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Introduction

Of all the white papers I have written for John Bosch, Jr., this is among the most exciting. The
world is witnessing manufacturing developments through a new lens with the advent of artificial
intelligence (Al), 3D printing, and other digital tools. As one of the first industries impacted by
the Industrial Revolution in the 19th century, manufacturing continues to pioneer changes in new
product development. Another key driver is the speed at which knowledge is doubling
worldwide. A few years ago, John Bosch, Jr. and I collaborated with the TyRex Technology team
to write an eBook entitled Technology Time. Its focus was to address the concept of the doubling
of knowledge, a phenomenon where the amount of human knowledge doubles at an increasingly
rapid pace, and its effects on multiple sectors. The speed of change underscores the urgent need
for adaptability and innovation in the manufacturing sector.

As businesses enter the 5th Industrial Revolution, technology's opportunities seem
limitless. According to the Manufacturing Institute and Deloitte project, the United States alone
will have nearly 2.4 million jobs to fill by 2028, with the industry trending toward highly skilled
jobs requiring creativity, critical thinking, design, and innovation (Manufacturing Institute,
2018). The TyRex Technology Group (TyRex) envisions a manufacturing landscape built on
evolutionary thinking—a different mindset leveraging new technologies, developing a continuous
stream of new product ideas, and embracing best practices. The convergence of artificial
intelligence, 3D printing, and other digital tools will play a pivotal role in reshaping the future of
manufacturing, forming collaborative partnerships, reducing costs, and improving agility and
speed.



The Transition to a Knowledge-Based Economy

In the late 20th century, technological advances in computing power, software applications, and
the expansion of telecommunication infrastructure transitioned businesses from relying on
physical assets and labor-intensive processes to leveraging intangible assets, innovation, and
digital technologies for producing goods and services. The term “Knowledge Economy,” a phrase
coined by Peter Drucker, emphasizes the creation, dissemination, and application of knowledge as
the primary driver of economic growth. It is central to continuous new product development
(NPD) and essential for business survival in today’s competitive marketplace. The shift to a
knowledge-based economy (KBE) marks a significant transformation, making intangible assets
like intellectual property a key component of value creation and economic growth.

The knowledge economy, a realm powered and fueled by innovation, human capital, research, and
rapid technological advancement, underscores the importance of evaluating a country’s ability to
generate, adapt, and diffuse knowledge as part of its economic development strategy. With the
increasing emphasis on data collection and analysis, the World Bank’s creation of the Knowledge
Economy Index (KEI) in 1999 assesses the readiness and capacity of economies to transition into
knowledge-based economies (CFI, 2024). This framework is integral to achieving and sustaining
a competitive advantage by leveraging their human capital, innovation capabilities, and
information and communication technology (ICT) infrastructure.

With the proliferation of digital technologies, global economies have become more competitive
and interdependent, and economic survival mandates knowledge creation as a focal point for long-
term developmental strategies. The characteristics described below of the KBE are a catalyst for
new product development (NPD), offering an ecosystem that promotes innovation, collaboration,
and adaptability (Figure 1). By leveraging human capital, advanced technologies, and global
knowledge-sharing networks, companies can accelerate NPD and maintain a competitive edge in
dynamic markets (Porter & Kramer, 2011).
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Knowledge clusters among diverse industries. Knowledge clusters are geographic regions
where interconnected businesses, academic institutions, and research organizations collaborate to
drive innovation, economic growth, and competitiveness. Regional knowledge clusters in Silicon
Valley highlight the importance of human capital and emphasize the sharing of resources,
expertise, and networks to foster continuous development. The KBE thrives on such collaborative
ecosystems, which can transform local and regional economies through innovation and
collaboration (Breschi & Malerba, 2001).

Human capital knowledge. Human capital, defined as an individual's knowledge, skills, and
abilities, is a cornerstone of the KBE. Investment in upskilling and reskilling curricula for
employees is a strategy for individual career growth and a critical mechanism for sustaining
organizational competitiveness and fostering economic development. Quality education systems
like STEM (Science, Technology, Engineering, and Mathematics) are a locus for aligning
workforce capabilities with the challenges of a rapidly evolving global landscape (PwC, 2020).

