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Figure 1: Lunar Micro Rover, Moonraker, beginning the field test after successful deployment from the envelope (left), and a

map of it’s trajectory around the test site (right); the envelope is at coordinates (30,30).

A high fidelity field test of a four-wheeled lunar micro-rover, code-named Moonraker, was
conducted by the Space Robotics Lab at a lunar analog site in Hamamatsu Japan (Figure 1), in
cooperation with Google Lunar XPRIZE Team Hakuto. In preparation for a lunar mission, where
slippage in loose soil is a key risk, a prediction method of the slip ratio based on the slope angle,
using only the Moonraker's on-board telemetry, is highly desirable. A ground truth of Moonraker's
location was measured and compared with the motor telemetry to obtain a profile of slippage during
the entire four hour 500m mission. A linear relationship between the slope angle and slip ratio was
determined which can be used to predict the slip ratio when ground truth data is not available.
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Figure 3: The total cumulative travel distance over time, as measure by Moonraker's on-board odometry vs externally

measured ground truth. Altitude is also displayed against the right axis to indicate the location of slopes.
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Figure 2: The speed of Moonraker throughout the test as measured by odometry vs ground truth. The difference between

them indicates slippage.
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Figure 4: The slip ratio is calculated every 2 seconds throughout the field test, and is displayed here in conjunction

with the corresponding slope angle. The data points cluster around strong clear slippage events.
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The total distance traveled over time is shown in Figure 3, with the altitude of the rover
overlaid to visualize where in the test the major slopes were encountered. Both the distance, as
estimated by the motor odometry, and the ground truth data are displayed together; their divergence
over time is small but readily apparent. By the end of the ground truth data collection at the 3:50
mark, the wheel odometry-based distance estimation indicated a total 505m distance traveled, while
the ground truth measured 489.6m. This represents a total average slip ratio of 0.03, which is
consistent with lab-based sandbox tests.

The speed of the rover at each moment, as estimated through odometry and through ground
truth, are displayed together in Figure 4; the altitude is again overlaid to visualize when slopes are
encountered. Notice how the odometry registers consistently higher than the ground truth
throughout the field test by varying amounts. This difference indicates that slippage is occurring at
these times.

The slip ratio was calculated every two seconds according to the formula:
(1 - ((rover speed)/(wheel speed)))
This dataset was then median filtered to remove outliers. Figure 5 shows the slip ratio as clusters of
data points along the timeline of the field test. The resulting slip ratios occasionally vary widely, but
also cleanly cluster together.

When each slip ratio data point is plotted according to the angle of the slope at the time the
measurement was taken, we get Figure 6. The majority of points are clustered between -0.1 and 0.2
slip ratio. There is a clear linear trend from a slight negative slip (slipping forward) on downward
slopes of 8°to a small positive value at 0°to 0.1 slip ratio at 9°upward slope.

There are data points outside of this linear trend and artifacts that follow trajectories across
the graph. These appear to be transient-state slip ratios during turning maneuvers. For example, the
period from 2:00-2:30, where only maneuvers were performed with negligible forward motion,
contribute a great deal to these divergent values. This linear trendline can therefore be used to
estimate the slip ratio of the rover at any given time using only an IMU to determine the angle of the
slope that the rover is traversing.
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1. Development of a Visual Odometry Feature tracking localization system
2.  Conducted extensive experiments investigating the terramechanics of skid steering
3. Integration of pre-flight model of lunar micro-rover
4. Conducted intensive high fidelity field tests of lunar micro-rover at a lunar analog environment
in Hamamatsu, Japan
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Figure 1. Schematic illustration of the electrochemical cell with its cross-sectional SEM image.
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Figure 2. Co K-edge XANES spectra of the porous

Lag.6Sr04C003.5 electrode under cathodic overpotential of
-0.14 V in P(Oy) = 102 at 873 K. x expresses the distance

from the electrode/electrolyte interface.
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Figure 4. AC impedance spectra of the porous

Lag ¢S194C00;.5 electrode in P(0,) = 102 bar at 873 K
under OCV and simulated impedance spectra by using

transmission line model.
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Figure 3.  Distribution of P(Os)er in the porous

Lag ¢Sr94C00s.5 electrode under cathodic overpotential of
-0.14 V as a function of the distance from the
electrode/electrolyte interface. The dashed line indicates

atmospheric P(0O3), 107 bar.
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Figure 5. The ratio of the calculated Faradaic current jr

at the each position in the LSC64 clectrode to the total

current through the electrode/electrolyte interface.
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In this year, I have been focusing on vascular smooth muscle cells (SMCs) responses to fluid shear
stress (SS) in a co-culture model system. SMCs are lying in the tunica media layer outside the
intimal endothelial cell (EC) monolayer, and can regulate vessel diameter to control blood pressure
and flow. Former studies conducting EC—SMC co-culture experiments have revealed that ECs
exposed to a physical level of SS affect unsheared SMC functions associated with the development of
atherosclerosis through cellular interactions [1,2]. Recently, Meng’s group [3] explored that SMCs
could respond to high SS and play a role in the formation of cerebral aneurysms. As for better
understanding of the relationship between the local hemodynamics and blood vessel pathology, it is
important to explore SMC behaviors under different SS conditions. Therefore, I constructed an
EC-SMC co-culture model with contractile phenotype-controlled SMCs, which is similar to normal
healthy arterial walls. Then, we use the co-culture model in flow-exposure experiments to explore
relationship between SS and changes of phenotype and MMPs (MMP-2 and -9) production of SMC in
the co-culture model.

