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Identification analysis of
non-uniform corrosion shape in cross-sectional and
-axial directions based on thermal inspection
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In this study, we propose an identification analysis of non-uniform corrosion shapes in the cross-sectional
and axial directions based on thermal inspection. The corrosion shape in three dimensions is identified
using the adjoint variable method, and finite element analysis is employed to simulate the heat transfer
phenomena during thermal inspection. The performance function is defined as the square error integral
between the simulated and observed data at the observed points, and the corrosion shape is identified to
minimize the performance function. Minimization of the performance function is performed based on the
gradient method. In this study, we focus on the cross-sectional non-uniform corrosion shapes, and the

numerical results are presented.

Key Words: Corrosion shape identification, non-uniform corrosion shape in the cross-sectional and axial
directions, Adjoint variable method, Finite element method, Thermal inspection

1. Introduction

When reinforcing bars corrode, cracks occur owing to
the corrosion and expansion of the bars, reducing the load-
bearing capacity of the structure. The effect of non-
uniformity in reinforcing bar corrosion on the load-
bearing performance of reinforced concrete has also been
studied". Considering these studies, it is necessary to
understand the spatial distribution of corrosion around
reinforcing bars. Conventionally, the natural potential
method is used to detect corrosion around a reinforcement
bar?. In the natural potential method, it is necessary to
maintain wet condition on the concrete surface to detect
the corroded parts around the reinforcement bar. However,
if thermal inspection is used to detect defects, it is not
necessary to wet the surface of the concrete®. Therefore,

thermal inspection method can be used to detect corrosion
without depending on the surface condition. In this study,
we identify cross-sectional non-uniform corrosion shapes
using measurement data, that is, the time history of
temperature on the concrete surface, based on thermal
inspection.

When unknown parameters are identified based on
observational data, direct differentiation and adjoint
variable methods are often employed. In the direct
differentiation method?, it is necessary to solve the
sensitivity equation, that is, the equation of the gradient of
the state variables with respect to the unknown
parameters. However, in the case of the adjoint variable
method¥, it is necessary to solve an equation related to the
adjoint variable. If the number of unknown parameters is
small, the direct differentiation method is excellent from



perspective of the view of temporary storage of state
variables. However, if there are a lot of unknown
parameters, the adjoint variable method is suitable. This is
because the adjoint variable method requires solving only
one adjoint equation, whereas the direct differentiation
method requires solving as many sensitivity equations as
the number of unknown parameters. In this study, because
we introduce a three-dimensional model in the corrosion
shape identification problem, the number of unknowns is
three times the number of surface coordinate points of the
corroded area; therefore, the adjoint variable method is
applied to the corrosion shape identification analysis.

In previous studies, an identification analysis of the

cross-sectional uniform corrosion shape based on thermal
inspection has been carried out”; however, this procedure
cannot be directly applied to the identification analysis of
non-uniform corrosion shapes in the cross-sectional and
axial directions. Therefore, in this study, we extend these
contents to the identification analysis of non-uniform

corrosion shapes in the cross-sectional and axial directions.

2. Formulation based on the finite element and the
adjoint variable methods

The computational model and definitions of the
boundaries are shown in Figs. 1 and 2, respectively. The
heat transfer equation is introduced to simulate the thermal
inspection (See Eq.(1)). The dot and comma indicate the
differentiation with respect to time and space, respectively
and Eq.(1) can be expressed using the Einstein summation
convention.

pch + kp; =0 in QX [to,tf] ¢

concrete cover

" 275mm e 30mm
250mm 7

s '@ observation point
T 225mm Y ~

4 corrosion

180mm T~ 100mm 3
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vk .
250mm

550mm N 3 500mm

Fig. 1 Size of computational domain and definition of
boundaries and observation point.
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Fig. 2 Definition of boundaries.

Here, p, c, Kk, ¢, Q, ty and s indicate the density,
specific heat, thermal conductivity, temperature, whole
domain, initial time and terminal time, respectively. The
initial and boundary conditions are expressed using Eq.

Q).

