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Background
T

Super Sonic Transportation

Thin wing structure

In the SST, it is required to
»High speed

»Economic viability
»Environmental compatibility

The lug structure

»small and restricted design domain

»several loadings that have uncertainties
»high stiffness | The lug structure |
»weight reductions

Super Sonic Transportation

Robust topology optimization is necessary to determine the optimal lug
structure lay-out that is robust to loading perturbation.

‘ m Tokyo Institute of Technology 2
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Background
T =,

Robust topology optimization

»Worst case approach, Average design approach(e.g. the expected and variance
compliance model), etc.

>t transform the probabilistic optimization problem into a multiple load case with
some discretized approaches

>t based on the compliance minimization problem of the multi-loadcase.

-

v Arobust solution is the part of the Pareto-optimal solutions of the minimum
compliance optimization problem with multi-loadcase.

v If there are two more independent loadings which have uncertainties, the
number of objective functions that should be considered is increased

-

It is necessary to approach the robust topology optimization
as Multi-Objective Optimization Problem(MOOP).

‘ m Tokyo Institute of Technology 3

Background and objective
T

Multi-Objective Optimization Problem(MOOP)

>t is important to find many optimal candidates Multi-objective problem

such as Pareto-optimal solutions. e : Pareto solutions
>t is preferable for a designer to provide the Pareto- | | ¢ °

. . . . . . o

optimal solutions with some useful information in 3 e o ©®

order to determine the final design from Pareto- 2 o R

optimal solutions. 2 o
Objective Objective function 1

To propose an efficient method for the robust topology optimization of the lug
structure from the perspective of Multi-Objective Optimization Problem.
v finding Pareto-optimal solutions
v’ extracting some useful information
(e.g. trade-off relations, relations between topology and objective functions)

‘ m Tokyo Institute of Technology 4
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Proposed method
T =,

Minimization compliance problem of the multi-loadcase

»Robust topologies are explored from the Pareto-solutions obtained from the
compliance minimization problem of the multi-loadcase.
—Robust solution is the part of the Pareto-optimal solutions of the minimum
compliance optimization problem of the multi-loadcase.
»NSGA-lla(elitist non-dominated sorting genetic algorithms) was used to find
Pareto-optimal solutions.

Advantage of Multi-Objective Genetic Algorithm

>t is possible to find a number of Pareto-optimal solutions in one single simulation

run.

»Better global searching capability than sensitivity analysis methods

>t is possible to apply some problems which has non differentiable objective
functions Fitness function based on objective is used for evolution of population.
— Fitness function based on objective is used for evolution of population.

‘ m Tokyo Institute of Technology 5

Proposed method

Design exploration by using Self-Organizing Map

» Self-Organizing Map (SOM) was used for the efficient exploration from the Pareto-
optimal solutions obtained by NSGA-Ila.

>t is the one of the artificial neural network algorithms using unsupervised learning.

» A nonlinear projection algorithm from high- to low-dimensional space.

»For the projection, it classify the high dimensional data according to data
similarity(distance).

» v'Useful for visualizing the low dimensional views of high dimensional data.
VIt can be effectively utilized to visualize and explore properties of the data.

) @ - ap

| High dimension Input data space | | lllustration of projection using SOM |

| Neurons (reference vectors) |

\

‘ m Tokyo Institute of Technology
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Proposed method
T =,

Procedure of the proposed method

1. Define load cases considering uncertainties of loads.

2. Implement the NSGA-Ila for minimize-compliance problem with the multi-
load case.

3. Classify the Pareto-optimal solutions of the multi-load case problem by
using SOM according to their topological characteristics .

4. Calculate the expected compliance and standard deviation of compliance for
robustness evaluation of Pareto-optimal solutions .
(Kriging surrogate model was used in order to reduce calculation cost.)

