Review of comments from Lecture 1

As we discussed the balance of how much work Al might take from Designers and Design Engineers, |
investigated the kinds of tasks that Al could do on our behalf, but also the jobs that might be created
because of the development of this new tool.

Jobs that Al might take...

Al has the potential to automate and augment many tasks in various industries, including industrial
design. However, it's worth noting that while Al may take over certain tasks, it doesn't necessarily
mean it will eliminate entire job roles. Often, professionals can shift their focus to more complex or
creative aspects of their work. Here are some tasks and jobs that Al might automate or reduce the
need for within industrial design:

Routine Drafting: Basic drafting and modeling tasks that follow a set pattern or standard might
be automated.

Prototyping Simulations: Al can rapidly simulate how a product will behave under various
conditions, potentially reducing the need for physical prototyping or repeated iterations.

Material Selection: Al algorithms can be trained to select materials based on desired
properties, availability, cost, and other factors, thus automating a part of the design process.

Basic Ergonomic Analysis: While nuanced ergonomic design will always require a human
touch, Al can perform basic ergonomic evaluations and suggest design modifications.

Market Research Analysis: Al can process vast amounts of consumer data quickly, potentially
automating aspects of market analysis that help designers understand user needs.

Repetitive Task Automation: Many routine tasks, such as generating variations of a design or
performing regular performance checks, can be automated with Al.

Quality Control in Manufacturing: While not strictly a design task, many industrial design
engineers are involved in QC. Al-powered visual recognition systems can inspect products for
defects at high speeds.

Basic Renderings: Al can assist or automate the process of generating product renderings
based on specified conditions, colors, and environments.

Trend Prediction: Instead of manual research, Al could analyze global data sources, including
social media and search trends, to forecast design and product trends.

Cost Analysis: Als can process vast amounts of data to predict the cost implications of design
decisions, streamlining the decision-making process.

Design Optimization: For designs that need to meet specific functional criteria, Al can iterate
through multiple variations quickly to find the most efficient or effective design.



Jobs that Al might make...

Note that the human touch, creativity, intuition, understanding of cultural nuances, empathy, and the
ability to integrate interdisciplinary knowledge will remain crucial in industrial design. Al will serve as
a tool to enhance and expedite certain processes, but the essence of design - solving problems with
empathy and creativity - will remain a largely human endeavor.

Moreover, as Al takes over certain tasks, it will free up designers to focus on more strategic, creative,
and complex aspects of their work (taking a higher view). The integration of Al might also lead to a
closer collaboration between industrial designers and other fields, such as data science, Al
programming, and cognitive psychology:

Al-Integrated Product Designers: Industrial designers might focus on developing products that
incorporate Al. This could be in the form of smart home devices, wearable tech, or other
consumer electronics.

Al Interface Designers: As Al systems become more common, there will be a need for designers
who can create intuitive interfaces for human-Al interaction. This includes both software and
hardware components.

Training Data Curators for Industrial Applications: Als require data to learn. Industrial designers
could play a role in determining what data is important, how it's collected, and how it's
presented to the Al for training purposes, especially in specialized applications.

Personalization Designers: With Al being able to tailor experiences to individual users,
designers will need to think about how products can be adapted and personalized based on
user data.

Robotics and Automation Designers: As automation becomes more prevalent, designers will
be needed to shape the look, feel, and functionality of robots and automated systems.

Ethical Design Specialists: With increasing concerns about the impact and ethics of Al,
designers may play a role in ensuring products are developed with societal and individual well-
being in mind.

Al-Assisted Prototyping Specialists: Al can rapidly simulate and predict how new designs will
perform. Engineers might specialize in using these tools to iterate on and refine product
prototypes at unprecedented speeds.

Al Hardware Designers: As Al processors and dedicated hardware become more specialized,
there will be a need for designers who understand the specifics of Al computation to design
these devices effectively.

Sensory Design Specialists: With the rise of Al, new sensors, and input methods (like voice or
gesture controls) are becoming more common. Designers will need to figure out how to
integrate these into products seamlessly.

Experience and Scenario Planners: With Al, it's possible to simulate and test a myriad of user
scenarios. Designers can specialize in crafting these scenarios to understand user needs and
challenges better.

Lifelong Learning and Upskilling Advocates: The rapid evolution of technology may necessitate
continuous learning. Industrial design engineers might play a role in developing training
modules or tools that help peers stay updated with the latest in Al applications.



Collaborative Robot (Cobot) Designers: Cobots are robots meant to work alongside humans.

Designing these requires a deep understanding of human ergonomics, safety considerations,
and collaboration dynamics.