#(to) = ¢ inQ
¢ = at + ¢(to) on 0Qgpee; X [Lo, t]
K@, ni = 00on 000 X [tl, tf]
Kd)xi n; = h(¢ - d)oo) on a-Qconc X [tOJ tl] (2)

Here, n; indicates the outward unit normal vector. The
definitions of the computational domain and boundaries
are shown in Fig. (1). The finite-element method® is
employed to discretize the heat transfer equation. By
applying a first-order tetrahedral element for the
discretization of the heat transfer equation, the finite
element equation for each element is obtained, as shown
in Eq. (3). Subscript e indicates the number of elements.
Assembling Eq. (3) for in all the elements, the superposed
finite element equation can be expressed written as Eq.

4).

PeCeM{Pe} + k[H{pe} = {T.}in Q X [to, 8] (3)

[ACD ¢} + [BG)I{$} - {C(x)} = {0} (@

To solve the corrosion shape identification problem based
on thermal inspection, a performance function is defined
as expressed in Eq. (5). Matrix [R] indicates the weighting
coefficient diagonal matrix, and values 1 and 0 are given



at the observation points of the temperature and the other

points, respectively. ¢,,s means observed temperature.

"6 = $or) RIS — opsddt  (5)

to

The purpose of this study is to determine the corrosion
shape that minimizes the performance function. This
minimization problem is solved based on the constraint
conditions, that is, Eqs. (2) and (4). Therefore, the
performance function is extended by the adjoint variable
A and the constraint conditions. Based on the adjoint
variable method, the Lagrange function is obtained as

shown in Eq. (6).

t
F=1+ [ A} + Bl — )de (6

To derive the stationary condition for the Lagrange
function, the first variation of Lagrange function is
calculated (See Eq.(7).).

61*=f:f<{mv{a]} {]} ® ¢}+{a } (54}

0

+ {MT{&C(xJ}) dt + (53" { j fdt} ™)

Consequently, we can obtain the governing and adjoint

equations as shown in Egs. (8) and (9), respectively:

aJ* )
%} = —([Al{¢} + [Bl{p} —{c}) ={0}  (8)

aJ* :
{afd) } = 117 () + [B170) + [RIT(6 — fone) = (5)(O)

Additionally, the terminal and boundary conditions for
the adjoint variables are derived, as shown in Eg. (10).
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A(t;) =0 inQ
A =00n 0Qsee X [to, 8]
KA,;n; = 00on 0000 X [tl, tf]
kA,;n; = 0on dQ.onc [to, t1]

(10)

The nodal points on surface of corrosion are updated by
the gradient of Lagrange function with respect to the
coordinates on corrosion surface 8J*/dx; (See Egs. (11)
and (12)). This method is called the weighted gradient
method”. Here, [W(D] indicates the diagonal matrix of
the weighting coefficient.

{Zil} j{}T([ ]{qb} [ ]{qb} { })dt(n)

()= ) - o {2 )

i

flow of the corrosion

identification is shown below.

The computational shape

1) Input of the computational conditions for the
corrosion shape identification.

2) Calculation of the heat transfer equation (Eq. (4)).

3) Calculation of the performance function J(=9 for the
numerical results of Step 2 (Eq. (5)).

4) Calculation of the adjoint equation (Eq. (9)).

5) Calculation of the gradient of the Lagrange function
with respect to the coordinates on the corrosion
surface and update of the corrosion shape (Eq. (11)).

6) Evaluation of convergence: |[J&*V —j®|/J@ <
eps then stop; else, proceed to the next step. (If the
iteration is I = 0, skip this step).

7) Calculation of the heat transfer equation using the
updated corrosion shape (Eq. (4)).

8) Calculation of the performance function J® for the
numerical results of Step 7 (Eq. (5)).

9) Update the weighting coefficient diagonal matrix
[W®]: In the case of JWD < JO, [WD] = [Ww®] x
0.9, 1=1+1 and return to Step 4. In case of
JED > O W] =[w®] x2.0, I=1 and
return to step 5.



3. Numerical experiments

The initial and exact corrosion shapes are presented in
Figs.3 and 4, respectively. The numerical conditions are
listed in Table 1. First of all, the artificial observation data
¢d,ps 1S Observed by the heat transfer analysis using the
exact corrosion shape. After that, the corrosion shape is
changed to the initial corrosion shape, and the corrosion
shape is identified by using the artificial observation data
Pops - In this study, we investigate the possibility of
identifying the cross-sectional non-uniform corrosion
shape in three dimensions using the proposed
identification procedure. The practical time duration, that
is, 415 s, required in the corrosion shape identification
analysis is determined by the results of reference®.