5. Explore the robust topology on the SOM.

‘ m Tokyo Institute of Technology 7

The lug structure

The structural configuration of lug model and design domain

1V it i | (X0 Y2 ) Center of pin Design domain

Ot Spl)

fived

Passive elements

Non design domain

Loading uncertainty

Normal distribution Bending moment(F1) Shear force(F2)
Mean Std Mean Std
. Fui(at y,=205mm)=80
Magnitude Fu(at y,= 45mm)=80 5 10 10
Direction(0) [* ] 0,,=180, 0,,=0 40 270 20
‘ m Tokyo Institute of Technology 8
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_oadcases

»To consider the uncertainty of the
loading direction, three-levels

direction loadcases were considered

Magnitude and loading direction of each loadcases

Load cases(3-levels) For bending moment uncertainty ~ For shear force uncertainty

No. Loadcase Magnitude loading direction(0)
1 1-80/ly,-125| 180° , 0°
2 1-80/]y,-125| 220° ,-40°
3 1-80/ly,-125| 140° , 40°
4 1 270°
5 1 290°
6 1 250°

‘ m Tokyo Institute of Technology

Topology optimization using MOGA

Multi-Objective Genetic Algorithm(MOGA)

» Multi-objective optimization using NSGA-Ila
« Total generation=800, Population size=100, Total runs=5

 Crossover : 2point binary and PCX

» Mutation : Polynomial mutation

volume fraction f=0.4

Minimization of each loadcase compliance with

—Total number of objective function is 6

Bar-representation method

»Design parameters are

« the position of each vertex and thickness of each bar.

(5bars/path, 2path,)

« the position of ith pin about y-axis.

F1: Bending moment
F2: Shear moment
Ypi is the position of ith pin about y-axis.

‘ m Tokyo Institute of Technology
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Result of NSGA-Ila

Loadcase2 Loadcase3 Loadcased Loadcase5 Loadcaseb

100 160 200 260

@ Pareto solution
@ Feasible solution

674 Pareto-optimal solutions

Locadcased

R
=)

150 200 2§

Loadcaseb

Each loadcase compliance is represented in both axes

‘ m Tokyo Institute of Technology 11

Calculation of robustness
I

Monte Carlo simulation

v'Calculate the expected compliance and standard deviation of Pareto-optimal solutions
v"10,000 load samples

Bending moment(F1) Shear force(F2)
Mean Std Mean Std

. F;(y,;=205mm)=80
Magnitude 1Apl 5 10 10

g Fia(Ype= 45mm)=80
Direction(0) [* ] 0,,=180, 6,,=0 40 270 20

v'Kriging surrogate model
» Kriging model was used to approximate the compliance space of each topology
* Design variable of the Kriging model are magnitude and direction of loading
» 80 FEA results were used to construct the Kriging response surface

‘ m Tokyo Institute of Technology 12
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Result of Monte Carlo simulation
N S

Std compliance Mean compliance Std comphance
of bending moment of shear force of shear force
v g 2
. 9
= g '
&= vy,
g @ { Ve g
s .
5 3 " :‘ . 1 ' 3
:z "“’ r .1W."‘<.I:A.I Lo
o e -
Zé g 1 0| {
= £ { 2
No trade-ofl’ 33 | e T T T
- § - 2
relation #S v it

On trade-ofl
relation

Mean comphance

I shear fore
E\
1
3
| F |
s R
i i
1 .
|
1
{

v'There are Pareto-optimal solutions in the robustness performance space.
v'There are some trade-off relations between objective functions.

#' In order to find more information, SOM was used

‘ m Tokyo Institute of Technology 13

Classification using SOM
N

Classification using SOM

v'SOM was used in order to investigate efficiently about the relation between topology and
robustness objectives
v'Some topology characteristics are defined for SOM classification
* All elements density value of the Finite Element Analysis model.
» The width and height, in element that density is 1, of the FEA model.
» The mean, variance and covariance of the density of FEA element about each axis.

)

3+ O
i L 1)
1 |o0ofo 4+ o e e
0 1 1 i (.2 .y
1 1 0 T 9 8 9
t } i > ¥
. 2 3
Topology Density matrix of FEA Density coordinate space
‘ m Tokyo Institute of Technology 14
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Result of topology classification
T

e L. Representative topologies
v'Result of classification of all Pareto- ar Ft)he SOM polog Clu

optimal solutions obtained by NSGA-Ila
and clustering.

v'Topologies were classified according to
topology characteristics

v'Adjacent individuals topology are similar
to each other.
—Adjacent topologies have similar
characteristics and performances

v'There are 7 clusters on the SOM

‘ m Tokyo Institute of Technology

Information from the SOM(1)

