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The skills required to be good designer

London industrial designer Rob Bye

CREATIVE THINKING
This is what effectively
makes a person a
designer. It is the way of
looking at problems or
situations from a fresh
perspective, suggesting
new solutions.

RESEARCH
Having a detailed
understanding of the
terget market you are
designing for will help
allow the final solution
to be useful, effective
and appropriate._

MANUFACTURING
Knowing the best
process and matenal for
your product from the
vast number available.
To reduce cost, speed
production, and create
efficient designs.

BRANDING
The ability to design
products that visually fit
into a brands identity
and ethos. This may
be your own brand or
& company you are
working for

WEB DESIGN
Having your own
website or design blog
will allow others to view
your portfolico and see
what you are doing. It
is also a great way to
increase publicity.
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COMMUNICATION
As a designer it is
crucial to be able to
accurately express your
ideas and concepts
to other pecople in an
understandable and
comprehend-able way.

TEAM WORK
The ability to work
effectively in 2 group.
Nearly all design
projects are done in
teams of people with
different skills, abilities
and knowledge_

USER CENTRED

Having a design
process that focusses
on how the end user
will interact with the

product, increasing the
final designs usability
and effectiveness.

MARKETING
Promotion of yourself
and the products you
have designed allows
you to have a bigger

impact within the
industry and the market
as a whole

PHOTOGRAPHY
Taking appealing
photos of your design,
surrounding and work
can assist in visualising
your design process to
others_ It is also 2 good
way to get inspiration.

DRAWING
Being able to
communicate your
thoughts through qguick,
accurate sketches allows
yvyou to explain your
ideas when talking is
not encugh.

CAD
Designing on a
computer i1s an effective
way to build and test
ideas, whilst also
allowing for attractive
visualisations through
detailed renderings._

AESTHETICS
Knowing what makes
a design eye catching

and atiractive creates a

more appealing design.

A products appearance
is the first thing &
consumer Nnotices.

ADOBE CS

The Adobe Creative
Suit. Use by nearly all
companies to build
layouts, presentations,
websites, 2D sketches
and also mock up
designs attractively

GRAPHIC LAYOUT

Presenting your work in
a professional manner
whilst still showing
creativity. It is how to
visuslly communicate
your more finalised
concepts to others,
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ENGINEERING
An understanding of
how a product should
be put together using
correct materials and
processes, to ensure a2
product can last in the
environment it is used.

TIME MANAGEMENT

Working on multiple
projects efficiently
whilst still managing
priornties. Reaching
deadlines with encugh
time to improve the
finishing touches.

ERGONOMICS
How a product fits with
the end user’s physical

shape and abilities.
To increase, comfors,
efficiency and usability;
whilst decreasing
fatigue and wear.

INTERFACES
The visual
communication between
a product and its user.
This can be through

hardware or software,

making a product

understandable

PACKAGING

Producing a protective
surround for your
product that not only
compliments the design
but also protects it
during transit and helps
to atitract customers.
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The skills required to be good designer

by Ben Terrett, a designer in London.

G O OD: DESIGN

| FULFILLS ITS FUNCTION
2 RESPECTS ITS MATERIALS

3 IS SUITED TO METHOD
OF PRODUCTION

4 COMBINES THESE IN
IMAGINATIVE EXPRESSION
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> Innovation! Not Creation!
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Q Wikipedia
» Design is the creation of a plan or convention for the construction
of an object or a system (as in architectural blueprints, engineering
drawings, business processes, circuit diagrams and sewing
patterns).

» Another definition for design is a roadmap or a strategic approach
for someone to achieve a unique expectation. It defines the

specifications, plans, parameters, costs, activities, processes and
how and what to do within legal, political, social, environmental,
safety and economic constraints in achieving that objective.
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EXAMINE

empathy
UNDERSTAND

.‘ IDEATE

Go deeper and
find patterns.
Establish apen
uestions fo
build on,

Dig into the
problem, Look
alt the history,
the context,

the objects,

and (most
importantly) the

people involved,

Prof. B. H. Kim

Have lots of
iddeas, good
and bad, Don’t
slop af the
obuious or the

impassible

EXPERIMENT

Try some things
out. Make some
things. Fail

cheap and fast,

DISTILL

Strip your
solution down
o the essentials
and tell the
story to others,

Department of MEMS

identify the
need

—

redesign

o

communicate
S — Engineering

t Design

Loop
test and evaluate
the prototype

o &

construct a
prolotype

research
the problem

&

develop
possible
solutions

o

select the most
promising

« solution
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O 3waystoFailCheap O

1. Lower the costs of experiments.
* Running experiments need not be expensive.
» There are tons of low cost ways to test critical assumptions

2. Change the order of experiments.
Many companies spend a lot of money answering the wrong
guestions.
They’ll seek to perfect a technology without understanding whether

there’s a market need.
Assess strategic risks first, because they are often what sink an
idea.

