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Abstract— Technology is evolving faster than ever before 

and it's having a huge impact on manufacturing. A 

transformation in the way products are designed and 

manufactured is underway. I believe it is important for 

everyone to understand and appreciate the role technology 

plays in this shift from paper-based processes to digital 

processes in the manufacturing world. This new paradigm is 

known as digital manufacturing and design or DMD. Overall, 

we will be able to define digital manufacturing and design, 

explain why it is relevant, and list few of the core components 

such as intelligent machining, Digital thread and Supply 

chain of the digital manufacturing and design paradigm. 
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I. INTRODUCTION 

The First Industrial Revolution was represented by the 

transition from manual production to mechanical production, 

enabled by the harnessing of water and steam power. The 

Second Industrial Revolution came at the beginning of the 

20th century with the development of approaches that 

enabled mass production, including the assembly line. The 

Third Industrial Revolution, also known as the digital 

revolution, represented the advances made possible by 

automation as mechanical and analogue technologies gave 

way to digital electronics between the 1950s and the 1970s. 

We are now entering what is being described as a fourth 

revolution, also known as Industry 4.0. Industry 4.0 is the 

next phase in the evolution of manufacturing. Combining the 

cyber capabilities resulting from advances in computing with 

physical systems to create a highly intelligent, interactive, 

and automated manufacturing ecosystem. That integrates 

product design, manufacturing, and logistics. Now a formal 

definition of manufacturing is the process of converting raw 

materials, components, or parts into finished goods that meet 

a customer's expectations. Manufacturing is the most tangible 

part of the product lifecycle because it results in a clear 

outcome. 

 A new approach is digital manufacturing. This 

approach uses increased computing power to improve 

product lifecycle. The Digital Manufacturing can be defined 

as an integrated suite of tools that work with product 

definition data to support tool design, manufacturing process 

design, visualization, modelling and simulation, data 

analytics, and other analyses necessary to optimize the 

manufacturing process. Deployed throughout the product 

lifecycle, digital manufacturing enables us to more quickly 

and authoritatively share information in the design process. 

With all the data generated in every part of the lifecycle 

representing a digital thread. This digital thread can be used 

to create a computer-based digital twin. An integrated system 

of data, models, and analyses that can be used in design, 

manufacturing, support, and disposal. These concepts all 

come together like the Fourth Industrial Revolution, Industry 

4.0 

II. ADVANTAGE OF DIGITAL MANUFACTURING & DESIGN 

There is the trend that the transition from traditional 

manufacturing to a more integrated digital approach is 

increasing. We will focus on at least three business and 

technical advantages of the DMD approach. 

A. Business Advantage 

A major force driving the transition to Digital Manufacturing 

is economics. From a business perspective, Digital 

Manufacturing and Design benefit beyond impacting the 

balance of trade. For first-to-market advantage seekers, 

Digital Manufacturing and Design allows for product design 

and manufacturing design to occur simultaneously reducing 

the time required to go from concept to product. Another 

benefit of Digital Manufacturing and Design is shorter 

product life cycles that address accelerated technology 

obsolescence. An example of this is how fast product lines 

are now turning over. Like having new phone models every 

year. On the web 15 years ago, it took three to five years 

before a website was obsolete. Today, that's been reduced to 

14 to 18 months.  A third benefit is addressing the social and 

political factors driving job. As is occurred in other emerging 

economies, labour costs have increased in China by 13.7% 

between 2000 and 2015 making manufacturing outsourcing 

less attractive. 

B. Technical Advantage 

In addition to business reasons, Digital Manufacturing and 

Design promise to overcome some key challenges facing the 

traditional approach to manufacturing. These challenges are 

the physical separation of designers and makers has slowed 

innovation. Digital Manufacturing promises to overcome this 

by creating real-time digital links between designers and 

makers. A second challenge is that barriers to sharing data 

and information have existed, both in terms of IT 

infrastructure and in terms of incentives, skills, and IP 

policies. Labour costs are continually increasing. Not just in 

the U.S., but globally as well. And products are increasingly 

integrated and complex. These challenges can be overcome 

by using Digital Manufacturing to create a digital link 

between designers and makers. Make connections between 

physical assets, machines, factories, and supply chains reduce 

costs due to Data Aggregation and Analysis doing more with 

the existing resources. These challenges and opportunities 

represent the driving forces behind the transition to Digital 

Manufacturing and Design. 

III. IMPACT ON MANUFACTURING CAREERS 

Digital manufacturing and design envision a workforce 

highly engaged with the creation of the product. From 

invention through to disposal, workers will need to 

understand how their actions impact design, manufacturing 

and logistics. Workers will also need to use analysis tools, an 

advanced machining to efficiently produce a product, 
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especially in a mass customization environment with a high 

mix of product each with a smaller batch size. These changes 

shift the focus for digital manufacturing and design from only 

tooling and machining skills to workers that also have skills 

in technology, operations excellence and people skills or the 

ability to effectively collaborate with others as part of a team. 

Some items to keep in mind when considering the impact of 

the digital manufacturing and design paradigm are, the 

National Institute of Standards and Technology or NIST 

estimates that 600,000 manufacturing jobs are unfilled in the 

United States, because of a lack of high-tech manufacturing 

skills among job seekers. According to the Society of 

Automotive Engineers, SAE over 98% of all products will be 

developed digitally by 2020, which makes this skills deficit 

even larger. Small and medium-sized enterprises, SMEs 

consisting of 1 to 500 employees represent 95% of our 

nation's manufacturers, but 94% of SMEs have not adopted 

high-performance digital manufacturing practices. All this 

means that the opportunity to create a new generation of a 

workforce that is excited about and competent in digital 

manufacturing design methods is very real. This shift may 

result in changes in job titles. Titles and responsibilities for 

drafters, CNC programmers, machinists, especially those 

using the manually controlled equipment. Document control 

specialists, inspectors and testers performing visual and 

manual inspections will all change. Not all current job titles 

will be impacted. Tool and die makers, as well as inspectors 

for highly critical items that just cannot be inspected by 

digital means, will have minimal impact. Additionally, new 

job functions will be created. Others will emerge as the 

industry 4.0 revolution continues. 

