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Fabrication of porous aluminum
with graded porosities and pore size by powder metallurgical process

— M Porous Aluminum

Ryo Inagaki, Nagoya University, Japan

Porous aluminum is aluminum

has many pores in its body.

% And this material has the following
. merits.

»Weight reduction

»High ratio rigidity

»High shock absorption

Front Frlrnt
sdebeam
Pillar

= Impact energy absorption
(Clashing safety)
- Stiffness

- Lightweight
-Radiation characteristic

* Bending Strength

* Impactenergy
absorption
(Protect the person)

Bendmgstrength
'_:" ' Door
J ~ « Impact energy absorption
N ¢ (Protect thecrew)
*Quiet sound characteristic
Impactenagyabsmptlon\/

(Clashing safety)

A

- Stiffness * Sound absorption
+Radiation characteristic

Usage of Aluminum form for Automobile parts

— I Previous studies

* " 10mm

Process of foaming and filling in pipe Porasity (%)
. —_ 10O =5}
o, 5 \ * 60~
£ = A &5~
% _.-"/ 4 B 70~
g & o & e
@ = e
5 : : e T
% * —_‘—_‘-J __r_____,...-* &
[ LR 3
E- . g
= 2
8, "

heating tima (s}
Comparison of porosity and relative projected area in Al-Si foams.
(line : relative projected area, plot : porosity)

Many of previous studies have done to make uniform a
pore size and porosities. Because of getting rid of
anisotropy of pores, it’s possible to improve mechanical
property of aluminum foam.

— M Powder metallurgical process

Foaming agent Precursor
(TiH,)
® o
tlafiels oo
%o

Metal powder

Mixing powders Compaction & Extrusion
._' ° ~ .’ O‘(.) |~ Titanium
- «f
- @ o “F |:>
= (Y - C)%(}— H,gas
._' \ | 20

\
. Molten metal .
Heating Foaming

— M Structure of graded pore property

Week point
Aluminum foam lacks the

strength to support a local
tension stress, such as a
bending stress.

Feature 1

Feature 2

Features
1. Layer of densification at its surface
2. Porosity and pore size change continuously

Bonding
Bl rvds

wwcqﬂ_w‘ A |
LR T . u#-:iﬁ
ey
P -

The more outer of material, the bigger bending
stress(Right figure). And, The more lower porosity and
smaller pore size, the more stronger in stress. So,
porous aluminum with graded pore property has a
more effective strength against local tension stress than

it with uniform pore property.
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DNA-guided 2D crystallization of nanoparticles
Yuki Akahoshi, Takumi Isogai, Eri Akada, Shunta Harada,

Nagoyaniv, E-mail: akahoshi.

Introduction

€ Two dimensional (2D) superlattices
are expected to be useful in various
applications in nano-electronic device,
nano-magnetic device, etc.

@In order to make 2D superlattices
/crystals of nanoparticles, we use
DNA strands that are powerful tools
for controlling nanoparticle
arrangements through programmable

.. . A SAXA date
base-pairing interactions.

Ideal model

uuki

1) 3D superlattices

TEM image

Fig. 1:Nanoparticle superlattices engineering with DNA.[1]

Toru Ujihara, Miho Tagawa
i@c.mbox.nagoya-u.ac.j

2) 2D superlattices

@In aprevious study,
they achieved the 3D
superlattices by DNA
interactions.

@ The superlattices
reported here are
isostructural with (A)
bcce, (B) CsCl lattices.
These lattices are
made in solution.

Fig. 2:(a) The 2D DNA nanogrids. (b) Assembly of Au NPs on the DNA grids.
(c) AEM height image of the Au NPs on the 2D DNA grids.[2]

@ Self-assembled DNA nanostructures are the
successful tools as programmable templates to
layout nano-components.

@ It is difficult to layout DNA-NPs in the high
density with nanometer scale precision.

Objective

Directly 2D crystallization of DNA-NPs on substrate using surface electrostatic interaction

Our strategy

DNA-NPs Substrate

(i)

Polymer
S Substrate
= Ml Q

Fig. 3:The DNA strands that assemble_superlattices consist of ( i Fig. 4:After cleaning the

surface, coated

€ We can control the association and
dissociation of DNA-nanoparticle conjugates
(DNA-NPs) by properly designing the
sequence of DNA strands.

€ We coated positively-charged polymer on
the silicate surface to absorb DNA-NPs,

-polymer.

region, (ii)ar that binds to a DNA linker.

which have negative charge, by electrostatic
interaction.

Experimental details

Materials & Condition

* Nanoparticles : Au

* Nanoparticle size : 12nm
DNA component : 25 base
DNA-AuUNPs concentration : 500nM
Substrate : Si
Polymer : PDDA
Buffer : 1XTAE
lon : Naion

Sequence & Procedure

Mix Particle A&B(a)
Drop mix solution(b;

Rinse

Temperature(°C)

Take out
& Drying

Evaluations 35

Time(min)
« SEM
Fig. 5:Sequence.

Result & discussion

>

2D superlattice

Fig. 7 : SEM image of the 2D superlattices of DNA-AuNPs.

& After mixing
complemantary DNA-NPs,
particle A and B, we kept at
60°C for 5 minutes, put a
drop of sample solution on
the substrate at room
temperature, annealed in
the buffer at 43°C for 30
minutes, dryed the sample
on substrates, and then
observed them by SEM.

Fig. 6:Experomental procedure.

* 5

Particle A&B (
o o

4 DNA-AUNPs assembled into 2D superlattices by DNA base-paring interactions on polymer-coated substrate. Some

of DNA-AuNPs assembled into 2D crystals.

®We observed partially well-crystallized 3D DNA-AUNPs superlattices. This result suggests a potential for making
well-organized 3D particle superlattice on a large area of substrate.

Summary

»The DNA-nanoparticle conjugates assembled into two-dimentional superlattices on a polymer-caoted silicate surface through an

annealing process.

Reference: [1] Robert J. Macfarlane et al., Science 334, 204 (2011), [2], Junping Zang et al., Nano Lett. 6, 248 (2008).
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Morphology of Electrodeposited Zinc on an Oriented Zinc Crystal Electrode

Takato Mitsuhashiltl, Kenya Haginosakil?, Yasumasa Ito[?, Yukihisa Takeuchil, "

Shunta Haradal, and Toru Ujihara
1 Department of Materials Science and Engineering, Nagoya University

[21Department of Mechanical Science and Engineering, Nagoya University

Zinc-anode Battery

I
€ Zinc-anode batteries are good candidates | ® Toimprove the cycle life of the
as post lithium-ion batteries. [ zinc-anode batteries, it is
- necessary to solve the critical
Advantage Disadvantage | .
I issue of
Low cost Short cycle life due to . .
Abundant supply non-uniform I non-uniform zinc
Safe electrodeposition | electrodeposition
Scalability |

Fig. 1 Short circuit of zinc [

Shape control of electrodeposition We focused on the substrate orientation dependence of morphology of the grown crystal

Experimental -Charge-

@ The crystal orientation of the substrate and

electrodeposition shape have strong relationship Zinc anode
Charge condition b
Cu {110} substrate Cu {111} substrate 7n
B ; 5 anode 1. Polycrystal

2. Grown crystal

cathode Ni (Oxygen evolution)

electrolyte 45 wi% _KOH
+50g L1 ZnO
(T o . i charge Potentiostatic
Fig. 2 Surface morphology of Zinc film electroplated on Cu single voltage 1.90 Vv
crystals & charge time 20 sec.

Suppress the non-uniform zinc electrodeposition
by applying this relationship

Experimental —Crystal growth-

Zinc oriented crystal was grown by the Bridgman Polycrystal Oriented crystal

Fig. 4 Electrochemical cell

method. (commercially available) (grown crystal)
Bridgman method Growth condition B T T 7
1. Heat polycrystalline Zinc grain: 4N (3-7 mm)

material above its melting point. temperature gradient 15°C cm-?
2. Slowly cooling it down from one  cooling rate 0.1°C min!

end of the melt growth rate: 67 pm mint
# “H$ #
Temperature
[l
grown crystal
550  -0.atCcmint -
~ 1
400 % g g
(LI
) tal
. L | izh
RT » Time 3 -

k] &0 & &0 by ] B L]
Birjdegd
Fig. 2 growth sequence  Fig. 3 XRD pattern of grown crystal and polycrystal Non-uniform deposition Uniform deposition

30 30 1500 180 [minl Fig. 5 SEM images of Zinc before and after 20 sec charge.

[1] Y. Ito et al, J. Power Sources, 196 (2011) 2340 [2] T. Watanabe, S. Minami, J. Japan Inst. Metals, 64 (2000) 67)
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Concentration measurement of the zincate ion near the zinc
anode by Background Oriented Schlieren (BOS) technique

OKenya HAGINOSAKI, Yasumasa ITO, Takato MITSUHASHI, Toru UJIHARA
Yasuhiko SAKAI, Kouji NAGATA and Osamu TERASHIMA
Dept. Mechanical and Aerospace Engineering, Nagoya University

Introduction

Zinc-based rechargeable batteries are the most attractive
electrical energy storage because they are cheap, safe, and
scalable. The remained challenge is the short cycle life due to
internal short circuit. It is caused by the non-uniform
electrodeposition of zinc on charging. Since the distance from the
equilibrium of the system determines the zinc morphology, it is
important to evaluate the factors contributing to the system to
understand the deposition mechanism. One of the major factors
is the concentration of zincate ion. In this study, we aimed at
measuring the concentration of zincate ion near the zinc
electrode by the Background Oriented Schlieren (BOS) technique.

Experimental

BOS technique

e BOS technique is originally used to visualize the pressure
distribution of shock waves in fluid dynamics

¢ Make use of distortion of the image due to the change of
the refraction index (=density) in compressive flows

¢ The density change due to the decrease of the zincate ion

near the zinc anode on charge is utilized in this study
A Fa

+

= i
E 4% |
[ camera |
Ay — o || I —— |
= —
Reference image™._ Density disturbance |ens Image plane

Tas
I
= |8

000
After disturbance

Before disturbance

Fig.1 The optical system and the reference image

1. Take the reference images before and after the density
disturbance (before and on charge).
2.Calculate the displacements of random dots (Ax, Ay) by use of
“Digital Image Correlation.”

dp AxZpc ap AyZp.

a_x =T GZbaAZlmZic ’ E =T GZboAZboZic
3.Solve the Poisson equation for the density.

2 2
20452 oy

4.Calculate the zincate ion concentration by use of the relationship
of the electrolyte density with different zincate concentrations.

The battery cell
Camera view

- Electrodeposition
| Cathode: Ni

| Charger

Fig.2 Schematic of the battery cell

Reference image

Results
Preliminary experiment: Mixing of sugar waters with
different sugar concentrations

High concentration

Fig.3 Reference images at the mixing interface

Aa

Fig.5 Sugar concentration distribution

" ™ e = -

Fig.4 Displacement vectors

Sugar concentration distribution is successfully
calculated by the BOS technique!

Zinc electrodepsition

16

Electrolyte KOH solution (12 M)
Zincate ion concentration 1.23 mol/L
Charging voltage 195V

Electrochemical reaction: Zn(OH),% + 2e” >Zn + 40H"

- A (=
Fig.6 Image of the deposited zinc and the
distribution of the zincate ion concentration

The decrease of the zincate ion concentration
is clearly shown near the deposited zinc.

Conclusion
The BOS technique is applicable to calculate the concentration
distribution of the zincate ion near zinc deposition.
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Tomoyuki WATANABE®), Koichi HOSHINO®), Kouji NAGATA®)
Yasumasa ITO@), Yasuhiko SAKAI2, Osamu TERASHIMA(2)

(1) Dept. Mechanical and Aerospace Engineering, Nagoya Univ.
(2) Dept. Mechanical Science and Engineering, Nagoya Univ.

Background

Regular Grid Turbulence | RGT
— Generated by a regular grid
— Homogeneous and isotropic

Fractal Grid Turbulence |FGT
— Generated by a fractal grid
— Unique turbulence properties

Fig. 1 Regular grid

Fig. 2 Fractal grid

Purpose

To investigate turbulence structure
in RGT and FGT by a Stereo PIV

Experiments

Contraction -

-]

‘l 10 mm_—
0= *'---!F:,é““ i

100 wmm

Fig. 3 Schematic of experimental apparatus

| Timer box}|—{Computer

Stereo Particle Image Velocimetry | Stereo PIV

An image processing technique to measure
instantaneous 2-dimensional (2D) 3-component (3C)
velocity vectors noninvasively

Tab. 1 Parameters of grids

N Dy L o My Rey,

Regular 1 2.0 1.0 036 10 2500
Fractal 4 20 976 036 568 2500

N : fractal iteration

Dy : fractal dimension

t. :thickness ratio of the largest to the smallest bar

o :blockage ratio

M. g effective mesh size | M= (4T%/P)V1 — o

T? : cross-sectional area of the tunnel

P : perimeter of the grid

Re,: Reynolds number based on the mesh size |Re,,=U,M.q/v

rl urbuience in Liqul ase
Results
/— Mean velocity at x/M_4=30 ~
~ 15000000000000000000000000000 ~ 1 ,00° %o, 4
& § o © Do
2 [ Regular s | Fractal
=) o U s o U
Josk sV 4 Zosk A
N 4 X ° W
s S
S) =}
0B 0 1 % - 0 1 2
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.