3. Increase the pace of decision making.
Entrepreneurs with clearly bad ideas typically don’t have the luxury
of spending money on those ideas for too long.
Companies can let bad ideas linger for inordinate amounts of time
because of slow decision-making processes.
Shutting down flawed projects early avoids needless spending
and focuses resources on the best ideas.
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STATEMENT (SNPS) GENERATION
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The formulation of a
problem is often more
essential than its solution,

hich may be merely a
4% matter of mathematical
. or experimental skills.
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 Is the problem important?
4 Is the problem solvable?

5 d Who need(s) What because Why

2 ]

What is real
problem?
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What is different?

Palmtop
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Teardown Bench Marking

Instrument cluster
Body ECU Driver seat control

B 8 "0 -

Restraint control ECU ’ SN A
— 0 e { . % = Rear view
> ' 1 camera

ETPMS ECU

Parking aid module

Driver door control

Telematics box Keyless entry ECU
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Teardown Bench Marking

Identify what is to be benchmarked -—

Identify companies for comparison |

PLANNING

Determine data collection method, and
collect data

*

Determine current performance gap

ANALYSIS

Project future performance levels

Communicate benchmark finding and gain
acceptance

INTEGRATION

v | Establish functional goals |

4 | Develop action plans |

| Implement specific actions and monitor progress |

v | Recalibrate benchmarks |
1

v

A leadership position has been attained and
benchmarkingpractices have been fully
integrated into the company’s processes

MATURITY

Prof. B. H. Kim Precision Engineering



Kangwon national University Department of MEMS

Reverse Engineering

MANUFACTURING
CYCLE

REVERSE
ENGINEERING
PROCESS

RE BRIDGE
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O oA AL EHAD|Y
> = S Hl|H Y (back-of-the—envelope calculation)

Fermi’s anecdote

The most famous instance came during the first atomic bomb
test(Trinity) in New Mexico on 16 July 1945. As the blast wave
reached him, Fermi dropped bits of paper. By measuring the
distance they were blown, he could compare to a previously
computed table and thus estimate the bomb energy yield. He
estimated 10 kilotons of TNT; the measured result was 18.6

Physics from an FElementary Point of View (1970, CERN,
European Organization for Nuclear Research)”

In these notes Weisskopf used back-of-the-envelope
calculations to calculate the size of a hydrogen atom(an
example), a star, and a mountain, all using elementary physics. b

Victor Weisskopf's anecdote in the pamphlet “Modern  The hydrogen aton A
.
r

a, = 0.53 A
EDE_lSOEeV="1R}l’

Prof. B. H. Kim Preciston Englineering


//upload.wikimedia.org/wikipedia/commons/8/8d/Trinity_shot_color.jpg
//upload.wikimedia.org/wikipedia/commons/8/8d/Trinity_shot_color.jpg

Kangwon national University Department of MEMS

AR AR R AR AR AR RN

Prof. B. H. Kim Precision Engineering



Kangwon national University Department of MEMS

Design Tips

e Record all the bug list in your Design Notebook!!!
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Design Tips
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Design Tips

e Use mind map!!!

<& BLOWFATCH

WATER . FLUIDS BRAKE
e BATTERY STEERING
POLES >

LEVEL

ACCESSORIES
OO0 - m—
OOT BRAKE \ ROTATE
HAND
\ AIR
RN
FRONT N

" REAR
REAR \

BRAKE LIGHTS
SIGNAL .

HAZARD

TOOLS

CHANGE

FILTER

LEVEL

RADIATOR —

WATER
WIPER

[C |__CLEANLINESS

MANNIX MIND MAPS

FOR MORE JUCCLSS DUAS AND MIND MAPS, & by \ ] HORN

— IH -
ENTER FOUR NAVIE AND EMAR AT 9 Moo |

EMERGENCY
WOUARE TR YWIAL THY COM
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15t design exercise

Solution neutral problem identification A=
Design note - S FHIHE HS

Mind map 9_4 =

FYI

A:201739 52 142 pm3:00~

ol
=2 O
- s U=

v 3JKS HAS DP& QﬁI%E%

v" Mind map= 0
v =SEHjHY BHAIO| DJ‘.:_F
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0O ZO|& AlD XY - Xl
>'='EII°|*§%(braln storming) : A QA= JHEH(1939)
= 2H=2 2= Ot0ILIHE =AI0 20t %’S@%HEI &=
| st LE2 AH2 A (conferencing) J1 gl
alo| | JtXl &=
: Encourage wild and exaggerated ideas!
. Every person and every idea has equal worth!
: Quantity counts at this stage, not quality!
& Build on the ideas put forward by others!

