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Fig. 1. Generating directions of the shear stress on the rear wheel surface of the testbed (&5 £ 3 £ V).
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Fig. 2. Stress distribution for a wheel with grousers (&#iam L1485 D).

FR2IFEDEE (LoROIYL - BREKBOA—HFAF—%28D)
- EBREHEIRE 7 1 7T LERIR

ER2TFEEDBRFE
CoEATED |
1. EKE5HIRICIS T 2 Hlim D =R ITIE S oAt
2. WM ZEITT 2 7T U YA & R OIS A HA

[(EFEARX (EHRfAZERSERXEZED) ]

1. Shoya Higa, Kazumasa Sawada, Kenji Nagaoka, Keiji Nagatani, and Kazuya Yoshida,
“Visualization of the Stress Distributions of a Wheel with Grousers Traveling on Loose Soil”,
2016 IEEE International Conference on Robotics and Automation, Stockholm, Sweden, May,
(Accepted)

2. WHE, HEAYS, KEER, HHME, TEERmEICRTLAFy RAT TR A 7 ae—n0
BT, 1M u R T ¢ 7 AV VR YT ek, (2016-03) GRRE &, FEERTE)

3. Shoya Higa, Kazumasa Sawada, Kenji Nagaoka, Keiji Nagatani, Kazuya Yoshida,
“Three-dimensional stress distribution on a rigid wheel surface for a lightweight vehicle”, 13th
European Conference of the ISTVS, pp. 383-391, Rome, Italy, (2015-10)

[Zfirs - EFIES (EHEHY) )
1. Shoya Higa, Kenji Nagaoka, Keiji Nagatani, Kazuya Yoshida, “Measurement and Modeling for
Two-dimensional Normal Stress Distribution of Wheel on Loose Soil”, dJournal of
Terramechanics, Elsevier, vol. 62, pp. 63-73, 2015

(EFREE - F= - FHME~AORR (EHEAGL) ]

1. Shoya Higa, Kenji Nagaoka, and Kazuya Yoshida, “Mobility performance and stress
distribution generated beneath a wheel on loose soil for a wheeled rover", The 25st Workshop on
JAXA Astrodynamics and Flight Mechanics, 2015.

2. HEEARR, kR, kREE, HHEMR, K9S LEE ET T 2 minBEi ARy Fofco o
W T HEAMTIE N D TR, AARRSES KT (22 A ba=s Rk
232015, 1P2-V06 (2015-05)

3. M=, KMEEE], NathanBritton, FEEEfH7R, CostaPaula, IureBarros, FHHFI#k, [/ 7 oW
EIEBELIEAFy RATTRIEER 0 — O VTS EITREMNT L, B A
& BART 47 A AR bu=7 AGEEHZ2015, 1P2-U02 (2015-05)
(RE - f5aF¥]
ZHEH : 2015410423 H
Z'E 4 : Best Paper Silver Award
f#%4 - International Society for Terrain-Vehicle Systems



K4 IR 8

e i

‘iR LR ) A =27 A% - D1
vt S
RBANICEB T 2 KBILBEG O RET - 531 - HatambaI T

FER2IFEEICSITHEREBPR I TSI Y HEH

AL, BCCHEDHNITE T 2 KBILBBR P& IRIZE > TR L EELHMT 272007
077 MMEREAT o To, KEDBBNEZILHT DRI EL 52 2 &R & U TR FLE O AN E M
WCRDRT o v VIEEBEOREZEE BT RV BRNPEZEZOND, ZOPTAREZIIRT vy v
FERE DIR A 2Rl 2 72b D7 1 7T AMERZITo 7o, 2 2T, il of R e Xucsd, =
DL, BCCERBNICH T DR b LETT A N THLITY A ML KBNS DL EDORT v LE
BEARL TS, ZOMEYVART oy VERETIREIC L > TRESEMLTWD Z L3bnd, £0
7o, AR TIIET ZOEITMH RO REHFIRT DL 12707 T LADIEREITo T2, FHHESMEEL
T, K200 &5 2@ @R 123 12808 O IS KRR 72 ERE L7 RaxtR e L, RT7 vy LET IV E
L TlE, @FEi#EidEz X < 8 C% 5 Embedded atom method N7 > v ¥ /L& =,

BN E B 2R R T o v v VEERE A SR D B 72 912 Nudged elastic band(INEB)E2]DFHHE 7 v 75 A
DYERAAT > 72 NEBIEITHEBOERR IS DA L KR A RO ZDRIZW DDA A=V ZBliE LE DA
A=K U CHRAAERZ R T 5, 2 ORI A A — T ONLE D KEDOILBHRREE I & 72 5 Minimum
energy pathz R4 LD THY . ZHICK Y HHOGEDRT v VEREO K& X &2 RDDHZ LN T
x5, WIT, ROTZHMBRART v v VEREE WV CTRIER 2> ba A FCMD)IEBIZ X 25 H %
Too07ar T MEKEIT->T-, CMDIEIZKSIZ/RT L) —X L ZOHIMiETHLEY bR
A RPORLETMIH L THFENNFHEEZIT I LD TH D, HFE—XIAAXTEANTEY, 20
E—ZXDIRN Y BIRAAEDOARHEEREZRT, oD vl T LE L0 Hkx RIRESETIHEEZITV,
LBIIRT U VEREN B TRIRICE Y EO XD e BE ST 50 E T 5,

0.16

T
Classical

0.14 | 1000K
500 K
012 | 300K
200 K
. 010} 100K
=
a
=~ 008 |
=
2 0.06f
Ll
0.04 |
0.02 |
0.00 |

00 06 12 18 24 30 36
Reaction Coordinate (A)

X1 BE1hEIC L ART v v VRERED R R 1]



K3 CMDIEIZBITHKEET L. GRRELY haA R, ANE—X)

[1] H. Kimizuka, H. Mori. and S. Ogata, Physical Review B, 83, 094110, 2011.
[2] G. Henkelman and H. Jonsson, J. Chem. Phys., 113,22,2000.
[3] J. Cao and G. A. Voth, J. Chem. Phys., 99, 10070, 1993.