Figure 1 shows a result of the flow-exposure experiment using the co-culture model. The
phenotype of SMC is confirmed by the related expression levels of two typical contractile proteins:
a-SMA and calponin in SMC. The conditions of flow-exposure experiment include a 2 Pa of SS
similar to the normal straight vessel, a related high SS of 10 Pa similar to cerebral bifurcation. As
shown in Fig.1, compared with SMC cultured in serum-free medium for 15 days (QM15) that
indicate a contractile state, the expression of a-SMA and calponin of SMCs in the statically
co-cultured model decreased. There was no obviously difference of that between SMCs at QM 15 and
SMCs in the model after flow-exposure to 2 Pa, while the expression of a-SMA and calponin
decreased in SMCs after flow-exposure to 10 Pa compared to QM15. This suggests that the
serum-containing CM could change the contractile SMC phenotype to the synthetic phenotype. SS
could influence the phenotype of SMCs in the co-culture model. A SS of 2 Pa could keep SMCs in a
contractile phenotype, while related high SS could induce a synthetically phenotype change of SMCs.

Figure 2 shows the result of MMPs production from SMC in the co-culture model after
flow-exposure experiment. Compared with QM15, both MMP-2 and MMP-9 production from SMC
cultured in statically co-culture model increased. A SS of 2 Pa contained MMPs production same to
QM15, which is similar to former report [4]. While a high SS of 10 Pa induce higher MMPs
production from SMC compared to QM15. Since high SS could induce a tendency of synthetically
phenotype change of SMCs as decribed above, the change of MMPs production from SMC under
different SS conditions could be caused by the function change of SMCs. Overexpression of MMPs is
thought to be crucial during the initiation of cerebral aneurysms, therefore this result may suggest
how high SS influence blood vessel remolding during the formation of cerebral aneurysms.

In the next stage, I would like to explore the mechanisms of SMC responses to different SS
conditions. As SMC are not directly exposed to SS, I think the change of gene expression from EC
under SS in co-culture model could play an important role in SMC responses, and I would like to
confirm it.
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Fig.1 The expression of contractile proteins of SMC at QM 15; in co-culture model statically cultured by CM for

72h; after 72h flow-exposure to a SS of 2 Pa or 10 Pa in co-culture model. Data were normalized to the expression
of B-actin, n=1.
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Fig.2 Changes in MMP-2 and -9 productions from SMCs cultured with QM for 15 days; in the co-culture models

after static culturing; after 72h flow-exposure to a SS of 2 Pa or 10 Pa in co-culture model. n=1
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Fig. 1 Contributions of each term and each interaction to thermal conductivity and heat flux in
saturated liquid methane at 0.77:, where 7: is the critical temperature. “1st term” and “2nd term”

denote contributions of molecular motion and inter-/intramolecular interactions, respectively.

025 — 120%
— 020 | —__— Potential leg  109% g | —— potential T
X [ [ 12
£ Kinetic bt —— Kinetic per
< 5 80% 1 1| [ a
S 015 = A = 17
= [ —|_— Stretching (intra) . — | Stretching (intra)
£ , — S 5 60% - 5
£ 0.10 _— Bending (intra) B % __— Bending (intra) 5
s 7 _/ orsion (intra) g _— Torsion (intra) g
5 005 - T Electro (inter) g 0% T Electro (inter) £
g —— U (inter) § Tl —— U (inter) §
= : © ; ©

0.00 U (intra) £ 0% _— U (intra) 2

0 I
Electro (intra) ] L T Electro (intra)
-0.05 -20%
UA AA UA AA

Fig. 2 Contributions of each term and each interaction to thermal conductivity and heat flux in
saturated liquid butane at 0.77:, where 7: is the critical temperature. “Ist term” and “2nd term”

denote contributions of molecular motion and inter-/intramolecular interactions, respectively.



Table 1 Simulation results for AA model and UA model with experimental data.
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No Ok

®

CH4

AA UA Expt.®
Tave K] 134.0 133.0 133.4
Cy [kl/kg-K] 6.57 1.20 3.70
Plig [kg/m®] 414 378.6 388.5
D [m?%/s] 9.55x107%  10.8x107° N/A
CyxpigxD  [W/(m-K)] 2.60x102  4.91x107 N/A
total [W/(m-K)] 0.129 0.131 0.178
transport [W/(m-K)] 5.34x1072  2.00x1072 N/A
Aintra [W/(m-K)] 1.61x1072 N/A N/A
Ainter [W/(m-K)] 5.95x107°  11.1x107? N/A
C4Hio

AA UA Expt.t
Tave K] 286.5 303.9 303.9
Cy [kl/kg-K] 5.83 1.54 1.74
Pliq [kg/m®] 559.4 540.4 556.1
D [m?/s] 7.62x107°  10.5x107° N/A
CyxpigxD  [W/(m'K)] 2.49x1072  8.74x1073 N/A
total [W/(m-K)] 1.93x107"  8.63x102  9.40x1072
Atransport [W/(m-K)] 6.23x1072  2.17x1072 N/A
Aintra [W/(m-K)] 7.20x107%  1.13x10°? N/A
Ainter [W/(m-K)] 5.89x1077  5.33x1072 N/A
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(a) Schematic illustration (b) Typical deposited particle
Fig. 1 Single particle impact system
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Fig. 2 The deposition behavior of Al particle impinged on various substrates

£ NG
g s - - - Al particle
: .
) \\ — Al substrate
< \
= \ —Cu
S 06 s :
> N —Ni
“ D .
; AN —Ti
g 0.4 «_ —SUS304
E 02 N
(=] RN
Z = R
0
0 1 2 3 4 5

Ar sputtering time (min)
Fig. 3 The relationship between normalized oxygen content and Ar sputtering time.