Digital Twin Architects: "Digital twins" are virtual replicas of physical assets. Designers will be
involved in creating these replicas for simulation and analysis purposes, which can be
especially important in industries like aerospace, automotive, and construction.

It's important to note that with any technological advancement, the key will be adaptability. The
industrial designers of the future will need to be well-versed in Al technologies and concepts but also
maintain their core design skills and the ability to understand and cater to human needs.



Lecture 2: Manufacturing Strategies in Industry 4.0
Additive Manufacturing (3D Printing)

Overview

e The fundamental principles underlying 3D printing.
e The broad array of benefits and challenges associated with this technique.
e Real-world application: A focus on jet engine components by Rolls-Royce PLC.

Notes

e Principles of 3D Printing:

Layer-by-Layer Formation: Unlike traditional manufacturing which is often subtractive
(cutting away material), 3D printing adds material layer by layer to form a three-
dimensional object.

Digital Model: The process begins with a digital 3D model of the object to be created.
This model is then sliced into hundreds or thousands of horizontal layers using
specialized software.

Material Deposition: The printer reads the design and deposits material layer by layer,
fusing each layer to the one below it. This continues until the entire object is created.

e Benefits:

Rapid Prototyping: Allows for quick iteration and testing of design concepts.
Customization: Unique, personalized items can be produced as easily as standard
ones.

Reduced Material Waste: Material is only used where needed, leading to minimal
wastage.

Complex Geometries: Ability to create structures that are impossible or very hard to
achieve with traditional manufacturing, such as intricate internal lattices.

e Challenges:

Material Limitations: The range of materials suitable for 3D printing is growing but
remains limited compared to traditional techniques.

Surface Finish: Objects might require post-processing to achieve a smooth finish, as
they can sometimes have a ribbed or layered texture.

Speed: While perfect for prototypes or limited runs, it can be slower than traditional
methods for mass production.

e Case Study: Rolls-Royce and Jet Engine Components:

Background: Rolls-Royce PLC, a pioneer in aerospace technology, has been exploring
the potential of 3D printing to produce jet engine components. The aim is to reduce
production costs, decrease manufacturing time, and potentially create more efficient
components.
Application: The company has successfully 3D printed parts for their Trent X\WB-97
engine, the most efficient aero engine in the world. By leveraging the flexibility of 3D
printing, they've been able to create more aerodynamically efficient components with
complex internal structures that would have been extremely challenging using
conventional manufacturing methods.
Future Implications: The successful application of 3D printing by Rolls-Royce may serve
as a beacon for other companies in the aerospace sector and beyond, indicating a shift
in how high-performance, safety-critical components can be manufactured.
References:

» The Engineer. (2015). Rolls-Royce looks to the future with 3D printing.



https://www.theengineer.co.uk/rolls-royce-looks-to-the-future-with-3d-printing/

= Aerospace Manufacturing Magazine. (2017). Rolls-Royce runs 3D printed
engine parts.

AM and RR
Rolls-Royce PLC has been actively researching and investing in Additive Manufacturing (AM) for various
applications, including in their aerospace sector. Here are some specific instances and applications:

e Advance3 Engine: Rolls-Royce made significant progress in the development of its next-
generation aero-engine designs by successfully testing a demonstrator engine with many parts
built using AM. The Advance3 engine employs a novel core architecture to deliver maximum
fuel efficiency and reduced emissions.

e Bracketry and Components: In some of their engines, Rolls-Royce has begun using AM to
produce certain components like brackets. These components benefit from AM's capability to
produce lightweight, optimized geometries that would be hard or impossible to manufacture
using traditional methods.

e R&D and Prototyping: Rolls-Royce has been using AM for rapid prototyping for several years.
This speeds up the development process by allowing engineers to test and refine new designs
more quickly than they could with traditionally manufactured parts.

e Joint Ventures and Collaborations: Rolls-Royce has been involved in several partnerships
aimed at advancing AM technologies. For instance, they have collaborated with institutions
and other businesses to research and develop new AM processes and materials.

e Repair and Maintenance: Apart from manufacturing new parts, Rolls-Royce is also looking into
AM for repair and maintenance of components, which could revolutionize the way
maintenance, repair, and overhaul (MRO) operations are done.

It's important to note that the aerospace industry is highly regulated, and any new manufacturing
method, including AM, requires rigorous testing and certification. As such, while Rolls-Royce and other
companies are researching and even implementing AM in various capacities, the full-scale adoption
for critical engine components might still be in process or under regulatory review.


https://www.aero-mag.com/rolls-royce-runs-3d-printed-engine-parts-13062017/
https://www.aero-mag.com/rolls-royce-runs-3d-printed-engine-parts-13062017/

New and Advanced Materials

Overview

e Evolution and potential of materials in modern manufacturing.
e Differentiating between conventional materials and the next-generation counterparts.
e Real-world application: Transition from traditional plastics to bioplastics.