Intellectual property assets. These assets combine structural capital (processes, patents, and
databases) with relational capital (relationships with customers and partners). Because intellectual
capital is difficult to replicate, it is a key driver of sustained competitive advantage and allows
companies to develop unique capabilities. Companies like Google and Apple invest heavily in
intellectual capital through training, innovation hubs, and research and development. These
investments are pivotal in maintaining their positions as leaders in the global knowledge economy
(Bontis, 2001).



Continuous innovation. In an era where markets and technologies evolve rapidly, digital
taxonomies allow companies to innovate and adapt to a changing marketplace. In the KBE,
continuous innovation is a necessity, requiring companies to adopt agile methodologies and
flexible business models. Investing in research and development, artificial intelligence (Al), and
data analytics motivates businesses to identify emerging trends and adapt their strategies
accordingly. Firms like Tesla maintain a competitive edge through continuous innovation to
differentiate their vehicles within the automotive industry (Schilling, 2020).

Advanced analytics. With the proliferation of big data, organizations are more reliant on advanced
analytics to process vast amounts of information in real-time. Analytics augmented with Al
strengthens data analyses to identify patterns, forecast outcomes, and recommend strategies,
making it an invaluable asset for decision-making efforts. Amazon uses Al-based analytics to
optimize inventory management, and Tesla uses advanced analytics to parse and interpret sensor
data repositories for self-driving vehicles (Davenport & Ronanki, 2018).

As businesses move beyond the 5th Industrial Revolution, they have become more competitive
and interdependent. The KEI framework uses a cross sectoral, holistic approach that combines
investments in knowledge sharing, human and intellectual capital, innovation, and analytics with
the belief that knowledge creation is a focal point in sustained economic growth. The next
evolution of manufacturing will combine emergent technologies with collaborative partnerships,
resulting in higher value-added goods and services in hyper-competitive world markets (Chen &
Dahlman, 2006).

The Impact of Knowledge Management in Manufacturing

Author and educator Peter Drucker coined the term “Knowledge Management” in the 1980s. He
defined knowledge management (KM) as "the coordination and exploitation of organizational
knowledge resources to create benefit and competitive advantage," highlighting the concept that
companies should actively manage knowledge systems to generate positive outcomes and set them
apart from competitors. He also popularized the term “knowledge economy” as an economic
system that relies more heavily on intellectual capabilities than physical inputs or natural
resources. Instead of traditional inputs, big data analytics and automation are fundamental to the
production process (Drucker, 2008).

The industrial revolution of the 19th century and the scientific revolution of the 20" century were
foundational for the rise of the knowledge-based economy. Also termed the information economy,
it emphasizes the importance of data and has a powerful technological driving force—the rapid
growth of information and intelligent systems. The phenomenon of knowledge doubling—the
rapid increase in global knowledge—has significantly affected manufacturing KM practices (see
Figure 2). With knowledge doubling timelines shrinking dramatically (estimated in minutes
instead of hours by 2030 in many fields), manufacturing companies must adopt dynamic KM
systems capable of continuous new product ideas to stay competitive and innovative (Brynjolfsson
& McAfee, 2014; Davenport & Prusak, 2000).
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The Knowledge Half-life Curve

