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Water Faucet Design




SNE AU WS System 2 LIC}

* Many outputs / many inputs
» Constraints

« How can we select the inputs to
satisfy the system requirements
and constraints?



* Axiomatic design

* |ndependence Axiom
* |nformation Axiom



Axiomatic design:

Mapping, hierarchies, and zigzagging

Customer Functional Physical Process
Environment Domain Domain Domain
What? How ?
> B > N - > N

N .
SENES) S =
s o

What? How ?

Customer Functional Design Process
Needs Requirements Parameters Variables



Design of KAIST policies

* Survey -- department heads

» Established the highest goal

» Established the second level goals

e Chose methods and directions



The Goal of KAIST

To become one of the best research-
oriented universities in the world

How?

By solving most important problems
the humanity is facing in the 21st
century



Specific Changes made since 2006

1. Governance

« Department centric ~ All decisions related to personnel,
finance, space, promotion, and tenure made by the
department head

* Asymmetric decision making

« Merit-based system

« Tenure & promotion policy

* Importance of the role of staff

« Unlimited hiring based on quality of the prospective faculty

* Increased the size of the faculty by 50% in five years from
400 to 600 (about 150 without government support)



Specific Changes

2. Research

« Selection of important problems -- EEWS, HED,
HRHR

* Interdisciplinary research -- Kl
* Major technology innovation: OLEV, MH
« Support of young professors: start-up funds

« Globalization -- many collaborative research with
universities in Europe, U.S., Middle East, Asia,
Australia

 Two-ends of the research spectrum, i.e., basic
research and technology innovation



Research Spectrum vs Impact

Level of
Research
Activity

Basic or Research
Fundamental Spectrum

Research

Technology
Innovation




Research Spectrum vs Impact

Level of

Research Impact
Activity
Basic or Research
Technolo
Fundamental Spectrum |nnovauogy
Research




The Second-Level Specific Changes

3. Education
« New admissions process
* Instruction in English
« Student-centric |1-4 education
(International, ICT based, independent, integrated)
* Tuition policy
« FDC

4. Infrastructure

7 New buildings

* 3 more major buildings
3 more smaller buildings



The Second-Level Specific Changes

5. Finance

« Stronger than ever
 Asset over 1 trillion
 Budget increased more than 2 times



Changes at KAIST (2006~2011)
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Changes at KAIST (2006~2011)
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Changes at KAIST (2006~2011)
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Changes at KAIST (2006~2011)
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Changes at KAIST (2006~2011)
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Changes at KAIST (2006~2011)
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Changes at KAIST (2006~2011)
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Changes at KAIST (2006~2011)
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KAIST’s 2006 Issues: EEWS

* Energy
 Environment

« Water

« Sustainability



KAIST’s 2011 Issues: HED

* Healthcare System
— Labor intensive
— High cost labor
— Systems design solution
— Scientific advances
» Education
— Labor intensive
— High cost labor
— Systems design solution
— Scientific advances

 Defense



In the 21st Century university

education will change.

e Current lecture format is not efficient.

 Emphasis must be on learning, not teaching.

* More generalized principles should and will be developed
to make teaching and learning more efficient, e.g., medical
profession.

* Modern ICT-based instruction will replace many professors
who only teach -- professors will be needed to do creative
thinking and work.

* Teaching, not education, will become more like a business.

« “Teaching simulators™?



The |I-4 Educational Program

|nternational
| T-based
Independent

Integrated



Healthcare

Systems Problems

Delivery
*Diagnosis
*Testing

*Medical care
*Emergency room
*Health insurance
Infrastructure
*Teaching
*Research
*Training

*Etc.



Healthcare

Scientific and Technological Solutions Through:

» Design of better healthcare systems

* Homecare for chronic diseases

 Basic research (e.g., regeneration of organs, cancer)
* Chip augmentation for Alzheimer's patients

* Preventive medicine

* Nano Science and Technology for medicine

* Novel approach to fabricate porous sponges of poly
(d,l-lactic-co-glycolic acid) without the use of organic
solvents (Biomaterials, 19906)

*Etc.



Example: Technology Innovation

« EEWS: energy, environment, water, sustainability

* How do we reduce CO2 level by 50% by 20507

* On-Line Electric Vehicle (OLEV)



FRs of the On-Line Electric Vehicle (OLEV)

- FR1 = Propel the vehicle with electric power

 FR2 = Transfer electricity from underground electric
cable to the vehicle

* FR3 = Steer the vehicle

 FR4 = Brake the venhicle

 FR5 = Reverse the direction of motion
* FR6 = Change the vehicle speed

 FR7 = Provide the electric power when there is no
external electric power supply

* FR8 = Supply electric power to the underground cable



Constraints (Cs)

* C1 = Safety regulations governing
electric systems

* C2 = Price of OLEV (should be competitive
with cars with IC engines)