FR2TEEDTRFE
[(ARAR]
BEFIRIZE DART v v VEERE DR LKA M Dt
RN OKFIERNC B2 MIFT E RO —D & LUIRFALEDORMEEENE 2 D, ZDT-
DA TlX, Nudged elastic bandi£% > CMinimum energy path(MEP) Z k7=, Z OMEP% H
WTRERRE B> b A NIEIC K DEHRIT ) 2 L TERFIRICE DR T v v VIEBEDIR KT 2 3F
fliLTW\a,

(EfRRE - & - FIMEADOER (EHELL) ]

Lo HIRER, sk s, PPIHRsE, (5, EEmih—
Ry IR DR SR BRI 1T D ERY - B W b EHEE O 5y 8 ) RO EAT
HABERR 22 20155 FE AR ROR 2, ALIR T

(IREDER]
A AZEAR L2 5 5 52 D C 28R ]



K4 Fpk R

.
@ LB TARIERE S 2 7 AT A L TR - D3

A vt S
=3 \HORT TSR S A T S & B L KR T L AR BO BEH R

| 7
Z ; S !

TR2IFEEICS TR RIZx T HHY #HA

A CER2THCH ~9A)IE, 2 — WV AT L —Ri (B A D= AL ST H720OICH HRFE L
7o BRI F-E7293R 8RO 2 7 A (SPITS) & iV €, EAImmOFALR K OWECwh: 123 ~ 72 4@ Fabt B I fEf
28T DO R E DOWE AT - 72, Fig. LZHRL FEZGRER S A7 AOWMK X 2 v, AEE I, BE
ImmAiE O HR - Z~Y 7 LT AN Lo TINE Usnd CEMICHEE S 2 EE TH D, BEFmo-HE - B
WEAT HDHRLFE2BRIED LT, K- OfHZF N RAF I R1-3 BE CE) — R /L% — & IEREICFE
22N TED, SHIT, BEEIATICIVE LR T2 RET D2 & TEEREDOHIE L AT
HeE7ed,

Table 1iZ 2L E TOEBRIZE > TH LN TW A KIS LTI DRI O FHE 2 o~d, iUl &
X, RIS RIS T DRIRIROEE 2 EW7 5, Table 10 X 512, ERSHEIIFEMIC L > TK
X EARA T ENRELMNIRS TS, KETFAX—TZ O RSO E/NEWE AL ERO—>
EEZLND I ENDLEDORE R,

Laser source

Stopper Solenoid valve

Particle
Vacuum chamber Particle holder
(3.5x1072 m3) / \
o |«o] ol
: ==\
Substrate Acceleration tube (2 m)

Detector

Regulator

Propellant
chamber
(9.4x10™ md)

Fig. 1 Schematic illustration of single particle impact testing system (SPITS)

Table 1 Critical velocity of Al and Cu particles deposited on each substrate material

Substrate material
Al Cu Ni Ti S15C
Al particle 353 m/s 301 m/s 296 m/s 500 m/s 432 m/s
Cu particle No deposition 216 m/s 260 m/s 294 m/s 282 m/s
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Fig. 3 Rebound velocities of each particle calculated by a finite element method.
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Fig. 1 Flow velocities estimated by using the Knudsen diffusion model and the conventional models based on
continuum hypothesis versus flow velocity obtained in the DSMC simulations: (a) on double-logarithmic axes; (b)
on linier axes. (£=0.49, p=0.95 atm, Vp=—-0.3691 Pa/nm)
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In general, the fabrication of thermal barrier coatings (TBCs) of gas turbine blades, involves the
application of a MCrAlY bond coat to a Ni-based superalloy substrate. A top coat of yttria-stabilized
zirconia (YSZ) follows. However, failure of these conventional TBC systems has been reported to
mainly result from the thermal expansion mismatch between the ceramic and metal coating layers of
the systems. To overcome this mismatch, functionally graded materials (FGMs) have been
introduced into TBCs; these are referred to as FGM TBCs. FGM TBCs were first proposed in order to
obtain a material capable of withstanding the severe thermomechanical loading that occurs in
structures and fusion reactors in spacecraft systems, ceramic engines, gas turbines, and diesel
engines.

In this study, the cold-spray technique was applied to the fabrication of FGM-TBCs. Several
advantages exist in manufacturing FGM-TBC using cold-spraying. The production cost is very low
and deposition efficiency is very high, compared to thermal spray. However, the cold-spraying
system has a severe problem with regard to deposition of ceramic materials.

