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Attachment/mounting point

This is attached to the robot arm.  You 
must attach to this mounting point.

6mm bolts will be given!

A longer USB cable will be provided!
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Schedule



PRODUCT & ENGINEERING DESIGN · ME-320 29

Electronics Prorotyping Quiz
https://participant.turningtechnologies.eu/en/join

https://participant.turningtechnologies.eu

Data-driven design & fabrication methods

SessionID: datadriven https://ttpoll.eu/p/datadriven

https://participant.turningtechnologies.eu/en/join
https://participant.turningtechnologies.eu/
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Fasteners

• Bolts
• Studs
• Cap Screws
• Set screws
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Fasteners

Thread Standards & Dimensions
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Fasteners
Head Types
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Fasteners
Head Types



PRODUCT & ENGINEERING DESIGN · ME-320



PRODUCT & ENGINEERING DESIGN · ME-320

Washers – why do we use them?
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Washers – why do we use them?
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Fasteners & 3D Printing

1) Bolt Holes
2) Captured Nut
3) Self-tap
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Comparison of Bonding Techniques
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Adhesives: How do they work?
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Adhesives: 3 Different Mechanism

•Mechanical: adhesives fill the pores of 
the surface roughness, resulting in 
mechanical anchoring between the two 
surfaces.

• Physical: two materials are held 
together by Van der Waals forces or 
hydrogen bonds: the attraction between 
positively and negatively charged 
molecules.

• Chemical: a chemical reaction between 
the molecules of the adhesive and the 
molecules of the substrate surface 
forms a covalent bond (strongest bond).
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Hot Melt Adhesive
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Epoxy Resin
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Superglue
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Choosing an Adhesive
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Industrial adhesives are made from polymers that join materials by two phenomena:
•  Adhesion of the adhesive on both substrates
•  Cohesion of the adhesive with its internal strength

  

The combination of adhesion and cohesion determines bonding effectiveness.
Both must be considered when choosing the right adhesives and surface treatments.

Adhesives: Avoiding Failure
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Alternative ‘Fastening’ Methods
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• Finalized concept
• Finalized key engineering concept
• Demonstrated proof-of concept
• Work-like prototype
• Communicated concepts (drawings)

What next?
1) Industrial Design

2) Design for Manufacture
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• Detail design decisions can have substantial impact 
on product quality and cost 

• Development teams face multiple, and often 
conflicting, goals 

• It is important to have matrics with which to 
compare alternative designs 

• A well-defined method assists the decision –making 
process

Design for Manufacture
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Why not do this in product development?
• Customer needs and product specs are hard to link 

with downstream product development 
• Many teams use “design for X” where X means 

reliability, robustness, environmental impact, 
manufacturing,...

The goal of DFM:  
• Economically successful design is about ensuring 

high product quality while minimizing manufacturing 
cost 

Design for Manufacture
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Design for Manufacture
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Design for Manufacture

Inputs to DFM include: 

– sketches, drawings, product specs, design 
alternatives; 
– detailed understanding of production and 
assembly processes; 
– estimates of manufacturing costs, 
production volumes and ramp-up timing.

DFM requires a cross-functional team → One of the most integrative practices in PD

Design For Assembly

Design For Manufacture
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DFM within Product Development Process

• Around 70% of the manufacturing costs of a product can be derived from design decisions like materials and 
manufacturing method. 

• The remaining 30% of the costs make up production decisions like process planning and tool selection. 
• Focusing on design optimization reduces the cost of manufacturing.
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DFM Approach
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Step 1: Estimate Cost



PRODUCT & ENGINEERING DESIGN · ME-320

Step 1: Estimate Cost

What affects the manufacturing cost?
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Step 1: Estimate Cost

Estimating manufacturing cost:
• Fixed costs versus variable costs 
• Estimate the costs of standard components 
• Estimate the costs of custom components
• Estimate the cost of assembly 
• Estimate the overhead costs
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Step 1: Estimate Cost
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• Understand the process constraints 
• Redesign the components to eliminate 
processing steps 
• Choose the appropriate economic scale 
for the part process 
• Standardize components and processes 
• “Black-box” component procurement

Step 2: Reduce Cost of Components
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Step 3: Reduce Cost of Assembly

• Design for assembly (DFA) is a subset of DFM 
• Keeping score
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Integrate parts: Integrated parts do not have 
to be assembled 
• Integrated parts can be less expensive
• Integrated parts allow for the geometrical 

dimensions and tolerances to be more 
precisely controlled

Maximize ease of assembly 
– Part is inserted from the top of the assembly 
– Part is self-aligning 
– Part does not need to be oriented 
– Part requires only one hand for assembly 
– Part requires no tools
 – Part is assembled in a single, linear movement 
– Part is secured immediately upon insertion

Have can we reduce assembly costs?
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Consider customer 
assembly 

– Look into it if purchasing and 
handling by the customer are 
substantially easier 

– Substantial challenge to design 
a product to be assembled by the 
most inept customers, many of 
whom will ignore directions

Have can we reduce assembly costs?
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Design for Assembly Rules