)dﬂkﬁ }MAAH

RGT: The mean streamwise velocity (U)is uniform.

FGT : The mean streamwise velocity is larger
at the center of the water tunnel (y /M. 4=0).

J
Turbulence intensity at x/M ;=30 —/\

«
S 107

F Fractal

‘

F Regular 0w
s

o Vrms

20000000 00000
o 1049 ©0006000° o
wmu

102

franasabsaappnsanbsdsan, 3

0
DDDDDDDDDDDDDDDDDDDD

103

poooopoo0o088000ngngpoffPoonog

1030000000000000000660000°°0000g o u ]
ms

& vl’ ms ]

o WTTnS
. \ \ \

10 - ) 1

VM

BAADAAAALDLADALNANAANAANADALA AR

-4 I I I
10 -1 0 1

y/Meff

The turbulent intensity in FGT is larger than that in
RGT.

W, 18 supposed to be the same as v, . in RGT.
However, the result shows w, . > v,

Wrong data process and calibration can easily cause
inaccurate calculation especially in the direction

perpendicular to the laser sheet.

_/

Future

Increase the accuracy of the Stereo PIV

More detailed analysis of 3-dimentional velocity
components in FGT

Scalar mixing in FGT

Species A =

Species B =

x/Mg=40
RGT

X/Myg=40 x/Mz=60
FGT



Experimental Evaluation of Turbulence Kinetic Energy Balance
in Fractal-Generated Turbulence

Takuto INABA, Kouji NAGATA, Yasuhiko SAKAI Hiroyuki SUZUKI, Osamu TERASHIMA and Yasumasa ITO

Dept. Mechanical Science and Engineering, Nagoya University

Introduction

Recent studies have revealed that turbulent flows generated by fractal
grids have unique characteristics. For example, turbulence intensity in
fractal-generated turbulence is significantly larger than that in regular grid
turbulence. This indicates that the use of fractal grids can lead to high-
performance devices such as in-line mixers. Therefore, it is important to
elucidate the details of fractal-generated turbulence. The purpose of this
study is to investigate the evolution and decay of fractal-generated
turbulence in a wind tunnel through the turbulence kinetic energy budget.

S
Experiments ST 300mm

Fig.1 Schematic of the wind tunnel and coordinate system

- fractal grid

T
T 3lrmm

Figure 1 shows the schematic of the wind tunnel and coordinate

- . . Table.1 Parameters of grid
system. A fractal grid composed of fractal elements with square £

shapes is placed at the inlet of the test section. The grid parameters T (mm) : wind tunnel width 300
are listed in Table. 1. The Reynolds numbers based on the thickness N - number of scales 4
of the biggest grid bar t; and the inflow velocity Uy, are set to 5,900
and 11,400. D, : fractal dimension 2

Results and Discussion ., Lotmm :biggestbarlength | | g

T (©) € gr1

Figure 3 shows the streamwise evolution of the normalized = X
turbulence intensity at the centerline. The turbulence intensity iﬁfﬁ(‘:isszfgf;:t;g 117
increases in the upstream region (X/X.<0.40). On the other hand, in
the downstream region (X/X:>0.40), turbulence intensity decays and  Fig.2 The fractal grid and _ ¢ Plockage ratio 0.25
its rate is faster than that in regular grid turbulence. (Turbulence measurement region M, (mm) : effective mesh
intensity in regular grid turbulence decays in power-law.) size, Moz = (4T%/P)V1—0 18.77
Figures 4 and 5 show the cross-sectional profiles of the production term X. (mm) : wake-interaction

P(= P*/¢) and the triple-correlation transport term 7' (= 7" /€) in the turbulence length scale, X, = Lo2/t, 2290
kinetic energy equation at X/X.,=0.20 (upstream region) and X/X.=0.75 (decay _i

region). o5

0=_ﬂm_( ; .)%_L(“qu)_i(ukm.pz 0*a’) —¢ '_:.\-f' !

2 90Xy Ylax;  axy 2 Xk p 2 0Xm0Xm ’
R S
A P T* n* D* >‘E

A*; advection P*; production T*; triple-correlation transport :.5-; b =3
[1* ; pressure transport D™; viscous diffusion ¢ ; dissipation gi],j

In the upstream region, 7 at the area downstream of the interior of the biggest grid = & ® Reg=11.400

bar (pink circle in Fig. 4) is larger than that around the centerline and turbulence at -Er . & Rey=5.900

this area is transported to the central and outer areas by 7. This leads to the 1‘@ e || m:l d-.:l;‘:;}‘
increase of the turbulence intensity at the center, as in Fig. 3. In the decay region, =, gL— 1 =

= 0 0.2 0.4 0.6 0.8 1

P at the pink area is small and turbulence at this area is transported mainly to the
outer area by 7. This characteristics of 7 may cause the faster decay of turbulence
intensity in the central area, compared with regular grid turbulence.

XX
Fig.3 Streamwise evolution of the turbulence

intensity at the centerline
ny ny

S
LR
al
U" - - s - - - - - T UF T T
8y nl [T [T il 8 gl B [T} il |n,. T ul B il 8 T ul B
7X+=0.20 (upstream region (b) X/X.=0.75 (decay region) (a) X/X,=0.20 (upstream region (b) X/X.=0.75 (decay reglon
& & ﬁ T - H " —
-1800 1800 -150 0 150 -1800 1800 150 150
Fig.4 Cross-sectlonal profiles of the ratio of the production P* to the ~ Fig.5 Cross—sectlonal profiles of the ratio of the trlple—correlatlon
dissipation term, P (=P* /) [%] transport 77* to the dissipation term, T (=T* / €) [%]
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Effect of grid—generated turbulence on properties
of turbulent boundary layer

oShingo NAKANO, Kouji NAGATA, Yasuhiko SAKAI, Osamu TERASHIMA, Yasumasa ITO
Kousuke HIRUTA
Dept. of Mechanical Science and Engineering, Nagoya University

Results
Ab S tI‘aCt T 0.8~ T T T 3
) . [ | dg3e, O TBLYGGT M30(=1.880)
Effects of grid-generated turbulence (GGT) on statistical Uty o, gm‘g’%ﬁ_&yg&)ﬂ’%@
properties of a turbulent boundary layer (TBL) over a flat | 20- 06r ‘“.,‘,} ' i
plate are experimentally investigated in a wind tunnel. The + *g,‘,
. o . =) =0.4r 8, 4
results show that the turbulence intensities are increased U149 )49 | | | <,
despite the production term in turbulence kinetic energy | i, 02 2, i
s OTBL+GGT M30(x=1,880 ' 5o
equation is decreased. On the other hand,' Reynolds. shear TR aaT Miooraad) I N
stress is decreased despite the production term in the . _Apure TI%LSX=1,880) L o- ‘ AT
Reynolds stress equation is almost unaffected. 10 10 , 10 1o 0 500 . 1000 1500
y
Vertical profiles of mean velocity Vertical profiles of Reynolds
Introduction ] , shear stress
Past researches on turbulent.boundary layers have shown OTBL+GGT M30(x=1,660)
that the TBL structure is affected by freestream [TBL+GGT M10(x=1,880)
turbulence. Though most of them have shown that the N £spure TBL(=1,880)
turbulence intensity and the Reynolds shear stress are 1 £
increased by freestream turbulence, there are a few s i,
researches that show they are decreased. This means that TR T AAA"An‘Z‘l"
TBL structure affected by freestream turbulence has not § | ApureTBLOCLES0) . ‘ ‘
been revealed. Therefore, we investigated the effects of 0 500 1000 1500 0 500 1000 1500
GGT on statistical properties in a TBL with focus on the y y
production terms. Vertical profiles of longitudinal Vertical profiles of vertical
turbulent intensity turbulent intensity
. %
OTBL+GGT M30(x=1,880 § OTBL+GGT M30(x=1,880
Experimental 0021 % CITBL+GGT Mlogzl,ssog 70020 g JTBL+GGT Mlog:l,ssog g
Experiments have been carried out in a wind tunnel. The ‘%‘ Apure TBL(=1880) ] 3, Lpure TBLGE1.880)
streamwise and vertical velocities were measured by a hot | 3 'ge& S ® Almost
wire anemometer. 0.01F ) 1%.011 E“e unaffected
LY 3
q:. 9&’&
M O Flow - RS " ""899,“ |
| 0 | | Q?mmma | | | Sy
n| l/mduﬂmx&awmmd 0 200 400 600 g00 % 200 400 600 800
y' . v .
o y Hot wire probe Vertical profiles of production Vertical Dl’Ofli,eS of production
H ? Boundary layer == term of turbulent intensity term of Reynolds shear stress
H S
Epe:ime_ntal setup Experimental results
X M=10mm | M=30mm
Experimental conditions
U The same distribution
Grid Ulm/s] 6 [m] Re[m™] Reg U.[m/s] P
‘? -uv large < small
x 1124 | 4.12x102 | 760,000 | 2,975 | 0.459 { b, Almost the same distribution
M=10mm | 10.03 4.40x102 | 700,000 | 3,133 | 0.415 s small > large
M=30mm | 9.34 4.51x102 | 660,000 | 3,077 | 0.393 6? [ Vi Almost the same distribution
Pu large < small
R 14 .
aw ow_ U 1 o _av I(l— —  ow Conclusions , , ,
U—+V—=-v"—+—-| p—+ = € s pu +uv —V@— The production term is not the main production source of
axd ; o ay p{ay ] X - y\P " Y turbulence in the turbulent boundary layer affected by the
advection production transport dissipation diffusion
freestream.
- Measure the spanwise velocity to calculate other terms
Turbul Kineti .
—— References
ok Vv ok —oaU 9 p.q ok [1] Nagata, K., Sakai, Y., and Komori, S., “Effects of small-scale
U 67 + 87 =-uv 3 - 67 i ? - Vai —€ freestream turbulence on turbulent boundary layers with and without
X y y y P y thermal convection,” Physics of Fluids, Vol. 23 (2011), 065111.
advection production transport diffusion” dissipation
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Turbulent Boundary Layer Influenced by a Cylinder
Wake

OTakao TAKIZAKI, Kosuke HIRUTA, Kouji NAGATA, Yasuhiko SAKAI, Osamu TERASHIMA and Yasumasa ITO

Dept. of Mechanical and Aerospace Engineering, Nagoya University

*Introduction

Aturbulent boundary layer (TBL) is seen in various industrial products
and environments. The structures of TBL are strongly affected by a
freestream turbulence. The changes of structures depend on the
characteristics of the freestream turbulence. There are a lot of
studieson TBL influenced by grid turbulence. However, there are few
studies about the TBL influenced by a cylinder wake(CWT). The
purpose of this research, therefore, is to investigate the effects of a
cylinder wake on statistical properties of TBL.

*Experimental
i R Ot W = |0 omim D= 146
¥ —
r /\n s A e

Fig. 1 Schematic view of experimental apparatus

Tab. 1 Experimental setup

Pure TBL CwWT
Ug[m/s] 10.63 10.58
Re = Ug/v [1/m] 738,000
Rey = 6L/v 3144 | 2730
Measurement points x=1,880mm,y =02~ 150mm

*Results and Discussion

7
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o PureTBL
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Fig. 2 Vertical profiles of mean velocity Fig. 3 Vertical profiles of turbulent intensities
1 T

PR
h. S T T
jﬁ% 0.1F h .’n‘.“‘
_ e
0.5F % 1 I W ,p,fW
T2 % =02 o W
1§ % 8 v
<
ok 03,
° CWT ——y'=1200y/6= 1.02 (Pure TBL)
. —— "= 11300 /8= 1.12 (Pure TBL)
Pure TBL 04l ¥ = 12003/8= 1:02 (CWT)
—— "= 1300 /6= 1.12 (CWT)
, . ! 0y/8; AU

10 10°
JHz]

Fig. 5 Cospectra of uand v
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Fig. 4 Vertical profiles of Reynolds stress

The results for the CWT case are discussed with respect to those for
the pure TBL. Fig.2 shows the vertical profiles of the normalized mean
velocity. The distributionsare identical for both the cases. Fig. 3
shows the vertical profiles of the turbulent intensities. The
streamwise turbulent intensity decreases in the outer region (y* >
500 ), whereas the vertical turbulent intensity is almost unaffected by
the cylinder wake. Fig.4 shows the vertical profiles of the Reynolds
stress. The Reynolds stress decreases. Fig. 5 shows the cospectra of u
and v at the edge of the boundary layer in the CWT case. The
cospectraof u and v approach zero at about 45 Hz which is almost the
same frequency as bulge. This result means the correlation of u and v
becomes small near the interface of bulge(1000< y* < 1500 ).