To overcome this problem, cermet powder was applied to the fabrication of FGM-TBC. Here, a
cermet powder is used to produce a FGM-TBC with a constant rate in each layer. Cermet powder is a
composite material composed of ceramic and metallic materials. CoNiCrAlY/YSZ cermet powders
with different compositions were prepared to deposit on CoNiCrAlY bond coated substrate.

€ J70 15.0kV x150-SE(M)

Fig. 1. Cross-sectional SEM image of the microstructure of the as-sprayed 25Y-cermet coatings and corresponding

EDX mapping.

A cross-sectional SEM image and the EDX elemental mapping results of the 25Y-cermet coatings on
a bond coat deposited by cold-spraying are shown in Fig. 1.
The EDX images depict two clearly distinguishable phases present in the coatings. A coating of



Y-cermet powder with well-distributed YSZ powders was successfully deposited by cold-spraying.
The coatings show a homogeneous microstructure because the feedstock powders were mechanically
blended, causing their agglomeration to form the spray particles. In addition, cracks and voids are
nearly invisible both at the bonding layer between the coating and the substrate and within the
coating layer itself. This confirms that the low-particle-velocity deposition of Y-cermet powder had a
significant preventative effect against the rebound energy of the CoNiCrAlY powder, ensuring the
even distribution of the YSZ powders.

(a)
CoNiCrAlY
1 ‘ t‘ -

Y-Cermet

¥
\\

CoNiCrAlY

Fig. 2. Cross-sectional micrographs of (a) CoNiCrAlY particle, (b) Y-cermet particle at 5000%, (c) Y-cermet
particle at 10000%, and (d) Y-cermet particle at 13000 x.

The particles were cut by focused ion beam (FIB) to observe the interface of the bonded area and
investigate the deposition mechanism. Figure 2 shows the cross-sections of particles bonded on the
Al substrate. To prepare the specimens by FIB, a 1-2 pm W layer was deposited onto the particles.
Then, the particle was cut by FIB using a 520 kV ion beam. To polish the cross-section, its area was
treated for 5 min using a 150 kV ion beam. Figure 2(a) shows the cross-section of a sprayed
CoNiCrAlY particle. As observed in the image, CoNiCrAlY is bonded with the induced
transformation of the Al substrate, as a result of the very high hardness of the superalloy particle.
The particle also experiences transformation; however, the particle is not destroyed. Meanwhile, in
case of Y-cermet powder in Fig. 2(b-d), the particle is confirmed to be destroyed on collision with the
substrate. This indicates that the Y-cermet cannot withstand the impact energy as a result of its low
hardness. With ceramic materials, their deposition is commonly known to be very difficult because of
their lack of ductility. Some materials coated by cold-spraying are also only capable of deposition in
very specific circumstances. With the Y-cermet powder, although the particles are destroyed by their
high collision energy, cold-spraying can successfully deposit ceramic materials with metallic
materials. As shown in Figure 2(b), the Y-cermet particle is deposited over a wide area; cracks inside
of the particle are observed. In the EDX results, cracks were found between the nano-YSZ and
CoNiCrAlY in the Y-cermet. After collision, the particle is crushed by its high impact energy.
Additionally, in Figure 2(d), nano-YSZ is confirmed to exist

between the CoNiCrAlY particle and the Al substrate. After the collision, the CoNiCrAlY particle
compresses the YSZ particle using the collision energy; consequently, this is expected to produce a
denser coating.
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Fig. 3. XRD profiles of the Y-cermet powders (P) and the cold-sprayed Y-cermet coatings (C).

X-ray diffraction (XRD) analysis was used to determine the materials and phases present in both the
mechanical powder blends and the fabricated coatings. Fig. 3 shows the XRD spectra of the
representative feedstock powders and coatings. Only peaks corresponding to phases of YSZ and
CoNiCrAlY exist in the patterns of the as-sprayed coatings, identical to those of the feedstock
powders. This suggests that no phase transformation occurs in the cold-spraying of Y-cermets under
our experimental conditions. Moreover, no metal oxidation is observed at the cold-sprayed deposited
surface, as a result of its low deposition temperature and the inert gas atmosphere (N2) of the process.
XRD also provides the relative amounts of materials present in a given mixture. The primary peaks
of YSZ and CoNiCrAlY are at the 20 angles of approximately 30° and 44°, respectively.

In the present study, the mechanically agglomerated and sintered cermet powders of
YSZ/CoNiCrAlY and its cold-sprayed coatings were investigated.

The Y-cermet powder containing well-distributed YSZ powders was successfully deposited by the
cold-spray process. The results showed a homogeneous microstructure because the feedstock
powders were mechanically blended and agglomerated to form the spray particles. Moreover, no
metal oxidation was found at the cold-sprayed deposited surface, as a result of the reaction’s low
temperature and inert gas atmosphere (N2). Consequently, the cold-spray system is a suitable
method to manufacture FGM-TBCs using Y-cermet powders, especially considering its low cost and
simplicity. However, some remaining problems, such as the formation of pores formation and
generation of cracks by high pressure, must be solved before this process is implemented
commercially.
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A silicone phantom of the patient-specific aneurysm was manufactured. To decrease the
geometrical difference between the silicone phantom and the 3D model in CFD, the silicone phantom
was scanned by a Micro-CT scanner, and reconstructed to a 3D model. Working fluid used in MRI
has similar property to human blood. Corresponding boundary conditions and fluid properties were
set in CFD, to ensure that flow conditions are the same in each method. Further results of 2D
velocity vector profile and 3D streamline have been studied and compared.