Table 1 Hardness of Al particle and various substrates (HVo.1)

Particle Substrate
Al Al Cu N1 Ti SUS304
19.0+0.4 25.1+0.7 60.8+1.8 126.7+£3.4 151.7+13.1 175.447.7
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"Chemical Mechanical Polishing Mechanisms for Gallium Nitride: Quantum Chemical
Molecular Dynamics  Simulations", Proceeding of International Conference on
Planarization/CMP Technology, (2014) 39.
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Fig. 1 EDX images of (a—d) cobalt, (e-h) nickel, (i-1) aluminum, and (m—p) oxygen as

a function of heating time at 1000°C.

Figure 1 shows the element mapping results of the oxides grown on the surface and the movement
of the elements as a function of heating time at 1000°C. In the as-sprayed coating, the boundaries
between Ni and CoNiCrAlY are clearly observed in Fig. 1(e). However, the two different materials
are gradually mixed by interdiffusion of the powders with heat treatment of 100 h. Consequently,
after heat treatment for 100 h, the movement of elements is stabilized and the elements are

completely mixed; therefore, boundaries and agglomerated particles are not observed. As can be seen



from the results, extensive interdiffusion occurred until uniform distribution was obtained at a
certain temperature.

The different TGO compositions have different influences on the thermal cyclic behavior of TBCs.
It has been reported that Al20s exhibits better adhesion to YSZ coatings and a lower growth rate
than other oxides, such as NiO, Cr20s3, and spinel. Ni/Cr mixed oxides in TGOs grow rapidly,
resulting in high volumetric expansion stress in the YSZ coating, which promotes the failure of TBCs.
The continuous and uniform alumina-based TGO formed on the cold-sprayed bond coat protects the
bond coat from fast oxidation.

TGO growth occurs at the surface when the metallic bond coat is exposed to high temperature in
atmospheric air. Investigations have shown that, as compared with other oxides, AloOs preferably
forms at the bond coat surface because the oxidation of aluminum requires a lower oxygen partial
pressure and lower Gibbs free energy of formation than other metal components, such as Ni, Cr, etc.
In this result, it was mainly formed Al2O3 on the surface; however, nickel oxides have also been
observed in Fig. 1(h,p).

The previous experiment in atmospheric air furnace heat treatments at 1000°C formed mainly
thick Ni oxides due to superabundant amounts and diffusion of Ni. These Ni oxides can lead to faster
delamination between the top coat and bond coat in TBCs. Pretreatment in a glass tube was thus
carried out to prevent formation of Ni oxides and encourage formation of a thick AloOs layer on the
bond coat.

Figure 2 shows a specimen in the glass tube. This specimen with the glass tube was heat treated
at 1000°C for 100 h in an atmospheric air furnace. Oxygen was removed as much as possible from the
glass tube by a vacuum pump. The glass tube can prevent growth of other oxides by supplying
minimum oxygen, thereby enabling thick Al203 oxide to form. After pretreatment in glass tube,
almost similar phenomenon in pore and porosity was observed compared to typical oxidation test in

the coating layer.
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Fig. 2 As-sprayed specimen in glass tube for pretreatment




Fig. 3 Cross-sectional microstructure and the corresponding EDX mapping of
magnified TGO (a) after pretreatment with glass tube (at 1000°C for 100 h)

and (b) after a second heat treatment after pretreatment.

Figure 3(a) shows the TGO cross—section and the corresponding elemental mapping after heat
treatment in the glass tube. The Al:Os TGO layer was continuously formed with an average
thickness of approximately 2 um. The slight presence of other oxides such as NiO and Cr203 on the
Al20s3 are confirmed after heat treatment in the glass tube. This result shows that the glass tube had
a significant effect on the reduction of Ni oxides and the formation of a stable Al2Os TGO.

After that, heat treatment of the specimen without the glass tube was carried out a second time at
1000°C for 100 h in an atmospheric air furnace to verify the effect of the pretreatment with the glass
tube. As can be seen from Fig. 3(b), the TGO after heat treatment in the atmospheric air furnace was
almost unchanged in comparison with the specimen after pretreatment. From these results, it is
apparent that the stable Al:Os oxide formed by the glass tube prevented the formation and
continuous growth of other oxides, such as NiO, Crz03, and spinel, after heat treatment in air.