(u : velocity fluctuation of x direction, v : velocity fluctuation of y direction,
& : thickness of a turbulent boundary layer 6 : tickness of kinetick momentum)
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Fig. 6 Summary sketch of a turbulent boundary
layer [Adrian, J., (2007)]

Fig. 7 Caricature of turbulent wake and the
entrainment [Philip, J. and Marusic, 1., (2012)]

Fig. 6 shows the summary sketch of a turbulent boundary layer. Eddies
existing at the turbulent/non-turbulent(T/NT) interfaces are produced
by the fluid shear based on the velocity difference between the fast
flowin the NT region and slow flow in the T region. Fig. 7 shows the
caricature of turbulent wake and the entrainment. Nibbling eddies
which exist at the interfaces of the turbulent wake contributesto
broadeningthe turbulence area. Nibbling eddies have the same
rotational direction as the eddies which exist at the interfaces of the
turbulent boundary layer, and they are created by the fluid shear at the
T/NTinterface. Therefore, it is expected that these eddies have the
same effect of broadening the turbulent area.

. .
J Pure TBL
100 — CWT o
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, AL I A t £
: IR 3 s CF ]
= £
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Fig.10 Streamwise profile of thickness of turbulent
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Fig.11 Vertical profiles of Reynolds stress normalized by &

Figs. 8 and 9 show the raw data of v and uv. There are large negative
peaks of v and positive peaks of uvin the CWT case which do not
appearin the pure TBL case. This means there are strong flows in the
3rdquadrantat y/6=1.1.

Fig. 10 shows the streamwise profiles of the thickness of the
turbulent boundary layer. The boundary layer thickness in the CWT
case is smaller than that in the pure TBL case. These results suggest
that the shear at the T/NT interface is weakened by these flows and
therefore the eddies at the T/NT interface are counteracted. As a
result, the turbulent boundary layer is suppressed by the cylinder
wake. Figs.11 and 12 show the vertical profiles of the turbulent
intensities and the Reynolds stress normalized by 6. Each data in the
CWT case coincide with that in the pure TBL case. This indicates that
the structure of the boundary layer in the CWT case is the same as
thatin the pure TBL case, though the thickness is smaller.




Study on a high-Schmidt-number scalar diffusion field

in a reactive planar jet

OTakahiro NAITOW, Tomoaki WATANABE®), Yasuhiko SAKAI®?), Kouji NAGATA®), Yasumasa ITO? and Osamu TERASHIMA(®)

(1)Dept. of Mechanical and Aerospace Engineering, Nagoya University, (2) Dept. of Mechanical Science and Engineering, Nagoya University

f

/1 ‘

g

Leading edge | ) | Turbulent ;
\—V‘/ fluid |
/ |

Introduction

Turbulent diffusion involving chemical reactions is seen in various industrial

equipments. There is a region that physical quantities change significantly // ]
between turbulent and non-turbulent regions (Interfacial layer). The interfacial Crnsssveamwai\f\ /ﬁ/ I
layer plays an important role in the entrainment of external flow into the e\ "//U Ye
turbulent flow. It is expected that characteristics of the interfacial layer have a J

great influence on chemical reactions and mixing in a turbulent jet.

Jet Centerline

<

Irrotational (|
fluid \

/
|
@
=

We measured the concentrations of reactive species near the turbulent / non-

turbulent (T/NT) interface in a planar liquid jet, and investigated the A, C N

characteristics of chemical reaction and mixing at the T/NT interface. The planar liquid jet with the Interfacial Layerjff y
chemical reaction (A + B — R) Schematic of T/NT interface

Experiments Results
*Chemical Reaction «Intermittency
1 omeeace: T
. . . Sy e xd=10 . i i
SpemesA + Species B —>  Species R 04 . L xd=20] The intermittency of the planar jet
Jet flow Main stream Monoazo dye oslons 2\ B is consistent with that obtained by
1-naphthol diazotized sulfanilic 4-(4-sulphophenylazo)-1- - - 7%;;8 t\ TeraShl_ma et a]'[_] and Direct
acid naphthol 0.4F ——xd=30 @7 7 Numerical Simulation (DNS) of a
Terashima et al. o A iat[2]
- - - 02k ° xd=20 ©a 1 planar jet!?l,
Blue dye C : non-reactive species (Jet flow, Acid Blue 9) 2 Xa-% o
0 h , @
0 1 2 3
Reynolds number Re= (U;,—U,,)d/v=2200 ylby
i?'\*/‘;‘;:'g””mber Baflk(zg*gn:/sr eo)d/ (U, —Uw) =117 «Conditional Mean Concentrations of Reactive Species
;=1
Main stream velocity Uy, = 0.061 m/s noelar the T/NT Interface L
Sl?t_Width i d=0.002m . "I'urbule‘nt non—nlrbulen‘t
Initial concentration ~ Species A : 7, = 0.4 mol/m? 04 region region 1

>

Species B : 7, = 0.2 mol/m?
Species C : /¢, = 0.1 kg/m?

Optical Fiber Probe

PR % 0z 4
Leading edge ut/ 2
Optical Fiber Probe A —Da=117
Optical Fiber Probe B 0.8+ 4 —Frozen limit (no reaction, Da —0)
o b ——Equilibrium limit (fast reaction, Da —c°)
Foe T 4 Trailing edge
= S\ ] Da=11.7
&0, 4 - Frozen limit (no reaction, Da —0)
v AN Equilibrium limit (fast reaction, Da —0)
i 0.2F .
‘COﬂC?ntl’athn Measuremf-‘nt ) ) ) Frozenlimit  Equilibrium limit
Absorptive species R and C : Directly measured by an optical fiber O 5 — ImI =y M I = (T + o) (E-GHE-)
probe based on a light absorption spectrometric method. Ut/ 4 lim Iy = (=) M Iy = (L + Fao)(& - EH(E -9)
Species A and B : Determined by 7 and 7 by using the conserved x/d=20 4 Taylor microscale i T = Tag(L-OH(E &)+ T (6 -9)

U : Mean velocity

*Conditional Mean Chemical Reaction Rate
Tp=8Tpg — IR, [g=(1—&) Iy — I3 02

scalar theory.

Mixture fraction : &= I/ Iy, 3 Leadingedge | * Th  concentrations  and  the
. 5 ——Xd=10]  chemical reaction rate show a
«Interface Detection 5 —xd=20| Cnemical reaction rate -sho
T . S Trailingedge | drastic change at the T/NT interface.
Discrimination between the turbulent and non-turbulent regions : (o1l =1 )
The concentration of non-reactive species C (/) is used as a tracer || 5 * A sharper change of concentrations
of turbulent fluids. é and chemical reaction rate is
v observed at the leading edge than at
It > Iy, - turbulent 5 the trailing edge.
I'¢ < Iy, - non-turbulent Ty, - threshold . .
* The chemical reaction rate at the
Detection of the interface : Two optical fiber probes are used by leading edge is larger than that at
setting them next to each other. We define the time when two the trailing edge.
probes simultaneously detect changes in the fluid condition as the Reference
) [1] Terashima, O., Sakai, Y., Nagata, K., Shouji, Y., Onishi, K., Study on the Interfacial Layer between the
T/NT interface. Turbulent/Non-Turbulent Region in a Two-Dimensional Turbulent Jet, Transactions of the Japan Society of

. H Mechanical Engineers, Series B, Vol. 78, No. 790 (2012), pp. 71-83.

NT—T: Lea_d_mg Edge [2] Watanabe, T., Sakai, Y., Nagata, K., Terashima, O., Ito, Y., Suzuki, H., and Hayase T., Investigation of

T—NT : Trai Img edge eddy diffusivity in a reactive plane jet by using direct numerical simulation, Proceeding of the AsaSm
2012, pp. 144-150, 2012.
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Study on hemodynamics in the cerebral aneurysm
OKohei MASUNAGA), Masahiro KOJIMAW, Keiko IRIE?), Yasuhiko SAKAI), Kouji NAGATA®)

Osamu TERASHIMA®), Yasumasa ITO®
(1)Dept. Mechanical Science and Engineering, Nagoya University (2)Dept. Neurosurgery, Fujita Health University

Introduction

According to the WHO, cerebrovascular disease is the 2nd leading causes of
death in the world. One of the cerebrovascular disease is the subarachnoid
hemorrhage due to the rupture of the cerebral aneurysm. Although it is still
unclear how the aneurysms initiate, grow, and rupture, hemodynamic
factors such as wall shear stress have been thought to be the key. Therefore,
to clarify the relationship between the hemodynamics and growth/rupture of
the aneurysm, we investigated the flow characteristics in the cerebral
aneurysm by computational fluid dynamics techniques.

Numerical Simulations

NP P PP

2006 2008 2010 2011

Fig.1 geometries of the cerebral aneurysm
Tab.1 parameters of the geometries

2006 2008 2010 2011
Neckwidth(mm) | 4.66 g4 549 o 552 ¢ 5.94
Width(mm) 440 _y 591 oy 509 # 5.69
Depth(mm) 406 ay 361 g 543 + 7.69
Aspect ratio 0.87 0.66 0.98 1.29
(Depth/Neck) T

Numerical simulations were performed using CFD solver STAR-CCM+ for
incompressible large eddy simulation (LES). The WALE model, which has a
superiority to return the correct wall-asymptotic of the SGS viscosity ( V) and
needs no damping functions, was used as a subgrid-scale model. V, is
defined as follows;

A 2 (Slfsﬁ )3/2
° (éij éij )5/2 + (Si?Sﬁ )5/4

As =CWV1/3 CW =0.544 , Vis cell volume

Vi =

12 =) 1_.-2 - ou = 1f(ou ou,
SS:E g; t9; _gé‘ijgkk gj :ail Si =5 67' 67]
Xj XJ- X;
Tab.2 simulation condition
Initial pressure 80[mmHg]
0.4
Outlet condition Flow-split
203
Wall condition No-slip H
. ) 202
Fluid Newtonian 3
T >0k g
Viscosity 3.47 x103[Pa-s]
Density 1050[kg/ m°] %02z 04 06 08
Time (s)
Time step 0.001[s] Fig.2 Inlet velocity profile

Fluctuation of wall shear stress

[[wes dt‘

J, s e

To evaluate the fluctuation of the wall shear stress (WSS), we calculated the
index called OSI. OSI represents the fluctuation of WSS during a pulsatile cycle
and is usually used to evaluate the initiation of the cerebral aneurysm.

OSlis 0 when the WSS direction is consistent during the pulsatile cycle, and it
increases up to 0.5 according to the diversity of the WSS direction.

OSI=0.5/1-

22

(b) 2008

(c) 2010
Fig.3 Streamline (T=0.3s)

(d) 2011

(c) 2010 (d) 2011
Fig.4 Wall shear stress (T=0.3s)

(a) 2006

(c) 2010

(d) 2011
Fig.5 OSl

The aneurysm tends to grow at where the OSl is large. On the other hand,
there is no clear relationship between the growth of the aneurysm and the
magnitude of the WSS. This illustrates that OSl is the proper index to predict
the growth of the aneurysm, whereas the magnitude of the WSS hardly
relates to the growth.



Simultaneous measurement of velocity and Temperature
in an axisymmetric jet with vortex generators

Kensuke MIURA, Kouji NAGATA, Yasuhiko SAKAI, Osamu TERASHIMA, and Yasumasa ITO
Dept. of Mechanical and Science Engineering, Nagoya University

Introduction

Jet is applied for mixing and diffusion substances in many industrial cases: chemical reactor or combustion chamber. It
is important to investigate flow behavior with velocity and scalar (heat, pressure, or concentration) for better
application. Similarly, flow control is important subject. In this study, Vortex Generators (VGs) are applied to modify

flow field.
Experiment

The experiments were carried out in a jet facility in which flow passes through heater, wind tunnel and skimmer.
Heat is regarded as a passive scalar. VGs are fixed back of the skimmer. Velocity and temperature are measured by
constant temperature anemometry and constant current thermometry using a composite probe which consists of

hot-wire and cold-wire.

