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Profile

0 Specialist in computational structural analysis and design optimization

/ Numerical Methods \ / Optimization \

U Meshfree method (SPH,MD,Peridynamics) O Topology optimization

................................................. b .

O Isog ometric analysis method (CAD/CAM)
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(1) Energy harvesting

(2) Tire sensor
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1.4 QI L20F 2: AOLE EFO|Of
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14 20k 3 =EF/MH |5 7=

v’ e.g.) structural battery AIRBUS

The car’s body panels serve as a battery

& The latest nanomaterials made of extremely
thin and strong carbon fibre replace the car’s
steel body panels and can be used in the car's

roof, doors, bonnet and floor. These panels
also double up as the car’s battery.

Expected range is
130 km when the
doors, roof and bonnet
are replaced.

The car’s weight can be redu-
ced by 15 percent. There is
potential for cutting weight still
further.

< N

The body panels
are discharged as
the car's electric
motor is used.

The material can be recharged by =
1) harnessing the energy generated when the car brakes
2) plugging into the mains electricity grid

Volvo s vision: Leif E. Asp and Emile S. Greenhalgh ARPA-E safe
energy storage systems for electric vehicles, Denver, Nov 12th 2012

Multi-functional structure for lightweight system

Ongoing project: Development of numerical model of structural battery, Korea-EU (ERC) human
exchanging projects, 2017.1-2017.6, NRF (EU Partner: Prof. Angelo Simone, TU Delft).
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https://youtu.be/NXh1Ewyu9DQ
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2.1 History of modeling and simulation

M&S from drawmq and representatlon

Representatlonai'AExperlments (14 Century)

Renaissance painters Brunelleschi and Alberti developed theories of perspective
to represent three-dimensional objects on a two-dimensional surface. Again it was
Leonardo Da Vinci who improved on these theories through his scientific
approach to art. See again: Leonardo da Vinci “A Treatise on Painting”

———
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2.1 History of modeling and simulation

Apple | Computer, 1977
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2.1 History of modeling and simulation

21. century

Drawing Virtual approach

Leonardo da Vinci NASA supercomputing division

——
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2.1 History of modeling and simulation

Last five decades...

1960: FEM coined by Clough
1971: First FEAP
by Taylor

. 1971: Reduced integration
1956: First paper by Zienkiewicz
by Turner, Clough, -

Martin and Topp

1990: EAS 1999: XFEM

2000: GFEM (PU FEM)
by Strouboulis

» Direct Stiffness Method  1962: Isoparametric element by Taig

»  Force Method by Taylor

\FR(])QL\RL\'I'}é\(l)FSCrthb\Cl-S o by Simo by Belytschko
e UC Berkely 1950
P 1970s: Commercial software
(ABAQUS, ANSYS, ADINA)

O O——O0—0—0——C

U/ U/ 5 U/ U/ \

1960 1970 1980 1990 2000 2010

~1960 E 1976: Incompatible mode

1958: UC program using IBM 704 1966: Numerical integration l,?y Irons 1982: ANS by MacNeal

by Wilson 1970: Curved shell by Ahmad
| 2005: IGA
s e 1984: MITC by Hughes
1967: First book E===s by Bathe

by Zienkiewicz

_—
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2.2 Recent modeling and simulation

Simulation Postprocessor

Integrated system-level modeling and simulation

————
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2.2 Recent modeling and simulation

Fluid-structure
interaction

Structural
design and

aeroelasticity
TU Braunschweig

Real-time
surgical
simulation

N1/ X/ V")‘;L‘;
e N
VA

N
AN
N

\ VW%
RN

ALY
N A
N

COME site
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2.2 Recent modeling and simulation

MBD (Multi-Body Dynamics)
UEX =9st2 J| 2t M
221 (Joints, Contacts S)2 &
HZ = LM (Bodies) Al A EO
el (Force)O| Jtolf & [, AlAES
SE= AM2EI0 M oA e

FMBD (Flexible Multi-Body
Dynamics)
22X et FHMIL L=

AMAES HAHLIS € =&
HES 24

o= T

=<

_—
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2.3 Digital twin in Industry 4.0

~ http://events.imeche.org/

Digital twin .O.T.
Big data Virtual reality

————
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2.3 Digital twin in Industry 4.0

~ http://events.imeche.org/

Robust physics engine Is required.

e
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2.3 Digital twin in Industry 4.0

~ http://events.imeche.org/

It Implies ‘modeling and simulation.”

e
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2.3 Digital twin in Industry 4.0

v' 6 leading companies of digital twin systems

1% ?75‘ DASSAULT

| posusTErEs | T YIS

~ | PTC 5
SIEMENS |

Specific application | General application

—
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2.4 e.g.) Digital twin for Electric Vehicle

PHM (aging effect)

Structural battery
modeling
(Multiphysics

and nonlinear \ .