The results of this study indicate that TBCs with a Ni-CoNiCrAlY bond coat after pretreatment
should have a longer lifetime than those with a Ni-CoNiCrAlY bond coat before pretreatment.
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In this study, the effect of nickel powder addition to cold sprayed CoNiCrAlY coatings was
investigated. In order to reduce production cost of cold spray and improve the deposition efficiency of
CoNiCrAlY coatings, pure nickel (Ni) powder was added to the CoNiCrAlY and the resulting powder
was cold sprayed using nitrogen (N2) as the working gas. Deposition efficiency was increased as
compared with a CoNiCrAlY coating without Ni under the same spray conditions. The
microstructural characterization and phase analysis of the feedstock powders and the as-sprayed
coatings were carried out by scanning electron microscope (SEM) and energy-dispersive X-ray
spectroscopy (EDX). In the SEM images, the particle boundaries between Ni and CoNiCrAlY in the
as-sprayed coating were clearly observed. Also, a significant amount of the CoNiCrAlY powder was
encapsulated in the coating. To confirm the oxidation behavior of CoNiCrAlY with the Ni coating,
heat treatment was carried out at 1000°C in ambient air. After heating, most of the boundaries
between Ni and CoNiCrAlY disappeared and many pores were generally observed in the coating by
interdiffusion of the powders. Over time, most of these pores disappeared by interdiffusion; thus, the
number of pores decreased and the hardness of the coatings increased. In the EDX analysis of the
coatings, movement of elements was definitely confirmed. Furthermore, the elements of thermally
grown oxide (TGO) were analyzed to confirm the effect of CoNiCrAlY with Ni coatings, and a large
quantity of NiO was observed on the coating layer. Because NiO can lead to faster delamination of
thermal barrier coatings (TBCs), pretreatment in low oxygen partial pressure was carried out to
prevent the formation of excess NiO. This pretreatment successfully prevented the growth of NiO

TGO.
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1. K.I. Lee, K. Ogawa, “Improved Deposition Efficiency of Cold-Sprayed CoNiCrAlY with pure Ni
Coatings and its High-Temperature Oxidation Behavior after Pre-treatment in Low Oxygen
Partial Pressure”, Materials transactions, The Japan Institute of Metals, Vol.55, No.9, in press
2014

2. oK.I. Lee, K. Ogawa, “Effect of Nickel Powder Mixing on CoNiCrAlY Coatings by Cold Spray”,
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1. oK.I. Lee, K. Ogawa, “Effect of Nickel Powder Mixing on the Deposition Efficiency of Cold
Sprayed CoNiCrAlY Coatings”, International Workshop on Security Science and Engineering of
Advanced Energy System, Lyon, France, (February 2014)
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:Comparison of Flow Pattern in Cerebral Aneurysm among PIV, CFD
and MRI
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During this year, the research is about the comparison of flow pattern in cerebral aneurysm
among PIV, CFD and MRI, of which the research background, purpose, methods, current results and
related information are introduced as following.

Cerebral aneurysm rupture has been one of those most dangerous disease threatening people’s
health, and with those current medical facilities, aneurysms are possible to be detected before it
rupture. Since the process of the treatment to aneurysms also has a high risk that may cause some
severe damage to the patient, medical doctors are faced with a hard decision of whether to treat
those aneurysms or notl1l.

In order to discuss the condition of the aneurysm by evaluating the intra-aneurysmal flow
patterns, velocity vector fields inside the patient-specific aneurysm has been selected to study with
different methods in many researches, like particle image velocimetry (PIV), cine phase-contrast (PC)
MR imaging (MRI) and computational fluid dynamics (CFD)[2l. However, each method has its own
advantages and limitations. Therefore, the purpose of this research is to learn the accuracy and
difference in the results of measurement or calculation by different methods of PIV, MRI and CFD.
Comparison of flow pattern and velocity magnitude at same position in the aneurysms in the results
of these three methods will be taken out.

In this research, a realistic model was used. The aneurysm has been detected on a 3T MR
imaging scanner (MAGNETOM Verio 3T, Siemens) by using a 12 channel head matrix coil. With the
scanned data, an original STL file of the blood vessel with aneurysm has been created. With the
original STL file, two silicone models have been manufactured (R-tech Co. Ltd.) as shown in Fig.1.
Plane A located around the aneurysm neck has been selected as the target plane to compare the
hemodynamic results among PIV, MRI and CFD.

Considering of the geometrical changes that might have been caused during the fabrication with
the 3D printer, the silicone phantom were scanned by a Micro-CT scanner (ScanXmate-D180RSS270,
Comscantec Co. Ltd.) and a STL has been reconstructed. After this processing, the silicone phantom
geometry and the geometry used for CFD simulation are considered to be equivalent.

Working fluid has been created and used in both MRI measurement and PIV experiment, which
has similar property to human blood. For the two manners, slightly different compositions of
materials have been used in the working fluid to meet the requirements of each method, which may
lead to some discrepancies in the properties of the working fluid.

For this research, silicone model was connected into a circulation system, which had
corresponding working fluid running in the system under a boundary condition collected from the
patient data. 3D cine PC MR imaging and PIV experiment were performed respectively. A straight
tube with 1-meter-length has been added to the inlet of the silicone phantom, in order to provide
enough distance for the flow to be fully developed before entering the aneurysm.

In CFD simulation, with the reconstructed STL file, tetrahedral mesh has been generated with 3
boundary layers in a commercial meshing software (ANSYS ICEM CFD, ANSYS Inc.), and the mesh
volume is 1.9 million. A steady flow condition was applied for the simulation. Reynolds number at
inlet was controlled as closed as possible to that of the PIV experiment and the MRI measurement.
Traction free pressure outlet and rigid wall have been set as boundary conditions. The flow
simulation was performed by using a commercial solver (Ansys Fluent Inc., USA) based on finite
volume method.