SOM colored by robustness performances Robustness against bending moment uncertainty

Meliace]:ECBend Std[

Robustness to the loading uncertainty ) ] 500

v'Topologies in the cluster 4_is most robust to e
bending moment perturbation

v'Topologies in the cluster 1 is most robust to
shear force perturbation

v'Topologies in the cluster 7 have poor
performance of robustness to both loadings
perturbation

Clusters

RALCO)

BE7O0

1300

GHAC0

52500

GE000

Robustness against shear force uncertainty
Mean[compliance]:ECshear Std[compliance]:StdCshear
2 ~ HE000 134000
High value

(low robustness)

"
.

Low value
(high robustness)

‘ m Tokyo Institute of Technology
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Information from the SOM(2)

Robustness against bending moment uncertainty
SOM COIOrEd by robustness performances Menopliance]:ECBend Std[compliance]:StdCBend

Clusters

Trade-off relations

‘/(ECBend and StdCBend)f (ECShear and StdCShear)
show similar SOM color pattern

— ECpgepg and StdCpq gy ECgpear aNd StdCqpper
are not in a trade-off relation

v ECgeng and ECg, are in a trade-off relation
because its SOM patterns show almost - o
Robustness against shear force uncertainty

OppOSIte COIOr pattems Mean[compliance]:ECshear Std[compliance]:StdCshear High value
. G000 Gages s 1349 (low robustness)

117000

100000 [
e |
000

Low value
EEN T
(high robustness)

‘ m Tokyo Institute of Technology 17

Information from the SOM(3)

Topologyl Topology?2 Topology3

Topology similarity Z & z

v'SOM colored by topology similarity to the
each loadcase optimum topology shown
above the each SOM

v'Topology on the red color unit has high
similarity to the topology above each SOM

v'Topology on the blue color unit has low
similarity to the topology above each SOM

Topology4 Topology5 Topology6

High value

B (High similarity)

Low value
(Low similarity)

6 loadcases

‘ m Tokyo Institute of Technology 18
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Information from the SOM(3)

Robustness against bending moment uncertainty

Topology similarity

Mean[compliance]:ECBend  Std[compliance]:StdCBend 3

v'Similar topologies to the topology3

v'Topology 3 is located between topology 1

’ a0 S

(optimum topology of loadcase 3) have
low ECg,q and StdCg,,4 Value.

and topology 2 on SOM.

Topologies

—Topology 3 has both characteristics of Topologyl ~ Topology2 Topology3

topology 1 and 2. & Z High value
(High similarity)

It is the reason why topology 3 is robust to
bending moment uncertainty.

Low value
(Low similarity)

‘ m Tokyo Institute of Technology 19 ‘

Robust topologies on the SOM

Mean compliance objective space

v'Trajectory of Pareto-optimal solutions

v'The Pareto-optimal solutions in the

—both characteristics of topology 3 and 4

between A and B in the objective space was
plotted on the ECg,,4 and ECg,,, SOM.

=
Exp(compliance) of Shear force

Exp(compliance) of Bending moment

robustness objective space are located from '
the cluster 4 to 1 in order.
Expegt_edA Comp Bend  Expected Comp Shear [ _x_l
v'Topologies in the clusters 2, 3 have N ] '

balanced robustness performance 3 V’

» x#g

- ‘ SOM

Pareto frontier trajectory

)

‘ m Tokyo Institute of Technology 20 ‘
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Conclusion
N S

@ For the robust topology optimization of lug structure with loading
uncertainty, Multi-Objective Genetic Algorithms was used with
multi-loadcases problem.

@ Exploration method of Pareto-optimal solutions by using SOM
was proposed for the efficient exploration in the robust topology
instead of using objective space plotting.

@ Pareto optimum topologies of the lug structure are obtained.

@ Proposed method shows effectively some trade-off relations
between objective functions, and relations between topology and
objective function.

‘ m Tokyo Institute of Technology 21
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Application and Evaluation
of Bibliometrics Methods

for the Materials Science and
Engineering

" Presented at 2012 INFORMS Annual
Meeting in Phoenix, October 14-17

® Shingo li (Ogasawara lab.),
Nakamura Hiroko

Introduction |

There are still many problems to be solved.
Joints and adhesives are current hot topics.

