Lecture 1
History and Evolution, and the Role of Design Through the Industrial Revolutions

1st Industrial Revolution (Late 18th Century)
Overview:

This era marked the transition from hand production methods to machine-based manufacturing
processes, predominantly powered by steam. The textile industry was at the forefront, with inventions
like the spinning jenny and power loom revolutionizing production.

Focus: Mechanization powered by water and steam.

e Mechanization: The transition from manual labour to machinery. Hand production methods
gave way to machines, transforming production processes.

e Water Power: Initially, the primary source of power was water wheels. Factories were often
located near rivers, where water was harnessed to generate mechanical power.

e Steam Power: The invention and development of the steam engine revolutionized industry.
Steam power reduced dependence on water sources and facilitated the establishment of
factories in urban centres. It also powered locomotives and ships, revolutionizing
transportation.

e Spinning Jenny:

- Inventor: James Hargreaves.
- Year:1764.
- Function: A multi-spindle spinning frame that revolutionized textile production.
- Advantages:
= |ncreased production rate up to eight times.
= Reduced labour costs.
= Allowed Britain to outproduce other nations.
- Disadvantages:
= Resulted in job losses for many manual laborers.
=  Facilitated the rise of the Luddite movement, which opposed technological
advancement due to fears of unemployment.
- Societal Implications:
= Facilitated the shift from agrarian societies to industrial urban centres.
= Resulted in the rise of factory towns.
= Altered wage structures and work hours.

Reference:
Thompson, E. P. (1963). The making of the English working class.
Role of Design:

e Efficiency and Replicability: The main design emphasis was on creating tools, machines, and
products that could be replicated en masse with consistent quality.

e Functionality Over Aesthetics: Little emphasis on aesthetics; designs were primarily utilitarian.

e Beginnings of Standardization: As machines became common, there was a push for
standardized parts to aid in mass production.



2nd Industrial Revolution (Late 19th to Early 20th Century)
Overview:

This era witnessed massive technological growth, with innovations in electrical power, the internal
combustion engine, and the telegraph and telephone. It heralded the birth of assembly line
production.

Focus: Electrification, mass production, and the internal combustion engine.

e Electrification: The introduction and proliferation of electrical power marked a significant shift.
Electricity not only revolutionized lighting but also powered factories, reducing dependency
on mechanical sources like steam.

e Mass Production: Innovations like the assembly line, especially in sectors such as the
automobile industry, allowed for the production of goods on an unprecedented scale, driving
down costs and increasing accessibility to products.

e Internal Combustion Engine: This revolutionized transportation. Cars, planes, and other
vehicles powered by the internal combustion engine transformed economies, urbanization
patterns, and global connectivity.

e Edison's Electric Bulb:

- Inventor: Thomas Edison.
- Year: 1879.
- Function: llluminate spaces without the need for gas or candles.
- Advantages:
= Ushered in a new era of productivity and entertainment.
=  Reduced the risks associated with gas illumination.
=  Boosted nighttime economic activities.
- Disadvantages:
= |ncreased reliance on electricity.
= Ecological concerns with power generation and consumption.
- Societal Implications:
= Altered urban lifestyles and architectural designs.
= Birthed the entertainment industry, with the rise of theatres and later
cinemas.
= Altered human sleeping patterns.

Reference:

Hughes, T. P. (1983). Networks of power: Electrification in Western society, 1880-1930.

Role of Design:

e Consumer Aesthetics: As products became available to the broader public, design started to
cater more to visual appeal and differentiation.

e Birth of Branding: Companies began to use design to establish brand identities, making
products recognizable.

e Integration of Form and Function: Iconic designs from this period beautifully merged form and
function (e.g., early automobile designs).



3rd Industrial Revolution (Late 20th Century)
Overview:

The transition from analogue to digital technology, characterized by the spread of the internet,
computers, and automation.