In contrast, the knowledge half-life curve describes the time it takes for a body of knowledge to
become obsolete or irrelevant due to new discoveries or advancements. In the context of
manufacturing, author Samuel Arbesman posits that facts—Iike radioactive elements—decay over
time until they are no longer complete or credible (Arbesman, 2013). Knowledge half-life has
profound implications for the manufacturing sector (see Figure 3). As the fast-paced creation of
new knowledge accelerates the risk of information obsolescence, businesses face constant pressure
to adopt dynamic KM systems capable of continuous updates to maintain data relevance
(Davenport & Prusak, 2000). For example, the telecommunications industry faces rapid
obsolescence with 5G networks, rendering older 3G and 4G technologies less relevant and
reducing their commercial viability (Fenn & Raskino, 2020).
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Key drivers to mitigate obsolescence are choosing flexible and viable technologies for the
foreseeable future. Examples are Amazon’s AWS and Microsoft’s Azure cloud computing
platforms that accommodate evolving customer needs. They support hybrid cloud solutions and
advanced Al tools, enabling businesses to transition smoothly between legacy systems and
advanced innovative technologies. General Electric and Siemens incorporate digital twins and
predictive analytics in their manufacturing and energy research departments to enhance
interoperability. These tools provide a seamless transition for adapting to changing technological
landscapes.

Table 1 below compares and contrasts both concepts of knowledge. Both concepts address the
dynamic nature of knowledge and underscore the importance of adopting KM systems that
leverage emerging opportunities. Organizations also need strategies to harness the opportunities
presented by knowledge doubling and mitigate risks associated with knowledge half-life. Adding
a taxonomy of Al and other cutting-edge tools can assist in promoting innovation by identifying
relevant and obsolete knowledge more effectively (Mikalef et al., 2019).



Table 1: Comparison of Knowledge Doubling and Knowledge Half-life
Aspect Knowledge Doubling Knowledge Half-life

Focus Growth of new information Decline of existing
knowledge

Temporal Trend Accelerating Exponentially Reductions due to
innovation and discovery

Strategic Challenge Managing influx of vast Keeping skills and
information knowledge current
Metrics Time taken for knowledge Time taken for half of the
to double knowledge to become
obsolete

While knowledge doubling emphasizes the opportunities created by the rapid expansion of
knowledge, knowledge half-life highlights the challenges of keeping pace with these changes.
Together, they form a framework that underscores the dynamic and transitional nature of KM,
particularly in fast-evolving industries like software development and manufacturing. Today's
organizations must focus on innovation, agile methodologies, and interdisciplinary collaboration
to avoid technological disruptions. By leveraging these strategies, businesses can reduce the risk
of knowledge obsolescence while capitalizing on emerging opportunities (Fenn & Raskino, 2020).

The Relationship between Moore’s Law and Technological Convergence

In 1965, Gordon E. Moore, a Research & Development Director at Fairchild Semiconductor and
the future co-founder of Intel Corp., published a paper quantifying his observations of computing
growth, now referred to as Moore’s Law. This theorem predicted that the number of transistors in
an integrated circuit would double every year as technological innovation continuously decreased
their size while increasing their power (Intel, 2023). While this observation held true for several
decades, many experts argued that Moore’s Law is no longer applicable due to physical, economic,
and technical constraints.

In contrast, several prominent futurists, including Ray Kurzweil, Peter Diamandis, Andrew Ng,
and Eric Schmidt, believe Moore’s Law is evolving and remains relevant, particularly in
exponential knowledge growth and technological innovation trends. These individuals posit that
the principles behind Moore’s Law extend beyond microprocessor density into broader human and
machine advancement domains, leveraging growth trends across computing, Al, and knowledge
expansion.

Ray Kurzweil extends this argument, suggesting that Moore’s Law is part of a larger trajectory of
exponential growth in information technologies, which he connects to broader patterns of
knowledge doubling and technological progress (Kurzweil, 2005). Futurists maintain that the shift
toward advanced technologies provides a broader interpretation of Moore’s Law, seeing it as a



guiding principle for technological convergence and intellectual evolution rather than a strictly
transistor-focused metric (see Figure 4).
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Figure 4

Technological convergence refers to blurring the boundaries between previously distinct
technologies, industries, or functions that combine to create new systems, services, or products.
Convergence is the locus for removing barriers to further advancements in various cross-functional
fields such as computing, telecommunications, and media. For example, the smartphone combines
cross-industry knowledge of communication, entertainment, and computational capabilities, made
possible by powerful microchips (Jenkins, 2006). Future advances in computational capability—
forecasted by Moore’s Law and made into reality by semiconductor manufacturers—are creating
new ecosystems driving smart solutions to improve virtually every aspect of our daily lives
(Schaller, 1997).