Initial shape

exact shape

L |

Fig. 3 Comparison of initial and exact corrosion shapes on X-Z

plane.
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Fig. 4 Comparison of initial and exact corrosion shapes on X-Y
plane.

Table 1 Numerical conditions.

Total time(sec.) 415
Heat transfer coefficient(W/m?2°C) 10
Atmosphere temperature (°C) 21.3
Rebar heating temperature (sec.) 240
Rate of temperature rise of rebar (°C/sec.) 0.081
Initial temperature of specimen (°C) 19.5
Total number of nodes 242,000
Total number of elements 1,140,480
Time increment(sec.) 5
Time steps 83
Convergence criterion 10

The numerical results are shown in Figs. 5-8. Fig. 5
shows the variations in the performance function. It can be
observed that the performance function gradually
decreases and finally converges. Fig. 6 shows the time
history of the observed temperature at each observation
point. It is found that the temperature history of the
identified corrosion shape is in good agreement with that
of the exact corrosion shape. In addition, Figs. 7 and 8
compare the identified and exact corrosion shapes. The
identified corrosion shape does not completely match the
exact corrosion shape, but the results of the trends of the
corrosion width distribution are found to be similar. In
addition, as shown in Fig. 8 (a), the thickness near the edge
of the reinforcement bar is relatively thigh in comparison
with the results at the other nodes. This result is attributed
to the influence of heat flowing from near the corroded
end surface to outside the corroded area. Furthermore,
regarding the lower part, the estimated shape tends to be
slightly thicker than the exact shape. This result was
obtained because the lower part compensated for the
insufficient thickness of the upper part.
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Fig. 8 Comparison of identified and exact corrosion shapes on
X-Y plane.

4. Conclusions

In this study, to improve the assessment of structural
integrity, an identification analysis of non-uniform
corrosion shapes in the cross-sectional and axial directions
using the temperature observed by thermal inspection was
conducted. A heat transfer equation was introduced to
simulate the thermal inspection, and the performance
function was defined by the square error integral between
the computed and observed temperatures on the concrete
surface. Corrosion shape identification was performed
based on the adjoint variable method, and the corrosion
shape was updated using the gradient of Lagrange
function with respect to the coordinates on the corrosion
surface. In this study, it was found that the identified shape
is not in complete agreement with the exact shape, but it
is possible to identify the cross-sectional non-uniform
corrosion shape in three dimensions.
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In fluid flow analysis, selecting an appropriate numerical method and computational conditions is

important. In this study, we investigate differences in memory usage, accuracy, and computational time in
fluid analysis using the finite element method (FEM) and the lattice Boltzmann method (LBM), without
parallelization, on the Kyushu University supercomputer system “Genkai.” A two-dimensional lid-driven

cavity flow is employed as the benchmark problem. Memory usage is evaluated using the resident set size,

and computational time is measured using the wall-clock time. The results demonstrate that the FEM has

advantages in terms of memory usage and accuracy, whereas the LBM has an advantage in terms of

computational time. These findings provide practical insights into the performance of the FEM and LBM.

Key Words: Memory usage, Computational time, Numerical accuracy, Fluid analysis, Finite element

method, Lattice Boltzmann method

1. Introduction

The finite element method"? (FEM) is widely used in
various fluid flow analyses including microchannel
flows® and turbulent pipe flows®. The FEM can compute
flow fields with high accuracy in complex domains owing
to its high mesh flexibility. Moreover, even in implicit
schemes, the computational speed can be improved by
using methods such as the preconditioned conjugate
gradient method®.

The lattice Boltzmann method®"® (LBM) has
garnered increasing attention as a new approach to fluid
flow analysis. LBM approximates a fluid as a collection

of virtual particles moving within a lattice. Macroscopic

flow fields can be obtained by computing the collision and
propagation of these particles through their velocity
distribution functions. In contrast to conventional
computational fluid dynamics (CFD) methods, such as
FEM, the LBM does not directly solve the Navie—Stokes
(NS) equations. It can compute flow fields at high speeds
with good parallelization efficiency. However, the LBM
requires more memory because it stores the velocity
distribution functions at each node. Several studies have
been conducted to reduce and optimize its memory
usage!'!D,

Furthermore, flow fields involving moving bodies
have been analyzed using the Fictitious Domain FEM'? or

Immersed Boundary LBM'"). These methods are based on



the FEM and LBM; thus, comparing their performance is
important for selecting an appropriate numerical method.
However, to the best of our knowledge, no previous
studies have compared the FEM and LBM using the same
number of nodes.