Focus: The rise of digital technology, automation, and computerization.

e Digital Technology: The transition from analogue to digital signalled a move to binary-based
technologies, encompassing everything from computing to telecommunications.

e Automation: Machines and systems started to perform tasks without continuous manual
intervention, optimizing production processes and other sectors.

e Computerization: The introduction and proliferation of personal computers and later the
internet transformed every sector, from business and education to entertainment and social
interactions.

e Personal Computer:

- Inventor: Various contenders, but IBM's PC in 1981 became the industry standard.
- Function: To perform operations based on digital instructions, making computation
accessible to the public.

- Advantages:

= Democratized access to digital tools and information.

= Catalysed the growth of the software industry.

=  Facilitated a shift to knowledge-based economies in developed countries.
- Disadvantages:

= Led to digital divide issues.

= |ncreased electronic waste.

= |ntroduced new forms of digital crimes.
- Societal Implications:

= Changed the nature of work, making remote work possible.

= Created a new paradigm in communication, leading to globalization.

= Spurred the growth of tech hubs and digital entrepreneurship.

Reference:
Campbell-Kelly, M., & Aspray, W. (2004). Computer: A history of the information machine.
Role of Design:

e User-Centric Design: With the rise of personal computers and digital interfaces, design shifted
towards enhancing user experience.

e Rapid Prototyping: Digital tools enabled designers to quickly test and iterate designs, allowing
for increased innovation.

e Customization: The flexibility of digital manufacturing allowed designs to cater to individual
preferences and needs.



4th Industrial Revolution (21st Century) - Industry 4.0
Overview:

Marked by smart technology, Al, 10T, and cyber-physical systems, this revolution represents the blend
of physical and digital realms.

Focus: Smart factories, cyber-physical systems, 10T, Al, and more.

Smart Factories: These are highly digitized and connected production facilities that rely on
smart manufacturing processes. They adjust and self-optimize performance and
autonomously run entire production processes.
Cyber-Physical Systems: These systems bridge the computational (cyber) and physical worlds,
enabling dynamic interactions between them. For instance, a machine in a factory that adjusts
its operations in real-time based on sensory input.
loT (Internet of Things): This refers to the interconnected nature of devices and systems that
communicate with each other over the internet. From smart refrigerators to traffic
management systems, they offer unprecedented control and automation.
Al (Artificial Intelligence): It encompasses systems that mimic human cognitive functions like
learning and problem-solving. Al integrates into Industry 4.0 in various ways, including
predictive maintenance, optimization of supply chains, and advanced data analysis.
The Siemens Electronic Works Amberg (EWA) Smart Factory:
- Location: Amberg, Germany.
- Function: Siemens' EWA is an advanced electronics manufacturing facility. It produces
programmable logic controllers, which are vital components used in automation.
Advantages:
= High Efficiency: Over 75% of the production processes are automated. As a
result, a product is manufactured every second with a failure rate of less than
0.001%.

= Real-time Monitoring: The products and machines in the factory
communicate with each other in real-time, adjusting operations to optimize
production.

=  Flexibility: The factory can produce a wide variety of products without the

need for significant manual reconfiguration, catering to specific customer
needs swiftly.

= Predictive Maintenance: By analysing data, the factory predicts when

machinery will fail and schedules maintenance, thereby drastically reducing
downtime.
Disadvantages:

= High Initial Cost: Setting up such an advanced factory requires substantial

investments in technology and infrastructure.

= Complexity: The interconnectivity and the multitude of devices mean that any

malfunction can have cascading effects.

= Skills Gap: Traditional factory workers need to be upskilled or reskilled,

requiring ongoing investment in training.
Societal Implications:

= Job Nature Transformation: While some manual jobs might be reduced,

there's a rise in demand for skilled tech professionals.

=  Economic Growth: With increased efficiency and reduced waste, such facilities

can become economic powerhouses for their regions.



= Global Competitiveness: Factories such as EWA set the gold standard in
manufacturing, raising the bar for global competitiveness.