* C3 = No emission of greenhouse gases

* C4 = Long-term durability and reliability
of the system

« C5 = Vehicle regulations for space clearance
between the road and the bottom
of the vehicle



DPs of OLEV

P1 = Electric motor

P2 = Wireless power transfer system
P3 = Conventional steering system
P4 = Conventional braking system
P5 = Electric polarity

P6 = Motor drive

P/ = Re-chargeable battery

P8 = Electric power supply system



Design Matrix

{FRs} = [DM] {DPs}
|[DM] must be either

Diagonal -- > Uncoupled Design
Or

Triangular --> Decoupled Design



Decomposition of FR2 and DP2

FR2 = Transfer electricity from underground
electric cable to the vehicle

DP2 = Power transfer system



Decomposition of FR2

FR21 = Generate an alternating magnetic field

FR22 = Control the power level of the magnetic field

FR23 = Shape the magnetic fie]

d to control

the height of the field, |

sl

FR24 = Control the radiation (EMF)
FR25 = On/Off the magnetic field

FR26 = Maximize the pick-up of the power 1n the alternating
magnetic field created under the ground for use

in the vehicle



Decomposition of DP2

DP21 = Underground power lines with AC field

surrounding the magnetic core (ferrite)

DP22 = Electric power level, 1.¢.,

current (I) times voltage (V), at a given frequency

DP23 = Width of the magnetic poles established

DP24 = Active or passive shields for EMF
DP25 = Switches that turn on/off the underground power

by the magnetic core in the ground

DP26 = Pick-up unit mounted on the car that resonates

the frequency of the alternating magnetic field



Design Matrix

{FRs} = [DM] {DPs}
|[DM] must be either

Diagonal -- > Uncoupled Design

or

Triangular --> Decoupled Design
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PREPARING KAIST FOR THE 21°T CENTURY

«  KAIST has become much stronger financially even though it is a
tuition-free institution.

«  While the faculty size increased by 50 percent from 2006 to

2012, the budget and research volume increased by a factor of
2.4.

« KAIST’s assets doubled and it received significant gifts.
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Example of Technology Innovation: OLEV

Battery capacity reduc
Battery ed by 1/5
)
_ ___y_~f B Pick —up
Power line = — device

\ ’
Cost-effective Y / Highly-efficient
under ground powe \\ power collection system
r supply system \\
\ . .
\ o
— |

ey

% KAIST is demonstrating the core technology by using both power supply system under ground
and power collection system attached to bus.



Examples of

Large Complex Systems Research

*OLEV (On-Line Electric Vehicle)




The 50 Best Inventions of 2010: OLEV

510 Dest nventions of the year. wovemner




 OLEV (On-Line Electric Vehicle)
 SMFIR (Shaped Magnetic Field in Resonance)

Power
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Core Technology: SMFIR

At KAIST, we invented SMFIR, which enables the transmission
of a large amount of power (~ 100Kw) over a large distance
(>20 cm).

\F‘errite

Power supply system

Shaped Magne';tic Field in Resonance



MELH3 2 OLEV A|AH| I
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Another Example of Complex Engineering Systems:

Mobile Harbor (MH)

Chosen as the second most
promising innovations of 2011
by an Australian venture firm.



Rate Limiting Process In
Ocean Transportation Systems

“Why should ships come into harbor?”

“Why couldn’t a harbor go out to the ship?”

The Concept of a Mobile Harbor



Creativity of KAIST - MH
(July 31, 2008 file)




Mobile Harbor (MH)

J,

* Execute high speed loading and unloading in the wavy open sea
* Deploy original, advanced technologies

l

Large
Containership

Shallow or

Congested port




Examples of Large Complex Systems

*Mobile Harbor (MH) : “Why should large container ships
come 1nto harbor?” “Why shouldn’t harbor go out to the ship?”

B i L S
e s z



Lessons Learned

It took only two years to design and deploy OLEV
and MH.

*Why does it take so long to develop new products?
(Boeing 787, Airbus 380)

*We use “systems”or “system of systems”. Yet we are
not teaching the fundamental basis for designing
systems. Still, many companies are creating systems
by trial and error processes. Universities should do a
better job 1n generating people who can create
systems.
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 What we have to do at universities 1s simple:

— educate students well -- knowledge, vision,
ethics

— generate new knowledge and technologies
— Uphold the highest ethics
— serve the public.

 Yet, 1t 1s a major challenge to achieve these
goals because most universities are tradition-
bound and 1t 1s not easy to introduce changes.
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We must collectively accept the necessity
for change and implement better ways of
educating our students and conducting
research.

Education will improve if we transform
educational emphasis from teaching to
learning, customize education for each
individual student.
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L

What we do at universities will support the progress
of human society in many ways:

* enhancing the economic activities of all nations,

« providing healthcare to everyone on the earth,

e dealing with environmental and energy issues,

* making water available to all ]

1ving beings, and

e providing opportunities to acg

uire education.
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