Notes

e Emergence of New Materials:

Historical Context: Since the dawn of civilization, material science has been at the
heart of technological advancement. From the Stone Age to the Bronze and Iron Ages,
the materials at our disposal defined our capabilities and progress.

Modern Shift: Today's rapid advancements in technology and an increased
understanding of material properties have given rise to a new array of materials with
enhanced, specific, and sometimes even customizable properties.

Role in Industry 4.0: Advanced materials are instrumental in fulfilling the requirements
of modern manufacturing, ensuring products are more efficient, durable, and eco-
friendly.

e Conventional vs. Next-Generation Materials:

Conventional Materials: Materials such as steel, aluminum, and traditional plastics
that have been in use for a long time and have well-understood properties and
applications.

Next-Generation Materials: These include composites, advanced ceramics, bioplastics,
and nanomaterials. They often offer superior properties like higher strength-to-weight
ratios, better thermal stability, or biodegradability.

Advancements in Characterization: Modern techniques like X-ray diffraction, electron
microscopy, and atomic force microscopy allow us to understand and manipulate
materials at the nanoscale, leading to the creation of these next-generation materials.

e (Case Study: Transition to Bioplastics:

Background: Traditional plastics, derived from petrochemicals, have been a mainstay
in manufacturing for decades. However, their environmental impact, particularly in
terms of waste and non-biodegradability, has been a growing concern.
Enter Bioplastics: Bioplastics are derived from renewable biomass sources, such as
vegetable fats and oils, or microbiological processes. They offer a more sustainable
alternative to traditional plastics and can be designed to be biodegradable.
Real-World Application: Companies like Coca-Cola have launched "PlantBottle", a fully
recyclable plastic bottle made partially from plants, thus reducing dependency on
fossil fuels for production. This is just one example of how companies are adopting
bioplastics for their potential both in terms of sustainability and performance.
Challenges & Limitations: While bioplastics present numerous advantages, they aren't
without challenges. They can be more expensive to produce, may have different
mechanical properties than conventional plastics, and the term "bioplastic" doesn't
always equate to "biodegradable."
References:

»  Furopean Bioplastics. (2019). Bioplastics market data.

» The Guardian. (2019). Plant-based bottles and edible packaging: the

companies trying to stop plastic pollution.



https://www.european-bioplastics.org/market/
https://www.theguardian.com/environment/2019/may/18/plastic-bottles-and-edible-packaging-coca-cola-and-nestle
https://www.theguardian.com/environment/2019/may/18/plastic-bottles-and-edible-packaging-coca-cola-and-nestle

Exploiting Maturing Technologies Through Design

Overview
e Understanding the synergy between design and evolving technologies.
e Historical shift from 2D to 3D design software and its implications.
e Implementation of Internet of Things (loT), Al, and Machine Learning in modern product
design.

Notes
e Historical Progression of Design Technology:

- 2D CAD Systems: Before the rise of computer-based design, drafting was done
manually on drafting tables. The introduction of 2D CAD systems revolutionized
design, offering precision and ease of modification.

- Transition to 3D Systems: The shift from 2D to 3D design platforms enabled designers
to visualize products in three dimensions, run simulations, and make modifications
with more context. This dramatically improved efficiency and reduced design iteration
times.

- Modern Integrated Systems: Today's advanced CAD platforms integrate with other
tools like PLM (Product Lifecycle Management) and PDM (Product Data Management)
systems, streamlining the entire product development process.

e (Case Study: Transition from 2D to 3D Design Software:

- Background: Companies historically relied on 2D blueprints for manufacturing.
However, as products became more complex, the limitations of 2D became evident.

- Benefits of 3D: 3D modeling allows for easy visualization, prototyping, and testing. For
instance, aerodynamic properties of a vehicle or stress points in a structure can be
easily simulated in a 3D environment.

- Real-World Impact: Companies like Boeing and General Motors transitioned to 3D
software, resulting in reduced errors, shorter design cycles, and a better
understanding of the end product before manufacturing.

- References:

= CADhistory.net. (n.d.). The history of CAD.
= Aerospace Manufacturing and Design. (2017). Transitioning from 2D to 3D
CAD.
e Internet of Things (loT) in Modern Product Design:

- Connected Devices: loT revolves around interconnectivity. It's about devices
communicating with each other, collecting data, and making autonomous decisions.

- Impact on Design: Product design isn't just about aesthetics and function anymore;
it's also about connectivity. For instance, a modern refrigerator isn't just cooling
food—it might also be monitoring its contents, suggesting recipes, or even ordering
groceries.