Bilmm

- L]
JHmm Conrol unit
Skimmer |

Wind {unnel T =
17\ Meater Nl
q L ]

Experimental apparatus

.Y 4

4 W

L

Flow

VGs composite probe for velocity and temperature
Jet velocity U,[m/s] Re number Temperature gap (6, —6,)[K] Skimmer diameter d[m]
5.0 10,000 7.5 0.03
Results
1.Velocity 3. Turbulent heat flux
i 0.15 T T 0.01 T T
1m eeerry, b PLARS o %
fu., . ~0.008 .
o for, 1 01f o Teptettestlne S . \L
] Ha - : : S0
3)0.6— -:;;::: N g ': ;z
04l ) Rk Fo.004r E PR B ]
=]
02 [ Wihotves ] D Winves Yooz Without VGs |
. i . i S .
With VGs ‘ ‘ ‘ s ..t WithVGs
5 10 15 0 5 10 15 0 5 10 15
0 xId x/d x/d
Mean velocity Velocity fluctuation Heat flux
2. Temperature
- ‘ ‘ W/O VGs W VGs
T "3:. 0% *+ Without VGs .
048] % o . \L * With VGs Mean velocity Small Large
294r 0% .5, ]
0.6 N . B TY T . .
= /]\ s . el Velocity fluctuation Large Small
L04r =0.05 1
*  Without VG
02- [ WithoutVGs Mean temperature Small Large
0 o L 0 Sl 15 Temperature fluctuation Large Small
Mean temperature Temperature fluctuation
P Turbulent heat flux Large Small
Summary

*  The VGs suppress the jet diffusion.
*  Heat energy is propagated further downstream area.
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ﬁéﬁ} Micro Gas Flow Measurement

weonuwmsr: DY Pressure-Sensitive Molecular Film
Shobu Shibayama , Yu Matuda, Yusuke Kawai, Hiroki Yamaguchi, Tomohide Niimi

Abstract

For the development of micro- and nano-technology, there is a strong
desire to understand thermo-fluid phenomena around a device. The
pressure-sensitive paint (PSP) technique is an optical measurement
technique based on the absorption and the emission of photons by
molecules. Although PSP is seemed suitable for analysis of micro- and

nano-flow, application of PSP to micro flows is very difficult. We et i owoscie:
developed the pressure-sensitive molecular film (PSMF) fabricated by

the Langmuir-Blodgett (LB) method to overcome difficulties and

attempted to apply PSMF to micro-gas flows.

The Technique of PSMF

Micro Thruster

g -J

hitp://www.kougise. pref.ibaraki.jp

Fabricate of PSMF

LB method can fabricate nano order molecular thin film
and control the intermolecular spacing of luminescent
molecules using spacer molecules.

Principle of Measurement of PSP
Incident Light Oxygen Molecule Luminescence
o

(o]

Luminescent molecule Pt(II) Mesoporphyrin IX
~ . Spacer molecule Arachidic Acid
Amphiphilic molecule Motion
<+ Hydrophobic tail “
L
V

\ O+ Hydrophilic head Substrate

Quenched
Luminophore

Binder

Excited
Luminophore Constant Pressure
Ordered

¢
Ster Random > ﬁ | ﬁ

Model Surface

Pressure Oxygen quenching Luminescent intensity Spread Compression Deposition
high — increase — weak
low — decrease — strong E . t
PSP consists of polymer binder and Xperimen
luminescent molecules and are applied to We detected luminescent intensity V5 S sucw
the solid surface. The luminescent intensity of PSMF through a fluorescent N

Flow out

from luminescent molecules decreases as an
increase in partial pressure of oxygen.
Pressure on the solid surface can be derived
from the relationship between the pressure
and the luminescence intensity.

- Bas

microscope, and obtained the
pressure distribution in micro-
straight channel .

= Pressure Tape

pressure [kPa]
flow in 89.99 N
flow out 2.97 s Cyfinder

Result

Vacusm Fump
3

The Features of PSP Measurement

® The two-dimensional pressure-distribution
can be measured on the solid surface.

® Non-contact measurement. Pressure profiles along the center line

The Problems when PSP is Applied
to Micro-gas flow

® Too thick PSP layer
owing to use of polymer binder

S‘"i |:.||, ' ‘| L
. |l |
| L\ .I'!R't'll_,r:lll.'-"t "

. | ','rlh-.\‘:ll {il-',

Pressure [kPa]
[

®Poor spatial resolution
due to the agglutination of
luminescent molecular

g

Pressure-sensitive molecular film (PSMF)
nano-meter order thickness
high spatial resolution

W

0.5 1.0
[kPa] Distance [mm]

We succeeded in obtaining the pressure distribution
in micro-straight channel by PSMF.

It is the future work to improve the signal-to-noise
ratio under high pressure.
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Preliminary study on accommodation and Kn pumps

MNAGUYA UNIVERSITY

(s Osamu MABUCHI, Toshihiro NISHIDA, Shobu SHIBAYAMA,
o s Ayaka USHIROSAKO, Shingo NAKANO,
\M Yu MATSUDA, Hiroki YAMAGUCHI, Tomohide NIIMI
Introduction

A pump suit for the usage in high
Knlu{dse_n;/“inber Knudsen number is required for space
n= developments and MEMS/NEMS. g Ny
A: mean free path We built two kinds of pump usable in - Serc.. ..
L : characteristic length high Knudsen number flow.

http://www.mepj.jp/services/micro.html

Accommodation Pump

...exploits the difference in the scattering
behavior of gas molecules from smooth and
rough surfaces.

Knudsen Pump
...exploits thermal transpiration.

Thermal Transpiration
...iIs a phenomenon in high Kn flow generating
a pressure difference only by a difference in
temperature, when connecting two chambers
with sufficiently small hales.

P.T ,

VIS B V7 T
" 2wk, \/f \/i I Ny [AN, O\

*Smooth surface
The reflection of gas molecules on the smooth
surface depends on their temperature

[ B
N, : net molecular flux N =V v
T o5 < Tgurface Tyns > Turtace from cold to hot chambers LY —
. m : mass of a molecule ' @
Reflection angle  Smaller ~ Larger ks :Boltzmann constant Cotd Chasiber Hot Chastber

Schematic of thermal transpiration

Thermal Guard

Performance of Kn pump N, l AT\
—, B I| ,'i;'r‘ﬂ |.Efﬂ';i | .
ro_ [n ol (Wl we

P, Tc ‘coLD| Hot -

Rough surface £
The rough surface gives ST

the diffuse reflection

the diffuse reflection

Cooling connecting
part of the channels
with smooth and
rough surfaces by
N,

Structure of Kn pump

A porous membrane was employed for
numerous minute holes.

Knudsen pump works by heating one side
with a heater.

Liguid N3

pB > pA Schematic Design of

Accommodation pump

Results

Accommodation pump . Kn pump
o generating high pressure . ,, . x generating low
ratio 5 - pressure difference
x needed to be evacuated e es o worked under 1atm T,-T. | P,-P.
x difficulty of materialize
40 K 1Pa
smooth surface
Temperatures were measured at

under 101 [Pa] surfaces of each chamber.

=

o

PylP, [

Pressure ra
s o
R

20

5 . 10 . 15
time [min]
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Synthesus of Nitride of Ruthenium under Extreme Conditions
Yasunori lijima, Kentaro Suzuki, Ken Niwa, Keiji Kusaba, Masashi Hasegawa
Department of Materials Science and Engineering, Nagoya University
Furo-cho, Chikusa-ku, 464-8603,Nagoya, Japan
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Nitrides are attractive materials not only in the field of fundamental

crystal chemistry but also for industrial applications. Recently, platinum
group nitrides (PtN2, OsN2 and IrN2) have been discovered at high
pressures and high temperatures. Among noble metal nitrides, however, Ru Rh Pd
to best of our knowledge, there was no experimental evidence of a
successful synthesis of ruthenium nitride under high pressure so far.
The synthesis of new ruthenium nitride would offer significant implications

for understanding the fundamental crystal chemistry of noble metal nitrides. In this study, I tried to
synthesize the ruthenium nitride at high pressure and high temperature conditions.

Periodic Table

Os Ir Pt

diamond anvil cell

» The high pressure was generated by a diamond anvil
cell(DAC), and ruby chips were used for pressure
measurements.

» The high temperature was reached by fiber laser irradiation.

metal
» Recovered samples were evaluated by optical microscopes, = plate
X-ray diffraction(XRD) and scanning electron i asket)
microscope(SEM) equipped with energy dispersive X-ray ‘__ ~ ®200um
spectrometry(EDS).
------- RESUItS and dlscuss'on.-------------------------------------------------------------------------------------------.

|Optical microscope images |
30GPa (before heating) 30GPa (after heating)

recover

sample fine powder

remained
on face of
* . |diamond

—(XRD patterns of recovered sample | EDS spectrum of recovered sample }_

Intensity (a.u.)

v
Y ' v
\ ;\ } 30GPa
] ‘. i ‘ ' vabout 2500K
v

3 ©®
s \ d I v L]
LU; Y ; (recovered samp e)‘ ,)/"u >
! j =
2 H . ‘ 2 0 05 1 15
2 v [ % Energy (keV)
g w (] =
IS | “\ I H v
I \ I
/| \ I 1
J ) H Qe
\\ i ‘ ‘ [ v Ru (starting materlal)v \H‘ . , | X )
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] Energy (keV)

These results mean that the ruthenium nitride with unknown

28 32 36 40 44 48 52 56 60 phase can be synthesized at 30GPa and about 2500K, and it can

20 (degree, A=1.5418 A) be recov«Tlred at ambient conditions. However, the quantity was
very small.
....... ConClUSIONS ===+ == s s s r s E RN E AR R A EEE AR EEEE A A aREEEER A RRaaE
JrAn unknown phase of ruthenium nitride was successfully synthesized.
' Next |
YrLarge amount of
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Micromachined Cath

for Measurement of Bre
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Miyoko Matsushima, Tsutomu Kawabe®
' Dept. of Micro-Nano Systems Eng, Nagoya University, Nagoya, Japan
2 Dept. of Mechanical Eng, Nagoya University, Nagoya, Japan
3 Center for Micro-Nano Mechatronics, Nagoya University, Nagoya, Japan
*Dept. of Medical Technology, Nagoya University, Nagoya, Japan

ABSTRACT

We developed a catheter flow sensor system to measure the breathing characteristics in small bronchi. The flow
sensor is fabricated on a 15-um thick biocompatible parylen HT film. A guide tube and fiberscope are used to
insert the sensor into a rabbit bronchus. The sensor directly evaluated the breathing characteristics of rabbits
having and not having a penumothorax.

DESIGN

Handling tube o Hot-wire anemometry
sensing enable wide rage
sensing

Less than

D i f Flow sensor

e The sensor consists of

Film type i e : 1 biocompatible materials
double hot wire sensor

XPERIMENTAL RESULTS FABRICATION
Rabbit
Parylene C
Catheter flow sensor &
& Sie—Connection area i, @

Cutting film sensor
SUS rod Parylene C coating
¥

Catheter flow sensor

0.85 mm

Wrapping film sensor on SUS rod Inserted assembled sensor

Heat-shrinkable tube into other shrinkable tube with slit

Inserted sensor
into heat-shrinkable tube

Shrunk tube 1.40 mm

Pictures taken by
fiberscope 1.00 mm

Bronchi ) D
Removing SUS rod. Shrinking tube.

Schematic view of animal experiment

_ 60 Not-having (Normal) Tab_le : Comparlson_ of breathing characteristics in rabbits
= 40 having and not-having pneumothorax.
£ Having pneumothorax - - - -

S 20 Expired air Inspired air
Y Rabbit
£ 0 Cycle | Flow Cycle | Flow

; volume volume

-20
o V Not-pneumothorax
t 40 V (Normal) 1 1 1 1
- 60 Pneumothorax 1.01 0.70 0.66 0.77
0 1 2 3 4 5
Time (s)
Breathing waveforms in bronchi obtained with inserted The per-cycle flow volume for a rabbit having a pneumothorax
anotheter flow sensor is found to be only 70-77 % of that for a rabbit not having one.
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Order Reduction on Mechanism and its Control System of Manipulator

Fumiya Ishikawa‘”, Goro Obinata®

(MSchool of Engineering, Nagoya University, ?EcoTopia Science Institute, Nagoya University

Introduction

Exchange

The design of robot hands often have been inspired by the
structure and functioning of the human hands. Such approach
leads to the synthesis of mechanisms that can operate better.
However, the designing of artificial mechanisms by mimicking of
the human hand structure often becomes very complicated
because of the necessity to use many actuators in order to
control a big number of robot joints. Such design leads to serious
difficulties on the size, weight, and mechanical power. S.Kamada et
al. proposed a task—based method for designing underactuated
robot grippers. However, as usual research, control and dynamics
are not under consideration. In this paper , we introduce a
method for order reduction on mechanism and its control system
of manipulator in consideration of dynamics.

t.n-1
Joint.n
.
.
‘e

m dimension n dimension

m dimension n dimension

The number of actuators
reduce fromntom

* Not equal system

K e R™™

s :> K ~ LKL If gain matrix equaled to matrix that
s scalar value multiply unit matrix,
int. Reduce actuators ~ .
- LK = KL reconstructed system is able to
1 A . P
<N K = k|n, K = k|m approximate to original system.
n joints n r A #
. — Moore—Penrose
Modeling T=L T . LLY =1
pseudoinverse m
0 + T £ The mechanism L# distributes torques generated by n actuators to

:

Non linear equation of motion

M (0()di()+ clo(t).6()+ g(o(t) = =(t)
M(0(t) e R meria — cl0(t).0(0)) ooy toie™™
g(a(t)) Gravity

Approximate to linear

state equation

, 0 I 0
oMk —mo| T,
0 state variables

y= |:0:| = IZnX 2n dimension

Modd

linearly dependent
movement

n target joint angles consist of
m independericomponents

| [m=n]

—
=0

joints.

