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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).
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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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Fig. 2 Flow velocities estimated by using the present models 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.

[(EFRX (ERMA