PR panls e —

Bonded by fastener Adhesively bonded joint

Researches for realizing more effective joints and adhesions
are being done.

How do | find effective solutions?
= Taking technologies and ideas from other fields would be good.
* Methods used in bibliometrics like data mining are useful.

This document is provided by JAXA.
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Methodology

1. Collect the data of papers L
+ Retrieved word: adhesive °05, o °

 Base data: 55,425 academic papers from all journals (1S1 Web of
Science, retrieved at April 2012)

]
oo

o

2. Construct citation networks 3

+ System used in this research was developed by Innovation Policy
Research Center at the University of Tokyo

« Citation networks were constructed by direct citation edge

3. Extract maximum connected component ;

* Maximum connected component consisted of 35,399 papers with
167,896 edges.

13

Graduate School of 1/;‘

Methodology e

4. Divide the component into clusters
- 239 clusters were created by Newman’s networking
« Size: 3 to 8,955 papers (Cluster(CL) 1 to 10 cover more than 85%)
* Average published year: 2001.7

Cluster  Numbers of papers Edge Density Ave. year
(Node)

All 35399 167896 4.74 2001.7
1 8955 34131 3.81 2001.3
2 7163 34684 4.84 2002.0
3 5766 52261 9.06 2004.0
4 4896 21616 4.42 2000.8
5 953 2931 3.08 2005.0
6 583 1414 2.38 2000.7
7 582 1169 2.01 2003.8
8 443 1151 2.60 2002.5
9 389 1910 4.91 2003.8 14

This document is provided by JAXA.
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Landscape of papers

on “adhesive”

CL#2 (7163)
MNext slide

G Enamel a
. d ntin

CL#7 (582)
; N,ﬂmlr force

CL#1 (8955) e N :

Cell to cell adhesm W N\

CL#4
(4896)

CL#2 (7163)

CL#2-4 (688)
Gecko

CL#2-2 (1805) foot-ha-._

Pressure Sensitive
Adhesive (PSA)

CL#2-1 (2000)
Adhesively
“bonded joints,
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Graduate School of

5. Search for useful knowledge  fenersaences =

The University of Tokyo _’

Key concept Detail description

(i) Foot hairs of gecko (Setae) Mechanism
Van der Waals force

Adhesion force
0.1 N/mm? of pad area with 5x10° setae

Advantage

Rapid detachment and reattachment
Used many times with almost the
same adhesion force

v-2 104ns

Challenge

To fabricate artificial surface which has
the same property because of the large
number of parameters

Reference
Autumn, K et al, NATURE, V405, P&81 (2000)
Boesel, LF et al, ADV MATER, V22, P2125 (2010)

17

5. Search for useful knowledge

Key concept Detail description

(ii) Mussel adhesive protein Mechanism

*Mussels have five protein families
known as Mytilus edulis foot
proteins (Mefp). Mefp 3 and 5 are
highly hydroxylated and form
numerous hydrogen bonds and
metal complexes.

w
5 Adhesion force
Q 1N/(3mm diameter circle = 105 m?)
?
w Advantage
Strong adhesion under water (wet)
environment
Reference

Lee, H et al, P NATL ACAD SCI USA, V103, P12999 (2006)
Wiegemann, M, AQUAT SCI, V&7, P166 (2005)
Lin, G et al, P NATL ACAD SCI USA, V104, P27B2 (2007)

This document is provided by JAXA.
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Graduate School of |{“
Frontier Sciences | [ ,~ >
The University of Tokyo |

Key concept

(iii) A reversible wet/dry adhesive
inspired by mussels and geckos

Detail description

Mechanism
*Mentioned in the previous slides

Adhesion force 1.2 kN 1o separate
* 120 nN/pillar (in air)
80 ni/pillar (in water)

w

=

o

g Advantage

z - Rapid detachment and reattachment
-Water resistance

‘Keep the performance for over 1000
cycles in both dry and wet environments

Reference
Lee, H et al, NATURE, V448, P338 (2007)

Graduate School of |(‘"‘
Frontier Sciences | [ ,~ ™

6. Apply to CFRP

The University of Tokyo |

| acquired useful knowledge from the other fields.