Simulation example

In this example, we consider a planar serial manipulator with three links.
It needs to be a planar manipulator able to accomplish a task that all
joints do the same movement.

=== Original angle
== Reconstructed angle

The third joint |

Designed Mechanism

m dimension

n dimension

=
. c
“ T
0, C - e
3 ( % S
92 ‘0' S Tim T
(\y e(s)
* == Original angle
G The_sec_on(_i === Reconstructed angle
joint
=3
e
=3
<L
0
c
©
Fig. Structure of a
manipulator Time(s)
n - 3 The _ﬁl’St_ == Original angle
joint === Reconstructed angle
=
e
=3
Able to design ®
underactuated system ®
Time(s)

Fig. Reconstructed joint angles with an actuator

Conclusion

m dimension
Equivalent system

. 4

m dimension n dimension

We introduced a method for order reduction on mechanism and its
control system of manipulator in consideration of dynamics. At the
beginning of the reduction process, it is assumed that the a given task
are performed by fully actuated mechanisms and the information about
the joint motions during the completion of a task by the fully—actuated
mechanism is used for the an underactuated mechanism that took

=10 0cR" LeR™K eR™

dynamics into account and have fewer actuators than joints.
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Purpose

Recent years, patients who has paralysis of the lower extremities
maintain an upward trend as a result of increasing traffic accident
and aging of society. When the spine’s block is injured, under
nerves are dead and the recovery is very difficult. Therefore, these
people who have paralysis of the lower extremities use the
assistive device, such as wheel chair, walking stick or walking
machine. However, there are several disadvantages. First, moving
range is limited(step, clay road and etc). Second, in the case of
using wheel chair, band become atrophied by seating. Third,
people can be put on stress. The ultimate goal for this research is
to help people with the leg paralysis. We conducted experiments
animals as first step, that simulate a leg of rat. The model has
Central Pattern Generator (CPG). We research CPG parameters
which make the model walking.

1st

Simulation

2nd

Animal experiment

3rd
clinical trial

{

~

Electro
Stimulation

{

~

Stimulation

musculo-skeletal model
Control model

Animal experiment
by rat

Fig.1 View of Research

Simulation

musculo-skeletal model

through multiple stages
of experiments, clinical

trial

tablel Model Parameters

Fig. 5 Target 6, Fig. 6 Target 6,

Link Initial Mass
— Length | Angle (el
[mm] [rad]
lo | 25 | 6, |085| M, | 20
= L |25 |6, |-18]M | 20
lb |20 |6, |18 |Ms | 20 ||
I, | 3 |6; [078] M, | 10

65" &% Y)
No Contact

Fig. 2 musculo-skeletal model

Grand contact leave out of consideration, and 6, 85 are fixed. So
this model has 3 links and 2 joint. joints can rotate Z axis. Model
parameters consult real rat parameters. 2 joints have 2 CPG.
Output of CPG is angle or Torque.

Control model

Walking is one of type periodic motion. Animals have Central
Pattern Generator (CPG). CPG is a neural circuit which makes
periodic motions. This mouse model uses a mathematic model of
CPG which is advanced by Matsuoka. In this model, CPG is
independent and the parameters are searched by Genetic
Algorithm.

Results

Dre Tyk Pkf
NS 1
1~ ~J
Uknee T 1
ke ks
knee
ke, ky, fe, fr : Neural Oscillator
foot u : upper input
== : Inhibitory Connection
fe fr
§ § yi:Angle[rad]
Usoot I~ A yr:Angle[rad]
L~ ~J
Pre Prs
Yr
Fig. 3 network of CPG
Target Trajectory
We chose cycloid as target trajectory.
o<ts L
st<o S Sts
3 t 1 _ [(2mt 3 t 1  [2mt
Xy = —T+2r 2n’sm T Xy = —Tr+2r T 2ﬂ_sm T
= M cos (P22 =0
=50 cos(T)} Yt
g .
.
i/ N
> -
. —
X axis[mm]
Fig. 4 Target Trajectory
155 ! 1.92
16 4 1.9
—-1.65 - 1.88
8 474 T 186 -
@ = 184
Lar g
< 18 | 21.3—‘! \[\[\[!
-1.85 1.78
-1.9 1.76
0 0.5 1 15 2 25 0 05 1 15 2
time [s] time [s]
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Conclusion

We succeeded to make walking motion. However, it didn’t match to
the goal trajectory completely. There are some reason. First, output

of CPG is limited. This is because, CPG hasn’t sensory feedback in my
model. Second, searching process isn’t enough to get correct answer.

Third, Grand contact leave out of consideration. We need to solve
these problems as future work.



Evaluation of Characteristic of Human Force Control
in Circular Motion for Robot Rehabilitation-Training system

Kento Mitsuoka?, Goro Obinata?, Yanling Pei3

1School of Engineering, Nagoya University %

<Introduction>

Previous research
The Robot Rehabilitation-Training System for inner shoulders muscle is
proposed

Robot Rehabilitation-Training System

-Robot manipulator controls human hand position to a desired trajectory.

-Human try to generate a desired force at hand.

Problem

It is not clear whether human can generate a desired force
during controlled motion.

Purpose of this research

Evaluate how precisely human can track a desired force.

3EcoTopia Sience Institute, Nagoya University

Actual Hand
Position

/ \\ Experiment 1: Tracking test of 4 directions of desired force
'I \\ Experiment 2: Change the display from Experiment 1
I 1 |Experiment 3: Tracking test of the rotating direction
: A A : Experiment 4: Tracking test of the changing force magnitude
1 H x : Experiment 5: change the period from Experiment 1
i =
I Screen : ‘Evaluation method ‘
i i
' : i 1, o Ny
: : ? 0{(E fr;r) +(F:| fr:r) }df
: ~~~~~~~~~~~~~~~ : E fowrce [%] = 100
| Manipulator Manipulator 1 1 a 2 2
| ~ I = AR+ FYdi
i ser User : T
: Screen : T[s]: period F[N]: desired force f,[N]: actual hand force
1
: Example of experiment :
\ ! \
U4 1 Y
4 1 1
e Manipulator e -~ i '
1 1
1 1
1 1
T | |
® o L —e e i :
0
I\ ! 1) 2) 3) 4 (@) (b) () (d) 1
1
1) 2) 3) 4) I Experiment 1 Experiment 2 :
Four directions of desired force : %0 :
I —
I X 20 !
[ I
Score OO % ! 5 R :
core 1 = 10
I w !
1 1
|‘ rotating Change 0 108654 3215141312 ,'
(a) enlarged (b) score (c) with track (d) without informatiom\ Force Magnitude Period[s] ,’
verion Four ways of display of hand position s\~ Experiment 3&4 Experiment 5 ,/

<Con CI USION>. From the five experiments, the following fact s has been obtained;
1)Human can track easily when the magnitude of the desired force is

constant.

2)On the other hand, it is difficult when the magnitude is changing.
3)With the decreasing of the angular velocity, tracking becomes easier.

. These results can be utilized for design of desired trajectory and force.
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Measurement of Photosynthesis Activity
Using Single Synechocystis SP. PCC 6803
in Microchambers Having Fluorescence Oxygen Sensor

Hisataka Maruyama’, Kito Masanobu' ,Yu Matsuda’, Tomohide Niimi', Nobuyuki Unozumi?, F. Arai’

'Department of Micro-Nano Systems Engineering, Nagoya University, Japan,
2Department of Biomolecular Engineering, Tohoku University, Japan

1. Background

Significance of photosynthesis Synechocystis SP. PC6803 Model bacteria of photosynthesis : Electrical oxygen sensor
. Conventional
Calvin circuit Oxygen sensor -
i irati (Hansatech) A=
Aerobic respiration - =
C¢H;,0¢ + 6H,0 + 60, — 6CO, + 12H,0 |: Anode ===
Photosynthesis 4Ag + 4CIF — 4AgCl + 4e
6CO, + 12H,0 —> C¢H,,0; + 6H,0 + 60, |i Cathode
_ O, + 4H* + 4 e =12H,0
[LOW carbon SOC|etYJ Parameter, [O,], [CO,], Lux, Temp... Destruction of oxygen !l

2. Concept

On-chip oxygen monitoring using fluorescent sensor Oxygen calibration Compensation of photodegradation
‘ n 1(1,-1,.,)/exp{In(Z,) - In(I
m - Measurement area: 3 . o [yn =1+ 2 [( 2= 1,) exp{In( 0) n( ,,)}
Fluorescence at top of chamber ° =y =1y)/exp{In({,) - In(/,)}
oy e 77 is used for oxygen. §°‘ ) 1 Fluorescence intensity
Syhachotyilia Oxygen sensor: " e .
- Pt(ll) tetrakis (pentafluorophenyl) < E o @ f ........
it W2 - ARG
o CO, Sugar] porphyrin 03 0s o7 08 IR i..!
Glass Gas barrier layer / MO i
B Fiuorescence oxygen sensor Parylene 2 _73%10™ ~&+2,9x10'1 e R R I
Gas barrier layer ! 2ref Before After
3. Fabrication of microfluidic chi 4. Experiments
Fabrication process Evaluation of photasynthesis by oxygen monitoring
a) Pattern of chambers (b) Coat of sensor c) Coat of barrier layer g+ . -
@ ®) Sansor laer < )Gas barrieciaver Sample 3 Experimental Condition
B ; Initial [O,]: 270 umol/l
- Sample 2 =% Initial [CO,]: 5%
Si wafer = Temperature: 303 K
. . . 60 um Sample 1.- Medium: 20 % Fructose
(d) PDMS molding (e) Sealing by glass g : :
PDMS \C/;Sgegqazt;)?n Microchambers  Synechocystis aq.
i @L (20umx*20umx30um) ? 2000 lux Dark :é I Yooomux = 2000hc
Giass Subsiate 10000 chambers/chip : o Sample 2
E o LT TTI <
. . . . ¢ l E .'..- ..m_.. . .
; 8 " s SE-11
o000 w | B lsampet |
® o .50113 A : Depth profile 0 50 100 Tir::i 200 250 300 0 5 1015 20 25 30
Optical image 3D profile (Keyence VK-X200) Sample 0, 0, synthesis Sugar 0, synthesis:
consumption (2000 lux) synthesis 2340 46 x 10-18 I
B. Conclusions and future work 1 |7.7x10-" mol/s | 1.8x10-'8 mol/s | 3.0x10-'® mol/s U _X_ mov/s
T — 2 [6.0x10° mol/s| 2.6x108 molis | 4.3x10-* molis | | Synthesis is controlled
1. Evaluation of photosynthesis and aerobic respiration 3 |5.5x10-° mol/s | 2.6x10-18 mol/s | 4.3x10-® mol/s | | by VIS intensity.
single Synecocystis by fluorescent oxygen sensing. -
Respiration ratio : 6.4+1.2 x 10-13 umol/s Experimental setu Image acquisition
Sugar production ratio: 3.9+0.8 x 10" umol/s E&ﬁi_ngconfocal system:
2. Construction_of high-th_roughput screening sys.tem of CSU-X1 (Yokogawa co. Itd.) '
Synechocystis using disruptant of Synecocystis. EM-CCD:
iXon Ultra (Andor co. Ltd.)
6. References Excitation wavelength: 561 nm
Hisataka Maruyama, Yu Matsuda, Tomohide Niimi, Nobuyuki Unozumi, Kei Nanatani, F. Arai, Exposure time: 1000 ms
IN-SITU MEASUREMENT OF PHOTOSYNTHESIS USING SINGLE SYNECOCYSTIS SP. PCC 6803 Interval: 4000 ms
IN A MICROCHAMBER WITH GAS BARRIER WALL, Proc. of Micro TAS 2012 (2012).
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A Method for Quantitative Evaluation of Pipe Wall

. . L] -
Thinning Using Microwaves
Fumiya Inukai, AtsushiHosoi, and Yang Ju
Department of Mechanical Science and Engineering, Nagoya University

gr—

Metal pipes are used widely in various industry facilities, such
as gas transportation and many kinds of power plants. Recently,
explosion accidents caused by pipe wall thinning (PWT) have
beenreported all over the world. PWTis one of the most serious
defects in pipes used in industry. Thus, nondestructively
detecting and quantitatively evaluating the PWT are a very
important issue for predicting the lifetime of pipes and avoiding
serious disaster.

