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Magic Box “Coating and Printing”

What if you could enchant any product with the features you want?

Dr. Lars Sommerhauser
Empa



Motivation «Independence»

=" Decoupling properties of the inner material and the outer surface
Coating and printing are technologies to equip products at their surfaces with
properties or functionalities that are different to the inner material of the product

" Properties and functionalities are manifold
= Optical: equip a reflective watch glass with an anti-reflective coating
= Mechanical: equip a “soft” drill with a “hard” coating to reduce wear
= Chemical: equip a plastic implant with a titanium layer to enable cell growth
= Functional: build a solar cell from a stack of thin layers on a flexible substrate




Nam Pyo Suh and Axiomatic Design Theory

Nam Pyo Suh
" Professor for Mechanical Engineering at MIT
" President of KAIST in Korea
= Written more than 100 patents, 300 papers and 8 books
" Inventor of the Axiomatic Design Theory

Axiomatic Design

* Method to systematically analyze and transform
customer needs into functional requirements,
design parameters, and process variables
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Source: https://en.wikipedia.org/wiki/Suh_Nam-pyo



Axiomatic Design «What-How Domain Zigzagging»

Customer Domain Functional Domain Physical Domain Process Domain
Customer Design Process

Needs Parameters Variable

« CN1 » « Cooling pipes « PV1

* Ventilation e PV 2

* CN2

What? How?
What? =) How?
What? How?
Preserve food Cooling - Refrigerator Compression
H Canning Box with ice Absorption

4

Source: www.axiomaticdesign.com



Axiom 1 — Independence Axiom

" Independence Axiom
Keep Functional Requirements (FR) independent and avoid Design
Parameters (DP) that impact more than one Functional Requirement

= Visualization Tool “Design Matrix”
Matrix of Functional Requirements (FR) and Design Parameters (DP)

System A DP1 DP 2 System B DP1 DP 2 System C DP1 DP 2

FR1 X () FR1 X ) FR1 X X

Vo

FR2 9) X FR 2 X X FR2 X X

Uncoupled Fully coupled
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Source: https://ocw.mit.edu/courses/mechanical-engineering/2-800-tribology-fall-2004/lecture-notes/ch10_axiomatic.pdf



Example A —Warship Design
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Example B — Water-Tap Design

Mpﬂﬂ control of the water flow in our bathroom or kitchen

i
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Example C— PVD Coating Processes
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Take Home Messages

= Understand your challenge
Define Functional Requirements (FR) and structure them.

= Go for independence
Find Design Parameters (DP) in your processes that ideally
influence only one of the Functional Requirements.

" Reduce complexity and simplify
Focus on the most important Design Parameters.

" Invent new processes
If your process design does not follow the independence
axiom, invent new processes with Design Parameters that
uncouple or decouple different Functional Requirements.



Thank you very much for you attention!

Dr. Lars Sommerhauser

Head of the Laboratory for
Surface Science and Coating Technologies

@ Empa

Materials Science and Technology

Phone: +41 58 765 4787

lars.sommerhaeuser@empa.ch
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