In this study, we compared the FEM and LBM in terms
of memory usage, computational time, and accuracy
without parallelization. The comparison was performed by
varying the number of nodes and the Reynolds number. A
two-dimensional lid-driven cavity flow was employed as
a benchmark problem. This problem is widely used to
evaluate the performance of numerical methods because
several reference solutions are available across a wide
range of Reynolds numbers'*'>'9 For FEM analysis, we
used our in-house program, whereas for the LBM analysis,
we used the program introduced in Reference?.

Memory usage is quantified using the Resident Set
Size (RSS), which reflects the actual physical memory
occupied by the process during computation. Therefore,
RSS provides a direct measure of the memory usage
experienced by end users. The computational time was
evaluated using the wall-clock time, which directly
measures the total computational time of the algorithms.
Therefore, the wall-clock time provides a direct measure
of the time spent by end users. The computational
accuracy was evaluated by comparing the velocity profiles
along the vertical and horizontal centerlines with the
results reported by Ghia et al'®). By systematically varying
the number of nodes in both methods, we revealed the
relationship between the computational cost and accuracy
of the FEM and LBM. These findings provide practical

insights into their performance.

2. Discretized equation in the FEM and the LBM

In the FEM, the NS and continuity equations for an
incompressible viscous fluid, shown in Equations (1) and

(2), respectively, are introduced for the analysis of the
flow field.

. 1
Uu; + ujui'j + p'i - E(ui_j + uj'i),j =0 (1)

u,; =0 2

The variables u; denotes the velocity components in

the x and y directions, and p and Re represent the
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Fig. 1 Lattice structure in LBM.

pressure and Reynolds number, respectively. In the finite
element formulation, the fractional step method was
applied to separate the calculations of the velocity and
pressure fields, as shown in Equations (3) and (4).

n+l _ ,n _ n,n n_1//mn n

n
n+1 _ Yii n,n

P At (uj Wij); @)

Here, n and At indicate the time step and the time
increment, respectively. The FEM (i.e., the Galerkin
method) was employed for the spatial discretization of the
equations for the velocity and pressure fields. A bubble
function element was used to interpolate the velocity,
whereas a linear triangular element was used to interpolate
the pressure. For further details, please refer to
Reference!”'®, The discretized equations were solved
using preconditioned conjugate gradient and biconjugate
gradient methods'?",

By contrast, in the LBM, the velocity and pressure
fields are calculated using distribution functions. In this
study, we employed the lattice Boltzmann model proposed
by McNamara®", whose lattice structure is shown in Fig.
1. In the LBM, the computation is divided into collision
and streaming processes. During the collision process, the
post-collision distribution function fl-/ is calculated using
the pre-collision distribution function f;, as expressed in

shown in Equations (5) — (11).

fo =1
+0'prod(f1f3 + fofa + f3fs + fufs + fsf1 + fef2)
—Oconsfoh + o+ s+ fa+ fs+ fe) (5
f1/ = fi + Oconsfo(f2 + fo — f1)
—0proatfi(fs + f5) — f2f6)
+o3(fofafe — f1f3fs) (6)
fz/ = fo + Oconsfo(fy + f3 — 12)
_O'prod{fz(fz} +fo) — fif3}
+os3(fifsfs — fofafe) (7



fs = fi+ Geonsfolfo + fo = f3)
—0proatfs(fi + f5) — f2fe)
+os(fofafe — f1f3fs) 3
fo = JaF Oconsho(fs + fs —fa)
—0proalfa(fz + f6) — f3fs}
+o3(fifsfs — fofafe) ©)
fs =15+ 0consfofa + fo — f5)
—0proalfs(fi t+ f3) — fafe}
+os(fofafe — f1f3fs) (10)
fo =To+ Oconsfo(fs + f1— fe)
—0proalfe(f2 + fa) — fifs}
+o3(fifsfs — fofafe) (11)

Here, 0pr0q and o, are parameters representing the
production and consumption of stationary particles during
binary collisions, respectively, and o denotes the collision
cross-section. Parameters Oproq , Ogons » and o3 are
calculated as shown in Equations (15) — (17), based on p,
v, and 7 defined in Equations (12) — (14), respectively. F;
is defined as the ratio of 0yq t0 0,4ps, and it is given as
a calculation condition. p denotes the fluid density at each
particle site, d denotes the average density of moving
particles. L and U denote the characteristic length and
velocity, respectively, which are taken as the cavity width
and lid velocity, respectively. Re denotes the Reynolds
number, v denotes the kinematic viscosity, T denotes the
time step, ¢ denotes the particle speed, and 7 denotes a
parameter defined for the computation of Equations (15)