- Benefits and Challenges: While IoT offers tremendous potential in creating "smart"
environments, it also presents challenges in terms of data security, interoperability,
and user privacy.

e Exploiting Al and Machine Learning in Design:

- Data-Driven Design: Al can process vast amounts of data to inform design decisions,
from predicting user preferences to optimizing product performance.

- Predictive Analysis: Machine learning models can be trained on historical data to
predict wear and tear on machinery, or even to predict market reactions to new
product designs.



http://www.cadhistory.net/
https://www.aerospacemanufacturinganddesign.com/article/transitioning-from-2d-to-3d-cad/
https://www.aerospacemanufacturinganddesign.com/article/transitioning-from-2d-to-3d-cad/

- Streamlining Processes: Algorithms can assist in eliminating repetitive design tasks,

offering suggestions, or even automating certain aspects of the design process.
e Embracing the Future - The Role of Design in Harnessing Technology:

- Centrality of Design: As technology continues to evolve, design remains at the heart
of innovation. It's through design that technological potentials are realized in tangible
products.

- Anticipating Change: Designers today need to be technologically adept, not just in
terms of using modern design tools, but in anticipating how evolving technologies can
be integrated into new products.

- Ethical Considerations: The fusion of design and technology also brings forth ethical
considerations—privacy concerns with loT devices, or the impact of Al on
employment. Designers play a pivotal role in navigating these challenges.



Emerging Challenges and Opportunities

Overview
e Grasping the evolving technological landscape's implications on design.
e |dentifying challenges: ethical concerns, data privacy, and sustainability.
e Harnessing the opportunities: increased customization, faster time-to-market, and innovative
solutions.

Notes
e The Rapid Technological Evolution:

- Continuous Learning: With technology evolving at an unprecedented pace, designers
need to continually upskill and adapt to the latest tools and methodologies.

- Bridging the Gap: A major challenge is to bridge the knowledge gap between the
design and manufacturing sectors, ensuring that designs are feasible and efficient for
production.

- Interdisciplinary Collaboration: Increasingly, design isn’t isolated. Collaborations
between designers, engineers, data scientists, and other professionals have become
crucial to address the complexities of modern products.

e Ethical and Data Privacy Concerns:

- Ethical Design: The rise of Al, 10T, and big data means products collect more user
information than ever before. Ethical design ensures products respect user rights,
ensuring data collection is transparent and consensual.

- Security Challenges: With products being more interconnected, they are also more
vulnerable to cyber-attacks. Designers must prioritize building robust security
protocols.

- Legislation & Compliance: Global regulations, like the GDPR in Europe, mandate strict
data privacy regulations. Designers should be aware of these, ensuring products are
compliant.

e Sustainability and the Environment:

- Eco-Friendly Materials: A pressing challenge is to identify and use materials that have
a minimal environmental footprint, both in their production and end-of-life.

- Circular Design Principles: Embracing principles of the circular economy in design—
where products are designed to be reused, refurbished, or recycled, reducing waste.

- Energy Efficiency: Designing products that are energy-efficient, not just in their
operation but also in their manufacturing and distribution.

e Opportunities Abound:

- Mass Customization: Technologies like 3D printing and digital twin simulations allow
for mass customization, where products can be tailored to individual user
specifications without significant increase in costs.

- Rapid Prototyping and Iteration: With virtual simulations and advanced prototyping
tools, products can be tested and iterated upon quickly, reducing time-to-market.

- Solving Global Challenges: Design, coupled with advanced technologies, can address
global challenges—like creating medical devices for remote regions or clean energy
solutions.

e Case Study: Project Ara by Google:

- Background: An attempt to create a modular smartphone, where users could
customize and upgrade individual components (like cameras or batteries) without
buying a new phone.



Challenges and Learnings: While the project didn't progress to commercial release, it
offered valuable insights. It showcased the challenges of modular design—balancing
flexibility with performance and aesthetics.

Relevance: Project Ara is a testament to the possibilities and challenges of mass
customization and sustainable design.

References:
»  Fast Company. (2016). Why Google's Modular Smartphone Might Actually
Succeed.

= The Verge. (2016). Google's Project Ara was supposed to launch this year, but
it just got delayed.



https://www.fastcompany.com/3058158/why-googles-modular-smartphone-might-actually-succeed
https://www.fastcompany.com/3058158/why-googles-modular-smartphone-might-actually-succeed
https://www.theverge.com/2016/5/20/11721416/google-project-ara-delayed-2017
https://www.theverge.com/2016/5/20/11721416/google-project-ara-delayed-2017