Moore’s Law and technological convergence share a symbiotic relationship: the rapid
improvements in computational power fuel convergence by enabling the integration of diverse
technologies. Convergence facilitates innovation, streamlined processes, and hybrid solutions by
simultaneously leveraging multiple domains (Fagerberg et al., 2005). With advancements in Al,
advanced robotics, 3D printing, and other post-silicon paradigms coupled with increasing
computational power, Moore’s Law creates the conditions necessary for technologies from
different domains to merge, leading to continuous groundbreaking innovations (Kaku, 2011).
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The Five Forces Model for Competitive Advantage

The SWOT analysis tool—standing for Strengths, Weaknesses, Opportunities, and Threats—is a
widely used strategic planning tool that helps organizations evaluate internal and external factors
affecting their success. It emerged in the mid-20th century when the Stanford Research Institute
explored the reasons why traditional corporate planning methods often failed. The Institute
introduced a structured framework to analyze the internal capabilities (strengths and weaknesses)
and external market dynamics (opportunities and threats). Its primary focus was to create a simple,
versatile tool for improving an organization’s long-term planning goals (Humphrey, 2005).

While a foundational tool in strategic planning, the SWOT analysis has faced significant criticisms
over the years. Its prioritization, adaptability, and integration limitations highlighted the need for
a more dynamic and external-focused approach to sustain competitive advantage. Harvard
Business School professor Michael Porter, a leading figure in strategic management, argued that
maintaining a competitive advantage in the marketplace would depend on continual innovation in
its processes and business systems. In 1980, he developed the Five Forces Model, an influential
tool that evaluates five critical forces influencing market competition, enabling businesses to
understand profitability dynamics, and devising strategies to gain a competitive edge (Porter,
1980).

In 1985, Porter updated his model (see Figure 5) to further explain and incorporate new ideas about
how companies can influence and shape the competitive landscape within their industry. It also
highlights the importance of value chain analysis in achieving sustainable competitive advantage
in a hypercompetitive global environment. As a strategic planning tool, the model provides a
holistic view of the competitive landscape, assisting companies to anticipate market shifts such as
new technologies or regulatory changes. The core elements below include three forces from
horizontal competition—the threat of substitute products or services, the threat of established
rivals, and the threat of new entrants—and two others from vertical competition — the bargaining
power of suppliers and the bargaining power of buyers (Porter, 1985).

Threat of substitute products. This threat occurs if alternative products have lower prices or
similar performance for the same purpose. Factors affecting substitutes include brand loyalty,
cost, and customer relationships. The high availability of substitutes intensifies competition and
limits pricing power (Porter, 1980). Substitutes drive companies to differentiate their offerings
through unique features, superior quality, or specialized branding. An example is plant-based meat
substitutes replacing animal products due to their perceived health and environmental benefits
(Dobbs, 2014).

Competitive rivalry between existing players. This force measures the intensity of competition
among existing firms within an industry. High rivalry can erode profitability, influence strategic
decisions, and drive innovation. The degree of rivalry depends on factors such as the number of
competitors, industry growth, and product differentiation (Porter, 1980). Fast food giants such as
McDonald’s, Burger King, and Wendy’s continuously compete on price, menu variety, and
customer experience.
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Threat of new entrants. This disruptive threat examines new competitors’ ease of market entry,
forcing existing suppliers to keep prices down and increase spending to retain customers. Barriers
preventing competitors include government regulations, economies of scale, and access to
distribution channels (Porter, 1980). In contrast, markets with low barriers to entry cause intense
competition and may lower profit margins. For example, the e-commerce sector sees continuous
new entrants due to low startup costs.

Bargaining Power of suppliers. This power refers to the ability of suppliers to influence the
pricing, quality, and availability of materials or services critical to an industry. High supplier
power can lead to increased costs or constraints for companies, eroding profitability and
competitiveness (Porter, 1980). For instance, rising steel prices significantly affect the automotive
and construction industries, and the reliance of oil and gas companies on specialized equipment
limits alternative substitutes in this sector.