Reference:

RGURmann, M., Lorenz, M., Gerbert, P., Waldner, M., Justus, J., Engel, P., & Harnisch, M. (2015). Industry
4.0: The future of productivity and growth in manufacturing industries. Boston Consulting Group.

Schwab, K. (2016). The Fourth Industrial Revolution.
Role of Design:

e Designing for Ecosystems: Products are no longer standalone; they are part of interconnected
systems. Designers need to think about the entire ecosystem.

e Sustainability: With rising environmental concerns, design focuses on sustainable materials
and eco-friendly processes.

e Human-Machine Collaboration: Design principles now incorporate interfaces and systems that
facilitate seamless human-machine interaction.

Summery

The transition from the First to the Fourth Industrial Revolution marks a shift in design from being
purely functional to becoming a critical element that integrates aesthetics, user experience,
sustainability, and technology. From rudimentary machinery designs in the first revolution to complex,
interconnected, and sustainable designs in the fourth, the evolution is a testament to the ever-
increasing role of design in shaping industrial progress. It also reflects the changing societal values and
demands, from basic needs in the early days to sustainability and interconnected experiences today.



What is Industry 4.0?

Overview

Industry 4.0, often termed as the "Fourth Industrial Revolution", signifies the current trend of
automation, data exchange, and manufacturing technologies. It includes cyber-physical systems, loT,
cloud computing, and cognitive computing.

Definition

Coined in Germany, Industry 4.0 is an initiative aimed at pushing the boundaries of traditional
manufacturing and industry practices using smart technology. It embodies a powerful intersection of
the physical and digital worlds.

Components of Industry 4.0

1.

Cyber-Physical Systems: Systems where computer-based algorithms and physical processes
come together. A cyber-physical system can monitor and control physical processes, providing
feedback between the physical and computational elements.

Internet of Things (loT): Interconnection of uniquely identifiable devices allowing them to
collect and exchange data.

Cloud Computing: Using a network of remote servers hosted on the internet to store, manage,
and process data, rather than a personal computer or local server.

Cognitive Computing: Systems designed to mimic human thought processes, helping in
complex decision-making scenarios.

Case Study: BOSCH's Industry 4.0 Transformation

Location: Stuttgart, Germany.
Function: Bosch, a leading multinational engineering and electronics company, has
aggressively implemented Industry 4.0 strategies in its plants.
Advantages:
- Increased Efficiency: By integrating machine data and sensors, Bosch was able to
increase output by over 100 units per day in a pilot project.
- Predictive Maintenance: Machines in Bosch's facilities can predict potential failures,
which reduces downtime and saves costs.
- Real-time Analysis: Real-time data analytics provides insights into machine
functionality and product quality.
Challenges:
- DataSecurity: Increased data flow comes with the challenge of ensuring cybersecurity.
- Initial Investment: Transitioning to a smart factory requires significant investment in
technology.
- Interoperability: The challenge to make different systems communicate seamlessly is
a significant concern in implementing Industry 4.0 strategies.
Societal Implications:
- Job Evolution: With the rise of automation, the role of the factory worker has evolved
from manual tasks to more analytical and data-driven tasks.
- Economic Boost: Reduced wastage and increased efficiency can lead to cost savings
and thus economic growth.

Reference:

Riemer, K., & Johnston, R. B. (2014). Rethinking the Place of the Artefact in IS Using Heidegger’s
Analysis of Equipment. European Journal of Information Systems.



Interactive Session:

Question: How do you envision the integration of Industry 4.0 technologies in current manufacturing
setups? Consider factors such as costs, training, and the benefits it brings.

Pointers for Discussion:

e Initial Investment vs. Long-Term Savings: Weighing the upfront costs of implementing these
technologies against the long-term savings and efficiencies they promise.

e Reskilling of Workforce: The need for extensive training and upskilling of the current workforce
to handle these new technologies.

e Benefits of Automation: Increased production rates, reduced human error, better product
consistency, etc.