=|e| &2 Hayel~s=19|
A= Z=d| Zo|&t=
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()

c ooz BdAEY N FA:

Headling Big Wish Decision

aiiE 2iel
&

W, H2 WYDI

2> A HAl: 2HIEZS JH JHO|O|LF Js2 Bk
2t gt (wish)E HIAl. _O.j'j 2 "WoHReloh &

i 2 Ml(headline)
ol= A2... (I

wish ..., IW2 Z&)“0|Lt ~’ 01%7“ PE‘... (How to..., H22 =
Ol HI&
_l

)" S 20 HEaE= A0
Cle= AAINOl XHAIZ2 HEot=e 10| =
imaginatively!).
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Headling Big Wish Decision
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O E2E At DY
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Headling Big Wish Decision

aiiE 2iel
&

W, H2 WYDI

2>0t0ICINS &EE - &F Aq= OtOICIHE
o o ol

2> MEZE OOICIHe == <?Iot FI|H"E A2
. A EA 2= (direct analogy), & personal analogy),

MAXA 2= (symbolic analogy), (fantasy analogy)
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Headling Big Wish Decision
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Thinking Differently

Speaking for creative collaboration

Headline first, then elaboration. Keep your notes to tell your backstory of where your
idea has come from, the triggers, connections and builds that sparked your idea...
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Thinking Differently

Excursions

Creative excursions enable your
team to open up new creative
possibilities and provide them with
playful breaks from the work of
solving the main task

We need more speculative ideas...We are up against a roadblock...We need a climate lift

Prof. B. H. Kim Precision Engineering
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The system's through manufacture and in test.
Has the customer sent the requirements spec yet?
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QJISHE Q7P2E &Y (S3)
» Necessary: Something that must be included or an important element of

the system is missing and other system components can’t compensate for
its absence.

Concise (minimal, understandable): Stated in language that is easy to
read, yet conveys the essence of what is needed.

Attainable (achievable or feasible): A realistic capability that can be

implemented for the available money, with the available resources, in the
available time.

Complete (standalone). Described in a manner that does not force the
reader to look at additional text to know what the requirement means.

Consistent: Does not contradict other stated requirements nor is it
contradicted by other requirements. In addition, uses terms and language
that means the same from one requirements statement to the next.

Unambiguous: Open to only one interpretation.

Verifiable: Must be able to determine that the requirement has been met
through one of four possible methods: inspection, analysis, demonstration,
or test.
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otart of FR Lists

Step 1 Needs analysis
Establish current or latent economic existence of need using

problems and opportunities based on knowledge of
o stakeholder/habitat study
« market/business study
 product/technology study

Step 2 Define stakeholder requirements of market segment
Identify what the market and its stakeholders might find
attractive

Step 3 Define consumer-specific Function Requirements
Identify possible technical, economic, legal, ergonomic, aesthetic,
environmental etc. requirements for the product

Step 4 Assign importance
Assess relative importance of the requirements

Prof. B. H. Kim Preciston Englineering
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Example 2.1: Reduction of Materials Cost

Perceived Needs: A major instrument maker in the United States uses
several million pounds of impact-grade polystyrene each year. When the
company analyzed its manufacturing costs, it discovered that the materials
constituted 75% of the manufacturing cost. Therefore, they asked their
research and development division to devise a means of reducing the cost of
materials by 20% without sacrificing the mechanical properties of the part,

particularly its toughness, and the dimensions of the part. How would you
deal with the problem?

Problem Definition: The problem definition in terms of FRs that can satisfy
the perceived needs is straightforward.

FR, = Reduce the material cost by 20%.

FR, = Maintain toughness of the plastic part to equal
or exceed that of the original part made of
impact-grade polystyrene.