Bargaining power of buyers. Customers can influence bargaining power over an industry,
particularly in their ability to demand lower prices, higher quality, or additional services. Buyers
gain an advantage when they can easily switch to competing products or services. Industries
targeting cost-conscious consumers, such as discount airlines, often experience significant buyer
influence (Porter, 1980). Increased buyer power can force firms to increase efficiency or
innovation to remain competitive.

Porter’s Five Forces Readjusted to Industry Challenges
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Michael Porter’s model has changed the ethos of both academic research and business practices,
reshaping almost every industry and market (Magretta, 2011). In exploring the model’s
implications, Porter explains the emphasis on the broader business and the multi-faceted nature of
strategic planning. The focus on external market forces, dynamic nature, and actionable strategies
make this model invaluable for helping businesses anticipate industry changes and adapt new
strategies. As businesses transition from the physical to the digital realms and knowledge becomes
integral to organizational success, the Porter model is superior for guiding and sustaining
innovation efforts to a retain competitive advantage (Porter, 1985).
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The Importance of Reshoring Manufacturing to the United States

Reshoring practices, including nearshoring, backshoring, and friendshoring, offer a host of
benefits. These strategies involve firms returning manufacturing operations to the company’s
home country or closer to the home market. There is a growing case for reshoring manufacturing
back to the United States, driven by several economic, strategic, and social factors. Supply chain
resilience, quality concerns, foreign tariffs, and regulatory compliance regulations are a few
reasons why companies are leaving low-cost labor countries. This shift, particularly evident
during the COVID-19 pandemic disruption, is enabling companies to achieve more stable and
predictable production cycles, which are crucial for maintaining operational resilience and timely
market responsiveness (McKinsey, 2020).

The economic landscape is narrowing the cost gap between domestic and overseas
production. Labor costs in the U.S. are becoming more competitive, partly due to advancements
in automation and robotics, which can offset higher wages by improving productivity. The
availability of affordable and reliable energy sources, such as natural gas from U.S. shale
production, further lowers operational costs for American manufacturers (NIST, 2020; McKinsey,
2020). Furthermore, it has revitalized local economies by creating high-quality jobs in advanced
manufacturing sectors, thereby addressing the U.S. skills gap and promoting economic equity
(Reshoring Initiative, 2021). The factors below support a viable long-term strategy for resilient
and sustainable manufacturing in the U.S.

Supply Chain Resilience. Reducing lead times is a critical advantage in enhancing supply chain
efficiency, improving responsiveness to market demands, and reducing operational
risks. Manufacturers can adjust production schedules quickly, aligning supply with market needs,
which is vital in fashion, electronics, and consumer goods (Gray et al., 2021). According to John
Malloy, board chairperson of global pipe and tool manufacturer Victaulic Co., it takes six weeks
to transport their products from China. In contrast, domestic production transport can take a few
days. With shorter lead times, companies can adopt just-in-time (JIT) inventory strategies,
reducing the need for large inventories. JIT also decreases storage costs and minimizes risks of
inventory obsolescence, which are common in industries with fast product life cycles (NIST,
2020).