(i) Foot hairs of gecko
(i) Mussel adhesive protein
(iii) Areversible wet/dry adhesive inspired by mussels and geckos

*Directly applied?

-Needed a few/a lot of modifications? _l Expertise

- Feasibility

A New solution from (iii) !!

This document is provided by JAXA.
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6. Apply to CFRP

Concept

(iii) A reversible wet/dry adhesive inspired
by mussels and geckos

Graduate School of
Frontier Sciences

The University of Tokyo |

Detail description

Directly applied to secondary

structure of airplanes

» Enough adhesion force
+ Good performance in rain

* No fasteners for joint

- Weight reduction and fuel saving

* Easy replacement

= Short time & low cost maintenance

0
-
L
HEEV spar Front spar
/T|Dnﬂhe5h‘lIE tape
E (Yellow)
Honeycomb siructure Fange ek )
Key concept Detail description Application
Dentin bonding All-in-one adhesive | RENETEEE E
o (acid treatment, \F HERIEZ LD T,
PnspinReack St washing, priming, INEEBEE—SIC
bonding) PoTLESEHRRKRD
Enamel — adhesiveD#EICD
CL#3 _ = reduce handling | WTHIZHEDH B)
Dendn _r' time / uniformity /
water resistance
BIEES 2R (R EH p bk
ELLYE/T—DA)
Joint type & adhesive | Japanese traditional | *reduce fastener (not
joint methods for “no” fastener)
wood beams *apply to second
structure like floor
—easy replacement / | beam, winglet and
CL#8 no nail Borsicgs

This document is provided by JAXA.
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Apply to CFRP

Results of hearing survey

“This methodology is very effective when researchers try
to find interesting ideas about problems. It may be useful
when researchers make proposals to a person or an

institution that offers financial assistance. | want to use it.
(A researcher of CFRP in JAXA (Japan Aerospace Exploration

Agency))”

“The application sounds interesting. Short time and low
cost maintenance are very beneficial for airlines. | want to
know whether the adhesive is commercially available or
not. (A professor at the University of Tokyo)”

23

- -

S AT ITHE

oAb, BRAIEDHTHBIEE(IC
(AL —232)

B IZ(EISI Web of Science
DEFFHNE ?
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S
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EORRETZIT D TULEL,

Technology Sub- L
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Technalogical Technological
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FHARDBEN L FRE

(a) AZ31B alloy

"'W pmmwwmm

5

(b) AZ31B with 2vol%CNTs
e e e il i

5 mirn

Fig: Corroded surface damages after salt water
spraying test* of conventional Mg alloy AZ31B
(a) and CNTs reinforced AZ31B alloy (b).

* Spraying test at 35 €-3% NaCl sol. for 2hrs

-20 145 -10 045 0.0 0.5

GraDhlte -
Platlnum -
Tltanlum -
Sllver -
Copper - ‘
ow alloy steel

—_ AIumlnum aﬂoy

Active < Paotential (V) vs. SCE — Noble

DA Jones, Principles and prevention of corrosion, 2nd ed:,
Prentice Hall, Englewood Cliffs, 1996:

AHROBM &
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Clesafe oil
(0.159)

TILOP 64-45
coated with oil

TILOP 64-45
Atomization powder(200g)

Table milling
1hr

0.12wt% VGCF

Rocking
milling

TILOP 64-45
coated with VGCF

Consolidation step

Load Cold compaction

Punch

Cold compaction
Pressure: 20MPa

Mixed powder

<=l
42mm@

Graphite container

Spark plasma sintering (SPS)

! Electrode
J

Teps: 2000°C
teps: 0.5hr
Psps: 30MPa
Vacuum

2 hr

Hot extrusion

Container (400°C)
' Punch

Tpreheat: 1050°C

Ram speed: 6mm/s

Die

SPSEEfEA DR - FERECAME (REFHAHIMNIE)

YA 7
~olamellar, -
~
b 7
(@I\on‘y/

Ti64+0.1VGCF
Wiy o _.I fine

ory

a lamellar

S = 24{m

i = B 338

Temperature

B
o+f3

a

T 4 transus OF Ti64 = 985°C

« stabilized content (Al, O, N, C)