From the comparison between MRI and CFD, the shape of the edge of the geometry shows some
discrepancies, as well as the flow pattern around the wall, as shown in Fig.1 and Fig.2.

In summary, the low resolution and low velocity-to-noise ratio at the edge of the model in MRI
measurement may affect the detection of geometry shape as well as the flow movement in the model,
which need to be improved in future study.

Fig. 1 Velocity vector on the target plane



Fig.2 Comparison of Streamline between CFD and MRI results
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1. Study the setting of boundary condition, and compare the difference among PIV, CFD and MRI.

2. Study the error factor, like the differences in velocity caused by the position of target plane and
the calibration.

3. Study and compare the 2D velocity distribution on the center of the target plane, as well as the
streamline.
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\C-axis tilted AIN film for vibration energy harvester
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In recent years much attention has been paid on an AIN thin film as an alternative piezoelectric
material to Lead Zirconate Titanate (PZT) in vibrational energy harvesters due to more concern to
the environment and human health that asks society to restrict the use of lead in industry.
Accordingly researchers have searched for lead-free piezoelectric materials for vibrational energy
harvesters (VEHs) [1-3], among lead-free piezoelectric materials developed so far, an AIN (wurtzite
structure) film has been considered as one of the most promising materials for vibration energy
harvesters because of its high figure of merit (FOM) of output power density [4, 5]. Furthermore AIN,
a semiconductor process compatible materials, can be easily integrated into silicon devices [4, 6].

In general people use [0001]-oriented AIN films which have c-axis oriented normal to the
substrate surface because electromechanical coupling coefficient (ks1) is large along this crystal
orientation [10] and output power of the VEHs can be increased. However, ka1 of the [0001]-oriented
AIN is still smaller than that of PZT films [4, 6-9]. Thus it is important to further increase ks: of the
AIN thin films, and tilting c-axis of the [0001]-oriented can be one effective approach [11, 12]

In this year (2015/01 to 2015/12), I investigated oblique sputtering conditions to deposit tilted
c-axis, stoichiometric AIN thin film on Si (100) substrates. By changing conditions and using Ne
plasma, I have optimized the deposition process to get high crystallinity thin film of AIN. Obtained
thin film showed high density and smoothness. The thin film consisted of c-axis (002) oriented. I
have also clarified by changing substrate temperature and using oblique deposition method, I
successfully grown AIN films with the c-axis tilt angle of more than 15°. In addition we prepare AIN
films with different c-axis tilt angle for the future investigation of k31 of the c-axis tilted AIN films
and fabrication of high output power VEHs.

For more details, Figure 1 shows a schematic of .
the sputtering set up for incident angle deposition Si substrate
of the AIN films. A substrate holder and an Al
target were arranged so as to set incident angle of
deposition flux to be 45° from substrate normal.
During film growth Ar and N2 are used as reactive
gases. N2 was introduced into the chamber through
the ion gun to make nitrogen plasma to facilitate
AIN formation. N2/Ar gas flow rate of 3 was fixed to
obtain AIN stoichiometry according to the previous
investigation.

XRD measurements verified that we have succeeded in growing c-axis tilted AIN thin films.
Figure 2a shows a 2D-XRD diffraction image of the AIN film grown at 650°C. Except a diffraction
peak from Si, only peaks from (0002) and (0004) plane of AIN were observed almost symmetrically
along the chi axis, indicating that film has [0001] orientation. With decreasing growth temperature,
the (0002) peak gradually moves down along the chi axis. This clearly indicates that the c-axis tilted
from the substrate normal. Tilt-angles were determined as Chi angle of the (0002) peak centre
(figure 3), and found to be 6° for 560°C (Figure 2b) and 22° for 420°C (Figure 2c). For the films grown
at lower than 300°C (figure 2d and 2e) the tilt angle could not be determined due to poor crystallinity,
though the c-axis likely tilt more from the substrate normal at lower growth temperature.

To understand the mechanism determining the tilt-angle of the c-axis, we conducted FE-SEM. A

~

Figure 1. Schematic of deposition



cross-sectional FE-SEM image of the film grown at 420°C (tilt-angle: 22°) shows a columnar
structure with tilt-angle of 43° (Figure 3b), which is close to the incident angle of the deposition flux.
In contrast, the columnar structure for 650°C (tilt-angle: ~ 0°) does not tilt (Figure 3a). These facts
indicate that tilting of the c-axis can be obtained by growing crystal along the tilted direction using
the incident angle deposition if growth temperature is low enough to suppress atomic migration.

AIN (004)—l
20

50 60 f 0

AIN (002) S0

Figure 3. Cross-sectional FE-SEM images of AIN thin film deposited at (a) 420°C and (b) 650°C
Finally we point out that incident angle deposition can be an appropriate growth method to

suppress electrical short between top and bottom electrodes that is often a problem reported for AIN
films in micro devices. Because the tilted columnar structures are stacked, films do not allow cracks
and pin-holes to go straight through the film. This unique geometry will prevent connection between
top and bottom electrodes, which are usually fabricated using physical vapor deposition methods
with line-of-sight deposition.
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1. Maintenance and recovery of dual guns ion beam sputtering

First, the dual guns chamber was modified to suitable for AIN sputter in an incident angle
Amount of oxygen in the chamber was confirmed by
Mass spectroscopy using Q-Mass.