However, regular maintenance being performed, it takes a
great deal of time and money in a conventional ultrasonic flaw
detectionmethod.

That is why it is important to establish a simple and
inexpensive technology monitoring PWT. Then, | have focused
on microwave, which can propagate almost without
attenuationin the metal.

In this paper, we developed a new method for quantitative
evaluation of PWT in the frequency domain measurement (FDM)

Experimental Approach

The experimental instrument is composed of a microwave
vector network analyzer (VNA)and a transmitting and receiving
coaxialHine sensor. During the experiment, the microwaves
generated by the microwave VNA were coupled into the pipe
through the transmitting port of the transmitting and receiving
coaxialHine sensor. Figure 1 to 3 is a photograph of the
experimental instruments and a device under test. The
dimensions of the metal pipeare showninFig. 4.

A microwave VNA

A wall thinning joint
and a cap

=

Fig.3 Enlarged view of wall thinning joints and a cap

.
"I Iy = 450
a K

1y = 467

Fig.4 Model of the pipe that have a PWT

M Fig.2 Enlarged view of coaxial-line sensor

Figure 5 shows schematicdiagramof FDMin a pipe that have a
PWT defect. | regarded a metal pipe as circular waveguide and
propagated microwaves TM,;-mode in the pipe.

Microwave |

Fig.5 Schematic diagram of FDM in a pipe that have a PWT defect

Equation (1) is principle of microwave propagation. The
wavelength in a circular waveguide has a relation with the
working mode of microwave at applied frequencies and can be
expressedas e - 1

uef* f(ijz M
2ra

where 4 and ¢ are the permeability and permittivity of the
medium; fis the resonance frequency; 2a is the inner diameter
of the pipe; P, is the mth root of the first kind Bessel function
for TM modes. Moreover | applied cavity perturbation method
for evaluation of degrees of pipe wall thinning. The theory is
that when a resonant cavity is perturbed, i.e. when a shape of
the cavity is changed, electromagnetic fields inside the cavity
change accordinglyand can be expressed as

- L -elEf ) oy

kel > > 5’7—72 (2)

foofo ] (alE relE [ o hal 1+ (/1) ]
Equation (2) is a formula that | solved from shape perturbation
theory, where f; is original resonance frequency, fis perturbed

oneand the otherparametersare shownin Fig. 4.

Figure 6 shows relationship between Af/f; and PWT degrees.
Aflf,expresses perturbation shift to the initial, i.e. unperturbed
resonance frequency. It is found that with the increase of 7, the
Aflf, decreases step by step. It is found that Af/f, is propertional
to PWT degrees, and the analytical results show good
agreementwith the experimentalresults.

0.00! T T T

@
N
N ® Experimental results
020 N — = Evaluated results |
S
= LN
By S
< N
-0.40 ~ -
S
~
S
-0.60 [~ J B
N
~
~
3 ¥
-0.80x10 ! 1 1
0.00 0.10 0.20 0.30 0.40

Thickness,t mm

Fig.6 Comparison of the experimental results and the evaluated ones

Performing the microwave FDM method, we were able to
detect shift of resonance frequencies, which are induced by the
closed-ends and measured the amplitude of transmission
coefficient of the microwaves with high efficiency by using the
evaluation formula derived in this paper.

Microwaves are creatively adopted to detect nondestructively
and evaluate the PWT degrees quantitatively.



Evaluation for a Stem Cell-ECM Adhesion by ECM Deformation Measurement

N. KAWASE®, Y. MORITA", Y. JU"
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using Digital Image Correlation Method

* Department of Mechanical Science and Engineering, Nagoya University

Introduction

In recent years, tissue engineering has been the focus of
attention. The extracellular matrix (ECM), is a type of protein
surrounding the cells, the footing of cells, which communicates
with cells by chemical and mechanical signals, has quite an
important role in tissue engineering. But the mechanism of cell-
ECM signals is not well known. In tissue engineering, knowing
cell-ECM interaction mechanism can become a big help in
technology for controlling stem cell function accurately and
efficiently.

The cytoskeleton is classified into actin filament, microtubule,
and intermediate filament. It is known that in cell-ECM
interaction actin filament plays the most important role in the
above-mentioned three cytoskeletons. Actin filament generates
traction force against ECM and recognizes the information of
the ECM by its deforming. In this study, the deformation of
ECM were calculated using Digital Image Correlation method
by MATLAB to evaluate the contribution of actin filament in
ECM deforming.

adhesion

Cell - ECM adhesion

focal

Actin filament

Experimental Methods |

-Digital Image Correlation method

Digital Image Correlation is used to compare two digital
images so as to determine the deformation between images.
ECM deforming were computed by Digital Image Correlation

program.
q

Reference image Deformed image

-Experimental Methods

At first type I collagen gel was polymerized on plastic dish,
and stained with Alexa647. Human marrow mesenchymal
stem cells(hMSCs) were seeded on collagen gel, and
incubated at 37°C in a humid atmosphere containing 5% CO.,.
After 12h incubate hMSCs were monitored using the confocal
microscope to obtain image of the individual cell and its

surrounding ECM for 1 hour.

Evaluation of actin filament

contribution in ECM deforming
sample A — Disrupted actin by cytochalasin D
sample B — Caotrol

Experimental condition

Duratonih) | Collagen concentration pg'ml) Cviochakisml pg'mly

- | (1] L0
sampicH i

Experimental Results and Discussion

Figure 1 is fluorescence images of collagen. Superposed on
these images are the outline of the hMSCs .These images were
obtained by confocal microscopy. These pictured were used as
reference images in calculating its displacement map by digital
image correlation method .

d w.:lnl.l_'-:L'_ll.

(a)Sample A (b)Sample B
Fig.1. fluorescence images of collagen

(a)Sample A
Fig.2.Displacement map of collagen gel

(b)Sample B

Figure 2 shows displacement map of collagen gel calculated
by digital image correlation method. Sample B shows that
collagen gel around hMSCs deformed about 1.5um. But
sample A shows that collagen gel around hMSCs has no
deforming. So in cell-ECM interaction, actin filament has quite
an important role. From this result it was predicted that actin
filament is essential in celllECM adhesions or generating
traction force to ECM substrate.

Conclusions

1. Displacement field of collagen gel was visualized
using digital image correlation method by MATLAB.

2. Disrupting actin filament, traction force to collagen
was decreased.

3. Actin filament plays quit important role in cell-ECM
mechanical interaction.
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In vitro experimental study for the differentiation property of MSC

&y

under cyclic stretch with a non-uniform deformation field

Toshihiro Sato, Yasuyuki Morita, Yang Ju
Department of Mechanical Science and Engineering, Nagoya University

Now the treatment of the tendon is difficult by the
conventional method. Therefore a new treatment of method is
needed and we pay attention to tissue engineering. Human
bone mesenchymal stem cells (hBMSCs) is used for the
treatment . It was reported that hBMSCs can be induced to
differentiate into tenocytes by mechanical stretch.

However, the mechanotransduction mechanism in the process
of differentiation induced by mechanical stretch is still not clear.
Tendon is mainly constructed from type 1 collagen(Col 1) and
tenascin-C(TNC).The strains of two-dimensionally stretched
membranes were quantified on a position-by-position basis
using the digital image correlation (DIC) method.

In this study, an inhomogeneous strain distribution was easily
created by a slight modification of a commonly used uniaxial
stretching device and the influence of mechanical stretching on
Col 1 and TNC expression .

[ TAte o |
Cultured stem cells 7\_.4

A ~
Stretch machine

. -10% . 20% -10% 20%
Fig.2 The strains in (x,y) of stretched membranes by DIC method

Stretch parameter

Stretch ratio(%%) | Duration(h)|Frequency(Hz)

Non-

uniform

O
Ay

2~I15

48 I

stretch 6~0
Measuring method of expression Col1 and TNC
Stem cell expresses protein when they differentiate. =
It is revealed what cell they differentiated to g =]
by checking the protein. | analyzed the Col 1 and TNC =
expression to check differentiated to a tendon cell.
I make the fluorescence using fluorescence staining and
confirm an expression of protein by observing it.

differentiating cells

i
| Analysis method |

Correspondence at staining (X, Y, 5x 5y) (x, Y, 1)
intensity | and an extension rate ’

at(x,y).A new coordinate system

was provided. It is found a relative

staining intensity in the position 5)(, 5y. )

coordinate every 0.25% of stains.

Experimental Results and Discussion

Figure 3,4 shows the result of Relation between stretch ratio
and protein expression of Col1 and TNC after 48h stretch.
About Col1, at the x axis the peak near 6~10% was shown
and at the y axis the peak near -4~-2% is shown. Col1 is
known to be included in the cell consisting of fibrous
connective tissue, for example tendon, bone, muscle, skin.

It was caused because Col1 expressed even if stem cell
differentiated to the cell except the tendon cell. Therefore it
was thought that Col1 was expressed in a wide area.

Next about TNC, at the x axis the peak at 7 % was shown and
at the y axis the peak at the peak at -2% was shown. TNC is
the protein which is specific to a tendon. Therefore a peak
appeared by a particular strain because an existence point is
limited .

B T

Relative staining intensity
Relative staining intensity

TR
6 1 8

T I o
Stretch ratio of the x_direction (%) Stretch ratio of the y direction (%)
(a) (b)
Fig.3 Relation between stretch ratio and protein expression of Coll after 48h stretch

(a) x axis;(b)y axis
1 T T T L T

Relative staining intensity
Relative staining intensity

T R N B
6 7 8 9 10 1 12 138 U 15

Stretch ratio of the x direction (%)
(a) (b)

Fig.4 Relation between stretch ratio and protein expression of TNC after 48h stretch
(a) x axis;(b)y axis

Stretch ratio of the . direction (%)

Staining intensity |

/ Staining intensity | shows the brightness \

on the membrane. There is much expression
of the protein so that Staining intensity | is large.

- /

Conclusions

(1) The distribution of the strain of the membrane was
calculated by DIC.

(2) It was found that a stretch ratio and a relationship of the
differentiation

(3) A peak appeared in a wide area about Col1 and a peak
appeared by a particular strain about TNC.
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Evaluation of the depth distribution of thermal fatigue
cracks on the metal surface using microwave

&)

-

Kohei Nohara, Atushi Hosoi, Yang Ju
Department of Mechanical Science and Engineering, Nagoya University

Introduction

Now, in Japan, the number of nuclear power plants
working for over 30 years is increasing. Therefore, the
ageing management and maintenance of nuclear power
plants must be enhanced as soon as possible. One of the
problems of aged nuclear power plants is the destruction of
nuclear reactors induced by thermal fatigue cracking. If the
nondestructive measurement and evaluation of cracks are
done, it enables us to enhance safety and reduce cost for
the ageing management and maintenance of nuclear power
plants.

In this study, we proposed the method that could decide
a attenuation constant by modeling a crack and introducing
the new coefficient in consideration of the ratio that the
electricity of microwave to propagate in the crack incide
\_ from air.

|

-

Measurement System

Open-ended Coaxial

::':;j:: = Compuer line sensor
Sensor
| _ﬂf Specimen
—| = |}
Sensar 2 5mm
fixture xy-z Stage -
i

A network analyzer, which is designed to process the
amplitude and phase of the transmitted and reflected waves
from the network, was used to generate a continuous wave

\_ signal which is fed to an open-ended coaxial line sensor.

J

Evaluated Equation of crack depth

AA
d=——— (1)
n(4010g,,
O/ :attenuation constant a= Rs R, - ANTA
Wi ’,u -
W :width of crack O - conductivity :ow o
Hq :permeability ¢ ¢
R dfrequency R suface resistance
&, ‘permittivity
n :ratio that electricity of the _ B 477,
microwave to propagate in crack = P B (Z,+2,)°

By modeling a crack and considering as a parallel-plate
waveguide, the attenuation constant is calculated. A new
coefficient is introduced in consideration of the ration that the
electricity of the microwave to propagate in the crack inside

from air.

Z = i N V7V 0
sensor e L \
\
= ~377 ‘pl |:>
metal 4P "\

crack

s

X ‘—l—
i J-'irumnlltﬂ';il“ Ly
Sensor trace .l"-_
204 g | ---
crackl crack2 /S
Fy

-

Method of Measuring

= Microwave irradiated from
sensor

\ Scanning a crack

Measurement of the amplitude
of reflection coefficient

| [Evaluation of crack depth using
| the amplitude difference

Aamplitucda , 4 2
]

of the

[ ——

shaped characteristic
was obtained.