IV. INTELLIGENT MACHINING 

A working definition of intelligent machining is the 

integration of smart sensors and controls to enable equipment 

to automatically sense and understand the current production 

environment in order to conduct self-aware manufacturing. 

From a high-level perspective intelligent machining, or IM, 

consists of the following components. 

 First, a machine, self-evident from the name, 

intelligent machining. This can refer to individual machines, 

as well as integrated production systems that perform a set of 

assigned tasks. These tasks can include manufacturing, 

assembly and real-time inspection. Communication and Data 

Storage functions. Communication can be internal to the 

machine while external communication provides both 

machines to machine and machine to enterprise level 

communications. Diagnostics and Maintenance functions, 

Diagnostics and Maintenance focuses on the trouble-free 

operation of a machine, combining continuously collect 

information about machine components and functions with a 

knowledge base and decision-making methods to both 

determine the current state of a machine and predict future 

states. Finally, a reasoning function. Although a commonly 

accepted definition for general intelligence does not exist, 

intelligence in machining becomes evident through actions 

that approach that of a human operator as the machine 

operates in the presence of uncertainty and variability. 

Traditional automatic feedback or regulatory systems do not 

offer these. They generally cannot accommodate multiple 

sources of information about their state, incomplete 

information or take advantage of production data and a 

knowledge base to respond to unexpected events. 

V. DIGITAL THREAD 

Products evolve through a regular sequence of plan, design, 

build, support, and dispose of. During each of these stages, an 

enormous amount of data is generated. Although 

traditionally, much of it has not been captured, it can be 

processed into very valuable information that can impact the 

product life cycle in many different ways. A name's been 

given to describe all of the data generated in every part of a 

product's lifecycle- The digital thread. 

 The digital thread concept seamlessly integrates 

information through the value chain from requirements 

gathering through feasibility reviews, design, manufacturing, 

testing, and on to final sustainment and disposal phases. This 

means specialists, throughout the process, can work on the 

product, and process definitions simultaneously to inform 

decisions, through the life of a system or product. While 

promising, adoption of the digital thread was initially limited 

but has continued to gain momentum. Like any paradigm 

shift, the digital thread approach is potentially disruptive, 

especially to organizations that do not have in-house 

information technology resources. For example, the 

information technology foundation for the digital thread has 

typically been viewed as overhead, simply a cost of doing 

business that needs to be reduced. The digital thread 

paradigm views the IT infrastructure as an investment that 

will generate a return in increased productivity and 

responsiveness. A second challenge, facing the digital thread, 

is the transitioning profile of manufacturing jobs from skilled 

to smart or information workers that combine their expertise 

with physical systems, and the ability to work with the data 

generated in the production process. This change will more 

tightly link production staff with the design process. Giving 

them more opportunities to impact the design of a product 

that they create. A third challenge facing the digital thread 

implementation is natural. How do we keep the information 

secure? Traditional processes used physical documents that 

could be controlled and locked up. There's a natural resistance 

to putting the valuable intellectual property in digital form, 

especially as retailers seemingly report intrusions on a regular 

basis. Information security is a key component of the digital 

thread, and as we all see, is incorporated from the beginning. 

Sharing data and information between different functions and 

systems of the product lifecycle can add significant value to 

the entire development process. Some examples are, faster 

product launches, clearer communication between suppliers 

and manufacturers, resulting in fewer errors, reduced rework 

and scrap. Reduced inventory in the supply chain. Reduced 

unit product cost which increases profit margin. And even the 

expansion to additional markets. 

VI. SUPPLY CHAIN 

The supply chain refers to the system of organizations 

involved in creating a product. Products of any size have a 

supply chain. Consider the Boeing 777, a very large and 

complex aeroplane. As Original Equipment Manufacturer or 

OEM, Boeing manufactures the final product. In order to 
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manufacture this end product, Boeing purchases large shock 

absorbing assemblies from a tier one supplier, ITT Enidine. 

ITT Enidine purchases machine pistons from a small machine 

shop and gets them chrome plated at a small plating shop to 

enhance surface properties. The machine shop and the plating 

shop are examples of tier two suppliers. For the 777 to be 

manufactured with the right quality in the right amount of 

time and at the right cost, it is critical that all organizations in 

the supply chain communicate effectively. This 

communication includes timely information sharing with the 

right stakeholders. Rather than relying on paper documents, a 

digitally enabled supply chain allows design documents, part 

revisions, and purchase orders to be shared electronically. 

Redesigned components can be checked for fit without 

having to produce a single part, saving significant time. A 

way to think about this impact of the DMD paradigm is the 

right data in the right place at the right time, enabling quick 

and correct decision making. This focus on the timeliness of 

data reduces the impacts of a change that can lag in time and 

grow in scale as it propagates through the system. DMD 

reduces the effects on the supply chain by transparently 

sharing efficiency information, whether man, machine, 

materials, or methods, throughout the supply chain. 

Increasing supply chain confidence between tiers, reducing 

excess inventory that's contained within the supply chain, and 

allowing for realizing more efficient and agile supply chain 

models. 
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