LDV
controller

2. Conduct experiment and optimize the deposition
process

AIN deposition processes were performed for the
first time using the chamber. These processes were
optimized through many times of deposition by
changing the condition as: Back pressure, deposition
pressure, gases flowrate ratio, deposition
temperature, N2 with and without ion

Digital
oscilloscope

Output power,
d31

3. Characterization of thin films properties Figure 4. Experimental setup for evaluating

The deposited films were evaluated to decide the the output power of an energy harvester.
best deposition conditions. Typically, the thin films
were characterized by the following equipment, EDX spectroscopy (FE-SEM, Hitachi SU-70), X-ray
diffraction (XRD, Bruker D8) and atomic force microscopy (AFM, Nikon TE2000-U)...especially, a
vibration measurement system has been setting up to evaluated output power of the vibration
energy harvester as shown in the figure 4.
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PR2TEEICE T AFREBN R T ST Y HA
RALIKSE(HC) % 4 P % fkifk Botryococcus braunifi IR AR D /S A APREL O U CTHER STy

%o NRBRANHATAEEIC L0 mWHCHIH (GO0 Z &b, HCHiHRZ M LS5 A =X
LADORMNBMETH D, =2 CTAMETIE, B brauniiOfifdi L Nan=—%~A /L N2 L, HC
9% & & b Iz OB O TR B L O 2 v =— O &5+ OREBEFHI+ 52 & T, =
1 = — DR L OVE ST OFIBE S HCHH SR RIT 3 B 2 fgt Lz,

FUBHZ IR 0.82 g/LD B. braunii BOT-22F8k %

Table 1 Experimental condisions of each apparatus

f:o B— X‘ i L (LMZO 1 5, AShiZaWa FlnetECh;@) % c]: Ut Bead mill Jet-Paster
R . . Peripheral speed Bead diameter Bead filling ratio Rotation speed Treatment time
JPSSWUP-SS, HAA B KV A FvCRE 2 il i [ms] [mm] [vAv%] (rpr] [min]

11,14 0.5 85 2400, 4800 3

Lz, #5HEEOFEBRSI % Table LIZRT, MR O

MRzt U TRy IR AR (PITA-3, &1 > A8 % AV CE{EARNT L, Ao P4 223 X O
TEEED B RERi e OTIRE AT Lo, 7o, B REEZITV., BiEiEo a e =—FEO& 51
B LT, RO ~F V2 EA LRI L. GC-FID (GC-FID 2014, S{E#/EATR) % AV C
B L7o, HCHItHRIX, BRIk %E Al - #olfe L7-3Eh s G HCZ fhiH L 72356 oMt 4100 % L L, %
DOFEXHE & L TR L 7=,

A U 72 B DT IRGH 24T - 7o /5 R 2 Fig. U, 2 2°C, B brauniiOMfa O A YR diTs L%
10umTHDZ NG, BHISNTZR T L, d = 8umDRL - ZMEIZ K - TA U7 /ali . 8<d
= 11 ymORL - Z AR, d> 11 ymORiFE2an=— L0817, E—XI 2 A5 Fig. 1
()., AR DKL D FEIRIFARILOFOEL X 0 Mg R L ffal rds O a e =— (3 L 7=,
JPSSO & (Fig 1 (b)), [RIEAEC X &l i - BRI L, am =— 33 Lz, it o =
0 =—JEAPHOE Y 1 & BRI L o TEE LR R4 Fig. 2107 T, REOAHEORE Cldar =—/F
IZBRZ2 < S FRFEL TV D, E— X IVTHET 5 & —HO @m0 12 e S 4u, il S a7z
b aEtN ar =—WNENZIRE LT, JPSSIZE W T A 2400 rpm TUEH 2 MW L 7256 12idan =
— P @SS DFE L, @B EN 2o 7= — 57T, 4800 rpm THH: L7258 13 n =—FPH
W@ TR TOES TS Lz, BkfEaig OB G HC A i L 72 /5 R % Fig. 312w
T RUMBLOFEICITHCHIZ L A EHIHTE 20V —07, TR EN O E TR 2 9 5 & s
MR E M UT-, FrICIPSS%E HVT4800 rpm CHERE L 735410, Halfe L7-3B i St L 72356 & 1F
FERSEORIHERE o2, 22T, E—=X I B W TER14 m/s TR L7254 & JPSSIC B\ TlallE
#4800 rpm THUFL L 72358 2 Hl§ 2 & TRIREHAME L 72 B ICIE M & b IZIEFRBEO/HT TH 2126 5
PHT, HCHiHRIZRE 22 " LTz, an=—FHHOESFIZERT L&, E—XIVEZHWIZEGE
TR RICBIE I N TV RN DD, JPSSOLETERIIBIESI N TWND 2 ERDLND, TOEmm I3k
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HCHIH RN L= D%, an=—ElOEsFE2RELLZZENFERTH D LEALND, LD
Kot an=—FHEO &S0 B brauniin> &b OHCHIHNIZ K & 72088 % RIT$ 2 & DR S L7z,
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Fig. 1 The morphology of the samples before and after treatment (a) Bead mill, (b) JPSS, (1) Diameter, (2) Roundness