-(17).

p = (Fy +6)d (12)
_w
V= ke (13)
_ 1
n= o+l (14)
_n
Oprod = 2d (15)
Oprod
Ocons Fo (16)

(1—4.5*71)(F0+6)(F—6°+1)

g3 = = (17)

In Equations (5) — (11), when the variation in the i-
direction is denoted by A;, the distribution function at time

t and position 7 is given as shown in Equation (18).

i) =fit,r) + AL, 7) (18)
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In the streaming process, the post-collision particles

move to adjacent lattice nodes, as shown in Equation (19).
fit+,r+c1)=f7(tT) (19)

Here, c; represents the particle velocity. Equation (19)
describes that a particle located at lattice node r at time t
will arrive at 7 + ¢;7 at time t + 7. The local equilibrium
distribution function used to compute the initial condition

and boundary conditions is defined in Equation (20).

6F + F,

(0) P
(0) _ 1
Ji F [T+ 3Fc?

¢ "6F + F,

CigUq

6F+Fy (6F+F
6FCzo (—0 CiaCip — 5043) uglg]  (20)

3Fc?

Notably, the summation is taken over a and 3, but not
over i. The fluid density p and the momentum per unit
volume at each particle site are defined by the following
Equations (21) and (22).

p=Xofi 2D
pu =X, fic; (22)

Based on the computed distribution functions f; and
Equations (21) and (22), the velocity components u and v,

and pressure p at each lattice node are calculated as shown
in Equations (23) — (25).

u=(fi-fitcos(E)(h+fo=fi= ) c/p 23)

v=(sn()(h+fi-fi-f)elo @4

_ 3pc? [1 4 5+ (6+F0 _ 1) \/u2+v2]

p= 6+F, 6 12

(25)

c2

For further details, please refer to Reference®.

3. Numerical experiments

In this study, cavity flow analysis was performed using
the Kyushu University supercomputer system “Genkai” to
compare memory usage and computational accuracy
between the FEM and LBM without parallelization. The

computer used in this study was equipped with two Intel
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Xeon Platinum 8490H processors (60 cores each, 1.90—
3.50 GHz). The numerical model is shown in Fig. 2, and

the numerical conditions for the finite element analysis =, —— 4+ -T2 __ —
(FEA) and the lattice Boltzmann analysis (LBA) are
summarized in Tables 1 and 2, respectively. Owing to the
computational constraints of the LBM, the wall velocity ~
cannot be directly set to 1.0. Therefore, the LBM results
were obtained by scaling the computed values based on

their ratios to the reference wall velocity.

Fig. 3 shows the computed centerline profiles at Re =
1000 obtained by the FEM for different numbers of nodes. l
The corresponding results obtained using the LBM are

Fig. 2 Schematic of cavity flow.
shown in Fig. 4. Similarly, the results for Re = 10000 are

shown in Figs. 5 and 6.
Table 2 Numerical conditions in the LBA.

Table 1 Numerical conditions in the FEA. Number of nodes 10000 , 14400
Number of nodes 10000 , 14400 Time increment 1.0
Number of elements 19602 , 28322 Time step 2000000
Time increment 0.01 Reynolds numbers 100, 1000, 10000
Time step 100000 Lid velocity 0.05
Reynolds numbers 100, 1000 , 10000 Cavity width 1.0
Lid velocity 1.0 particle velocity 1.0
Cavity width 1.0 initial average density 1.0
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Fig. 3 Velocity profiles at Re=1000 obtained by the FEM.
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Fig. 4 Velocity profiles at Re=1000 obtained by the LBM.
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Fig. 5 Velocity profiles at Re=10000 obtained by the FEM.
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Fig. 6 Velocity profiles at Re=10000 obtained by the LBM.

From these results, both methods exhibited good

agreement with the reference data of Ghia et al. at Re = 551

1000. In particular, the FEM provides higher accuracy g sor o <
than the LBM. At Re = 10000, the FEM exhibited good B o Fem100aD) |
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FEM can achieve more accurate solutions than the LBM

with the same or fewer nodes.