The results are shown in figure 1, flow patterns on Plane A in different methods have been
displayed, the flow rotates in the anti-clockwise direction, generating a vortex in the center of the
plane in a similar way. However, it is obvious to find out that flow pattern at the top area of Plane A
obtained from MRI is different, in which no separate point can be seen. The average velocity on the
target plane in each method has been calculated. While results of flow patterns in different methods
tend to be in accordance with each others, the velocity magnitudes apparently show disagreement to
some extent, in which the velocity magnitude calculated in CFD is higher than those in PIV and
MRI.

Fig.1 Flow patterns on Plane A : PIV, CFD, MRI (from left to right)

1l Matthew D. Ford, et al., PIV-measured versus CFD-predicted flow dynamics in anatomically realistic cerebral
aneurysm models,Journal of Biomechanical Engineering, Vol.130 (2008).

(2l Haruo Isoda, et al., Comparison of hemodynamics of intracranial aneurysm between MR fluid dynamics using 3D
cine phase-contrast MRI and MR-based computational fluid dynamics, Neuroradiology, Vol.52 (2010).
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1. The establishment of circulation system for PIV experiment, as well as the working fluid, which
are based on the real condition in clinics.
2. The performance of PIV experiment and the corresponding analysis with the experiment data.
3. The micro-CT scanning of the silicone model and the reconstruction of the geometry using the
scanned data.

4. CFD Simulation with the reconstructed model and corresponding post processing.
5. Comparison of the flow pattern and average velocity in the aneurysm model obtained from each
method.
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1. Yujie Li, Hltoml Anzai, Toshio Nakayama, Yasumoto Shimizu, Yukihisa Miura, Aike Qiao and
Makoto Ohta, Simulation of hemodynamics in artery with aneurysm and stenosis with different
geometric configuration, Journal of Biomechanical Science and Engineering, Vol.9, No.1, 2014.

2. Yujie Li, Hitomi Anzai, Toshio Nakayama, Makoto Ohta, Discussions of pressure distribution in
artery with stenosis and aneurysm, ELyT Workshop, Frejus, France, February 2014.

3. Yujie LI, Yuuya YONEYAMA, Haruo ISODA, Takafumi KOSUGI, Takashi KOSUGI, Makoto
OHTA, Comparison of flow pattern in cerebral aneurysm among PIV, CFD and MRI, 27th
Bioengineering Confenrence JSME, Niigata, Japan, January 2015.
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:Growing AIN thin film by using electron cyclotron resonance
:(ECR) reactive sputtering

FRBEEICHSITHEEEPURIZHT MY BEH

AIN was emerging as one of the most popular and effective materials in the world of
piezoelectricity. In recently, much attention has been paid on fabricating AIN thin films for
applications in a micro-electronics field, especially as an important component of energy harvesters
[1] and surface acoustic wave (SAW) [2] or bulk acoustic wave (BAW) [3] devices. It has been the
most standard lead-free piezoelectric material for such application because of the high piezoelectric
properties.

In this year (2014/04 to 2014/12), I investigated ECR sputtering conditions to deposit
stoichiometric AIN thin film on Si (100) substrates. By changing condition and using N2 plasma, I
have optimized the deposition process to get thin film of AIN. Obtained thin film showed high density
and smoothness. The thin film consisted of [110]- and [100]-oriented domains. I have also clarified
the advantages of film deposited by ECR sputtering in comparison to normal (RF, DC) sputtering for
Energy harvester applications.

For more details, to optimize the growth condition of Al nitridation, I investigated composition of
the thin films deposited at room temperature by changing No/Ar gas flow rate (Figure 1).
Composition of the films increases almost linearly with No/Ar flow rate, and reaches to almost
stoichiometric value (N : Al ~ 1 : 1) when the ratio of the No/Ar = 2. The optimal conditions to grow
AIN thin film was shown in table 1.

Thin films crystallinity were decided by conducting X-ray diffraction. Figure 2 shows XRD 26-6
patterns of the stoichiometric films deposited at different temperatures. Since thin films did not
show any peak of AIN for growth temperature of up to 350°C, regardless of normal nitrogen, I have
employed plasma Nz generated by an assistant ion gun. At 350°C, a peak of AIN (110) and (100)
diffraction planes appeared, indicating that crystallinity of the film was improved by using plasma
nitrogen.

Table 1. Depositing conditions

1.2F
Substrate temperature ~ RT — 350°C
1.0F a
o Ar gas flow rate 0.6 sccm
w® 0.8F
° 2 Nz gas flow rate 1.2 sccm
§ o6t a .
<‘_E° Ar ion beam current 12 mA/cm?
z 0'4; ‘ N2 ion beam current 4 mA/cm?
02- ECR microwave power 100 W (both guns)
0.0k . . ‘ . .
0.0 05 10 15 20 Ar accelerating voltage 2000V
NyfAr flow rate ratio Ns accelerating voltage 20V
Figure 1. Dependence of Al and N ratio in the Back pressure 5x10% Pascal
thin film deposited at room temperature as a Depositing pressure 0.33 Pascal

function of Ar and N2 flow rate.
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Figure 2. X-ray 20-9 scan of AIN deposited on Si at various substrate temperatures.