Fig. 2 The images of the samples (a) Non treatment,

(b) bead mill treatment at 14-m/s of peripheral speed, (c) JPSS treatment at 2400-rpm of rotation speed, (d)
at 4800-rpm of rotation speed
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Fig. 3 The extraction rates of the samples (a) Bead mill treatment, (b) JPSS treatment

[51/¢ik] 1) Demura, M.; Ioki, M.; Kawachi, M.; Nakajima, N.; Watanabe, M. M.; J App! Phycol, 26, 49-53
(2014)
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Evaluation of Cell Disruption Influences on Particle Size and Shapes and Hydrocarbon
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In this year, this research focuses on an assembled comb-drive XYZ-microstage with large
displacements and low hysteresis for the scanner of magnetic resonance force microscopy (MRFM) at
cryogenic environment. For measurements, a sample of 1,1-Diphenyl-2-picrylhydrazyl radical
(DPPH) is glued onto the assembled XYZ-microstage. As the setup components of the MRFM
measurement, the scanning XYZ-microstage with DPPH sample, a sensitive cantilever with a small
magenetic particle, a fiber-optic interferometer to detect the vibration of the cantilever and a radio
frequency (RF) coil are installed into the vacuum chamber of MRFM. Finally, the vibration of the
cantilever caused by magnetic force due to electron spin-resonance spectroscopy (ESR) can be
detected through adjusting the magnetic field intensity of RF coil.

The concept of MRFM, as a promising magnetic resonance imaging combined with atomic force
microscopy (AFM) technology, was firstly proposed by Sidles in 1991. This technique utilizes a small
magnetic tip and an ultra-sensitive cantilever to detect the densities of spins or radicals. Within
several decades, MRFM has been applied to various fields including physics, chemistry, biology and
material science as an effective characterization method. Microscanners for cryogenic measurements
using MRFM require large stroke at low temperature with small affections to thermal variation. In
terms of magnetic force measurements for MRFM, electrostatic comb-drive actuation would be the
most applicable method due to its high flexibility for system integration and relatively large
actuation displacement at low temperatures.

The components of the comb-drive XYZ-microstage consisting of a comb-drive XY-microstage, two
comb-drive Z-microstages and silicon base substrate are fabricated, respectively. Then, they are
assembled together to construct the XYZ-microstage using microassembly technology, as shown in
Fig. 1. The samples of two DPPH particles are attached to a glass needle tip using electrostatic force
and transferred to the small tip outstretched from the center plate of the XYZ-microstage by
adjusting a manipulator under a view of microscope, as the inset in Fig. 1. The actuated
displacement and applied voltage with triangular wave are plotted as a function of time, as shown in
Fig. 2. The XYZ-microstage is capable of producing ~50 pm displacement into Z-direction at the
actuation voltage of 82 V. To evaluate the hysteresis of the assembled comb-drive XYZ-microstage,
the displacements in forward and backward sweep are plotted. From comparison, it is demonstrated that
the assembled comb-drive XYZ-microstage exhibits low hysteresis of ~0.245 pum.

60 : . ] . 90
 50- RS
& F70 “Q—;
E 40+ 60 g
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Fig. 1. Assembled XYZ-microstage with DPPH sample. Fig. 2. Relationship of displacement and actuation displacement with time.
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Fig. 3. Cantilever sensor with a magnetic particle. Fig. 4. Resonant frequency of the cantilever sensor with the magnetic particle.

As the cantilever sensor in MRFM in Fig. 3, a small magnetic particle is put on the cantilever tip
using a manipulator. The magnetic particle is magnetized by applying a magnetic field of 12.3 kOe.
The resonant frequency of the cantilever with the magnetic particle is measured by the a fiber-optic
interferometer in a vacuum degree of 8.6E-4 Pa at room temperature. As shown in Fig. 4, the
resonant frequency is found to be 9.419 kHz and the Q factor is 3489.

In order to realize the MRFM measurement, the characterized XYZ-microstage with the glued
sample DPPH, the cantilever sensor with the magenetic particle, the fiber-optic interferometer and a
RF coil are introduced into the vacuum chamber of MRFM, as shown in Fig. 5. The distance between
the magnetic particle of cantilever and the sample DPPH on the tip of XYZ-microstage is set to ~15
pm, to make sure that the sample is near the resonant slice. The optical fiber is placed behind the
cantilever with a ~100 pm gap to measure the vibration of the sensor with a high sensitivity.

In order to evaluate the setup of MRFM measurement, 1D scan experiment is done with the
applied RF signal to the coil. The modulated magnetization Mz of the sample DPPH in the resonant
slice through the magnetic resonance causes an oscillating magnetic force Fz=-Mz*oHz/oz to the
cantilever, where the oHz/oz is the magnetic field gradient at the resonant slice.The resonant slice
represents a paraboloidal shell region, in which the magnetic field generated by the magnet particle
matches the magnetic resonance condition.