Fig. 7 shows the relationship between memory usage
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4. Conclusions

In this study, we investigated differences in accuracy
and memory usage in fluid analysis using the FEM and the
LBM on the Kyushu University supercomputer system
“Genkai.” Consequently, under the present simulation
conditions, we found that the FEM has an advantage in
terms of memory usage, whereas the LBM exhibits a
dependence on the number of nodes. In terms of accuracy,
the FEM achieved more accurate solutions than the LBM
with the same or fewer nodes. In particular, at high
Reynolds numbers, the LBM exhibited a significant
deviation. In contrast, the LBM had a clear advantage in
terms of computational time.

One limitation of this study is that owing to the
computational constraints of the LBM, computational
conditions, such as the lid velocity and time step, could
not be set to match those used in the FEM.

In the future, comparing memory usage, accuracy, and
computational time using different methods will be

necessary to overcome the disadvantages of each method.
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1.

MANRFBEAFE OB DT ETYFTLIM
— ZEOBDABERIRERBOHAH

ELEER

I —%#&EFt — %3k (Liberal Arts-English, National Institute of Technology, Nagaoka College)

A Classroom Practice Exploring KOSEN Students’ Interests in Learning English

Hideki HATTA'

Abstract

This classroom-based report examines KOSEN students’ responses to the prompt, “What would be
possible if one could use English?” In a lesson with 101 third-year students, 301 responses were collected
and grouped as enjoyment-related (60.5%), career-related (28.5%), and other (10.9%). Interpreted
through SDT and the L2 Motivational Self System, enjoyment responses portray English as instrumental
in everyday life and align with the Ideal L2 Self, whereas many career responses refer to benefits tied to
external expectations and evaluations (Ought-to L2 Self). Translating these patterns into classroom
practice, the following considerations are offered: for enjoyment-oriented responses, provide topic choice,
low-anxiety opportunities for small successes, and safe peer work; for career-oriented responses, present
concrete role models, use discipline-specific tasks with appropriate scaffolds, and keep self-referenced
records of progress rather than relying on external rewards.

Key Words: English learning motivation, KOSEN students, Self-Determination Theory, L2
Motivational Self System, Classroom practice
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Manufacturing of Vitrified Grinding Wheel using 3D Printer and its Evaluation

& B : EFEMORTLIRER (U #EE £%R)

Determining process of grinding wheel for mass—production products require long time because
multiple prototype grinding wheel are manufactured and tested. On the other hand, current 3D printers
are possible to produce complex shapes in a short time using a variety of materials. The purpose of
this study is to manufacture vitrified grinding wheels using 3D printer and evaluate machining
performance of the grinding wheels. Grinding wheels were manufactured with mixtures of binder, water,
and abrasive grains, and formed using deposition modeling 3D printer. The green body was dried and
sintered at 1100°C and fired at 1300°C in an electric furnace. Manufactured grinding wheels were
able to machine workpieces. However, the surface roughness was poor due to stacking marks. Therefore
the layer height was increased and the printing angle was considered. As a result, the surface
roughness was improved by changing the printing angle over a certain amount and the production

efficiency of the tool was improved.

W EET B A SR FEMEEO NI OE
Evaluation of Machining Characteristics of Elastic Metal-Bonded Cutting Wheel

Pk BX: EFRMORATLIEER (U #ER £HiR)

Currently, there are several materials that are called difficult—to—process materials. One of them
is composite materials. The mechanical properties of composite materials, which are irregular mixtures
of various materials, are extremely complex, therefore machining of composite materials is expected
to be difficult. Most commercially available cutting wheels are designed for cutting of single
materials and are not suitable for composite materials. In addition to the time—consuming and costly
work process problems that arise when cutting with inappropriate tools, there is also the problem of
a heavy workload on the operator, and it is required to develop tools suitable for cutting composite
materials. The purpose of this study is to propose an elastic metal-bonded cutting wheel as a tool
suitable for cutting difficult—to—process materials such as composite materials, and to investigate
its processing characteristics. Specifically, cutting force, workpiece vibration, and cutting sound
were measured when cutting with the proposed cutting wheel, and the machining characteristics of the
tool were clarified. The experimental results showed that the elastic metal-bonded cutting wheel was
able to cut glass—steel laminated materials with less cutting force and less cutting sound level