- System Identification
- Experimental DS
- Sensing data

Inverter and motor
(Control, multiphysics

S mn—— and nonlinear M&S)
Ultra lightweight and

high speed gearbox
(UQ + integrated M&S)

e.g.) Digital twin for Electric \Vehicle

Tesla, model S

———
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2.4 e.g.) Digital twin for Electric Vehicle

PHM (aging effect)

7

Sfrl irtiiral hattary

f JAHSS &

v .I*.—:’rOIEE =
P =... ALS X772
R \ Inverter and motor

(Control, multiphysics

S — and nonlinear M&S)
Ultra lightweight and

high speed gearbox Tesla, model S
(UQ + integrated M&S)

e.g.) Digital twin for Electric \Vehicle

—
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2.6 H|FIE 2L AO| A|CH

Control
Systems

Now Is
your time!

Control
Electronics

Electro-
mechanics

Mechanical
Systems
J. M. Flagg's

1917 poster

Mechanical + Electrical Engineering

= Mechatronics



2.7 Linear Algebra!

Fluid mechanics

Yaw (y) a5

Z, (Down)

MATRIX

TEMPERATURE

TIME 1.000
t 666.7
" 600.0
. AN 5333
z : 2667
/I\ MINIMUM ﬁ'g
X ¥ * 216.0 266.7

NODE 155411

Thermodynamics

————
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2.8 Component mode synthesis (CMS)

Assume a large linear(ized) dynamic model:

Mg+ Dg+Kg=f (N,) Overamillion DOFs

Try the approximation

q = Rq Force error due to approximation
H _ ] MRG+ DRG+KRG=f 47 )
. Require that error is 0 in a subspace
Ny xN, R'r=0
(N, <<N,)

| | | R"(MRG+ DRG+ KRG) = R" f
Which reduction basis R ?

- Families of eigenvector R=R
- Krylov subspace method NS N " .
- Proper orthogonal decomposition Mg+ Dg+Kqg=f (N p)

Only 1~10% size of total DOFs

—
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29 {80}

# ROM of Thermo-mechanical vibration

O DETC conference paper (p5) NE: 60x6 NDOF: 2989 (st:2562, th:427)  *Note: matrices under free-free BC
| M| 014, +h;(0 0 lla,] || Ky [Kplla,| [Q
L 0 0 0| D9y L 0 KTTquT Q; (1)

1= [ Capacity = Conductivity

/' [> [ad MDK H ot <427xd27 double>
BC =) EH Kuu

<2562x2562 double>

i
T,=25

Im‘)

L)

_ A7 £ KuT <2562x427 double>
6st.&1th. F, =1000N 71/F Hkrr <427x427 double>
7nodes 5 I/F for st. (x-coord for th. £ NDR Stvec <1x2562 double> 4—— Index for partitioning
( ) / ( ) HH NDR_Thvec <1427 double> ~— Erm——p—
HH InitialPos <4277 double>  €—— Initial node pos&temp

for mode shape

lote: cantilevered BC is imposed when the submatrices are extracted for performing the model
4 jer redurtinn nicing tha attarhad M_file,
o

Package
IC chip e

—H=sd3

, - <]
TUDelft

L
THE UNIVERSITY

M=

X &= 0F) smart tire (energy harvesting) and | OF [lOWA
semiconductor packaging (NEMS and MEMS)

JG Kim, A Simone, H Sugiyama, High fidelity reduced-order modeling for thermo-mechanical
vibration analysis, Computer Methods in Applied Mechanics and Engineering, in preparation.
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—w?Sy + Sk + Scu

JwFg

—jwF},

—jwS},
Fﬁf - FGn

0

Y
—JwSp

0

w?F), — F; _

Ck
@

v Non-symmetric

v lll-conditioned

v’ Complex value

JG Kim, SP Cho, KT Kim, PS Lee. Hydroelastic design contour for the preliminary design of very large

floating structures, Ocean Engineering, 78, 112-23, March 2014.

KH Lee, SP Cho, KT Kim, JG Kim, PS Lee. Hydroelastic analysis of floating structures with liquid tanks and
comparison with experimental tests, Applied Ocean Research, 52, 167-187, 2015.
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> Potentials for VR

https://www.youtube.com/watch?v=fAJPMsMXLmc

_—
52 KIMM
V


https://www.youtube.com/watch?v=fAjPMsMXLmc

afl
o|d




3.1 85t9o| A|CH

Convergence:
The Future of Health

Convergence of
high-end technoloies

A field which has the possibility of
realizing new technology by
chemically converging
newtechnology such as
IT, BT and NT

New market
creation

Overcoming limitations
of science & technology

A field which can possibly lead us
to secure a first-mover position
in the marketing medium
and long term

A field which can possibly
overcome the current limitations of
science & technology through
corvergence of heterogeneous
technologies
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How can students find the enlightenment? In my experience, this requires four

steps as follows:

Step 1. Follow-up: This means reading and self-implementation.

Step 2. Achievement: The first peer-reviewed paper can be a small
achievement to graduated students.

Step 3. Confidence: From repetition of the above experiences, students gain
self-confidence, and they eventually delight in it.

Step 4. Creation: Finally, they attempt to create something.
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Questions!

Email: mingeunkim@kimm.re.kr
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