To determine the suitable position of the DPPH sample in the resonant slice, RF frequency
dependence on the magnetic force to the sensor are measured at two sensor positions with actuation
voltages of 20 and 60 V. The ESR magnetic resonance signals can be observed with a range of the
applied radio frequecy from 1025 to 1075 MHz, as shown in Fig. 6. The positions of the DPPH sample
corresponding to the actuation voltages of 20 and 60 V applied to the microstage are ~3 and ~29 pm
displacements in Z direction, respectively. From the measurement results, the magnetic resonance
signals are strong at the position of ~3 um displacement, but the DPPH sample will be out of the
resonant slice when the actuated displacements are larger than ~29 pm. Those results shows that
the developed XYZ microstage can be applicable to MRFM.
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- | Cantilever | £ 1.000™
L _ 5
: - = g.0x10" 4
8 Fiber . = 80
y ED -15
& 6.0x10 7 A
8
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S 4.0x10
2.0x10™ 4
O'O'I'T‘I'I'I'I'I‘I'I'
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Fig. 5. Setup of MRFM in the vacuum chamber. Fig. 6. ESR force signals versus RF frequency of at two positions of the sample.
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A comb-drive XYZ-microstage with an improved design for large displacements is fabricated for
the scanner of MRFM at cryogenic environment, based on the microassembly technology. The
XYZ-microstage is capable of producing ~50 um displacement into Z-direction and low hysteresis
of ~0.245 pm. The samples of two DPPH particles are attached to the small tip outstretched from
the center plate of the XYZ-microstage.

A small magnetic particle is put on the cantilever sensor using a manipulator, and the resonant
frequency of the cantilever sensor is found to be 9.419 kHz and the Q factor is 3489.

The characterized XYZ-microstage with the glued sample DPPH, the cantilever sensor with the
magenetic particle, the fiber-optic interferometer and a RF coil are introduced into the vacuum
chamber of MRFM.

The ESR magnetic resonance signals are abtained from the fiber-optic interferometer due to the
the vibration of the cantilever, when the DPPH sample moves into the resonant slice region of
the magnetic particle. The generated magnetic field distribution of the magnet particle is
estimated, when the DPPH sample is scanned by actuating the XYZ-microstage in Z-direction.
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Gaopeng Xue, Masaya Toda, and Takahito Ono, “Comb-Drive XYZ-Microstage with Large
Displacements Based on Chip-Level Microassembly”, Journal of Micro electro mechanical
Systems (submitted).
Gaopeng Xue, Masaya Toda, and Takahito Ono, “Chip-Level Microassembly of XYZ-Microstage
with Large Displacements”, IEEJ Transactions on Sensors and Micromachines, Vol. 135, No. 6,
pp.236-237.
Gaopeng Xue, Masaya Toda, and Takahito Ono, “Comb-drive XYZ-Microstage Based on
Assembling Technology for Low Temperature Measurement Systems”, Proceedings of
International Conference ICEP-IAAC2015, pp. 83-88, Apr. 2015.

(EfF=E - - FHEEAOREK (EHRAGL) ]
Gaopeng Xu Masaya Toda, and Takahito Ono, “Assembled comb-drive XYZ- mlcrostage with
large dlsplacements for the 3D scanning stage of magnetic resonance force microscopy”, #532[H]
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Gaopeng Xue, Masaya Toda, and Takahito Ono, “Assembled comb-drive XYZ-microstage with
large displacements for the 3D scanning stage of low temperature measurement systems”, The
6th Japan China Korea Joint Conference on MEMS/NEMS 2015, Xian, China, Sep. 2015.
Gaopeng Xue, Masaya Toda, and Takahito Ono, “Comb-drive XYZ-Microstage Based on

Assembling Technology for Low Temperature Measurement Systems”, International Conference
on ICEP-TAAC 2015, Kyoto, JAPAN, Apr. 2015.
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AT, Z{bikE (CNx) BEOBEEEEIC RIZTIEE D T L KT T ORBOMRY | KRB A 7
=X LDOHRE, K OBIKEBEEFRELO 72O O MLBESEOREEIT o712,

FP. BT AFE SNy ZHFME LR —-Fd T ¢ A7 BEERBRIC LY | 2EZH AT OfEHE
TR P M OFR SRR BE Db e O PRV R AR B S I3~ = L 2B Bz L= (Fig. 1, 2), T,
CNXEDIKEERBL D= DI 5 —ERBOBBEROKIPLETHY . ZNEIVRBEERILO 72D D&
FE2zHELTWAHZLEERBLTND, Hitl\ T, EERIRAET0 ppm, 1100 ppmDEHR T ALK T, £ <
0. 1R D EREUR SR, 0.050L F OIREEEIR M 2 /R L 7B D SisNuk — /VEEFEIE & T ~ > 43 645 #T L 7= (Fig.
3), TORER, FEFRIRE1100 ppmDEFHH ABRBEOLE . B LTIy CNxFE) HiE0Z b L
ToIRFEOFIENBEIND OO, FEHRIRETO ppm D EEH# T AREOL 6, KB DHEELABlE SN
BRNZEEHLNI LT, ZhUE. D ERBOBRENITFET 2B CTlIRFEOHIEZ(LMELE S,
1k % S CNXED R AWTHEE ~DELICHE G L TWA Z AR LTS, &5, A (2H0) %M
WTHXHIEES %RHIZ ST L 72 2 T ABREEIC B 1T 2 BB 21TV, A=V K ONT ¢ X7 BEFER
ZTOF-SIMS/3#T L 7= (Fig. 4), % OfEFR, REEFEBIF O CNxBEEEFEE F2s b H/AK RO KFE L OUKEE
FHOGFIENHER S, ERT AP OKGFBCNx & BEILFRIGER Z LTNDZ EEH LI L,
K5 B OVK I 25 A CN e 35 1] D SR FE 1 A hd A& T & el UIRBEESME O S DSk S 47z 2 & CIREEER
WHEBLLEENESZ 2 bN5,