Random orientation
after SPS
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= o
Tpreheat =1050 C

TB transus —

Observed direction

= o
Tpreheat =1050 C

TB transus — 985°C

-12 slip system

Low T, Position 1 -Easy to deform
B -low stored energy
Zone
i~ R

a Ti 1.}

v

6 —aphase rmns\.
by Burger’s theory

o+

V content (wt%)
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Ti-64HHM DO FEEERM & INTREDORER

Dominate
orientation after
dynamic
recrystallization
(DRX)

‘...‘; 5 u:rr- i
o\ Nat'ed Low deformation
o W Im \ i - temperature
o High stores energy

Dominate
orientation
before DRX

Observed direction
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*‘5 :‘i“ ] .,;1 3" ‘/ EREN
Wi e ] . ! !
LA UM P | i .
— 4w I J: 8. o Mm K Stress field from C
E 1,}?‘ 1 3 0 R solid solution
Low T, r o 'f .z.e P 7St iablly ©
zone JoUM. § Tis 3 ] .
3 - W, Dislocation motion
3 ; ] l\ s B ™= obstruction
2 eate K?i ) ‘
foool FXAT
; ol i Storec energy
1 ; 5 5
: | " PV - increasing
1 P ol | —
AT n i <
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Observed direction

£

HR 5| RFARER

0.2%YS (MPa)
g &
(-] Q

Posrl:lon Posll:lon

Ti64+0.2VGCF

¥y =711.75X + 594.19
2 =
y=1208.58x+912.12 R¥=0.8863

R2=0.9067

T, = deformation temperature
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5|BRAR A O WM ESHRER

3 Ti64 Ti64+0.12VGCF

RIS RETFHERUEROTE

) T 04VGCF-2
‘

—8-0.1VGCF I

Elongation (%)

5pm

Full lamellar
Position A R

Microstructur Fracture morphology Ductility
e changing changing improvement

T, = deformation temperature
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EMEHLNICREFETHEEREDOE

Ti64

Position 1

Position 1 . . Pesition
I Tensile axis " oSidon 3
Tensile axis o
Slip plane Slip direction
(z010) <1120> Slip plane
(0001)

Slip direction
%?112(»

- Basy to deform _-"'I;i‘;ﬁcult to deform
- High ductility - Low ductility

T, = deformation temperature

CNTESBMTIR R IF HHM OSERERE (BEET)

Ti-400°C Ti-0.4VGCF-400°C Ti-0.8VGCF-400°C

GS:16.6um GS:134um GS:122um

n B n B

-
- Ti-0.4VGCF-20°C Ti-0.8VGCF-20°C

GS:11.6um GS :10.8um GS:10.6um

Extrusion direction —_— 10 um
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CNTESBM TR M O RRRERE (BE#ET)

Ti-400°C Ti-0AV@CF400 T Ti-0.8V@CFL00 C

TI-0.4V@CF-20 C Ti-0.8V@CF-20 C

CNTELABMTRFEM OEERERERYE (5|5REER)

e T s T4y e Ti-0-8

T T
o.05 Strain e o1 0.15 0.2

Sample Name 0.2%YS uTS Elongation Hardness
P oy/MPa o/MPa ¢ (%) HIHv, ..

Pure Ti 400°C 122.8 221.1 18.6 248.4(HT)

Ti-0.4VGCF 400C  194.3 318.5 9.3 353.8(HT)
Ti-0.8VGCF 400C  240.0 415.6 10.5 521.4(HT)
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K. Kondoh, T. Threrujirapapong, S. Bin, H. Imai, 5.F. Li, J. Umeda, B. Fugetsu: Multi-
Walled Carbon Nanotubes Reinforced Titanium Composites via Powder Metallurgy
Process, Key Engineering Materials, 520, (2012), 261-268.

K. Kondoh, T. Threrujirapapong J. Umeda, B. Fugetsu: High-temperature properties of
extruded titanium composites fabricated from carbon nanotubes coated titanium
powder by spark plasma sintering and hot extrusion, Composites Science and
Technology, 72, (2012), 1291-1297.
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