Product quality and consistency. Nearshoring brings manufacturing sites closer to a company’s
headquarters, enabling easier oversight and better quality control. When facilities are
geographically closer, regular audits, process adjustments, and swift issue resolution are more
feasible, leading to more consistent adherence to quality standards (Gray et al., 2021). Supply
chain efficiencies minimize the risks of inconsistencies caused by delays, handling errors, or
damage during long-distance transportation. These efficiencies ensure that components and
materials arrive at production facilities in optimal condition, contributing to consistent product
quality (PwC, 2021). Harry Moser, president of the Reshoring Initiative, affirmed that another
quantified measure of quality is the frequency of recalls. Locally sourced or produced products
help to reduce product quality risks and increase flexibility in customer responsiveness (Reshoring
Initiative, 2021).
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Foreign Tariffs. By shifting manufacturing operations closer to domestic markets or countries
with favorable trade agreements, companies can minimize exposure to high foreign tariffs. For
example, U.S. manufacturers relocating to Mexico from Asia benefit from the United States-
Mexico-Canada Agreement (USMCA), which eliminates tariffs on many goods traded between
the three countries (Gray et al., 2021). Nearshoring also helps companies avoid the uncertainty
and cost escalations caused by trade wars and offers a safeguard against geopolitical risks. A
primary driver for avoiding tariffs is to reshape production alignment with local demand and
optimize pricing structures for consumers, thereby creating a price advantage over competitors
relying on offshore supply chains. Tariffs also affect indirect costs, such as logistics and
warehousing. Nearshoring mitigates these costs by reducing the distance goods travel and storage
costs, leading to faster market entry and lower financial strain.

Regulatory Compliance. Regulatory oversight is the process of monitoring and enforcing
compliance with laws, regulations, and standards within various industries. Adherence to
oversight rules ensures that organizations operate ethically, transparently, and in alignment with
established guidelines, thereby safeguarding public safety (SolveXia, 2024). Because global
supply chains often involve regions with varied labor laws and enforcement practices, regulatory
oversight makes it more difficult to prevent violations like forced labor or poor working conditions
(ILO, 2021). Contaminated imported products such as tainted medicines, food, and toys have
caused significant harm and fatalities globally, highlighting the risks associated with insufficient
regulatory oversight and safety measures. These examples underscore how nearshoring and local
oversight improve stringent quality control measures, robust regulations, and regular inspections
to safeguard public health and trust.

Future Trends in Nearshoring

In the latter half of the 20th century, multinational corporations expanded operations to low-cost
countries to tap into new markets and lower operational costs. However, this strategy is now losing
appeal due to market saturation, rising costs, and geopolitical tensions (Alvarez & Marshall,
2024). In the ever-evolving global manufacturing landscape, nearshoring has garnered significant
attention as a strategy to optimize operations. Technologies like Al and 3D printing are
revolutionizing manufacturing processes and driving nearshoring production by making localized
production more feasible, cost-effective, and responsive.

Advances in 3D printing capabilities are enabling rapid prototyping and on-demand production,
reducing the time required to move from design to finished product (Oettmeier & Hofmann, 2016).
Al supports mass customization by analyzing customer preferences and generating tailored designs
that local facilities can produce quickly and efficiently to meet market demands (Choi et al., 2018).
Al and 3D printing are pivotal in reshaping the manufacturing landscape by reducing costs,
improving flexibility, and enhancing quality. These technologies make nearshoring a viable,
strategic choice for companies looking to balance cost-efficiency with responsiveness in a
competitive global market.
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The TyRex Vision for the Future of Manufacturing

Henry Ford once said, “If | had asked people what they wanted, they would have said faster horses
(Jardim, 1970).” Like Ford, the TyRex Technology Group (TyRex) is a pioneer in innovation and
envisions a manufacturing landscape predicated on evolutionary thinking—a different mindset
leveraging new technologies, developing a continuous stream of new product ideas, and embracing
an iMind Thinking®™ mindset. Evolutionary manufacturing will combine Al with 3D printing,
form collaborative partnerships, and improve agility and speed. By 2030, when knowledge is
expected to double in minutes instead of hours, businesses will no longer have the luxury of being
mired in 20th-century legacy systems and methodologies.

TyRex sees an unprecedented opportunity for companies to transform and modernize operations
by updating processes, technologies, and skills for the next phase of the digital age. The
exponential growth of technology, coupled with eroding barriers to market entry, enables small
companies to create products and services once the sole province of major incumbents (McKinsey,
2022). The information age has ushered in a knowledge-based economy dependent on human
capital and cutting-edge tools necessary for continuous new product development and essential for
business survival. TyRex envisions a manufacturing renaissance to meet these future innovation
challenges and maintain a competitive edge in a rapidly growing global marketplace. Below are
some key interlocking pillars to achieve this goal.