For energy harvester application using AIN thin film, one of the highest obstacles for developers is
the leakage current between top and bottom electrodes through the thin film caused by many micro
cracks appear on surface of the film especially when thin films thickness increase. By using ECR
sputtering, the kind of cracks was prevented. To make it clearer, a typical cross-sectional and plane
view FE-SEM images of the thin film deposited by ECR and RF sputter were shown in Figure 3. As
shown in the figure, the film deposited by RF sputtering has nonuniform morphology and a lot of
cracks could be found on the surface while the film made by ECR sputtering is uniform densely
packed, high homogeneity without any hole through the film.

RF sputtering ECR sputtering

Figure 4. Cross-sectional FE-SEM and plane view images of AIN thin film deposited by RF and ECR
sputtering.

[1] ZhangJ, Cao Z, and Kuwano H 2011 Jpn. J. Appl. Phys. 50 09ND18.

[2] ChenSW,LinHF, Sung TT, Wul D, Kao HL and Chen J S 2003 Elec. Lett. 39 1691.
[3] Hara M. and Kuwano H. 2012 Jpn. J. Appl. Phys. 51 07GC11
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1. ECR investigation and maintenance
First, the ECR chamber was investigated the compatibility to deposit AIN from Al target and N2
reactive gas. In order to prevent bad effects of leaked oxygen through the original Teflon gases tube
into the chamber on thin film properties, the Teflon tubes were totally replaced by metal-made
Swagelok tubes.
Amount of oxygen in the chamber was confirmed by Mass spectroscopy using Q-Mass.

2. Conduct experiment and optimize the deposition process
AIN deposition processes were performed for the first time using the ECR 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
3. Characterization of thin films properties
The deposited films were evaluated to decide the best deposition conditions. The typical process
was shown previously. I can access and use the machine to characterize properties of thin film
smoothly, including of scanning electron microscopy, EDX spectroscopy (FE-SEM, Hitachi SU-70),
X-ray diffraction (XRD, Bruker D8) and atomic force microscopy (AFM, Nikon TE2000-U).

[(EFRX (ESfEERSBRXEZED) ]

1. Nguyen Hoang Hung, Hiroyuki Oguchi, Hiroki Kuwano
AIN thin film growth using electron cyclotron resonance reactive sputtering
Journal of Physics: Conference Series 557 (2014) 012047
doi:10.1088/1742-6596/557/1/012047
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1. Conference The 14th International Conference on Micro and Nanotechnology for Power
Generation and Energy Conversion Applications (POWERMEMS2014)
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Role: Author
Title of contribution: AIN thin film growth using electron cyclotron resonance reactive
sputtering
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Table 1 Obtained crack growth rates

) Frequency da/dN da/dt
Environment
[Hz] [m/cycle] [m/sec]
Steam 0.01 6.2x107 6.2x101
0.02 1.3x10° 2.5x10"
. 0.01 7.6x107 7.6x1071!
Air

0.02 1.5x1071° 3.0x10°12




107
=
2 108 w]
£
£10° .
s WSteam

OAir
10-10 E— SR
0.001 0.01 0.1

Frequency [Hz]

Fig.1 Dependence of crack growth rates on frequency of applied loading

&1 FH2
0.01Hz | 0.02Hz

50.0um  SU70,26:06V.x1.00KSE(M)

SU70 20.0kV x1.00k SE(M)

Fig.2 Cross-sectional SEM images of the crack after the test,

(a) in steam environment (b) in dry air environment

Fig.3 SEM and EDS images of crack after the test in dry air environment
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iThe Interaction between Magnetic Island and poloidal Flow
iin TU-Heliac
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Nuclear Fusion, which is ultimate a method of the electric generation. The nuclear fusion not only
have many benefit compare with other method of the electric generation, but also have the many
problems for realization, it is mainly the difficult what is the energy supply and confinement which
are required for fusion reaction, and which must be sustained for utilizing the electric power plant.
In present, it is considered that two type of the method of the energy production, former is inertial
confinement fusion and latter is magnetic confinement fusion, both are studied actively. Among
these, the latter has many projects, experimental results and theories, so that is expected realization
and is promoted big project, which is called ITER (International Thermonuclear Experimental
Reactor).