Constraint = The overall manufacturing cost must be less
than the current cost.

f. B. H. Kim Precision Engineering
ProT. B. H. KL



Kangwon national University Department of MEMS

One possible design solution is to introduce microvoids whose dimensions
are smaller than the critical flaw size in the polystyrene, so they cannot act as
crack-initiation sites. Microvoids could act as crack arresters or crack-tip
blunters, or perhaps as a crazing initiation site, any of which would produce

a material that is tougher than the original material. For this design solution,
the DPs may be written as '

DP, = Volume fraction of microvoids.
DP, = Characteristic dimension of the microvoids.

Prof. B. H. Kim Precision Bngineering
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Design Example

Test setup
for experiments with live human cells.
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A test setup that enables 3 different cell lines(M|ZEF) to be mixed,
to a large extent homogeneously, with certain Activator liquids(Ztd
oH) at the start of the Weightlessness phase. Just before the end of
the weightlessness phase a Stopping liquid(ZdX|2H) is to be added
to the Cell vessels filled with a cell type and an activator liquid.

Cells Activator liquid Stopping liquid
(Primary T cells) (PMA) (FA)

15 ml, 37 °C 15 ml, 37 °C 60 ml, 4 °C

1. 2. 3.

IR

Cells, activator
and
stopping liquid
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 Weightlessness phase
- 28 A28 L d2IEYE SEt LHEN

Space on the International Space Station (ISS)

Flights to Mars
Parabolic (ballistic) flights

Injection Recovery
point point

&X{ED

825 km/h

Hypegraviy [WSEHISSARET]  Hypergravit
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 Medical Test Setup
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* Interdisciplinary meeting=

Department of MEMS

» Functional description from a medical point of view

Closed compartment

Rinse

Stop
sol.

1%
FA

[1]

[

!

Reaction and sample
chambers (changed after
each parabola)

V 7A

= A

Electronically controlled
automatic intake

e e e e
V 2B V3B V 4B V 5B

e
V 6B

&
V7B

- o o o
Vv ac V 3C v 4cC V 5C

-

Flow

V = Valves
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Vv eC
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Electronically controlled
automatic intake

voe e

Electronically controlled
automatic intake
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 Medical Test Setup

(=

« Interdisciplinary meeting= Z (Demand/Wish)

* Functional description from a engineering point of view

1) enable fast and easy equipping with liquids

2) realization of the direct safety stage (leakproof in the aircraft)
3) clear functional sequences

4) good miscibility(2 2t &) of the liquids in the cell culture bag

5) fill under exclusion of air

6) to a large extent transparent construction for observation of whether
air inclusions exist

7) low weight (mass)

8) small space requirement

9) good cost-effectiveness

Prof. B. H. Kim Precision Engineering
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gAH 281 NS Al

A JIs® 7S F(function requirement list) &

Product: Parabolic Flight Date: 06.02.06 Sheet 03

Requirements Source
Respon-
Descriptive information Numerical info/comments sibility

Aircraft door width - 107m
Aircraft door height - 19m
Cabin length 20m
Maximum rack height 1,500 mm

Fixing points for experimental sefup Mean rail spacing (y-axis) a) 503 mm  b) 1006 mm
Hole diameter for screw M10= 12 mm
Hole spacing in x direction =n * 23.4 mm > 20 inches (1 inch = 25.4 mm)

Maximum load per unit area over | m fixing rail length 100 kg

Orv erall space required f
connection dimensions
imstallation conditions

Rack structure Baseplate or frame connected to the seat rail system of the aircraft

There must not be any parts protruding from the baseplate in the direction
of the flooring

Prof. B. H. Kim Precision Engineering
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:
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Transport
cells

J‘/J" cells

Activator
liquid ===\
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Save
activators

Transport/dose

activators

J,
{’:O Save

I— stopping

Transport /dose

stopping
liquid

. liquid
Stopping
liquid
(2 liquids)

4°C

!

Energy Signal start
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Energy
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Cells,
Save

Activators,
liquids Stopping

D
Yo
.ransport
of llq uids

f

Transduce
energy

Transduce
energy

f

Energy

1 liquid

Tran sduce
energy

Transduce
energy

!

Energy
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Option
Cool

Function
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Cooling
accumulators ==

B o

Source: Novodirect

Al

2.

Peltier cooler

Source: Ritbsamen & Herr GmbH

R

Cryogenics

Department of MEMS

=HI2 S

2c| & &1 T=(morphological box)

4.