than a commercially available cutting wheel.
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Study on atomic concentration control of Sr—Ca system red phosphate phosphor for
high color rendering White-LEDs
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Analysis of Transient Characteristics of Communication Traffic in Cellular System
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This paper aims analyzing of transient characteristics of communication traffic in cellular system.
We considered a model which non—mobile terminals are uniformly distributed in a cell centered at the
base station for analyzing. It assumed that infrastructure failure and communication concentration
occur due to a disaster or the like. We analyzed transient characteristics by assuming that this
will cause a sudden increase in traffic intensity. In this analysis, we performed theoretical analysis
using Runge-Kutta—Gill method and computer simulation. We also performed analysis under conditions
in which the distance over which direct communication is possible was shortened, and under conditions
in which the channel allocation was changed. As a result, we found that increasing the total number

of channels and the channels for indirect communication is effective in reducing call losses
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Evaluation of intradermal diffusion of high viscosity drug solutions in needle free injections
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Sintered Bonding for Biomaterials
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Prediction of compressive strength and mechanical evaluation of porous titanium alloys and their
biopolymer composites
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Effect of Tool Characteristics on Drilling in Glass-Plastic Integral Molded Parts
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The radio wave attenuation of 5G communication, the next—-generation standard, is greater than
that of conventional communication standards. To solve this problem, integrally molded glass and
resin components are increasingly being used as materials for the bodies of IoT devices. However,
the appropriate processing method has not been clarified. The purpose of this study is to propose a
composite grinding wheel for drilling holes in a glass—plastic integral molded part. The effect of
the orientation of this component on cutting force when machining a glass—plastic integral molded
part was investigated. Experimental results show that drilling from the glass side lowers cutting
force when machining the plastic side due to glass chips. When machining from the plastic side, the
sharp increase in cutting force at the start of machining with an end mill-type tool is thought to
be due to the flat tip. We proposed two types of composite tools with both chisel part as blade
type tool and resin bonded grinding wheel part. It was confirmed the cutting force was decreased

when the machining was started form the plastic side
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Study of an anomaly detection system for assisting surveillance operations
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Research on improving the number of disaster relief signals collected using SOSCast
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Production of Titanium—-based Magnesium Laminates that Promote Biocompatibility and Apatite
Formation Behavior in Pseudo-body Fluid
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~ TRV T ADFERFEN O~ T X T LAOFEERIZE VRS D HAp OTREFEIZ OV TR L 72, AHF%E
TIE, ARERAT 2 i~ 72y AFEEM O OREE, HRARERS LOERRE T TO~ 71T A
DIFEZEE), ZL T, 7NZA MERFEZHONNCT 222 E L.

48



ME T EER

RO REREREEEICIG AR R RN B X K DB F
Development of heat moisture treated brown rice adaptable to cooking methods around the world

MBS MEIFER (BER EH %)
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Hydrogen Carrier Synthesis Process Simulation Applying Meteorological Bigdata and Three-

Dimensional Urban Area Model

&R XF - MEIFHER (R BRE £HR)

Methylcyclohexane (MCH) has gained significant attention for one of large-scale and long—term
green hydrogen storage technologies. To design MCH synthesis process using PV generation, it is
important to evaluate the effects of weather condition changes and shades on PV panels by the
surrounding buildings on the process. In this study, to evaluate these effects on MCH synthesis
process accurately, novel simulation techniques were developed to apply meteorological bigdata and
three—dimensional model (Project PLATEAU) of Tokyo urban areas in Unreal Engine 5. Using the
simulator, annual hydrogen production from water electrolysis and MCH synthesis dynamics were
evaluated under fluctuating PV generation. Simulation results of Tokyo in 2020 revealed that
shading effects on PV generation at Adachi, Nakano, and Taito were significant, decreasing annual
MCH production by 7.7%, 7.0% and 2.9%, respectively. The decrease in annual MCH production
occurred because shading decreased the hydrogen supply to the MCH synthesis reactor, thereby

lowering the enthalpy carried away by the gas
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Fabrication of inverted—structure perovskite solar cells

M BX: MEIFER (RK FH HiR)
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Effect of chlorogenic acid on |ightfastness of organic dyes
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JROFE~OBOIEIIRICONWTHE L. 500 LOEEZGZHIELEAM, HLAF VAT LELE—R
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nm OFERHFFZ R RONENBHI S L7z, ZORBRITEROGE LIEFITHNr o7, LLEDFRERD G, fkx /e
B EIZBWT 5-CA IZ X 2 BAMHENRNEOND Z LWL MNE o7,
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Chemical Synthesis of Theasinensin from Non—Epicatechin