To generate the fusion reaction on the magnetic confinement fusion, it is necessary to confine
ionized gas, which is called plasma, under the high density and high temperature for long period of
time. As the vessel for confining the plasma, magnetic baskets that construct the nested magnetic
surface are used. Why the magnetic field is be used that is because superheated plasma cannot be
confined by usual materials. However, many problems are generated by using magnetic field, such as
the instabilities are caused by the interaction between plasma and confinement field, so that it is
necessary to control these instability and accomplish the sustainable fusion reaction for realizing the
fusion power plant. There are the key issues on the controlling fusion reaction, which are the plasma
flow and magnetic topology. The former relates the plasma confinement closely because the plasma
flow relates an important phenomenon, that is H-mode. The H-mode is one of the confinement
improved modes, it is considered that the interaction between macro-scale plasma flow (laminar
flow) and micro-scale plasma flow (turbulent flow) is important. The latter also relates plasma
continent strictly what is the topological breaking by perturbation field. When coil allocation error or
the perturbation field induced externally, the nested confinement field is breaking topologically,
which generates a magnetic chaos, such as magnetic island or stochastic sea. This chaos increases
the particle transport of plasma, which results in confinement degradation, so that the topological
breaking is unexpected phenomenon for plasma confinement. However, this phenomenon is expected
for utilizing the plasma control in present. On H-mode plasma, an intermittent phenomenon occurs,
which is called edge-localized modes (ELMs). The H-mode plasma has steepened pressure gradient
at plasma edge caused by the edge transport barrier, and which gradient exceed threshold, heat
pulses burst out to the fusion reactor wall. Since this heat pulse has high energy, the collided wall be
damaged and which results in ephemeralization, that is ELMs. To control ELMs, it is necessary to
relax the steepen pressure gradient and the topological breaking are effective for which because the
actively created magnetic chaos promotes the particle transport and which results in relaxation of
the pressure gradient. Thus, topological breaking is attractive topic. However, the physical behavior
is unclear because of the difficulty of manipulating the topological breaking. In the case of the nested
magnetic configuration, plasma can be written with the magnetic topology that is easy to
manipulation, but in the case of that configuration with topological breaking, this simplification
cannot be used, so the computational approach is necessary for manipulating the calculation of
plasma physics under the topological breaking. The manipulating difficulty implies difficulty to
anticipate the physical phenomenon theoretically or computationally, that is, excellent potential to
acquire the new insight by experiment. From these possibilities, a series experiments have
performed the interaction between magnetic island and plasma flow in Tohoku-University Heliac



(TU-Heliac). The TU-Heliac has an ability for study of island-plasma interaction as following reasons,
i) selectivity of magnetic configuration for selecting current ratio of three type coils, 1 center
conductor coil, 2 vertical coils and 32 toroidal coils, ii) controllability of poloidal flow using an
electrode made from LaBs (lanthanum hexaboride) which is inserted in plasma and flows an
electrode current /&  which and toroidal field B drive ExB  poloidal flow and iii) excitation of
magnetic island with induced perturbation fields using an external perturbation field coils (PFCs).

For the effective experiment, a multi-point Mach probe was developed, which has three measuring
points so that much information can be measured at one discharge. The dumping effect of magnetic
island on poloidal flow was evaluated. It was realized that the experimental value could be described
if the dumping force was inverse proportional to the poloidal flow velocity. In the case of sweeping
the driven force using electrode biasing, the dumping force evaluated by a driven force when poloidal
flow increased drastically in the case of electrode biasing, which increased with the magnetic island
width. This tendency implies that the threshold of normalized viscosity was increased. Due to the
interaction between the magnetic island and poloidal flow, an interesting phenomenon was observed,
which is that the plasma confinement improved by magnetic island. This experimental result is
contradicted for general understanding as described above, so the interesting phenomena were
evaluated in detail. The radial transport decreased at outer region of plasma, on the other hand, that
increased at inner region of plasma. By the island, the flow shear was increased at the outer plasma.
The energy transport from radial to poloidal direction evaluated by the Mach probe was smaller
(greater) at inner (outer) region of plasma than that by exciting the island. It is considered that these
results imply the confinement improvement that is caused by the increasing the shear of the poloidal
flow velocity due to the island. From these evaluation, we can state a scenario as follows,

By exciting the island at r~ 0.5, at a high biasing phase, the potential changed as shown in Fig. 1
(a). The potential gradient, which indicates the velocity of ExB poloidal flow v g, decelerated in
the inner plasma including the region of the island, but decelerated in the outer plasma. Therefore,
the flow shear at the outer island region increased: that is, ExB shearing rate (g increased as
shown in Fig. 1 (b) and (c). If Qs reflects the suppression of the radial transportation in the radial
direction, the radial transport was suppressed as in Fig. 1 (d).

These descriptions of these experimental results are compatible with each other.
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Environmental fatigue life in light water reactor is addressed by using cumulative usage factor
(CUF). With the long term operation of the reactor, the CUF increases towards to the defined life
time. For considering aging management and safe long term operation, like an extension of plant life,
detailed analysis of environmental fatigue mechanism is necessary. Especially for the austenitic
stainless steels, it is known to exhibit fatigue life in pressurized water reactor (PWR) primary water
by a factor of 20 lower in relative to those in air. For these reasons, it is important to understand
crack growth behavior in PWR primary water, however, most of studies have focused on long crack
behavior in PWR primary water or surface short crack behavior in air. In this study, by means of the
smooth specimen with various cycles, short fatigue crack growth behavior was investigated under
the strain-controlled low cycle fatigue at temperature of 325°C in simulated PWR primary water.

The average number of cracks and those of cracks below 5 pm were examined from each section.
The crack growth rates obtained by the largest crack depth and the number of cycles from each test
were shown in Fig. 1(a). The crack growth rate was not based on the same specimen, but it helped us
to understand its trend during the fatigue damage. A simple point-to-point method was employed for
the calculation of the crack growth rate,

da _ Aa _ da,, —da, (1)
dN AN dN. dN,

i+l
where AN and Aa denoted the cyclic interval and crack depth respectively and a; was the maximum
crack depth observed at V;cycles. The crack growth rates may accelerate considerably in the vicinity
of 110 cycles as shown in Fig.1(a). The average number of cracks was increased with increasing the
number of cycle as shown in Fig.1(a). However, the average number of cracks below 5 pm was
increased and decreased between 41 to 50 cycles and 50 to 110 cycles, respectively, after that it was
remained from 110 to 140 cycles. For this result, it is thought that more than half of crack initiation
may occur in the early stage.