F7o. CNxEfRIL T A FBAR—L & CNERTRAL T A BT 1 A7 OB G DR EHV, CNxDEEFERE
PEIZRAETERSE & Ky DB AR Uiz, BFR N A OMERHEE &K OERFRIRE OBV, CNxED
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Fig. 1 Effect of oxygen concentration on friction of . . . L
SisN4/CNx in N2 gas with relative humidity Fig. 2 Effect of relative humidity on friction of
of 0.1-0.4 %RH SisN4/CNx in N2 gas
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Fig. 3 Raman shift of wear scar on SisN4 balls
after sliding against CNx-coated SisN4 disk
in N2 gas
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Naohiro Yamada Tomomi Watari, Takanori Takeno, Koshi Adachi, Lubricity of carbon nitride
coatings by tribochemical reactions with oxygen and water molecules in nitrogen gas
environment, 20th International Conference on Wear of Materials, Toronto, Canada,
(2015.4.12-16) P2.51.
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AR a U—aE 2015%F MR GEIE R SUE, ﬁ@%npp2m271@m552729
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(2015.5.27-29).
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20154 ERE LK R AT ai il 2 Sl SCEE, Ile T, pp.517-518 (2015.9.4-6).
Naohiro Yamada, Tomomi Watari, Takanori Takeno, Koshi Adachi, Effect of Oxygen and Water
Molecules on Super-low Friction of Carbon Nitride Coatings, International Tribology
Conference, TOKYO 2015, pp.145-146 (2015.9.17).
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free-stream turbulence”, Journal of Fluid Mechanics, Vol. 430 (2001), pp. 149-168.
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Vortical Structures Contributing to the Onset of Turbulence,

Twelfth International Conference on Flow Dynamics, Sendai, Japan, (October 27-29, 2015),
p.806-807, USB Memory.
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Optimization of Flow Channels with Heat Transfer Using a Genetic Algorithm Assisted by the
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. Yudai Yuguchi, Kenji Nagaoka and Kazuya Yoshida,“Verification of Gait Control Based on
Reaction Null-Space for Ground-Gripping Robot in Microgravity,”in Proc. 2016 IEEE Int. Conf.
Robotics and Automation, Stockholm, Sweden, May, 2016. (Accepted)
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Control Based on Reaction Null Space for Ground Grip Robot on an Asteroid,”in Proc. 30th
International Symposium on Space Technology and Science, Kobe, Japan, July, 2015.

3. Yudai Yuguchi, Warley F. R. Ribeiro, Kenji Nagaoka and Kazuya Yoshida,“Experimental
Evaluation of Gripping Characteristics Based on Frictional Theory for Ground Grip Locomotive
Robot on Asteroid,”in Proc. 2015 IEEE Int. Conf. Robotics and Automation, Seattle, WA, USA,
May, 2015.
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:Manufacture-oriented optimization methods for flow diverter stents in
itreating intracranial aneurysms

ER2IFEEICHE TAFEHBRAICKI MY EH

Flow diverting stent (FDS) becomes increasingly favorable in treating giant and wide-neck brain
aneurysms. Flow diversion efficiency is thought to be of great importance in predicting the prognosis
of FDS treatment. To visualize the flow pattern through the aneurysmal orifice under different FDS
implantation potentially helps engineers with the upgraded design of FDS device.

In this study, a deployed FDS device was mimicked by eight helices including 4 clockwise and 4
counter-clockwise clinging to the wall of the parent artery of an idealized aneurysm model. (Fig. 1)
Different objective functions-aneurysmal average velocity (AAV) and aneurysmal maximum velocity
(AMV)-were applied in obtaining better designs of FDS device. A pre-constructed
combination( Anzai u. a., 2014 ) of lattice Boltzmann method (LBM) and simulated annealing (SA)
procedure was used to automatically identify an optimal device shape. Visualization of flow patterns
through the aneurysmal orifice was performed by using an open source post-processing software
Paraview.

This method was applied to two idealized aneurysm geometries: the Straight(S) Model and the
Curve(C) Model. We compared the flow reduction R; by measuring the AMV before and after the
design optimization with respect to the non-stented case. The Rf of FD in S model experienced an
improvement from 83.63% to 92.77%, while the R for C model increased from 92.75% to 95.49%,
both having reached the pre-defined convergent states. By visualizing the post-optimization
streamlines and velocity vectors, we found the disruption of the bundle of inflow may closely relate
to a high efficient FD design. The optimized device geometries significantly differed when different
objective function (AMV/AAV) was selected.

Facing the manufacturing possibility, this study provided a design optimization method for the
most commonly applied helix-like FD devices, in which the optimization parameters were carefully
decided to maintain its original helix-like structure.
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Fig. 1 Construction of FD wires and schematic of Random Modification strategy.
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Mingzi Zhang, Hitomi Anzai, Bastien Chopard, Makoto Ohta , Manufacture-Oriented Design
Optimization for a Flow Diverter Stent Using Lattice Boltzmann Method and Simulated
Annealing, the 11th World Congress of Structural and Multidisciplinary Optimization
(WCSMO-11), June 7-12, 2015, Sydney, Australia
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Design of Intracranial Stents for Advanced Flow Diversion Efficacy, Proceedings of 2nd
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