BH R WEIFER (B F7 £8%)
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Modeling of Photocatalytic Water Treatment Process

hE B PEIZER (RiE RBRE 28

Photocatalytic wastewater treatment process has been gained much attention for a sustainable
chemical process technology. Applying renewable energy sources, such as solar and wind energies
into UV light sources, it is considered that the light intensity or operation condition can
fluctuate with weather changes. To design or analyze the photocatalytic process, the kinetics of
the photocatalytic reaction has been assumed to be a first—order reaction and the Langmuir-—
Hinshelwood model. In the traditional way, it is hard to estimate the effects of the weather
changes on the kinetics because these models include no explanatory variables for weather changes
In the present study, a novel kinetic model was developed to estimate the effects of the UV light
intensity, catalyst loading amount and temperature applying machine learning models. In the novel
kinetic model, random forest (RF), support vector machine (SVM) or artificial neural network (ANN)
were attached into the power—low kinetic model. Applying the kinetic model, photocatalytic
decomposition reaction of various azo—compounds over anatase Ti02 was analyzed, and it is found
that the RF model showed higher accuracy in predicting reaction rates under diverse conditions than

the SVM and the ANN.
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Design of Green Ammonia Synthesis Process via Dynamic Simulator

TIH RF : PEIFER (BE BRE EERR)

Power to gas (P2G) process is a key technology to store renewable energies e.g., wind and solar
energy within chemicals. To design a P2G process, it is important to develop dynamic process
simulation techniques applying meteorological bigdata to estimate effects of the weather changes on
the performance of power generation systems, water electrolysis and hydrogen carrier synthesis process
(e.g., green ammonia and liquid organic hydrogen carriers). It is also important to evaluate the P2G
potential in Japan applying this dynamic simulation technique. In this study, process dynamics along
with wind conditions and solar radiation changes were estimated via dynamic simulator and
meteorological bigdata. In addition, process specification and production potential of green ammonia
synthesis process were evaluated. From the simulation results, it was found that annual green ammonia
production potential increased linearly with increase of wind velocity and solar radiation. Whereas,
the required reactor size was hard to be estimated from mean annual wind velocity or solar radiation;
the reactor size can be estimated with multivariate analysis applying Weibull parameters and mean

wind velocity or solar radiation as explanatory variables

ROBMPBUBEICIE C -5 EEERMHEY OB
Analysis of Taste-Related Metabolites in Fish of the Aging Process
L BAE PEIFER (UK & £5%)
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Quality evaluation of cover concrete of several types structures using surface water absorption
test
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Development of technology to predict the generation of GHGs emitted from septic tanks
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Visual ization of Concrete Floor Finishing Skills Based on Plasterers Operational Data
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Visualization of Proficient Skills Aimed at Standardizing Inspection Accuracy in Impact Sound
Testing
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Development of a VR-Based Training System for Visual Inspection Skills of RC Structures
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aptamer ZFAL\/= DNA A EDOME MR BfiTOBIFR
Development of DNA Extraction—Free Microorganism Detection Technology Using Aptamer

HiE Rtk - REMTTEER (L FE #£84R)

In this study, we developed a technique to detect microorganisms without the need for DNA
extraction. Bacterial samples with different numbers of bacteria present were prepared by stepwise
dilution, and the number of aptamers bound to them was measured by real-time PCR. The experimental
results showed that there was a correlation between the initial number of bacteria and the amount
of aptamer, indicating the possibility of quantifying the number of bacteria. In addition, all
samples showed a faster amplification curve than that of the conventional gene targeting method
indicating the possibility of detection with higher sensitivity than the conventional gene
quantification method. It was found that the binding of aptamers may be inhibited when multiple
bacteria are mixed. In addition, when detecting bacteria in activated sludge, it was found that the
detection performance was apparently improved because there were bacteria other than E. coli that
bind strongly. It was also suggested that if the aptamer concentration is too high for the initial
bacteria amount, the excess aptamer may affect the quantification results, and it was also shown
that the quantification performance may be stabilized by identifying the appropriate aptamer

concentration for the initial bacteria amount
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Isolation and incubation of aerobic denitrifying bacteria on DM medium with different carbon sources
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