Amplitude difference
M=Z(R+P)

By measuring the amplitude
reflection coefficient,
detection of the thermal fatigue
crack was achieved and a W-
signal

- J
Experimental Results

Crack 1 Crack 2

e AT

Thermal fatigue cracks were measured by microwave
microscope. The microwave imaging is a two-dimensional
image of the amplitude of a microwave measured in
scanning area. The distribution of thermal fatigue crack
along the crack length was obtained by microwave imaging.
We are able to measure the distribution of thermal fatigue
cracks and to evaluate their depth by using microwaves. The
following graph shows relationship between evaluated and
actual crack depth of the crack.

=~ Evaluated depth]
—&— Actual depth |3

T
—=— Evaluated depth|
—— Actual depth

,
20 -10 -5 o 5 10
Position along crack length , y mm

Crack depth , d mm
-

Crack depth , d mm
e e

. .
10 o 10
Position along crack length , y mm

The distribution of the thermal fatigue crack along the

crack length was obtained by microwave imaging. By using
this equation, evaluation of thermal fatigue cracks was
achieved by an error within 2 mm at the point of the crack
depth maximum.
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Synthesis of Fe;0, / Au Nanoparticles and
Evaluation of Their Properties

Syotaro Matsuo, Yang Ju

Department of Mechanical Science and Engineering, Nagoya University

Introduct|on

There is an urgent need in cancer treatment, to reduce the
physical burden of the patient. In cancer therapy, treatment
with nanoparticles has attracted attention as a method that
can make more efficient treatment and reduce the burden on
the patient's body. Applications to the treatment of cancer
using nanoparticles have been reported, for example,
hyperthermia with Fe;O, nanoparticles and drug delivery
system using Au nanoparticles. In order to prepare
nanoparticles  with  multiple  functions, = composite
nanoparticles using a plurality of materials have been
studied. In this research, a particle combined Fe;O, and Au
nanoparticles is proposed. For medical applications, it is

important to evaluate the characteristics of the
nanoparticles.
In this paper, g eoae

fabricated Fe;O, / Au
composite nanoparticles
were observed by TEM
and EDX, and evaluated |
them.

Experimental Methods

In this experiment, we produced nanoparticles using a
chemical reaction. Fig. 1 shows the synthesis procedure of
composite nanoparticles. Fig. 2 is a schematic diagram of
the composite nanoparticles. In this nanoparticle , Fe;O,
nanoparticle surrounded by particulate Au.

HAuCL CyHiNa 0y
— .
1{ MalH { 1 ﬁ
I % = | o= y
—— -y = - — e== ———
Fe'' Fe' FesOy oA, ‘* @

Fe + 2Fe® + 80H" — Fe,0,+ 4H,0

2HAUCI, + 3C,H,Na,0, — 2Au + 3C,H,NaO, + 3CO, + 6NaCl + 2HCI

Fig. 1. Synthesis procedure of composite nanoparticles.

Au’ M) s0<10" &
Sodum Cirate [wita] I
FeuOy [g] .0l
Temperanme ['C] {{I'Y]
Agtator Speed [rpm] 200 Fig. 2. Sc:ematic of
Time [rmin) 45 Fe;0, / Au nanoparticle.

It is known that magnetic nanoparticles can generate heat
by adding an alternating magnetic field (AMF). This heating
is due to hysteresis losses. The amount of heat generated is
dependent on particle size. Also in this experiment, the
composite nanoparticles are confirmed heating capability by
adding AMF.

Frequency [kHz] 40
Amplitude [kAm] 16.2
Time [rmin] 20
Paricle Weight [mg] s
Fluil Volume [mi] [
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Results and Discussion

Fig. 3 shows the results of elemental analysis by EDX.
From these results, the composite nanoparticles were made
of Fe;0, and Au. Fig. 4 shows photographs of nanoparticles
dispersed in deionized water and attracted to a magnet. The
red colored nanoparticles in the plasmon absorption has
been attracted to the magnet and it is suggested that the
produced composite nanoparticles have magnetic.

Measurements of the modal diameter of Fe;O,
nanoparticle is 52.31 nm , and Au is 12.75 nm. Fig. 5 show
the diameter distribution of nanoparticles. Fig. 6 (a) and (b)
show TEM image of the composite nanoparticles. The gray
parts are Fe;O, nanoparticles, and the black parts are Au
nanoparticles. From these images, we confirmed that Au
nanoparticles are supported on the periphery of the Fe;O,
particles. Added to the AMF to the nanoparticles which
were dispersed in deionized water, the water temperature
increased to 38 °C from 23 °C. Specific absorption rate
(SAR) is a measure of the amount of heat generated and in
this experiment, calculated SAR is 191.8 W/g.

[

(a)
Fig. 4. Photographs of Fe304 / Au
nanoparticles.
(a) Dispersed in deionized water
(b) Attracted by a magnet

Ui

gy (b Vi

Fig. 3. The results of elemental analysis
of nanoparticles analysed by EDX.

I |
(a) (b)

Fig. 5. The diameter distribution of nanoparticles.
(a) Fe;0, nanoparticles, (b) Au nanoparticles

(a) (b)
Fig. 6. TEM images of Fe,0, / Au composite nanoparticles.
(a) X 20,000, (b) % 50,000

Conclusions

1. Fe;0, / Au composite nanoparticles are synthesized.

2. TEM observation showed Au nanopatrticles are supported
on the periphery of the Fe;O, nanoparticles.

3. The composite nanoparticles are magnetic and they heat
by adding AMF.



Static and Kinetic Coefficient of Carbon Fiber Brush

to Reduce its Wear
T. Isogai, N. Umehara, T. Tokoroyama and H. Kousaka Nagoya University March 2013

Carbon fiber

Brush material

Carbon fiber has good propeties, such as high stiffness,
tensile strength, and low density. It is usualy used as
CFRP(Carbon Fiber Reinforced Plastic), and not used as
itself because of its thinness (about 10 um) .

Brush material is used for many purpose such as cleaning,
polishing, and painting, because of its flexibility. Carbon
fiber has unique properties that attracts us.

~N
We made carbon fiber brush
(Fig. 1) and were studying its
properties. It showed static
friction coefficient aimost the
same as kinetic friction
coefficient (us=w,). But it
indicated large specific ware
rate (about 10-3mm3/Nm).

In this study, we make looped

J\ carbon brush (Fig. 2) and

w

We carried out 2 types friction teststo obtain initial friction
coefficient (F.C.) as static F.C. = ug and kinetic F.C. = .
And also we obtain specific wear rate of looped brush.

clarify itstribological property.

In the case of fixed brush material showed uJ/w, decreasing with increasing

1

~N

<

Fig. 1 Schematic image of
carbon fiber brush

-

Round bar

Overhang length  Hexagon head bolt
(1=1,3mm) (for fastening)

T

Overhang length
(I=0mm)

Fig. 2 Schematic image
of looped brush

Fig.6 Sliding direction
of brush

Friction test initi s
'Dl\jf;l?r?cr:]tizfnusmfg gkent normal load. On the other hand looped brush showed around 1.0 within
y Hs . ; every normal load condition.
T’hddef leaf spring w,: Average friction coeffcient Friction test
oz stage (between 3mm and 12mm) 30
pin specim T \O o 0.5 Bin: Carbonfiber brush m-us Omm ’ Pin: Carbon fiber brush “-0mm
Sozl [ % Block: Al alloy i Block : Al alloy - 1mm
= 04 I'Slidingspeed V' : 5.0mms “0uk Omm Sliding speed V : 5.0mm/s
block specimen X gtage 'Straingauge ‘téj 03 |inair — epsdmm| 20 Fingr 3mm
Fig.3 Schematicimage of both-way o 01 " ' e e B —
type friction tester i) 02 | o 1s_3mm ——8
.§ 0 - - pk_3mm 10 r
L o 3 5 10 12 1508 01 |
Table.1 Experimental condition Sliding distance d, mm 00 ‘ ) ‘ )
of friction test Fig.4 Definition of frictioncoefficient] 00 02 04 06 08 10 oo 02 o4 06 08 10
Sliding distanced , mm |15 Humidity H 25-29% Fia 7 l’:\"’g‘d 'Oage‘;‘f’v_ N . Normal load W, N
Sliding speedV, mm/s  |5.0 Atmosphire inair 9. -E)?)Iog elt;)rt])r(l;JSh lcien Fig. 7-(b) uduw of looped brush
Normal load W, N 0.3,0.5,0.7 [ Sampling frequency | 5,000Hz P ’ SidingspeedV: 113mmvs 8 W, (Carbonfiber brush)
S 4 Slidingdistanced: 1000m B W, (Al dloy)
Temperature T, C 23-25 ;" [inar
< - Wear test i,
Wear test X : . " gs
CF brush Strain gauge X-stage Ultrawnlc CI ean ng The specific wear rate of looped g E
wh I p p ZE,
. Al dise - z indi 4 3 =0
Motor Disk holder } \—1-‘5 acetone brush indicated 104 mm3/Nm S
— n l —= which overcame edge type such B
) -3 3
—_ as 103 mm3Nm. 0 _ »
ttnge Mass measyrement o %
%__,E of the specimen - T Fig. 8-(a) Specific ware rate
vt | Belt _ ‘ | SRR Lot of looped brush(0° )
S“de eXarnl nat'on § §3 ~ 0 B W, (Carbonfiber brush)
Fig.5 Schematic image of pin-on disk 4= § 40 | = w(Aldloy)
o typefrialction Ejester . i’g : o %30
Table.2 Experimental condition of wear test M x g
measur 1
Sliding distanced, m | 1000 (200 X 5) o : SE 25
_ of the specimen 0 85,
Sliding speed V, mms | 113 © maaun P
N 0 =Y
Appliedioad W, N 05,07,09 Fig. 8-(b) Specific ware rate loop (0°)  loop (90°) edge
Temperature T, °C 24-26 :m: of looped brush(90° ) Fig. 8-(d) Specific wareratein
Humidity H 7-16% deferent kind of contact conditionj
Atmosphere inAir 1:nm S Y

flexibility.

1. Carbon fiber brush have static friction coefficient as same as
kinetic friction coefficient (us=w,) when it can deformin

2. Looped carbon fiber brush have smaller specific ware rate than
edge brush because of its microstructure.

changed because of carbon fiber’'s
microstructure.

edge, it contact with the area of

It was assumed that specific ware rate

When carbon fiber was contacting at its

amorphous carbon. It get out easier than
the area of oriented parallél to the carbon
fiber axis.

LN LA
Fig. 9 Schematic image of structural

" units arranged in carbon fiber™

[1] S.C. Bennett and D.J. Johnson, Proceed. 5™ Industrial Carbon and Graphite Conf., 1(1978), p.337
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KAZUKI MIYAZAKI, HIROYUKI KOUSAKA, NORITSUGU
DEPARTMENT OF MECHANICAL AND AEROSPACE

Background
Today, the application of DLC (Diamond-Like Carbon) to the sliding surfaces of
mechanical parts is gradually gaining popularity. It saves energy by reducing friction an
extends the life of parts by reducing wear and tear. In this field, a higher-speed coating
method is strongly desired. Plasma CVD (Chemical Vapor Deposition) of DLC
employing DC or RF discharge has a typical coating speed of ~1 um/h. This rather low
figure is due to the relatively low electron density (ne~108-10° cm-3) of the DC or RF
discharge plasma employed. The use of higher-density plasma is considered to be
essential for increasing the coating speed. Thus, we have proposed a high-speed coating
method of DLC with a novel plasma CVD employing much higher-density plasma

interface on metal surface [1,2]. On the other hand, when Mr. Okamoto used this gas-
blowing method, it resulted in a remarkably high deposition rate, about twice as fas
hen using only the MVP method in the DLC coating[3].

(ne~10%-10*3 cm-3), which is sustained by microwave propagation along plasma-sheath

UMEHARA, and TAKAYUKI TOKOROYAMA
ENGINEERING, NAGOYA UNIVERSITY

L
ProblemI

g

d

~

8

High-speed coating
73 um/h — 127 um/h

[

)

8 8 8

Depostion rate D, pm/h

Problem

o

o

10 20
Total gasflow Qroa , SCCM

Fig.1 Effect of gasblowing on

No Elucidation
of the mechanism

[

\the deposition rate of DLC. [3]

J

7 Purpose 3 .
Improve the deposition rate and

L Approach : The DLC was deposited with gas blowing

Elucidate the mechanism
in microwave-assisted high-speed DLC coating.

J

¢ Experimental apparatus |

Chamber size:¢ 220 x 210 mm

Specimen: SKH51(High-speed tool
13x 13x t5 mm

Figure 2. Schematic of DLC ooatlng apparatus with a
novel plasma CVD employing microwave-excited high-
\,_density near plasma.