Refrigerator principle
(compressor +
heat exchanger)

Sheet-type heating elements
(silicon
heating ‘ "M

mats) ©

\

Source: Hewid GmbH

Heat

cartrid% é\\\\

Source: Hewid GmbH

Infrared
radiators

Source: Hewid GmbH

Chemical
reaction
(thermal
accumulators)

Source: riedborn-apotheke

Flexible
tube

pump

Source: ismatec

Piston i

pump F
18

R Ne—
Source: Novodirect

Diaphragm

L

Source: Novodirect

Gear .-
pump i

- e

Source: Novodirect

Use of the
pumps,
pressure
surge

Magnetic 1t

stirrer
principle

Source: Novodirect

Swivel movement
of the vessels
(shaker, vibrator)
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Cool
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Cooling
accumulators

t rert =]
LT

Source: Novodirect

=c|d st =0k 2

2.

Peltier cooler

Source: Riibsamen . Hen .

Sheet-type heating
(silicon
heating

i
mats) ‘.‘*'?

Source: Hewid Gml I

Heat

cartridges b
A/__L

-

Source: Hewid GmbH

R

Cryogenics
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I-I)

o

4.

Refrigerator principle
{compressor +
heat exchanger)

Infrared
radiators

Source: Hewid Gmh!®

Chemical
reaction
(thermal
accumulators)

Source: www.nedborn-apotheke.de

Flexible
tube

pump

Source: ismatec

Piston
pump

Source: Novodirect

Diaphragm
pump

~ource: Novodirect

Gear
pump

Source: Novodirect

Use of the
pumps,
pressure
surge

=== Efficacy structure 1

Magnetic
stirrer
principle

Source: Novodirect

Efficacy structure 2

Swivel movement
of the vessels
(shaker, vibrator)

Efficacy structure 3
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Assessment criteria . Opt. 1 Opt.2 Opt. 3
Weighting
(W) {Item (P) [Wx P | Item (P) [ WxP|Item (P) WxP

37°C uniformily distributed in the area of the cell storage and the activator liquids 0.8 4 (3] . ]

4°C uniformily distributed in the area of the stopping liquids and in the subsequent storage system 1.0 : d I

Low energy requirements 0.6 12| 4

Low mass

Sterile pumping system with few mechanical components in area of contact with the pumped media

Total

Percent
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Connected | Frame

Pump for the
cell vessels | construction stopping solutions
(rack)

Pump
for the Level 3

activators of the
working
and
storage
modul

Level 1

Storage modul of ﬂ?-ﬁ
4°C working

and

storage
modul

Frimary T codls

| Temporarily stored cell vessels
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Option 1 Option 2

Enclosure

Enclosure

Cockpit Front seats Experimental Back seats
area area area

3 x 1000 mi
Hose olives o

Stopcock

Hose 1 - @ 6.4 mm ay solenoid valve
Flexible tube pump
with triple head
730 mi/min

Flexible tube pump
with triple head
730 ml/min

2/2 way solenoid valve

2. Hose coupling
with non-return valve

=W
., all structure

Cell compartment
(Storage bag 200 ml)

Prof. B. H. Kim
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AN 6T AEX0l A

Q HREAH =8 2 MR
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Lean Design & Manufacturing

TPS : Lean Manufacturing since 1950s ‘

Tayler System Value Engineering TPS™ VRP # DFA
(1895) (712 &2 (1950) (1980s) (1990s)

O 00000 0 00

TRIZ* QFD# 6 Sigma Lean
(1946) (1960) (1980s) Design

* Teoriya Resheniya Izobretatelskikh Zadatch( £7), Theory of Inventive Problem Solving
** Toyota Froduction System (Just-In-Time & Automation)

# Quality Function Deployment (Related to FR)
4 Variety Reduction Program

Prof. B. H. Kim Preciston Englineering
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Lean Design & Manufacturing

Munro
&
Assoclates, Inc.
@

FORD TAURUS FRONT BUMPER

FLOOR SPACE
TORS 18 (11 SUB-ASSEMBLY, 7 FLOOR SPACE FT.
A o, T A S SOPERATORS 2 (0 SUB-ASSEMBLY, 2 MAIN LINE)

FVORKSTATIONS 11 SUB-ASSEMBLY, 4 MAIN LINE

TOOLS 15 POWER TOOLS MINIMUM SVWORKSTATIONS 0 SUB-ASSEMBLY, {2 MAIN LINE

CAPITAL-FACILITIES & TOOLING $17.2 MLLION TOOLS 2 POWER TOOLS MAXIMUM
CAPITAL-FACILITIES & TOOLING $2.1 MILLION

bt ot e b Coprriets 1963 thecensh 2000 =< 1l e v e e e e =
2 Rt-sandy Mufit®® 98s)
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