Histograms for the average number of cracks versus their depth in one cross section were plotted
to confirm crack distribution simply as shown in Fig.1(b). Every histogram obtained from crack
examined of four cross sections has similar behavior. Therefore, it was possible to express histogram
as the representative crack distribution. The result also indicated that an increase in the number of
cycles led the location of crack depth distribution gradually from small size to large size.

Based on the result obtained, It seems that a strain increment occurs to open cracks already
initiated, thereby exposing the underlying matrix to the environment and increase in stress
concentration occur on the crack tips by propagating every crack.
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short fatigue crack behavior of type 316 stainless steel for low cycle fatigue tests with various
cycles at temperature of 325°C in simulated PWR primary water was investigated. The following
conclusions can be derived from these tests:

The average number of cracks was increased with increasing the number of cycles, however, those
of below 5 pm in depth was decreased and increased between 41 to 50cycles and 50 to 110cycles,
respectively, and then remained until 140cycles. Based on this result, more than half of cracks
initiated before 41cycles. Moreover, the estimated crack growth rate was increased considerably in
the vicinity of 110cycles

(EfREE - = - FRHES~ORR (EHEGL) )
1. Choongmoo SHIM, Yoichi TAKEDA, Jiro KUNIYA and Tetsuo SHOJI
Short Fatigue Crack Behavior during Low Cycle Fatigue Tests of 316 Stainless Steel in Simulated
PWR Primary Water
The 2nd International Conference on Maintenance Science and Technology, pp.51-52 (2014.11.2-5)
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In this year, I designed, fabricated and tested a novel assembled comb-drive XYZ-microstage (Fig. 1)
that produces highly decoupled motions into X-, Y-, and Z-directions for the three-dimensional (3D)
scanning stage of magnetic resonance force microscopy (MRFM).

In several decades, MRFM, as an effective characterization method, has been applied to various
fields including physics, chemistry, biology and material science [1]. As it can realize measurements
of spin and radicals through a non-invasive method in nanometer scale, MRFM 1is one of the
promising approaches for 3D imaging technique of biological samples [2] (Fig. 2). Microscanners for
cryogenic measurements using MRFM require large stroke at low temperature with small affections
to thermal variation. Various XYZ-microstages based on electrostatic actuators have been reported
in literatures [3, 4]. However, the microscale displacements into out-of-plate direction are small due
to limited planer structures [3] and space limitation of movements into vertical direction [4]. It is
difficult to achieve large displacements into three-dimensional directions using a monolithic
XYZ-microstage.

The XYZ-microstage based on assembling technology consists of three separated parts, ie., a
comb-drive XY-microstage, two comb-drive Z-microstages and a bottom silicon base substrate. The
separated parts are assembled together by using micro manipulators and a guide block of stainless
steel. The two Z-microstages are vertically mounted and fixed by the conductive glue onto the two
parallel grooves of the silicon base substrate. Then, the XY-microstage with holes is mounted on the
Z-microstages with pillars. The pillars of Z-microstages are inserted into the holes of the
XY-microstage and fixed by the conductive glue (Fig. 3). It is demonstrated that the assembled
XYZ-microstage can achieve large displacements of 25.2 pm in X direction, 20.4 pm in Y direction
and 58.5 pym in Z direction.

XY-microstage

Conductive glue

Electrode pad

Wire

\Z<Y

X | Z-microstage

Silicon base
substrate

Fig. 1. Schematic view of the proposed XYZ-microstage. Fig. 2. 3D image from MRFM
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Fig. 3. Fabrication process of the XYZ-microstage based on assembling technology.
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Design, Fabrication and test of a novel assembled comb-drive XYZ-microstage that produces highly
decoupled motions into X-, Y-, and Z-directions for the 3D scanning stage of MRFM.
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lManufacture oriented optimization methods for flow diverter stents in
|treat1ng intracranial aneurysms
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Flow diverter (FD) intervention is becoming increasingly popular for treatments of cerebral
aneurysms (CAs) while post-stenting complications like delayed rupture and post-stenting stenosis
are frequently reported. Structural optimizations of FDs performed by previous works usually use
intra-aneurysmal average velocity (AAV) as the objective function, whereas intra-aneurysmal
maximum velocity (AMV) is also a sensitive parameter to evaluate the post-stenting hemodynamic
such as thrombosis phenomena or stenosis. To reduce the risk of involving in such complications,
during this year’s study, we introduced a design optimization method for the practically applied 3D
helix-like FD wire structure. By using either AMV or AAV, this method is able to improve the device
flow-diverting performance with maintaining its original porosity and helix-like structure.

The optimization process was realized automatically by the combination of computational fluid
dynamics (CFD) and simulated annealing (SA). Random modification was performed at each stage
to slightly alter the starting phase of an arbitrarily selected sub-wire, followed by a CFD simulation
to achieve its corresponding hemodynamic behaviours. We employed lattice Boltzmann method
(LBM) as fluid solver, and AMV as the objective function of SA procedure to evaluate the
modification outcomes.

This method was applied to two idealized aneurysm geometries: the Straight(S) Model and the
Curve(C) Model.(Fig. 1) We compared the flow reduction R; by measuring the AMV before and after
the design optimization with respect to the non-stented case. The Ry 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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Figure 1. The 1n1t1a1 and optimized FD structures in the straight(left) and the curved
model(right)
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