This way, HP is able to guide the industry to avoid the pitfalls of secular software, and instead embrace the innovation that comes from a wide, and easily accessible ecosystem.
	Management at HP has always encouraged innovation through leadership, and holds innovation as a core value, as described by Carlota Argila (Price, 2020). The company was one of the first to introduce open plan offices, and similarly open innovation, as taught by the 4th Rule of the Garage. These core values translated to strategic management innovations; HP was one of the first companies to consistently use road mapping to plan their business (Goffin & Mitchell, 2021). However, Goffin and Mitchell go on to say that “a strategy of innovation is contained not in “plans” but in the pattern of commitments, decisions, approaches and persistent behaviours that facilitate doing new things”, these qualities are highly evident in the management of HP. This approach of reinforcing innovation in all elements of a company can be described as “Total Innovation Management” (Menke et al., 2006) and consists of this openness (Open corporate culture and Management by walking around) and also management by objective. This is the concept of communicating objectives freely but allowing employees to work towards the objectives in their own way. This is evident in the development of the 4200, where teams were described as “like a startup” where it was “safe to fail” (Price, 2020). This can be compared directly to Xerox, the historical rival of HP, who also attempted to diversify into additive manufacturing through their acquisition of Vader Systems, who made liquid metal 3D printers. However, Xerox’s project has been scaled back, even though the additive manufacturing industry is growing. Naresh Shanker describes the reason for this, that their innovative research centre “helps us determine very rapidly what businesses we will move along the pipeline and just as quickly, what businesses we will shut down” (Davies, 2022), this demonstrates the malleability of the Palo Alto innovation methodology and would have surely been the case for the 4200 if it had not found success.
	The evidence of targeting a breakthrough technology, with intelligent marketing, exploiting “pain points” and developing a complimentary multiplatform ecosystem, shows that HP’s innovation process not only follows best practices, but can be used as an example of them. To demonstrate this, we can compare the success of HP’s venture into additive manufacturing, with the principles outlined in the 2018 Oslo Manual. According to the manual, the 4200 aligns with the description of both product and process innovation. For such a broad and ground-breaking innovation, there were considerable input indicators, especially for a company cautious of hardware developments. Although this effort was assisted by the use of external collaboration with other companies. The output indicators are more difficult to assess, while the technology has been rapidly adopted by certain users, there is no comprehensive assessment of the result of the technology on a commercial basis. However, the continuation of the system over 7 years, with the large and expensive support network of engineers and logistics teams required, surely points towards commercial success. This links to the next suggestion of the Oslo manual, that we also discussed, that HP was able to leverage their size and sector expertise to increase their likelihood of success. These firm-specific characteristics are demonstrated in both the technology, and business case, of the 4200. The unprecedented success of additive manufacturing during the Covid-19 pandemic is surely impossible to allocate to best practises, but HP had a solid awareness of the market conditions that influence the success of an innovative invention, such as the return of jobs from the Far East and focus on sustainability and the circular economy. Overall, HP’s innovation process, as illustrated by the 4200, demonstrates key elements of best practice.
	Finally, a critical analysis of the innovation process also reveals weaknesses of the launch of the 4200. Firstly, there is potential for it to suffer from the innovator’s dilemma, where the first product to market is easily “leap-frogged” by its successors. This has not yet affected the 4200, due to both the unique jet nozzle technology and the surrounding business and logistic systems that are required to support the 4200, which cannot be easily replicated by competitors. The competitiveness of such an uncertain and profitable new industry demands continuous improvement, and HP would be smart to invest in remaining a key player. The 4200 has become a foothold for the company, as it is well respected and used, however, the further development of more advanced 3D colour printers, was unsuccessful to the point of cancellation. Obviously, HP has found themselves on the top branch of the tree in 2016 but so far failed to climb on the growing branches. Instead, valuable resources have been allocated to Metal 3D printing, a promising industry, but one oversaturated with dedicated systems that have been on the market for longer. Some success has been found through the development of an expanded range of materials that can be used in the machine, which are more sustainable, or offer different material qualities. Fostering relationships with material producers may serve as a way to continue innovation, without being caught in the slog of proprietary consumables, as was the case with their 2D printing division. As mentioned, the 4200 will certainly rise with the innovation of its users and when combined with new innovative technologies such as AI. The groundwork for this has been laid, by the highly manipulable Voxel system, and uniform and democratised 3MF file format. Embracing the culture of experimentation that thrives in additive manufacturing will be the key to novel applications, as it was with the experimentation in computer systems in the 20th century. This means that there will be ample opportunity for future growth, as long as it is not stifled by regression to copying others or limiting collaboration.
In conclusion, the HP 4200 MJF printer exemplifies the innovation methodology at HP and showcases the strengths of a prestigious innovative company. The decision to enter a breakthrough market in AM shows that they recognise the disruptive potential of the system and used their unique technology and business practices to create a unique solution with strength that adhere to the market needs, such as consistent build times, surface finish and strength, and unique internal structures. The focus on digitisation aligns with future market needs that have been proven in the years since the release of the system. This was made possible through a culture of innovation and acceptance of failure. This internal innovation philosophy has now been merged with an inventor’s culture of experimentation and innovation. It is clear to see the lessons innovation lesson of the last century exemplified in this product.
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