Figure 3. Specimen

Substrate

Table 1. experimental conditions
CH4 200
Ar 40
TMS 20
Total gas flow,sccm 260
Pressure,Pa 75
Deposition time,min. 0.2
Peak power 1kw
Pulse
frepuency
Duty ratio
\oltage
Pulse
frepuency
Duty ratio

Theinner diameter of
seel) thenozzle: ¢ 1~2mm
(Glass) Nozzle

Gas
flow,sccm

Microwave

(2.45GHz) 500Hz

50%
500V

Bias 500Hz

FighfezAl. Nozzle

50%

\

/Results: Improvement of the deposition rate |—\

1065
< 1200 pm/h
= 1000
% 800 x 68
S 600
g 400
§ 200 157

0
no blowing blowing

Figure 6. Comparison of deposition rate of DLCs
deposited with gas blowing with not.

*Thethick film was formed at
blown point.
=The deposition rate consider ably

Height, yum

/ Results: Other effect of gas blowing

Measurement:
Optical emission spectroscopy

|

6000

18000

—blowing
—no blowing

WEMM*M I

A
800 400

—blowing

15000 —no blowing

12000

9000 4000

Intensity |

6000

2000
3000

0
300

400 500 600

Wavelength, nm

700 410 420

Wavelength, nm
Figure 8. Effect of relative content of atomic specieson hardness of DLCs

=SiH peak, 414.3 nm [4], was confirmed from Ar,

SiH peak was confirmed.

increased about sevenfold.

[

2 4 6

Position x, mm

8 10 12

High-speed coating

D

F—

430

methane, and TM S plasma with gas blowing deposition.

J

\_
Di |

/ |scussionI

Figure5. (8)DL C deposited with gas blowing 157 pm/h — 1065 pm/h ] ] ] ]
\ and (b)this surface shape. [ High-speed coating ] [ Si/C ratio ]
~Results: Other effect of gas blowing  f————— | | _157 um/h — 1065 um/h 0.15—1.02
16
14 *The Si/C ratio considerably . .
12 ¢ 1.02 increased about sevenfold. 57 (el R EOITTTE
2L X 6.8
D8 *More TM Swasionized and dissociated in plasma.
el Si/C ratio “TMS was deoleted in pl ith blowi
04 | 015 Measrerment: 0.15 — 1.02 |Swas depleted in plasma without gas blowing.
0z XPS : : Thisdepletion was prevented by gas blowing. It
0 . .
no blowing blowing was one of the causes of high-speed coating.
\ Figure7. Comparison of Si/C ratio of DL Csdeposited with gas blowing with not. y \

N

f

. gasblowing deposition.

Conclusion
- The deposition rate considerably increased about sevenfold at blown point.
*The Si/C ratio considerably increased about sevenfold and SiH peak was confirmed from Ar, methane, and TM S plasma with

[1] H. Kousaka, N. Umehara, K. Ono, and J. Xu., Jpn. J. Appl. Pnysu(ms)um—uls-l
[2] H. Kousaka, and N. Umehar

ara,
131 T. Okemoto, Y. Takaoka, H. Kouske, e N. Umehar, Orine propesfings ot umwﬂumwm (zomzaeu '
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AS

A'System for'Walking on'aiSlope withiaWearable Robot:
OHiroki Shigematsu,Takahiro Kagawa and Yoji Uno
E-mail:h_shigematsu@nuem.nagoya-u.ac.jp

People with leg paralysis

/ 1.Introduction
Patients want to
walk by themselves!

Wearable robots are

developed

‘ But
\ 4

There is no system
walking on a slope!

~

Walker
=support
Body
*Assist Force

Walking Assist Robot WPAL

Measurement of
ground reaction

( 2.Measurement Experiment

*Purpose
% Analysis of
[ ‘ movement
I' | slope
[l | -Condition
el | o t5
OPTOTRAK  Markers on shoulders hips knees
ankles
Results
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; ‘ El ] ““:_IJH. i, /
| | ¥ /
: i) i ||' f i
was bW ks F‘ v = Il,'
e iy P ol 2,
] sl @ C
BT Co]

N\

walking
of humanona

+75 f10°

\ There are significant differences of posture among slope angles.J

GData Analysis for generation of walking \

pattern

| 1. Position of hip rerated to the ankle |

Lant

A simple model of distance
between hip and ankle

02

0
Result | « . e

§ oos o
T o0 ! -
H ] 5
ot
i Model prediction
g 5 0 EH

time{meec)

Use

2. Postures at initial swing |

/

\__ ]

| *There was a close
'| relationship
between ana
model prediction
and measurement
data

10

for walking pattern

N

*There was no
significant
differences
among slope
angles

/4. Inverted Pendulum Model \

0° line.
\ [ 6" ] +10°
/S.Gener;;tion of walking pattern \

<— -Mgsina M premn
'
determing f like above
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Multiply X
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i I
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|
Results 1.Movement
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2.Comfirmation with Inverted
Pendulum Model

1 \
—— :boundary of falling backward _|* [\~ ’ [\ 7

6.Conclusion

<
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*There was a close relationship between the model prediction and
measurement data about position of hip rerated to the ankle.

* There was no significant differences among slope angles about postures
at initial swing.

*From Inverted Pendulum Model, requirement of preventing falling
backward could be yielded.

*Walking patterns on a slope were calculated on the basis of mesurement
data.

*Development of sensor system that can measure a slope angle and

connect to WPAL.
\-Use WPAL for clinical trial. J




An analysis of motion in gait transition for prediction of gait ’amectﬁry

OYaoshifumi Shimosatoe, Takahiro Kagawa and Yoji Uno (Nagoya University)

Introduction
!Pmliuim of human behavior | WA
L (left rightor...)
. numm

w

i
-|. ]
Wl

f

Laf nof
Research objective
Prediction of walking behavior based on rajectory
of gait transition
" Biomechanical model ofwalking ~—~ """~ """ Tt

equakion of mation
ML E = Mg gin 8 4+ T

!

SV =00y, + T /ML

ay, = Lain B = L8
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1
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WD Mdasurid
- Sign of walking direction was provded by LED lamps
- Markers wene attached to ankles and hips of both legs
[
v
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Data processing & Statistical analysis
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]
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Prediction of 30 [msec] beforehand is possible
by a minimum-torque-change model
Evaluatfon of predlcted trajectcuy
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Conclusions

- Hip trajectory is effective for predicton of gait transition

+ Prediction of 30 [msec] is possible by a minimum-torque-change

modal
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Future works

= Improving the accuracy of prediction
* Prediction ofwhole body motion of walking by a
detailed model of human musculo-skeletal system
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Analysis of driving behavior

during distraction using a Pr-ARX model
KAZUMA KATO

Abstract: This research develops a potential metric for the evaluation of an automobile driver’s distraction when operating in-car devices. Driving data was
collected in a driving simulator. The primary task was to maintain a constant following distance behind a lead vehicle. The secondary task, which brought
about the distraction, was to operate the in-car touch panel. A Pr-ARX model that describes the vehicle-following skill weighting of the Pr-ARX model
represents the driver’s logical decision making and auto-regressive with extra inputs component of the Pr-ARX model characterizes the driver’s continuous-
time behavior. By calculating the entropy of the Pr-ARX model, the driver’s distraction, which is considered a degradation of his decision-making ability, is

assessed in a quantitative manner.

Recent car accidents are mostly caused by driver’s distraction

driver’s condition,
such as tired, lack p3
of care

Detection of the distraction is needed ||

PROPOSE THE EVALUATION
INDICATOR OF DISTRACTION BY
DRIVER MODELS

@0},

- Talking on a mobile

phone

= HMI Operation

« Tiredness caused
by long time drive

Driving
Task

Percentages of causes
of car accidentsin Japan (2012)

embXxperiments

| Procedure & Driving Environment [

Driving Tasks

12 test drivers follow a lead vehicle keeping

the range less than 80m.
Trials -
-only driving task D'stfaCted
-driving and secondary tasks Driving

7 (3 trials — one for each secondary task)
-only secondary task

T
S0
Ex A X
2wl N \_/\\A / Data
us ZZ VAVV -environment (range, velocity, etc)
> -steering & pedal operations

TE T dm e[g"i oo™ -monitoring secondary tasks

~subjective data from questionnaires

Yy

-
-=| Distracter (Secondary Tasks)

25 panels which display numbers from 10 to 34 in
random order with only one of them in a blue color

(=4 Driver ModeI(Pr-ARX model) §
Pr-ARX model
S

N

What is KdB ? |
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making T w ]
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1 =
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Entropy : H(P)=

D,, : Territory of driving data P . Probabilistic weighting of the ith mode
L
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= - H(p) big 5 H(p) small
o ©
S 3
° <l
S a

° 15 30 45 ° ] 15 30 45
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The task is to touch the panel with the number
that numerically follows the panel in blue

[ interval | 6sec | asec | 2% |
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Distracter level is defined as
~ thedensity of the tasks

ﬁl Identification of Pr-ARX models |

y Mode 1: collision avoidance mode
Mode 2: following mode

l -ﬁ Green pointsare theregionsin which a mode is not
l . %\ determined uniquely( P, = 0.1~09)

#  =the driver’s
T T

The higher the distracter,
distra®: none the larger green region

[ E0x mo =g

distracter high

R L mew
distracter middle

distracter low

Use the Entropy as a metric for Linearly proportional

the quantitative evaluation 4

rr
\

LE
Conelusion =,
The degradation of the driver's -5':
decision-making ability can be -
ass_ess_ed_ using the Entr_opy, o
which is linearly proportional to
the distracter. Average values of Entropy 1

-What about individual driver’'s whose Entropy is not
proportional to the distracter?
-What is the main distracter, looking away, touching, etc?
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<4> Appendix
a) Travel schedule

b) Photo album

c) Summary of questionnaire
(in Japanese, excerpt)

43



a) The 4th JUACEP Workshop Travel Schedule
February 20-24, 2013

Date Local Time Event Location Tranportation
10:00 Arrival at Centrair
12:30 Departure DL630
10:30 Arrival at Detroit airport Bus (from
Detroit Airport
12:30 Arrival at the University of Michigan to UM)
12:30-13:30 |Lunch (individually)
Feb 20
(Wed) | 13:30-14:00 |Welcome, Introduction of University of Michigan |2211 GGB
14:00-15:30 [North campus tour
15:30-17:00 (Presentation setup Dude Center
17:00 Bus (from UM
- to hotel)
Hotel check—in Clarion Hotel and
Conference center
Hotel Bus (from hotel
8:45 Arrival at the University of Michigan to UM)
9:00-10:00 [Introduction of College of Engineering 1005 EECS
10:00-11:00 [Wilson Student Team Project Center tour 1004 Wilson Center
Feb 21
(Thu) 11:30-13:30 (Poster presentations with Lunch Duderstadt Hallway
14:00-17:00 |Individual lab visits
17:00 Bus (from UM
Clarion Hotel and |t hotel)
Conference center
Hotel Bus (from hotel
8:45 Arrival at the University of Michigan to UM)
9:00-10:00 [UM3D Lab tour Duderstadt Center
10:00-11:30 Casual meetup for UM and NU students and
Feb 22 ' | introduction of JUACEP for UM students
(Fri) Introduction of JUACEP for UM students and 1008 FXB
11:30-14:00 |call for participation in the summer program with
lunch
14:00 Free time
Clarion Hotel and
Conference center
Free time Hotel Bus (from hotel
Feb 23 : — to Detroit
(Sat) 13:30 Arrival at Detroit Airport Airport)
15:30 Departure DL629
Feb 24 19:05 Arrival at Centrair and adjournment
(Sun)
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b) Photo album
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Flight Waiting at Centrair
Feb. 20

Introduction of U. Michigan
Feb. 20

Feb. 20
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Introduction of
- Y College of Engineering
Feb. 21

AT THE LURIE TOWER

Wilson Student Team
Project Center tour
Feb. 21
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JUACEP Workshop at
Duderstadt Center

Feb. 21




Individual lab visit

UM3D Lab tour
Feb. 22
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AT THE DUDERSTADT CENTER

Relaxed at the hotel lounge
Feb. 22

Special immersion course for presentation by
Mr. Robert Pal (AEON Corp.)
Feb. 7-&
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c) Summary of questionnaire
T—0 S ayTERBTU7r— b BE
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The 4™ JUACEP Workshop at University of Michigan 7 >4 — FEE

1.

TAYADOKREZEIZOVTORE (REK. HRHRE. FELLE)
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FRIZE 2 A, B RIIMAE TR RETHDY FRREBRENTIT) LD LT, BELE
D& ) MIZBFRDWFENZDBRBDLRNS D TH D LK L To, BAARDRENENENE WD DT TR
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THRLTWZ LD bEMTBIRMAZ S BOAMEAL a2 —va 25 LB LBENH
27,

EARBICEPERITH TH o722 L,

TR EBRFTELL L THRARANEAI 2= —2 a9 U TET,
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