Repatriate manufacturing back to the USA. Repatriating manufacturing from overseas
countries has seen renewed interest for several reasons, particularly after the COVID-19 virus
caused extensive global supply chain disruptions. First, the rising labor costs in developing
countries reduced tax advantages that attracted corporations to pursue offshore
manufacturing. Second, the improvements in Al and automation make the U.S. more cost-
competitive by reducing labor costs and improving automation to perform repetitive assembly
tasks. Third, moving manufacturing back to the U.S. reduces tariffs and the related administrative
compliance burdens. Repatriation not only lowers the overall production cost, it also offers a
safeguard against geopolitical risks (Gray et al., 2021; Bown, 2020). Reshoring trends in appliance
components, transportation, and computer products emphasize the need for supply chain resiliency
to mitigate risks and disruptions (FTI Consulting, 2024). For example, in 2023, Mexico overtook
China to become the largest trading partner of the United States.

Employ AI evolutionary thinking. Al technology has been a symphony of progressive
breakthroughs, unlocking new capabilities and applications across multiple sectors. Shifting to an
Al evolutionary mindset in manufacturing brings benefits such as the gradual implementation of
solutions to minimize disruptions to existing operations and achieve greater operational
efficiency. This evolutionary thinking mindset also has collaborative benefits for cyber-human
interfaces. Al allows workers to focus on more strategic and creative tasks by automating
monotonous, repetitive operational tasks. Recent breakthroughs in Al include creating highly
realistic images and text and algorithms that assist with data-driven predictions. Companies like
Rolls-Royce, GE Aviation, and Siemens utilize Al algorithms to monitor jet engines and other
critical equipment, significantly reducing unplanned downtime and improving operational
efficiency (Patel, 2024). Finally, evolutionary thinking ensures that the manufacturing floor of the
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future evolves as a resilient, flexible, and innovative ecosystem, integrating new technologies
suited to an increasingly competitive global landscape.

Expand 3D printing. 3D printing is emerging as a viable alternative to subtractive
manufacturing. The improvements in speed, part accuracy, and material properties have widened
its applications in fields ranging from tooling, manufacturing, and medicine for direct or indirect
fabrication. Using digital models, AM builds parts layer by layer and can create complex
geometries and customized designs that are difficult or impossible with traditional methods while
reducing material waste. Boeing partnered with Norsk Titanium to develop 3D-printed titanium
parts, reducing costs by up to $3 million for each Dreamliner aircraft built. In the metal sector,
3D printing reduced up to 40% of raw material waste and achieved an overall savings of up to 80%
in cost and time over subtractive manufacturing (Negi et al., 2013). By 2030, 3D printing can de-
globalize many existing supply chains, increasing local and regional manufacturing. The case
study at the end of this paper illustrates the efficiencies and cost savings achieved by 3D printing.

Form collaborative relationships. The KBE is a catalyst for collaborative partnerships, creating
an ecosystem where diverse companies can optimize production processes, enhance product
quality, reduce costs, and accelerate new product introductions through coordinated efforts. In the
next manufacturing era, an alternative to favoring production hubs in other countries removed from
their most important markets and customers, companies can design a nuanced strategy that
includes local and regionalized supply chains. These changes will require the entire manufacturing
ecosystem—from suppliers to retailers—to form dynamic partnerships to meet future
challenges. For example, BMW, an automotive company at the forefront of leveraging virtual
factories to optimize layouts, used Nvidia’s Omniverse Platform to build digital twins of BMW
factories to simulate and optimize the end-to-end manufacturing process. This proactive
collaboration for 2025 factory designs pushes the frontier of virtual integration and efficiency
improvements for the next generation of smart factories (Geyer, 2024).