PRODUCT & ENGINEERING DESIGN · ME-320

Key ideas of DFA: 
– Minimize parts count
 – Maximize the ease of handling parts
 – Maximize the ease of inserting parts 

• Benefits of DFA 
– Lower labor costs 
– Other indirect benefits 

Design for Assembly
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DFA and DFM

• DFA increases linearly with part count
• DFM non-linear with part count
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• Minimize systemic complexity 
• Error proofing

Step 4: Reduce Cost of Supporting Manufacture
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Step 5: Consider impact of DFM decisions on other factors

Impact of DFM on development time
 – Reduction of $1 on each manifold would be worth $1 million 
in annual cost savings, but would not be worth a six-month delay 
in the project 
• Impact of DFM on development cost 
– If properly integrated in product development, extra cost is 
meaningless

• Impact of DFM on product quality 
– Usually DFM results in improved serviceability, ease of 
disassembly, and recycling 
– Can cause adverse effects in product reliability and robustness 
• Impact of DFM on external factors
 – Component reuse 
– Life cycle cost
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• DFM begins with the concept 
development phase and system-level 
design phase 

• DFM utilizes estimates of manufacturing 
cost to guide and prioritize cost reduction 
efforts 

• DFM practice involves making decisions 
in the absence of detailed data

Design For Manufacture
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Design for Sustainability

How can we increase sustainability during product design? 

What percentage of ecological impacts of a 
product are locked in at the design phase? 
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What does sustainability mean in terms of product design?

? ?
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• Every product goes through the product 
design, material sourcing, 
manufacturing, operation and service, 
and end of life stages.

• Following a circular economy model, 
products should be designed to be 
reused and recycled. 

• During the engineering and design 
phase, a sustainably informed team 
follows the circular economic model. 

What does sustainability mean in terms of product design?
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During product design, ideation, 
create prototype, make 
sustainable adaptations, from 
reducing emissions to making 
consumables recyclable and 
more efficient.

By addressing how efficiently a 
product progresses through its 
lifecycle, designers and engineers 
are dictating how a product will 
impact the environment.

What does sustainability mean in terms of product design?
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What does sustainability mean in product design?

The circular economy model guides a product through its entire lifecycle. Product lifecycle management 
(PLM) solutions help aid and organize the vast amount of product information.



PRODUCT & ENGINEERING DESIGN · ME-320

Why is sustainable product design important?

Much of a product’s CO2 footprint is determined during the design phase. Considering that, product 
design’s role should be front and center in any manufacturer’s sustainability strategy. 

1. Global Regulations
• Manufacturers need to meet specific requirements to be approved and/or certified as a green 

organization.

2.   Consumer and Investor Demands
• 62% of consumers now say they’re willing to change their purchasing behavior to help reduce negative 

impacts on the environment

3.   Staying Competitive
• 2021 survey shows that companies with the most embedded sustainability practices outperformed 

their peers by 21% on both profitability and positive sustainability outcomes.

4.  Reduce Impact, Improve Sustainability (Environmental, Economic & Societal)
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Executing Sustainable Product Design

Source sustainably produced or recycled materials for 
environmental good

Sustainable materials refer to materials that don’t negatively 
impact the environment during production, use, or disposal. 

What to think about:
Where am I getting these materials from? 
Can I source locally?
Does the sourcing company have a sustainability focus? 
Can I use recycled materials?
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Executing Sustainable Product Design

Design products for reuse and recycling
Can we shift a product’s life-span by re-using or recycling? 

What to think about:

• Consider the type of materials – can they be recycled 
or reused? Materials like steel, aluminum, PET plastic, 
and HDPE plastic, are good for recyclability. 

• Is your product made up of multiple types of materials 
or one material? A product made up of one standard 
material is easier to recycle or reuse compared to 
blended/mixed.

• Is your product built to be easily taken apart? If your 
product is made from a wide array of materials, it 
should be designed so that it can be easily 
disassembled and the materials sorted, recycled, and 
reused.
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Track sustainability efforts with Product Lifecycle 
Track usage data and feedback when creating the next 
generation of products.  

Product lifecycle management (PLM) solutions are 
helpful when it comes to organizing, sharing, and 
drawing meaningful conclusions out of complex data. 

Gather data on CO2 emissions, average time until 
product retirement, and how sustainable the 
materials/suppliers are.

PLM helps designers and engineers build a better, more 
sustainable product for generations to come.

Executing Sustainable Product Design
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Build premium products that last longer

Designing for durability significantly 
extends a product’s lifecycle. Product 
durability, in turn, lessens the need for 
replacements, repairs, or waste. The result 
is a higher-value product and brand equity.

Executing Sustainable Product Design

Build products that are easier to repair

Products can be renewed or refreshed, 
limited short term waste.



PRODUCT & ENGINEERING DESIGN · ME-320



PRODUCT & ENGINEERING DESIGN · ME-320

Executing Sustainable Product Design
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Ethics of Product Design

• Developing products that is inclusive
• Manufacturing and product design that 

considers the welfare of workers (human rights)
• Product is positive for humans
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