Al, 3D printing, and other digital technologies are sowing the seeds in the next chapter of
evolutionary manufacturing. Paradigms that once dominated the industry’s sector for centuries
will no longer apply in the coming decades. TyRex is a long-time technology partner and knows
the importance of helping customers improve their agility and reverse siloed thinking throughout
an organization. Interlocking pillars, coupled with embracing cutting-edge technologies, can
reduce the time and cost to research, develop, and prototype new manufacturable 3D printable
product ideas by 60-80% or greater. Currently, under examination at TyRex is the validation that
these new product ideas can be 3D printed for the same cost of products manufactured by low
priced labor countries with no requirements for tariff protection here in the U.S. Additionally,
TyRex believes coupling together these two programs will incentivize companies to repatriate their
operations to the U.S. The TyRex team is a key contributor in the journey to the next frontier in
manufacturing, and their business partners will see its importance for the roadmap to their success,
survival—and longevity—in the coming years.
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Final Thoughts

Today, manufacturers are navigating through a spectrum of unprecedented opportunities and
challenges, including the need for continuous new product development, product customization,
and efficiency gains from automation. The panoply of Al, 3D Printing, and other cutting-edge
technologies are integral in this shift toward speed and automation and underscore the role of cost
reduction and increased efficiencies throughout the manufacturing cycle. As businesses
acculturate toward digitization, the fusion of these technologies, coupled with the doubling of
knowledge, will be instrumental in maintaining competitiveness, fostering continuous innovation,
reducing costs, and boosting productivity.

From the steam engine to the search engine, a phrase that captures the entrepreneurial spirit that
has fueled this nation since its inception, now represents an evolutionary trend that will mature
and adapt to rapidly changing markets. By 2030, knowledge is expected to double in minutes
instead of hours, physical and digital systems will converge, and there will be a substantial shift in
skill portfolios as many traditional jobs become obsolete. TyRex has an unwavering vision to
support innovative practices and evolutionary manufacturing practices. By employing an iMind
Thinkings approach, TyRex continues its mission of creating the factory floor of the future.
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General Electric 3D Printing Case Study

Company Profile

Founded in 1878, General Electric (GE) is a multinational corporation providing various products and
services in the industrial, infrastructure, and financial sectors. From its early days, GE has been at the
forefront of innovation, pioneering technologies that have transformed the world and improved
billions of lives. GE once again demonstrated its forward-thinking approach by expanding its
technology mosaic to include 3D printing technology, which helped revolutionize the aerospace

sector.
The Challenge

When the U.S. Navy designed the LEAP jet engine, they required a special nozzle to complete the
assembly unit. GE needed to build 85,000 nozzles to fulfill the Navy’s contract. Using subtractive
manufacturing, the nozzle assembly required 20 different parts, special tooling, and a high labor
cost. GE wanted to build a more durable, reliable unit at a lower cost than traditional materials.

The Solution

GE employed 3D printing technology to design the nozzle. The engineers combined all 20 parts into
a single design made from Titanium, reducing assembly time and manufacturing costs. The assembly
required fewer brazes and welds, the nozzles contained more intricate cooling pathways, and they
were five times stronger than steel. This technology enables the fabrication of parts with geometries
that are impossible to achieve with conventional manufacturing methods, while also significantly
reducing material waste and energy consumption, contributing to a more sustainable manufacturing
process. The LEAP engine, featuring 3D-printed fuel nozzles, has become one of the best-selling
engines in aviation history, highlighting the commercial viability of this technology.

The Results

The company’s investment in 3D printing enabled GE’s Aerospace Division to build unique parts at
a reduced cost. It also led to the acquisition of companies such as Concept Laser and Arcam,
strengthening its capabilities in 3D printing. GE’s adoption of 3D printing exemplifies how cutting-
edge technologies can transform traditional industries. By integrating additive manufacturing into its
aerospace division, GE has optimized its production processes and positioned itself as a leader in
innovation and sustainability within the aviation sector.

Sources: www.forbes.com/sites/timworstall/2013/12/02/both-ge-androlls-royce-are-to-use- 3d-printing-to-make-jet-engines-by-violatingenginererings-prime-
commandment/: www.geaerosnace.com
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